


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

Location

The RRII is located on a hillock 8 km east of Kottayam
town in Kerala State and is easily accessible by road.
Kottayam is connected to all major cities in the country
by rail. There are two International Airports, one at
rhiruvananthapuram, 160 km south and the other at
Nedumbassery, 95 km north of RRII.

Organization

Ior 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.

Continued on inside back cover
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THE RUBBER BOARD

The Indian Rubber Board was
constituted under the Rubber (Production
and Marketing) Act, 1947, which came into
force on 18 April 1947. This Act was amended
in 1934,1960,1982 and in 1994. The Act was
further amended by the Rubber
(Amendment) Act, 2009 which came into
force on 22nd January 2010.

Organization

The Chairman is the principal executive
officer and exercises control over all
departments of the Rubber Board. The
Research Department, (Rubber Research
Institute of India) works under the
administrative control of the Chairman
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DIRECTOR'S REVIEW

The year 2011-12 saw marked progress
in the various projects taken up by the
Institute. A significant achievement was
development of rubber distribution map of
Kerala and Kanyakumari district of Tamil
Nadu using satellite images with very good
accuracy compared to the traditional land
survey method. Another important
developmentwas that the breeding pool was
expanded by adding seven more wild
Amazonian accessions showing promising
yield and girth characteristics. Accession AC
166 showed good yield although not
comparable with RRII 105. The breeding
team of RRIl made a few hundred new
hybrids by crossing between promising
Wickham lines and Amazonian accessions.

RRU 400 series continued to find
increasing acceptance among the growers.

A few clones showing promising
droughttolerant traits were identified. Data
from large-scale field evaluation trials
continued to show superior yield and girth
in PB 280. RRII 429 was the top yielder in
Agartala and Nagrakata. Work for phase 111
of the participatory clone evaluation project
was initiated. A mapping population for
yield and Phytophthora resistance generated
through interspecific cross between RRII 105
(Hevea brasiliensis) and F 4542 (Hevea
benthamiana) are under nursery evaluation.

More number of genetic
transformations using MnSOD gene was
made and plants were generated. Several SSR
and SNP markers were generated to enhance
the genomic resources in rubber. A genetic

linkage map was
constructed with
224 markers. Cold-
induced variations
in methylation
were detected in cis
regulatory sitesofa
few’ genes
associated  with
latex biosynthesis
Two drought-responsive genes were cloned
and characterised.

A new study on evaluation of ortets
selected from Regional Research Stations
was initiated during 2011-12. RRII 430
showed relatively better intrinsic drought
tolerant characteristics. 18% of the rubber
growers resorted giving life saving irrigation
toone yearold rubber plants during summer
in Central Kerala. This was 5 % in Southern
region.

There were clear indications that
secondary and micronutrient were fast
getting depleted in the soil with long term
rubber cultivation. Retaining natural weeds
in mature rubber plants improved soil
health. Using good quality planting
materials and adopting good agricultural
practices led to reducing the gestation period
by over one year. Vetiver was a highly
effective vegetative hedge for preventing soil
erosion in sloppy terrain.

Low frequency tapping is the only
immediate solution of scarcity of skilled
tappers. Studies on low frequency tapping
continued to give good yield with low /



incidenceof TPD, but timely stimulation was
a prerequisite. Different clones behave
differently to ethephon stimulation. Many
experimental hybrids in the pipeline showed
good response of ethephon stimulation. Low
frequency tapping helps to address theissue
ofscarcity of skilled tappers. However, RPS
network should be used for pooling tappers
and other labours. Between 1980-2013, wage
share of tappers decreased in real terms bv
1.25%.

More farm mechanisation is becoming
an imperative because of the acute labour
shortage experienced in the agriculture
sector. Three models of one man carrying
mistblower were tested and recommended
for spraying in rubber plantations. Our
studies showed that minimum tillage should
be practiced and indiscriminate use ofheavy
machinery for land preparation should be
avoided to conserve soil from erosion.

Irradiating fresh latex with gamma rays
gives better raw material for producing
prevulcanised latex and deproteinised
natural rubber with better processing
characteristics. A new peroxide vulcanising
system with excellent scorch control was
developed. A new devulcanising agent was
identified. A modified fast coagulation
system was developed which allowed
incorporation of fillers in latex stage.
Processing aspects of a new polymeric filler
were standardised which could replace
carbonblack. A protocol ofrecovering rubber
from skim
Technical consultancy wing of RRI1I received
samples from 711 firms which were tested
for various parameters. 41 products were
developed and queries from 1337 units were
addressed during the reporting period.
Rubber technology research and consultancy
service for the industry will continue to get
more priority in the coming years.

latex was also developed.



AGRONOMY/SOILS DIVISION

Theresearch programmes of the Division
are aimed at development and periodic
refinement of agromanagement practices to
improve growth and yield of rubber in
different agro-climatic regions, to reduce cost
of cultivation and to sustain soil quality
Various experiments on nutrient management,
soil and water conservation, rubber based
cropping systems, farm mechanization,
ground-cover management and stress
managementare in progress. Experiments to
develop an agronomic package for reducing
the gestation period of rubber continued.
Studies were also initiated to estimate the soil
CO, flux from rubber plantations using
respiration analyzer. Development of the
rubber information system using remote
sensing and G1S continued. The Division also
functions as a centre for dissemination of
knowledge on various soil
management tecliniques of rubber.

and crop

1. Nutrient management

The field experiment to study the effect
of long term use of chemical fertilizers and
organic manures on growth and yield of
rubber and physico- chemical properties of
soil continued. Significantly higher girth was
noticed for the treatment with 25% of
chemical fertilizer and 75% farmyard
manure (Table Ag. 1). Different treatments
with farmyard manure (FYM) alone or in
combination with chemical fertilizers
resulted in higher leaf N, P and Zn compared
to the treatment with chemical fertilizer
alone.

The experiment on sequential skipping
of fertilizer application in mature rubber was

Tabic Ag. 1. Effect of long term <I1 years) use of
chemical and organic manures on
growth of rubber

Treatments Girth

(cm)

No fertilizer /No manure (Control) 543

Farmyard manure (FYM) alone 57.2

Chemical Fertilizers alone 563

25 % Fertilizers +75 % FYM 603

50 % Fertilizers +50 % FYM 56.9
75 % Fertilizers + 25% FYM 56.2
SE 0.66
CD (P =005) 1.99

continued. No significant difference among
the different treatments was noticed for the
last year annual yield and for the girth
increment during the period 2002 to 2012

Soil samples were collected from 110
replanting fields of 19 estates in the
traditional rubber growing region of Kerala
to assess the secondary and micronutrient
status. Status of organic carbon and
secondary and micronutrients showed wide
variation (Table Ag. 2). Considerable variation
was observed between regions also. Field
experiments to study the effect of
supplementing secondary and micronutrients
on soil test basis were initiated at four estates
viz. Thamarasery (Kozhikode), Palapilly
(Thrissur), Cheruvally (Kottayam) and New
Ambadi (Kanyakumari).

The field experiment to study the effect
of composted coir pith (CPOM) as soil
amendment in marginal soils, at
Thanneermukkom, Cherthala continued.
Girth of plants after four years did not show
significant difference among the different
treatments with FYM, CPOM and control.



rients status and pH of soils in the estate sector of

Table Ag.2  Organic carbon, secondary and micronuti
Region Mean/ OC (%) Ca Mg s zn B pH
Range (ppm)
North Mean 2.2 205.2 192 24 07 01 456
15535 1295 - 10441 05-140  Trace-  4.22 -493
et 398.2 49.0 02
North- Mean 13 300.8 471 68 111 04 4.47
central Range  05-19 1161 147-1065 27111 0321 Trace-08  4,20-4.86
611.8
Central Mean 17 76.0 103 32 0.7 07 4.27
Range  10-30  309- 7.3475 17-83 0511 04-10  4.09-4.69
1328
South Mean 17 3029 437 6.0 09 0.2 45
Range  11-28  1175-1029 87-167.3  20-166  0.4-1.7 Trace-0.3  4.1-49
General General >0.50% 300 ppm 120 ppm  >5ppm  >10ppm  >0.5 ppm
Critical Limit (HCl)
(GeL) Rubber  >0.75% 10-25 ppm
9% of field General  Nil 84 95 63 68 68
below GCL  Rubber 21
In the study on nutrient uptake by 3. Intercropping and cropping

prominent clones of Hevea, it was observed
that the micronutrient contents varied
among the RRII 400 series clones. RRII 430
recorded highest iron content in trunk,
branches and root.

2. Soil and water conservation

Experimenton evaluation of biological
bunds for soil and water conservation in
rubber plantations was in progress. Among
the different vegetative hedges, planting of
vetiver was found to be the best to control
soil erosion in rubber plantation and was
significantly superior t<all other vegetative
hedges (Table Ag. 3).

Table Ag. 3. Quantity of soil deposited in trench 2
Treatments Quantity of soil in the trend)
(tonnes ha')
1. Rubber + Vetiver 13
2. Rubber +Guinea grans 18
3. Rubber + Pineapple 18
4. Rubber + StrobUanibes sp 21
5. Rubber alone 26
015
CD (P -0.05) 047

systems

Experimenttoevaluate the feasibility of
growing perennial intercrops viz. coffee,
vanilla, Garcinia and nutmeg under normal
and paired row systems of planting of rubber
continued. There was no significant
difference between treatments with respect
to growth of rubber plants (Table Ag. 4) in
the paired row system of planting. In the
normal system of planting, growth was
significantly higher compared to control
when mixed cropped with vanilla and
Garcinia. Yield of rubberwas not significantly
influenced by mixed cropping with
perennial crops. Coffee and vanilla
continued to yield well while growth and
yield of Garcinia were adversely affected by
shade. Nutmeg had started bearing.

Theexperimenton evaluation of shade
tolerant medicinal plants in mature rubber
plantation was in progress. Among the
various medicinal plants, Aratha (Alpinia
calcarata) and Karimkurinji (StwbUanthes
cuspida) performed well.



Table Ag.4. Meangjrth and girth increment (cm) of rubber trees under paired row and normal systems of
Paired row system of planting Normal svstem of planting
Treatments Girth Girth increment Girth Girth incremenl
2012 (2003-2012) 2012 (2003-12)
Rubber alone 58.3 46.2 58.8
Rubber + Garcinia 61.2 483
Rubber + coffee 611 495 60.0 48.6
Rubber + vanilla 581 45.9 618 50.7
Rubber + nutmeg 59.4 47.9 611 49.9
112 083 091 075
CD (P=005) NS NS 2581 2.25

Experimenton inter-planting of rubber
with timber trees viz. teak, wild jack and
mahogany continued. Growth and yield of
rubber were not significantly influenced by
row spacing, type of timber intercrops and
their interactions. Wild jack performed better
than teak and mahogany.

The field experimenton development of
a multi-species rubber based cropping
system for Tamil Nadu region (collaborative
project with TNAU) was continued. The
growth of rubber was not significantly
influenced by the establishment of inter
crops nine months after planting.

4. Ground cover management

The observational trial on establishment
of Mucuna (cover crop) and fodder crops in
the later immaturity phase of rubber, after
the removal of pineapple intercrop was
continued. It was observed that Mucuna
spread in 75% area of the field (7thyear).
Among the different fodder crops,
Stenotophrum continued to perform well in
the 7thyear of plantation.

Nitrogen fixation by legume cover
crops, Pueraria phaseoloides and Mucuna
bractcata were estimated using IBN isotope
dilution method. For P. phaseoloides, nitrogen

fixation ranged from 79.8 kg N halduring
June-July to 39.3 kg N ha 1during October-
November and averaged 58.1 kg N hal For
M. bractcata, nitrogen fixation ranged from
83.9 kg N ha'lduring June-July to 57.0 kg N
ha'lduring October-Novemberand averaged
69.7kg N hal

The field experiment initiated at CES,
Chethackal to study the impact of weeds on
growth of rubber and to compare the effect
of different covers on soil physico-chemical
and biological properties aswell as biomass
and nutrientturnover was discontinued due
to technical reasons and arrangements were
made to replant the area in the coming
season

The project on comparison of rubber
plantations with and without control of
weed flora at Pathampuzha village in
Kottayam District was continued. Soil
samples from three depths viz. 0-15, 15-30
and 30-45 cm were collected and stock
nutrients in 0-45 cm determined. Data on
stock nutrients in 0-45 cm soil layer indicated
that OC, N, Av.K, Av.Ca and Av.Mg were
significantly higher in weeds not-controlied
fields (Table Ag. 5)

It is to be noted that the significant
increase in nutrient stock had taken place in



Table Ag.5  Nutrientstock in 0-45 cm soil layer per hectare under weeds controlled and not controlled rubber
Rubber fields c N AvP  AvK Av.Ca AvMg Av.Cu, Av.Zn Av.Fe Av.Mn
tonsha ltonsha' kgha' kg ha' kghal kghal kgha 1kg hal kghalkgha
Clean-weeded 703 55 121 2235 275.0 80.9 217 49 2459 139.7
Not-weeded 765 6.3 34 262.8 4044 1445 148 4.8 2471 1440
Significance T NS " * NS NS NS

weeds-not controlled rubber fields in spite
of no fertilizer input for about 10 years.
Measurements of soil CO, (lux which is an
indicator of soil microbial activity in these
fields indicated that (Fig. Ag. 1) weeds not-
controlled fields were significantly higher in
microbial activity.

% .
1

Fig. Ag. J. Soil CO efflux in weeds controlled and
not controlled rubber

5. Planting techniques

The experiment to study the effect of
different planting geometries on canopy
development, growth and yield of rubber
was in progress. Growth of rubber in the
triangular system and twin system of
planting continued to be superior to square
system of planting. The canopies in altered
planting systems exhibit asymmetrical
pattern of growth.

The field experiment to study the effect
of mechanized land preparation on soil
erosion and physico-chemical properties of

rubber growing soils was continued. Among
the different land preparation methods
evaluated, ploughing, pittingand terracing by
earth mover (Hitachi) recorded significantly
higher rate of soil erosion (11.6 t ha ')
compared to all other methods (Table Ag. 6).

Table Ag. 6. Quantity of soil deposited in trenches
(2012)

Treatments Quantity (t ha’)
Manual pitting and terracing

(control) 7.2
Manual terracing and pitting

by tractor- mounded hole digger 8.0
Pitting and terracing by Hitachi 8.4
Ploughing, pitting and terracing

by Hitachi 116

SE 0.485
CD (P =0.05) 1.55

The experiment on effect of planting
density on growth and yield of rubber was
continued and the result indicated that,
plants in the lowest density of 420 trees ha '
recorded significantly higher yield (g titu
compared to all other treatments. The annual
yield per hectare was significantly higher in
the density 549 trees ha'.

The multi-locational trials on the effect
of pit size on growth of plants were in
progress. Significant difference in growth
of rubber and development of lateral roots
was not observed in all locations one year
after planting.



With the objective to find out an
alternative and cost effective germination
media for rubber, an observation study was
conducted twice. The experiments were laid
outin complete randomized design with 15
treatments and two replications. The
treatments included (1) germination bed
with riversand (control) (2) raw coir pith (3)
stain removed coir pith (4) new wood
shavings (5) six months old wood shavings
(6) raw saw dust (7) dried saw dust (6 months
old) (8) rice husk (9) straw (10) coconut leaf
with a layer of soil (11) dried litter (12) rock
powder (13) directly on the seed bed
(without medium) (14) soil rite and (15)
heapingseeds on floor. Inboth experiments,
germination bed with river sand, stain
removed coir pith, dried saw dust (6
months old) and soil rite recorded
significantly higher germination percent
compared to all other germination media.

6. Development of agro
management techniques for
reducing the gestation period

The field experiment initiated to
develop an agronomic package to reduce the
immaturity period of Hevea at Malankara
Estate, Thodupuzha was in progress. The
girth of the plants under integrated
management was significantly superior to all
other treatments. Eighty per centof the trees
under integrated management attained
tappable girth in six years compared to only
41.7% under the current recommended
practice.

The similar experimentinitiated at CES,
Chethackal is being continued. There was
significant difference in the performance of
the two types of planting material used. The
growth of direct seeded green - budded
polybag plants was found to be superior to
green - budded stumps raised in polybags.

The girth of the plants under integrated
managementwas found tobe superior to that
of respective type of planting material under
standard practice (Table Ag. 7).

Table Ag. 7. Effect of planting material and agro
management practices on growth of
rubber (December 2011)

Treatments Girth of rubber

plants (cm)

Green - budded stumps raised

in polybags + Std. practice 28.1

Green - budded stumps raised

in polybags + Integrated management 304

Direct seeded green-

budded plants +Std. practice 316

Direct seeded green-

budded plants #Integrated

management 341

SE 0.39

CD (P =0.05) 116

Theexperimenton the effect of different
types of planting material (polybag - one
whorl, two whorl and three whorl and root
trainer - one whorl, two whorl and three
whorl) on growth of rubber was continued.
The results indicated that three whorl
polybag plants were significantly superior
to all others irrespective of the types of
planting material and different stages of
growth.

The experiment on age of rootstocks on
quality of planting materials in rubber was
continued. During the initial 18 months after
planting, brown budded polybag plants
(poly bag size 55 x 25 cm) and green budded
polybag plants (retained for 16-18 months in
poly bags of size 45x18 c¢cm) had a
significantly superior growth compared to
the growth of all other planting materials.
Twenty four months after planting,



significant difference in girth was not
observed among different types of planting
materials and same trend continued during
30 months after planting.

7. Stress management

The field experiment at Puthukkad
estate, Thrichur, to develop agro-
management techniques to mitigate the
adverse effects of drought w'as continued.
Growths of the plants were superior in the
treatments with tillage, super absorbent
polymer and direct seeding in polybags.

In the study on accumulation of
potassium and drought tolerance in Hevea
clones, significant difference was observed
in leaf potassium content in different
genotypes viz. germplasm accessions, HP
clones and check clones (drought tolerant
clones viz. RRII 414, RRI1I 430, RRIM 600 &
RRI1208 and droughtsusceptible clones viz.
RRII 105 and Tjir 1). Potassium content was
significantly higher in clones MT 1627, MT
4788, MT 43MT 1649, HP 92, HP 53, HP 225
and RO 2153 compared to RR11 105 and Tjir 1.
RRII 430 also recorded higher K content in
leaves compared to RRII 105 and Tjir 1.

8. Rubber growing soils

The study on comparison of six soil
ecosystems viz. mature rubber, rubber -
Mucuna cover cropped, rubber - pineapple
intercropped, cassava monocrop, teak
mature plantation and forest in Kottayam
district Soil respiration
measurements were carried out in these soil
systems by measuring the CO, flux from soil
surface which indicates the soil microbial
activity and organic matter decomposition.
The CO; flux data indicated distinct
differences among the studied systems (Fig.
Ag. 2). The soils under rubber systems and
cassava mono-crop were similar and

continued.

significantly lower in soil respiration than
forest and teak soil systems.

Fig. Ag. 2. COjFlux in different soil systems

Also available status of Fe, Zn, Cu and
Mn were estimated in these ecosystems. Zn
was not significantly different among the
systems studied. The Cu content was
significantly higher in rubber based soil
systems compared to teak and forest soils.
The CO, flux (soil respiration) and Cu
content in soils under the studied systems
were significantly and negatively correlated.
The Permanganate Oxidizable Soil Carbon
(POSC) is reported to be a good index of
active carbon which is labile in nature and
closely associated with soil microbial activity.
POSC contents were comparatively less in
cassava and rubber based soil systems than
multi-species teak and forest soil systems.
However, rubber with Mucuna was an
exception with relatively higher POSC
contentwhich iscomparable to teak or forest
systems.

The project on management of active
and microbial carbon pools at Pottamkulam
Estate, Yenthayar was continued. Girth of the
rubber plants in different treatments did not
differ significantly. Soil samples were
collected from each plot and analyzed for
OC, total nitrogen, pH, available Ca, Mg, P
and K and POSC (Table Ag. 8). The POSC



Treatments N c POSC pH Ca Mg P K
% mg kg™~ mgkg"  mgkgl

NC 02 32 638.8 46 1910 730 496 99.6
Mmc 02 31 502.1 45 1097 215 274 835
NC+BF 02 32 636.8 50 3278 104.0 168.7 2105
MC+BF 02 34 694.3 45 1487 342 59.0 911
NCH+BF+G 03 4.0 867.7 53 675.2 2663 1278 3086
MC+BF+G 03 38 7468 45 150.7 36.9 229 99.1
Control 03 33 690.1 44 1815 361 1173 93.0
SE 0.0 01 197 01 50 21 2.7
CD (P=005) 0.0 0.4 60.7 03 156 6.4 NS 83

(NC- Natural Cover, MC- Mucuna Cover, BF -Biofertilizer consortium, G- Glyricidia)

was more in the treatments with Glyricidia
indicating that the labile carbon contents
increased with Gliricidia mulchings. It was
also noticed that the pH in general was more
in treatments under natural cover than under
Mucuna cover.

Measurement of soil CO., flux in a
mature rubber plantation in RRU farm from
four sites was carried out continuously on
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an hourly basis. The data recorded from June
2010 to December 2012 were classified to
different seasons viz, monsoon (June to Sept),
post monsoon (Oct - Dec), winter (Jan - Feb)
and summer (Mar - May) and the hourly C02
flux values are shown in Fig. Ag. 3. The flux
rates from 4 differentsites, recorded separately,
were averaged for each hour for a particular
season. CO, flux ratewas more duringsummer
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Fig. Ag. 3. Diurnal soil CO flux from mature rubber plantations in different seasons



2011 among the studied seasons. The diurnal
variations were more in summer 2011 and it
could be noticed thatduring the day hours (09
- 20 hrs), CO, flux was lower than during the
night hours (21- 08 hrs). Similar trend could
be observed in winter 2011 also. Not much
diumal variations could be observed in soil
CO, flux in other seasons.

An experiment was initiated to study
the changes in soil nutrient status of rubber
plantations in comparison to adjacent forest
In non- traditional rubber growing tract of
Andhra Pradesh

9. Development of rubber
inform ation system using remote
sensing and GIS

Project on developing rubber based
information system using remote sensing
and GIS was continued. Preparation of
rubberdistribution maps and its statistics for
Kerala and Kanyakumari district in Tamil
Nadu has been completed. Spatial
distribution of rubber area of Kerala and
Kanyakumari is given in Fig. Ag. 4.

Rubber area in Kerala and Kanyakumari
estimated using satellite image was
5,19,909.10 ha and itshowed 1.04 % variation
from ground survey statistics (5,14,524 ha)
Plantations with age less than 3 years could
not be mapped as prominent signature of
rubber was absent. Highest area under
rubber was observed in Kottayam district
(48.19%) followed by Emakulam (23.58%),
Pathanamthitta (20.54%), and the least was
in Alapuzha (3.74%) district. In Alapuzha,
Kannurand Kasaragod districts rubber area
showed wide variations with ground survey
statistics. No definite trend was observed in
the extentofdifferenceof district wise rubber
area compared to ground survey. Overall
accuracy of satellite image classification

Fig.Ag.4. Rubber area distribution of Kerala and
Kanyakumari

ranged from 75 to 96.68% with Kappa
statistics varying from 0.63 to 0.95 %. Rubber
area distribution under different classes of
elevation, slope and soil management units
(SMU) was assessed for Kerala and
Kanyakumari district using GIS overlay
technique. Results showed that 70% of the
rubber area was distributed in 0-100 m
elevation. Highest percentage of rubber area
was distributed in slope categories 5-10 and
3-5 %. Rubber distribution was highest in
SMU 3, 2 and 4 categories.



Spatio-temporal analysis of rubber area
change during 1980-1992-2007 was attempted
for Kanyakumari district. Area under rubber
in 1980 was 10693.27 ha and it increased to
15886.71 ha in 1992 and to 20781.71 ha in 2007.

Overlay analysis indicated that during 1980 -
1992 newly planted area was 10452.71 ha and
same was 11269.02 ha during 1992-2007.
Replanted area was high during 1992-2007
compared to 1980-1992.

FERTILIZER ADVISORY GROUP

Based on the analysis of soil and leaf
samples
recommendations were offered to large
estates and small growers through the
laboratories at RRIl and regional stations.
Two mobile soil testing laboratories are
also functioning for the benefit of the small
growers. The laboratories at regional
stations also offer estimation ofdry rubber
content of latex samples. The details of

discriminatory fertilizer

sample analysed are given in the Table
FAG. 1.

Table FAG- 1. Details on soil, leaf and latex analysis
and fertilizer reccommendation offered

Parameter Number
soil 11,100
Leaf 1,750
MST program 66
Fertilizer recommendation 6,500
DRC of latex samples 62,500

BIOTECHNOLOGY DIVISION

Genetic improvement of Hevea brasiliensis
using modem tools is the major objective of
Biotechnology research at RRII. The major
ongoing research programmes in Biotechnolog)’
Division are: i) development of in vitro
propagation methods for elite Heveadone;; ii)
development of transgenic Hevea plants for
betteradaptation to environmental stressessand
tapping panel dryness, latex yield and disease
tolerance;iii) developmentofhaploid plants, in
vitro fertilization techniques and embryo rescue
to compliment conventional breeding
programmes; iv)study of molecular mechanism
and characterization of genes controlling

tolerance to diseases, abiotic stresses, latex
biosynthesis and characterization of related
genes;and v)study of laticifer cell specific gene
expression and characterization of laticifer cell
specific promoters.

1. Somatic embryogenesis and plant
regeneration

Callus induction was obtained from
newly initiated cultures using leaf explants
collected from glasshouse grown budgrafted
plants of Hevea clone, RRIlI 105. The
optimized embryo induction medium
supplemented with phvtohormones such as



4.4 uM BA, 2.9 (iM GAV 1.25 (iM KinL0'4uliMdse in WPM medium containing

2,4-D and 1.08 uM NAA was used for
embryogenesis. In order to improve the
efficiency of somaticembryogenesis and plant
regeneration different concentrations of poly
ethylene glycol (0-10.0 g L ') and ABA (0-1.9
(M) were added directly in the medium.
Maximum embryo induction frequency of
62.5% was obtained with a PEG concentration
0f5.0g L land 0.75jiM ABA (Table Biotech. 1).

Table Biotech. 1. Effect of ABA and PEG on embryo

induction

ABA PEG («L )
(um) 0 3.0 5.0 8.0 10.0
0 55.0 555 55.0 55.0 525
0.38 525 55.0 575 57.5 525
0.75 525 60.0 62.5 575 575
11 575 60.0 62.5 60.0 45.0
15 50.0 5§75 575 55.0 475
19 55.0 55.0 55.0 575 525

CD (P =0.05) 1.8
Mean 9% ofembryo induction in 20 replicate samples of 100
ntgcallus. Experiments were repeatedfour times

Experiments were also carried out for
optimizing the concentration of sucrose for
embryo maturation by supplementing the
medium with sucrose ranging from 30-80 g
L "and theresultsare given Table Biotech. 2.

Table Biotech. 2. Effect of sucrose concentration on
embryo maturation

g™ ™ Embm
(g L") maturation (%) =

60 775

70
__-80___
CD (P° 0.05) 23
Values given are mean % of replicate cultureS and the

experiment axis repeated thrice

Maximum embryo maturation
frequency of 77.5% was obtained with 60 g

organicsupplements CW (10%), maltextract
(200 mg L "), casein hydrolysate (400 mg L")
and phytohormones, BA (0.5mg L"), IBA (0.1
mg L")and GA, (1.0mgL ).

Refinement experiments were carried
out with different media additives for
somatic embryogenesis from immature
inflorescence. Effect of amino acids viz.
proline, arginine, asparagine, glycine, L-
cystein and glutamine on embryo induction
was evaluated. Four combinations with
varying concentrations of the individual
amino acids were incorporated in the
embryo induction medium and the
frequency ofembryo induction was assessed
in terms of the number of well developed
embryos obtained after two subcultures. A
combination of proline (200 mg L J, arginine
(40 mg L 9, asparagine (150 mg L', glycine
(20 mg L), L-cysteine (50 mg L J) and
glutamine (400 mg L') could induce more
numberofnormal embryoscompared to the
other combinations. Effectofphloroglucinol
on embryo induction was also assessed by
incorporating different levels of
phloroglucinol (0.5- 5.0 mM) in the embryo
induction medium. When the embryogenic
calli were cultured over medium
supplemented with 2-3 mM phloroglucinol
along with the proven growth regulators,
there was no callus proliferation. Instead
more number of cotyledonary embryos
could be obtained. These embryos were
transferred to maturation medium for
further development.

2. Invitro approachestocomplement
conventionalbreeding programmes

2.1. Embryo rescue and induction of
polyembryony in Hevea brasiliensis
A protocol was developed for the rescue

of immature embryos by adopting in ovulo



embryo culture, with successful plant
regeneration in Hevea brasiliensis. By
optimizing suitable culture media, the
percentage of embryo recovery could be
increased to 42%.

For the induction of multiple embryos,
cultures were initiated with immature fruits
(8-10 weeks old) of clone RRII 105. The
growth regulator combination of GA? (2 mg
LD and Kin (3 mg L 0, reported earlier for
the induction of multiple embryos was kept
constantand different levelsof other growth
regulators viz. zeatin, NAA, 2, 4-D and BA
were tried for multiple embryo induction.
Multiple embryos were induced in Nitsch
basal medium supplemented with the
growth regulators, zeatin (0.3 mg L'), GA3
(2mgL')and Kin (3mgL ). Amaximum of
37embryos could be obtained in presence of
the above growth regulator combinations
(Table Biotech. 3). In the same combination,

Table Biotech. 3. Effect of various growth regulators on
the development of cultured ovules

Treatments GA,  Kin Number of
(mgL) (mgL’) (mgL’) embryos
(mean)
T 3 2 01 13
T2 3 2 02 14
T3 3 2 03 37"
T4 3 2 04 2
TS5 3 2 05 15

CD (P = 0.05) 10
3 Embryos with embryogenic callus

along with multiple embryos, emergence of
embryogenic calli also could be observed.
Three sets of polyembryonic plants
obtained earlier were subjected to RAPD
analysis for assessing the uniformity as well
as origin. RAPD-PCR reactions were
performed using two selected primers as per
standard procedure. It wasobserved that the

RAPD profile of all the polyembryony
derived plants were different from the
maternal parent RRII 105 for both the
primers tested. Similarly all the plants from
each set showed the same banding pattern
with the tested primers which in turn proves
single origin. Thereby uniformity as well as
zygotic origin of the three sets of plants had
been established.

2.2. Isolation and culture of pollen
protoplasts for developing haploids in
Hevea brasiliensis
The type and concentration of

osmoticum as well as enzymes for digestion

were standardized using pollen grains from
mature male flowers priorto opening. Intact
protoplasts were isolated in very high yield

(80-90%) from the pollen grains of Hevea.

Partial purification of the isolated protoplasts

could also be achieved through sieving

technique using sieves 0f60-70 p mesh size.

Since complete removalof the debris wasnot

possible, a mixture of pollen protoplasts with

undigested pollen walls was used for
protoplast culture. Effect of nurse culture on
the plating efficiency of the protoplasts was
also performed. Different nurse cultures
tried in thisexperimentwere a) embryogenic
callusofHevea induced from polyembryony
derived material, b) callus derived from
tobacco leaf cultures over MS medium with

NAA and BA and c) callus raised from carrot

segments cultured over modified MS with

2,4-D and BA. Partially purified protoplasts

were cultured over the already standardized

callus induction medium containing
different nurse cultures. Simultaneously
diploid protoplasts of Hevea were isolated
from embryogenic cell suspension and
purified according to the protocol already
developed and cultured for callus induction
in media with differentmuse cultures. Itwas
observed that in the case of pollen



protoplasts, division of protoplasts had not
occurred in any of the media tried. Instead,
most of the pollen protoplasts were found
to be broken after a few days in culture. On
the contrary, diploid protoplasts cultured
over callus induction medium containing
nurse cultures of Hevea started division
resulting in the formation of micro colonies
and micro calli.

2.3. Development of haploids through
mature unfertilized ovule culture
Mature ovules were dissected from

surface sterilized female flowers and were

inoculated in N6émedium supplemented with

10% sucrose for 5 days at 4°C. After the

pretreatment, the ovules were transferred to

the callus induction medium solidified with

0.4% phytagel. The ovulesisolated from light

yellow flower buds responded positively

and swelled after 20 days of culture, during
which the outer integument and the inner
integuments could be clearly differentiated
and a soft white tissue protruded out from
the micropylar end of the ovule. This white
tissue was separated and cultured in the
callus induction medium containing 9%
sucrose. Callus formation was achieved 25

Table Biotech. 4. Influence of Zeatin and NAA

Zeatin

(fngL.) 05 10
02 4,0 (07.5) 10.0 (16.4)
0.4 20.0 (26.2) 22.0 (27,6)
0.6 30.0 (32.9) 46.0 (42.6)
08 10.0 (16.4) 16.0 (23.3)
1.0 6.0(11.2) 10.0 (16.4)

days after inoculation with a frequency of
20%. Modified MS medium fortified with 6%
sucrose, organic supplements (casein
hydrolvsate, malt extract, banana powder,
yeast extract) and amino acids (serine,
proline, aspartic acid and alanine) was
identified as the best medium for
embryogenic callus emergence. Effect of
phytohormones on embryogenic callus
induction was assessed using varying levels
of NAA (0.5-2.5 mg L ) and zeatin (0.2- 1.0
mg L3 along with GA, (0.5 mg L")
Embryogenic callus formation with a
frequency of 46% was obtained with NAA
(1.0 mg L-), zeatin (0.6 mg L ') and GA3(0.5
mg L ) (Table Biotech. 4).

Theembryogenic calli were proliferated
in medium containing reduced levels of
NAA (0.3 mg L'l) and GA3(0.2 mg L '). For
embryo induction, MS, modified MSand N
basal media supplemented with PEG (1-
10%) and amino acids (arginine 100 mg L !,
proline 200 mg L 1 and alanine 50 mg L")
along with growth regulators, Kin (0.25-0.6
mg L") and GA,(0.2-1.0 m gL ) were tried.
Somaticembryo induction was observed in
Nfibasal medium containing PEG (3%) along
with growth regulators Kin (0.4 mg L >and
GA3(0. 8 mg L-).

NAA (mg L3
15 20
140 (21.7) 40 (07.5) ©0.3)
16.0 (21.0) 6.0 (11) ©03)
24.0 (29.2) 8.0 (12.8) 0.3)
10.0 (16.4) 0.3) (0.3)
03) 03) (03)



3. Genetic transformation

Attempts were continued to develop
transgenic plants with increased tolerance to
abiotic stresses, tapping panel dryness and
higher latex yield by Agrobacterium mediated
genetic transformation using different gene
constructs. Efforts were made to develop
more transgenic plants incorporated with
MnSOD gene under the control of CaMV35S
promoter. Transgenic cell lines were
produced from different transformation
eventsand embryos were induced from one
callus line. Forenhancing embryo induction
frequency, water stress was induced by
adding phytagel ranging from 0.3 to 0.5%.
Proliferated embryogenic callus was
differentiated into small embryos by
increasing the phytagel concentration and
maximum embryo induction was obtained
with 0.5% phytagel. By maintaining the
embryos in the same fresh medium for 2
more months, they get matured, enlarged
and many of them germinated. However, full
plant regeneration w-as limited. Seventeen
plantlets with full leaf development were
obtained. Three plants survived after
hardening and they were planted in large
polybags (Fig. Biotech. 1).

The putatively transgenic callus lines
integrated with MnSOD gene with FMV34S
promoter were cultured individually over
the callus proliferation medium. The
proliferation medium was modified Vi MS
basal medium fortified with 400 mg L1
calcium nitrate, 10 mg L'1silver nitrate, 0.4
mg L'12,4-D, 0.4 mg L 1BA and 0.2 mg L1
NAA. Addition 0f400 mg L _icalcium nitrate
and 10 mg L° nitrate in the
proliferation medium facilitated the
formation of soft friable callus. Effectof PEG
(2%) along with 0.2 mg L! ABA on
embryogeniccallus induction was assessed.
Three subcultures were made in this medium

silver

Transformed
embryogenic callus

Induction of
transgenic embryos

Transformed
mature embryos

Transformed cotyledonory
stage embryos

Fully developed transgenic plants

Fig. Biotech. 1. Different stages of plant development
from transgenic embryogenic callus
integrated with XInSOD gene with
CaWV35$ promoter



at six weeks intervals. After the third
subculture, the yellow friable calli became
brownish black with oily appearance. The
calli were then cultured over embryogenic
callus induction medium containing 0.1 mg
L12,4-D, 0.3 mg L' BA, 0.5 mg L 1Kin and
0.5 mg LIGA.. After 2-3 subcultures in the
same medium, some of the cell linesbecame
embryogenic. The embryogenic calli were
further cultured for embryo induction.

To improve the transformation
efficiency, vacuum infiltration technique was
attempted. The conditions for vacuum
infiltration viz., infection time and vacuum
infiltration pressure were optimized using
the MnSOD gene construct with FMV34S
promoter. After optimizing the conditions
for vacuum infiltration, transformation
experiment was carried out with the gene
constructs: 1) MnSOD with CaMV35S
promoter. 2) antisense ACC synthase, and 3)
sorbitol-6-phosphate dehydrogenase and
HMGRI1. Putatively transformed cell lines
were selected after subjecting GUS
histochemical staining. Employing this
technique, the transformation efficiency of
MnSOD gene construct with FMV34S
promoter was enhanced from 14 to 40%.
Similar results were obtained with sorbitol
6-phosphate dehydrogenase gene. MnSOD
gene constructwith CaM V35S promoterand
antisense ACC synthase, the frequency was
30% but for HMCR1 gene construct the
frequency was 20%. The transformed cell
lines were proliferated in medium
containing the respective antibiotics. Five cell
lines were selected randomly and PCR was
performed with the DNA isolated, using
gene specific primers. Amplification was
obtained with gene specificprimersin all the
cell lines tested. The proliferated calli were
further cultured for embryo induction on
different media combinations along with

control (untransformed) callus. Embryogcnic
calliwere obtained from some of the cell lines.
Experiments were carried out to
develop transgenic Hevea plants integrated
with osmotin protein. Although, a good
percentage of embryo induction was
obtained from the transgenic cell lines, the
embryo maturation and germination
frequencies were low. Experiments were
conducted for improving the frequency of
embryo maturation and germination. For
embryo maturation, hormone free medium
supplemented with different levels of
sucrose (30-150 g L ') were tried. Sucrose 75
g L 1was found to be ideal for getting healthy
cotyledonary embryos. The mature embryos
with well developed and normal looking
cotyledons were transferred to the
germination medium. Full and V4 strength
MS medium supplemented with different
growth regulators, organic supplements,
charcoal, sucrose (20-75 g L ) and different
levelsof mannitol (1-10g L ) were used. The
organicsupplements tried were CW (5-20%),
malt extracts (0-100 mg L 1), casein
hydrolysate (0-500 mg L ') and banana
powder (100-500 mg L '). The growth
regulators BA, GAy IBA and Kin were tried
incombination. Combinations of TDZ along
with BA, GA3and IBA were also tried.

Itwas observed thataddition of2.0g L 1
mannitol was beneficial for the germination
of transgenic embryos integrated with
osmotin gene. Among the different growth
regulators tried, 0.5 mg L'11BA along with
1.0 mg L 1Kin and 1.0 mg L'1GA., improved
germination percentage from 2 to 10%. Three
transgenic plantlets regenerated were
transferred for hardening and they survived
only up to 2-3 months. In order to rescue the
transgenic plantlets, a few shoots were
grafted to the seedlings developed from
embryo rescue cultures. Outof5 grafts tried,



one successful and the shoot
development was found to be normal.
However, the growth was slow and after 6
months the graftalso dried up.

was

Embryogenesis could be obtained from
five of the newly developed transgenic cell
lines. Embryos are under different stages of
development. In order to study the
expression of osmotin gene in Hevea, reverse
transcription PCR was carried outusing gene
specific primers. Positive amplification was
obtained which in turn confirms gene
expression.

Agrobacterium mediated genetic
transformation was carried out with the
binary vectors containing the genes coding
for MnSOD, ipt and TB antigen, using
proliferated leaf callus as the target tissue.
Embryogenic callus initiation and embryo
induction were obtained wusing the
standardized medium reported earlier for
leaf explants. Four transgenic lines from
MnSOD, five from ipt and seven from TB
antigen have produced embryogenic callus.
Embryogenic callus initiation and embryo
induction was obtained from proliferated
callus in modified MS basal medium
containing 300 mg L'1Ca(NC),),-4H,0, Bb
vitamins, amino acids, organicsupplements
such as coconut water (5%), casein
hydrolysate (300 mg L"), sucrose (80 g L")
and phytohormones BA (4.4 pM), GA, (2.9
jiM), Kin (2.3 fiM), 2,4-D (1.8 pM) and NAA
(1.08 pM). Rate of embryo induction from
the transformed callus was less compared
with non transgenic control. Maturation of
the embryos from ipt transgenic callus could
be obtained in the medium standardized
earlier. About 15 transgenic plantlets
regenerated were subjected to hardening, but
they dried up gradually. Experiments are
being continued for the regeneration of
transgenic plants

Effect of adding 50 mg L ' a-lipoic acid
in the modified infection and co-cultivation
medium and 0-100 mg L' in the selection
medium for improving transformation
frequency and transgenic tissue regeneration
wasstudied and the results are given in Table
Biotech. 5.

Table Biotech. 5 Effect of a-lipoic
transformation efficiency
a-lipoic acid (mg L")
(selection medium)

acid on

Transformation
efficiency (%)

0 111 (16)
25 13.3 (26)
50 16.4 (3.8)
75 155 (3.6)
100 148 (3.7)
CD (P- 0.05) 153
*Datafrom four iments using 30

per petri plate. Values in parentheses indicate transformed
values

Addition of 50 mg L 1a-lipoic acid in
the selection medium containing silver
nitrate enhanced the transformation
frequency to 16% with the ipt gene

For developing transgenic Hevea plants
integrated with HMGR1 gene, the
Agrobacterium strain, EHA 105 was used for
infecting the cell suspensions raised from the
embryogenic callus of the ovule. Twelve
putative transgenic cell lines were generated
and proliferated. PCR analysis using gene
specific primers showed positive
amplification in eleven cell lines and these
cell lines were cultured for embryo
induction. Influence of basal medium on
somaticembryo induction was investigated
employing MS, modified MSand WPM. The
basal medium was supplemented with 30 g
L' sucrose, proline and growth hormones.
The modified MS medium contained 200 mg
L' NH4NOv 90 mg L 'MgSO, and 2000 mg



L° KNOTr Effect of polyamines on embryo
induction wasalso evaluated by incorporating
putrescine, spermine and spermidine (0-2.5
mg L )individually in theembryo induction
medium. Spermidine was found to be ideal
for the induction of somatic embryos. The
combined effect of spermidine and sucrose
on embryo induction was assessed bv
incorporating different concentrations of
spermidine (0-2.5 mg L *) and sucrose (50-90
g L in presence of growth regulators, Kin
(0.7 mg L") and NAA (1.0 mg L!) and the
results are given in (Table Biotech. 6).

Addition of 1.5 mg L ! spermidine and
80 g L'lsucrose along with growth regulators
enhanced the frequency ofembryo induction
to 72%. The transgenic embryos obtained
from two cell lines were separated and
cultured for maturation

Theembryogenic callus developed from
zygotic embryos during the induction of
polyembryony was also used as the target
tissue for genetic transformation.
Transformation experiments were done with
three different binary vectors, containing the
gene encoding osmotin protein, HMGR] and
MnSOD with CaMV35S promoter. The
putatively transgenic cell lines that emerged
from these selection plates were separated
individually and transferred to proliferation
medium. When polyembryony derived
embryogenic callus was used as the target
tissue, putatively transformed cell lines could
be obtained within 30 days of Agrobacterium

infection, whereas in the case of clonal
material, it took almost 60 days. Further the
transformation frequency varied from 63-70%
depending on the gene construct. Highest
transformation frequency (70%) was obtained
with osmotin gene followed by 68% with
MnSOD and 63% for HMGRI genes.
Transgenic cell lines from all the gene
constructs were individually separated and
proliferated in MS basal medium
supplemented with growth regulators BA,
GA?and Kin. The gene integration was
confirmed in all the randomly selected callus
lines by PCR analysis. The transgenic callus
lines were cultured for embryo induction.
High frequency embryo induction (62-65%)
was achieved with three different gene
constructs. Plant regeneration has been
achieved with osmotin and HMGRI gene
constructs and the frequency varied from 60-
62%. Plants have been developed and
hardened. Compared to explants of clonal
origin, plant regeneration was faster and
easier from this explant. The survival rate
during hardening was much higher compared
to clonal material.

Fifteen transgenic plantlets integrated
with HMGRI gene were developed using
polyembryony derived embryogenic callus
and 10 ofthem were hardened and transferred
to big polybags. Functional analysis of the
transgene HM GRI was carried out with four
HMGRI transgenic plantsdeveloped through
the above pathway. Leaf samples were

Spermidine (mg L")

(aL) 0 05 10 15 20 25
:3 zi(/sesl; :g(:.:) 55(7.3) 67(8.2) 51(7.1) 32(5.6)
- o 49(7-0) 60(7.7) 68 (8.2) 59(7.6) 40(6.3)
80 wea o ((5. 9)) 57(7.5) 61(7.8) 49(7.0) 28(5.2)
» e peo 60(7.7) 72(8.4) 48(6.9) 21(4.6)

i 47(6.8) 63(7.9) 28(5.2) 16(3.9)

The experiment contained 25 callus clwnvs with four rmi = i*
and the values gi in is are the ndu'

*** Camed0L1 usin%sttuare root transformation



collected from four transgenic plants along
with non transgenic control plantand the total
hmgrl activity was measured using ELISA.
Preliminary results indicated a higherenzyme
activity in the transgenic plants compared
with the control plants.

4. Molecular studies

4.1.Molecular mechanism of disease
tolerance
Attempts were made for the functional
characterization of the five (J-1,3-glucanase
gene isoforms and their promoters identified

Putative cis Function/ response
element/ 913 bp
consensus
Amy Box 1 Amylase box-responsible

for gibberellic acid

induced expression 1
CAAT Box 9
DOF core Signal responsive and

or tissue specific gene

expression 13
E Box Plant pathogen interaction 6
GATA Box Light responsive element 13
GT 1consensus  Cell type specific 7
1Box core Light regulated & tissue

specific expression 13
Myb core Regulatory roles in

developmental processes

and defense responses

in plants 4
Regulatory roles defense
responses and dehydration

Myb consensus

stress in plants 2

Myb ST1 Dehydration stress 4
Mycconsensus ~ Dehydration induction 6
Root Motiff Expression in root 6
TATAbox 9
W box (TGACY) Stress /pathogen
associated with ~ defense

regulated 1
(2n finger) Expression
WRKY Stress /pathogen

induced expression 2

Stress regulated
expression

earlier from Hevea clone RRII 105. The
promoter: GUS fusion binary vectors were
used to transform Agrobacterium strain
EHA105 and these cultures were used to
transform tobacco leafdiscsand Hevea callus
by vacuum infiltration method. After
vacuum infiltration, the explants were placed
in the co-cultivation medium. After 48 hours,
the explants were checked for the transient
expression of GUS reporter gene. Hevea
callus showed blue colour indicating GUS
activity while the tobacco leaf discs showed
no activity. Clear difference in GUS staining
intensity was observed between calli

No. of elements found in the promoter containing

847bp 582bp  553bp 198bp Consensus
sequence
1 1 TAACARA
7 13 6 3 CAAT
16 12 5 1 AAAG
6 4 4 4 CANNTG
13 9 2 1 GATA
19 11 4 GRWAAW
10 7 CATAAGR
3 2 2 CNGTTR
1 1 YAACKG
4 2 1 GGATA
6 4 4 4 CANNTG
7 4 7 2 ATATT
8 12 5 TATAA
1 3 3 1 TTGAC
2 3 4 1 TGAC



transformed with different binary vectors
carrying different promoter sequences. The
one inserted with 913 bp promoter showed
the maximum GUS activity compared to all
other promoter sequences. The transformed
tobacco leaf discs were regenerated and the
shoots emerged were also checked for GUS
activity but no noticeable blue colour was
observed. PCR amplification of tine inserts
from the DiNJAisolated from the transformed
tobacco showed the presence of insert. Upon
induction with 0.1% salicylic acid also no
blue colour was observed. This may be due
to the absence of transcription factors in the
tobacco plant, corresponding to the major cis-
elements of the promoter region isolated.
Table Biotech. 7 shows the comparison of
putative crs-acting elements and their
frequency ofoccurrence, which was analysed
with the PLACE software for plant promoter
analysis.

4.1.1. The tissue specific expression of fi-I, 3-

glucanasegene isoform -Gin 4

Earlier a novel form of 0-1, 3-glucanase
gene (Gin 4) from the Hevea clone RRII 105
has been identified. The bioinformatics
analysis and the tissue specific expression
had been carried out in the reporting year.
The full length (from the translation
initiation codon to stop codon) genomic
sequence of this novel form is single intronic
with 1233 nucleotides. This form codes fora
class I basic glucanase with 373 amino acids
and designated as glucanase 4 (Gin 4) which
varies with the other reported forms of Hevea
in having a different stop codon, 'ochre’ in
comparison to the ‘opal’ codon in the other
formsof (3-1,3-glucanase. To understand the
expression pattern of the gene in different
tissues, RNA was isolated from Hevea leaf,
latex and callus. cDNA was synthesized and
RT- PCR was performed using the specific
primers for this form of (3-1,3- glucanase. A
high level gene expression was observed in

the latex and in the callus but a low level
expression was observed in the leaf. The
results indicate that this novel isoform of [3
1,3-glucanase is a basic glucanase localized
in the vacuole and shows a constitutive high
level expression in the latex and callus but
showing a low level expression in the leaf.
Inorder to study the antifungal activity
of the isolated novel forms of (3-1,3-
glucanase, Gin 2, Gin 3, Gin 4, Gin 5, Gin 6
and Gin 7 (isolated from FX clone), attempts
were made to express the protein in the yeast,
Pichiapastoris. The inserts were cloned in the
non- secretory vector - pPICZ A and
transformed to Pichia. The cells were grown
at30°C in ashaking incubator (280 rpm) until
the culture reached an OD 600 = 4
(approximately 16—18 hours). Harvested the
cells in the log phase of growth by
centrifuging at 3000 X g and re-suspended
the cell pellets in MM medium to getan OD
600 of 1.0 to induce expression. Methanol
(100%) was added to a final concentration of
0.5%, every 24 hours to maintain induction.
Transferred 1 mL of the expression culture
toa 1.5 mL micro-centrifuge tube at each of
the time points (hours): 0, 24, 48, 72 and 96
hrs. Centrifuged and the cells collected was
washed with chilled PBS buffer and re-
suspended in 500 pL of chilled PBS buffer.
300 pL aliquots of re-suspended yeast cells
were transferred to 1.4 mL polyethylene
tubes, keptin ice and subjected to sonication
at an interval of 30 seconds at 100% power
(H"12 watts/pin) for 3 times. The samples
were then centrifuged at 8000 rpm for 15
minutes to pellet debris. The supernatant
containing solubilized proteins was collected
for analysis. Approximately a 43 kDa
purified enzyme was observed in the gel
(Molecular weight of the protein plus the
weight of his-tag and C-myc epitope). The
presence of the purified his tagged protein



wasconfirmed through western blotanalysis
with anti his tag antibody (M/S KPL, U5A).
The expressed recombinant protein was later
subjected to antifungal analysis. For this
antagonistic activity of each of the protein
against the fungus Phytophthora meadii has
been done in PDA plates. About 12 pg of the
protein has been supplied in a filter paper
disc placed in the actively growing fungal
PDA plates. It was observed thatamong the
different forms Gin 2 (with the 553 bp
promoter sequence) showed maximum
inhibitory activity. The activity can be
represented as Gin 2>Gin 5>Gin 6> Gin 7>
GIn3=Gin 4.

4.2. Tissue specific gene expression and

characterization of promoters

4.2.1. Characterization ofcis-prenyltransferase
gene isoforms and promotersfrom Hevea
C/s-prenyltransferase is the enzyme
responsible for the polymerization of
isoprene units during rubber biosynthesis.
Different isoforms of ris-prenyl transferase
gene have been reported from Hevea. In our
earlier studiesa 5" UTR intron was observed
in the ris-prenyltransferase 2 gene. Attempt
has been made to understand the role of
5'UTR intron in gene expression. Cis-
prenyltransferase-2 gene was PCR amplified
with its promoter from Hevea clone RRII 105
with promoter specific forward and gene
specific reverse primers. The amplified
fragment was cloned and sequenced.
Sequence data showed that the amplified
region upstream to the ATG codon was 500
bp in length. The newly isolated sequence
of cis- prenyltransferase-2 promoter with
geneis available in NCBI database under the
accession no. JF926124.
The 5° region of cis-
prenyltransferase-2 was analyzed for known
motifs using the Plantcare and PLACE

flanking

programmes. Two TATA core sequences were
found at positions -213 to -220 and -390 to -397
with reference to the translational initiation site
(ATG, +1), which matches the consensus
sequence of a TATA core element, 5'-
TATAWAW-3'. Another putative TATAbox was
found between position -138 to 146
(TATTTAAA). Putative CAAT box motifs were
also located inris-prenyltransferase-2 promoter.

Functional analysis of the ci$-
prenyltransferase-2 gene promoter was
carried out to prove whether the isolated
sequence is functionally intact and able to
drive gene expression. Cis-prenyltransferase
gene reported here is with one intron in the
5' UTR region. To study the role of introns
on gene expression, binary vector constructs
containing promoter (with and without
intron): GUS fusions were made and tested
in a heterologous system, Nicotiana tobaccum.

By the manipulation of the restriction
site Pvul, the intronless version of cis-
prenyltransferase promoter was constnicted.
With one forward primer designed from the
upstream region of promoter and Pvul
restriction site anchored reverse primer
designed from the 5° UTR region, a 200 bp
fragment was amplified from the genomic
DNA.A 1.0kb fragmentwas amplified from
the cDNA using Pvul restriction site
anchored forward primer and a reverse
primer from the coding region. Both
fragments were digested using the restriction
enzyme Pvul and after purification, the
fragments were ligated using DNA ligase.
Using restriction enzyme site anchored
(EcoRl and At>rll) forward and reverse
primers, promoter region without intron
(340 bp) was amplified.

To construct c/s-prenyltransferase-2
Promoter: GUS fusion binary vector, cis-
prenyltransferase-2 promoters (with and
without intron), which were cloned in the



Strataclone™ sequencing vector, was
subcloned into the binary vector pPCAMBIA
1381-Z between EcoRl and Avrll sites
upstream to the promoter less GUS reporter
gene. Promoter fragments were amplified
using EoiRf site anchored forward primer
(PF) designed based on the promoter
fragmentobtained through inverse PCR and
Avrll site anchored reverse primer (PR)
designed based on the nucleotide sequence
immediately upstream to the ATG codon in
the5' untranslated region. Coloniesobtained
were screened through colony PCR. The
isolated plasmids were subjected to
sequencing and the right orientation of the
inserted promoter fragments was confirmed
The resultant chimeric plasmid construct
with introns contained a 500 bp fragmentand
with outintronscontained a 340 bp fragment
of ris-prenyltransferase-2 promoter

The chimeric plasmids containing
promoter: reporter gene fusions were

BOTANY

The thrust areas of research of Botany
Division this year were evaluation of
promising pipeline clones breeding for
drought tolerance, evolving high yielding
clones for the traditional region, propagation
studies and anatomical aspects pertaining to
yield components and tapping panel dryness.

Evolving high yielding clones for
the traditional area
1.1. Hybridization and clonal selection

1

The promising Wickham x Amazonian
hybrids (WxA) were crossed with the RRII

introduced into competent Agrobacterium
strain EHA105 by freeze thaw method. To
evaluate the functioning of
prenyltransferase-2 promoters (with and
without intron), a transgenic approach in
Hevea and tobacco plants was attempted
using the promoter: GUS fusion binary
vector. This construct was introduced into
tobacco by Agrobacterium tumefacietis
mediated transformation of leaf discs and
transgenic plants were developed. The
expression of the GUS reporter gene was
detected histo-chemically. The transgenic
tobacco plants showed positive GUS
activity and no GUS activity was detected
in non-transgenic plants used as negative
control. This study suggests that the
promoter fragmentofds-prenyltransferase-
2 analyzed here is functional as determined
in terms of their ability to directexpression
of the GUS gene in transgenic tobacco
plants.

cis-

DIVISION

400 series clones and RRII 105 with the
objective of introgression of desirable
genes from the wild germplasm. Over 85
hybrid seedlings and 450 half sibs
generated from these parent clones were
raised in a seedling nursery for further
screening. The 42 promising selections
from 200 hybrid clones resultant of the
1986 hybridization programme were
studied for response to stimulation. All the
clones responded to stimulation resulting
in increase in yield, ranging between 47
and 376 %. Four of the hybrids exhibited



Table Rot- 1 Yield components of hybrid clones during summer

SI. No Clone Total latex volume
(mi)

1 9372 710 ab
2 93/5 45.5 bedef
3 93/7 49.8 bedef
4 93/17 60.3 bed
5 93/22 166 g
6 93/21 56.0 bede
7 93/37 92.0 a
8 93/39 66.2 abc
9 93/45 54.3 bede
10 93748 56.1 bede
un 93/172 50.8 bedef
12 93/179 37.0 defg
13 93/247 36.8 defg
14 93/248 38.2 defg
15 93/250 416 cdefg
16 93/263 39.7 cdefg
17 AVT73 233 fg
18 PB 252 30.6 efg
19 RRIM 600 240 fg
20 RRII 118 44j  bedefg
21 RRU 105 39.0 cdefg

CM 46.4

cv% 36.4

CD (PO.DS) 27.8"

DRC Summer season
) yield (g t1f)
406 bedef 283 ab
40.3 bedefg 180  bedef
44.2 abe 222 bed
356 fg 227 bed
416 bed 069 f
413 bed 22.9 bed
38.3 defg 355 a
403 bedefg 26.9 abc
B1g 191 bede
483 a 273 abc
42.8 bed 214 bed
39.0 cdefg 147 def
412 bede 151 def
38.4 defg 147 def
429 bed 17.8  bodef
431 abed 17.2 bedef
451 ab 09.8 ef
35.9 efg 113 def
401 bedefg 096 ef
413 bed 183 bedef
417 bed 164 cdef
408 189
79 36.9
5.3 113+

Values followed by same letter/s are not critically different from each other.

better response to stimulation than done
RRIlI 105. Out of the 37 promising
selections from 196 hybrid clones that were
planted in eight SSTs in the year 1990, 20
clones responded better than RRII 105
when stimulated with ethephon.

The performance of-W x W and W x A
hybrids in the small scale trials laid out in
1995 was monitored. Clones such as 89/27
(W x W hybrid), 90710 (W x A hybrid), 90/

271 (W x A hybrid), 90/193 (W x A hybrid)
and 90/109 (W x A hybrid) continued to
exhibitsuperior yield over RRII 105. Source
bushes of these clones were established and
were multiplied for further participatory
evaluations.

Out of the 21 clones and their parents
under evaluation in two trials (planted in
1998), one clone was found superior and 13
clones were found on par with RRII 105 in



ladle dot. z Tieiu components ur

s). No Clone Total latex volume
(ml)

1 %2 1601 abede
2 %/5 120.8 cdef
3 %1 183.3 abed
4 93/17 144.1 bedef
5 93/22 716 ef
6 93/27 146.2 bedef
7 93/37 185.8 abed
8 93/39 2195 abc
9 93/45 1437 bedef
10 93/48 2333 ab
1n 93/172 2633 a
12 93/179 1123 def
13 93/247 186.6 abed
14 93/248 50.0 f
15 93/250 160.0 bede
16 93/263 208.3 abed
17 AVTT3 1250 cdef
18 PB 252 155.0 bede
19 RRIM 600 135.8 bedef
20 RRII118 1112 def
21 RRO 105 185.8 abed

cM 157.7

cv% 395

CD (P<0.05) 102.8"

iu

DRC Peak season yield
(%) (gt'n
361 be 61.0 abedef

389 ab 4655 cdefg
392 ab 713 abede
36.3 be 49.8 cdefg

465 a 203 fg
36.6 be 53.2 cdefg
32.9 be 62.8 abedef
3655 be 775 abed
396 ab 57.1 bedefg
418 ab 94.8 ab
37.6 abc 98.3 a

38.0 abc 42.5 defg
415 ab 77.8 abed
419 ab 209 g

418 ab 671 abedef
409 ab 81.9 abc
289 ¢ 38.2 efg
37.7 abc 60.7 abedef
355 be 48.2 cdefg
39.7 ab 44.2 cdefg
389 ab 70.3 abede
385 59.7

153 38.6

9.7ns 38.0'

ValuesJoBoaed by same letter/$ are not critically differentfrom each other.

terms of yield over a period of 6 years.
Recording of yield components like latex
volume and DRC during the summeras well
as peak yielding season was continued in the
sixth year of tapping too (Tables Bot. 1 and
2). The data indicated that volume of latex is
more importantindetermining the yield than
DRC. Clone 93/172 and clone 93/37 exhibited
highest peak season yield and highest
summer yield respectively

When 17 hybrids and their parents were
1999 A, clone 95/124

evaluated in trial

exhibited highestyield (65.8 g t'Lf 1) followed
by clone 95/62 (65.3 g t'1t1) and clone 95/
575 (64.7 g f 1tr') in the 6thyear (Table Bot. 3).
Inanother trial (1999 B), the hybrid clone 95/
306 of parentage RRII 105 x RRII 118
exhibited the highestyield of81.41 (gt't')
followed by clone 95/455 of the same
parentage. In SST 1999 C, clone 94/87 of
parentage RRII 105 x RRIM 703 exhibited
superior yield (87.6 g f 1tr)) followed by clone
95/296 (76.8 g t11') of parentage (RRI1 105 x
Mil 3/2).



i«nc dui.j. viumana yieia 01 nyor

ia clones irime o year ot tapping

Clone Parentage/Parent Girth (cm) Clone Yield (g f t1)
95/124 RRU 105 x PB 28/59 768a 95/131 658a
95/62 PB 242 x RRII 105 74.4 ab 9/7 653 a
95/575 RRII 105 x PB 235 711 abe 95/95 64.7 ab
95/242 RRIM 600 x RRII 203 69.9 abed PB 217 59.6 ab
95/9 RRII 105 x Mil 3/2 66.9 abede 95/242 59.2 ab
95/131 RRII 105 x PB 235 65.1 bede RRII 105 58.7 ab
PB 217 Parent 64.8 bede 95/184 57.7 ab
95/184 RRII 105 x Mil 3/2 64.3 bedef RRII 203 50.1 abe
95/104 RRII 105 x PB 217 64.0 bedef 95/62 49.0 abc
95/552 RRIM 600 x RRII 203 64.0 bedef 95/292 48.4 abc
95/129 RRII 105 x PB 235 63.7 bedef 95/124 47.4 abe
Mil 3/2 Parent 631 cdefg 95/129 46.8 abe
95/118 RRII 105 x PB 28/59 62.8 cdefg 95/579 46.7 abc
95/4 RRII 105 x PB 217 62.7 cdefg 951552 442 abe
RRII 203 Parent 62.3 cdefg PB 235 43.2 abe
PB 235 Parent 62.1 cdefgh 95/243 42.6 abc
95/292 RRI1105 xPB 217 60.9 cdefgh 95/104 41.9 abe
RRII 105 Parent 58.9 defgh 95/575 40.9 abe
95/7 RRIM 600 x RRII 203 58.7 defgh PB 28/59 40.0 abe
95/579 RRII 105 x PB 235 58.4 efgh Mil 372 39.9 abe
95/243 RRIM 600 x RRU 203 58.2 efgh PB 242 35.0abc
PB 242 Parent 56.0 efgh 95/4 341 abe
95/106 PB 242 x PB 235 53.1 fgh RRIM 600 33.5 abe
RRIM 600 Parent 52.0 gh 95/118 320 be
PB 28/59 Parent 512h 95/106 193¢
General mean 62.7 466

Valuesfollowed by same letter/s are not critically differentfrom

1.2. Ortet selection

Ortets selected from Kodumon estate
were evaluated in small scale trials laid out
during 1993 and 1994. Clones OKn 39 and
OKn 73 were found superior with an yield
of62.7gt'f and 84.9 g t'tlrespectively over
nine years of tapping. OKn 49, a potential
latex timber clone continued to perform well
with an yield of 71.0 g t'tland girth of 85.7
cm. In another small scale trial of ortet
selections from smallholdings, O 73
(selection from a private estate at
Kanjirappally) and O 72 (selection from the
selfed progeny of RRII 105) exhibited

each other.

superior yield (66.4 gt't'land 63.8 gtlf’
respectively) and girth (84.0 cm and 85.1 cm
respectively) over RRIl 105 which gave an
yield of 50.5 g t'1t'land a girth of 68.3 cm)
Data indicates that the ortets O 73 and O 72
could be selected as promising latex timber
clones (Table Bot. 4).

Ortets selected from Konney,
Mundakkayam and Cheruvally estates are
being evaluated under large scale evaluation
trials at CES, Chethackal. Intermsof growth
(fourth year of planting), clones such as
M 028, Chv 035 and Chy 048 were found
promising.



Table Bot4. Yjeld and girth of ortet clones during

Yield over  Yield Girth

five years (gt't1) (em)
0 49 (PCK Kodumon) 25 484 781
077 (Erumeiv - F.B1) 227 41 417
0 74 (Kanjirappally) 248 538  84.0
0 73 (Kanjirappally) 66.3 799 S40
0 75 (Kanjirappally) 17.0 28 751
0 76 (Kanjirappally 132 257 6L1
0 21 (Kattappana) 45.0 464 643
0 72 (Progeny of RRII 105)  63.8 789 851
0 36 (Kothamangalami 224 340 796
0 81 (CES, Chethackal) 26.8 413 988
0 79 (CES, Chethackal) 16.3 213 728
0 80 (CES. Chethackal) 239 442 660
0O 78 (CES, Chethackal) 233 208 631
RRII 105 50.4 504 683
RRIM 600 345 323 635
CD (0.05) 234 172

2. Evaluation of clones

2.1.Large scale evaluation

Yield data of the 21 clones (planted in
two LSTs of RRII 400 series clones during
1993) was collected at fortnightly intervals
(11* year of tapping). Sign ant clonal
variation in annual mean yield was found
in both the trials. While in Trial 1, RRII 417
(79 g f1t ) and RRII 414 (72 g t1f1) were
found better in terms of yield than RRII 105,
clones such as RRII 430 (83 g f t1, PB 330
(8l gt'1l1)and RRI1422 (75 gt*t’) performed
better than RRI11105 (73 g t't>)in Trial 2. In
the 1989 LST of introduced and indigenous
clones at CES, PB 280 was found superior in
terms of yield (136.5 gt 't"in panel BI-1, (i.e.,
the second year of renewed bark) as well as
vigour (Table Bot. 5).

In another large scale trial at RRII farm,
RRII 5and RRII 118 were found superior in
termsofyield over 13 years of tapping (Table
Bot. 6). Broad sense heritability (H2) yield
was at 70%.

Clone Yield (gt't) Girth (an)

Annual summer  (22rdyear)

mean
PB 235 67.9 434 94.6
PB 311 98.3 69.7 96.4
PB 280 136.4 108.0 1050
PB 314 1106 79.0 9.2
PB 312 81.2 444 91.9
PB 217 1069 778 911
PB 260 849 553 90.4
PB 255 84.8 55.8 82.8
RRII 105 61.9 44.3 80.3
G. Mean 925 64.2 921
€.D.(0.05) 26.9 24.0
Table Bot. 6. Mean yield of clones
Clone Mean yield (g f t]
13th year Over 13 years

RRII 5 52.1 65.7
RRII 118 57.0 57.1
RRII 208 25.7 434
RRII 300 200 383
RRII 308 43.0 476
RRIM 600 32.2 400
RRIM 703 267 38.0
PCK 1 (PR 255) 40.7 448
PCK 2 (PR 261) 294 36.9
SCATC 88/13 199 419
SCATC 93/114 323 217
Haiken 1 133 247
RRII 105 53.1 49.7
G. Mean 34.94 4227
cD 9.00 7.67
H2 07

2.2. On-farm evaluation

Post release on-farm evaluation of RRU
400 series clones in smallholdings was
undertaken in North, Central and South
Kerala. RRII 400 series clones exhibited
higher tappability in a holding at
Kanjirappally, Central Kerala (Table Bot. 7).
In another smallholding at Ayur, South



Table- Bot. 7. Performance of RRII 400 series clones

inthe6 year
Ctone Mean girth  Tappability
(cm) (%)
RRII 414 (n=50) 55.2 86.0
RRII 417 (n=70) 543 91.0
RRII 422 (n-25) 53.2 9.0
RRII 429 (n=70) 514 65.0
RRII 430 (n=30) 54.8 90.3
RRII 105 (n=55) 47.6 393

Kerala, higher yield was recorded in RRI1422
(81.0 g tr't'D) followed by RRII 429 and RRII
414 (Table Bot. 8).

Table Bot. 8. Performance of RRII 400 series clones
in the 10 year
Clones No. of Girth  Mean yield
trees (cm), gtitl

RRII 105 50 55.4 412
RRII 414 70 61.4 68.0

RRII 417 50 60.2 67.1
RRn 422 55 58.4 810

RRII 429 115 55.4 68.8

RRfl 430 16, 567 55.9

Yield data of RRII 400 series clones
planted in nine different locations indicated
location wise variation. At Ponkunnam and
Elenji, RRIl1 414 yielded better than RRII 105
while itwasslightly inferior to control clone
in two other locations. At Malayattoor, RRII
417, RRII 422 and RRII 429 exhibited higher
yield than the control clone. RRII 430 was
found the highest yielder in a trial at
Oonnukal.

2.3. Genetic studies and investigations on

genotype x environmentinteractions

The results ofthe G x E interaction study
across various locations in India indicated
that RRII 203 and RRII 422 are comparable
to RRII 105 in Kanyakumari and RRI11 429 as
asuperior clone in Agartala and Nagrakatta

in terms of yield (Table Bot. 9). Recording of
yield was continued at LMMT Bhubaneswar.
The clones at RRS, Padiyur reached 5'h year
of tapping.

Table Bot. 9. Mean yield t't >from 3 locations
during the 8 year of tapping
Location,
Clone Kanyakumari Agartala  Nagrakatta
RRIM 600 549 58.8 515
RRII 429 465 62.2 835
RRU203 755 46.4 465
PB 217 505 414 48.0
RRII 51 441 457 57.9
RRII 414 449 415 56.8
RRnN 430 56.7 55.4 735
RRIC 100 512 411 730
RRII 422 503 593 776
RRII 105 755 46.7 672
RRII 417 64.4 614 88.0
RRII 176 705 45.7 44.4
cD 151 102

3. Participatory
rubber clones

evaluation of

Seven locations viz., Kozhikode,
Thrissur, Kumbazha, Cheruvally, Shaliacary
and Kanyakumari were identified to initiate
on-farm trials of phase 3 for which twelve
clones were selected and polybag nurseries
were established. The central researcher trial
will be laid outat CES, Chethackal.

In the 14 field trials laid out in 2008
under phase 1 of the project,among the check
clones, RRI1414 was found superior in girth
in all the locations. Superior growth was
recorded for RR11430 in 11 out of the 13 trials.
Pipeline clones via P010, P 021, P 026, P 067,
P 072, and P 074 exhibited good growth in
most of the locations. The trials laid out in
2010 in eight locations under Phase 2 of the
project with 14 pipeline clones and three
checks were maintained well after casualty

replacements.



4. Breeding for other specific
objectives
4.1. Breeding for drought tolerance

Results from the four small scale
evaluations of drought tolerant ortets and
hybrids evolved from drought tolerant
parents over six years of tapping were
collated and the most promising clones were
shortlisted for further participatory trials.
Yield components of these clones w'ere also
studied seasonally. Among the ortets selected
(based on yield under rainfed cultivation in
Dapchari), clone Dap 111, exhibited high
volume of latex (280 ml treeltap ') with a
DRC of 36,18 %. Hybrid clones such as 93/
214 (64.42 gt't'), 93/58 (82.10 gt 't1). 94/90
(74.7 gt't-") and 95/353 (66.41 gt't]) were
found superior among the clones being

evaluated in various trials. Selected clones
(27 nos) were multiplied and source bush
nurseries were established at CES,
Chethackal in order to generate sufficient
budwood for multilocational trials.

In another set of two SSTs laid out in
2001 comprising 50 hybrids (fourth year of
tapping), clone 95/98 (86.2 g t't1 parentage
RRII 105 x RRIC 104) and 95/279 (58 gt't
parentage RRII 105 x PB 260) were found
promising.

4.2. Polycross progeny evaluation

A total of 29 promising high yielding
clones were selected from 150 clones
consisting of half sib progenies from 10
parentclones (evaluated in two field trials).
Some of the selections are listed in Tables Bot.
10 and 11 below.

Yield Timber Volume Girth at11h
improvement (%) (3 tree'1) year (cm)
282 0.10 64.2
814 013 76.2
24.6 0.08 60.4
793 0.08 63.7
184 0.08 64.7
125 0.10 58.9
232 0.08 61.8
201 0.09 62,5
122 0.08 69.3

Table Bot. 11. Growth and yield characteristics of latex clones evolved bv Dolvcross preeding

Parent Clone Rubber yield
(gt'f)
RRII 105 106 57.5
PB 252 132 813
PB 5/51 147 55.9
ch 26 161 80.4
ch 2 199 531
PB 28/83 37 50.4
PB 215 151 553
PB 28/83 80 58.7
RRII 305 112 51)
Parent Clone Rubber yield
@ft-3
PB 28/83 81 65.9
PB 28/83 1091 64.4
PB 215 93 50.4
PB 215 89 50.0
PB 5/51 82 62.8
ch2e 162 565
PB 5/51 38 54.6
PB 28/83 140 55.3
PB 217 180 50.00

Yield Timber Volume Girth at II'h
improvement (%) (m- tree'1) year (cm)
47.0 0.05 50.7
43.7 0.06 57.4
326 0.05 54.2
125 0.07 58.1
40.0 0.06 56.8
251 0.05 51.1
14.2 0.04 45.0
231 0.06 60.7
125 0.06 758



5. Anatomical investigations

In connection with the anatomical
studies on tapping panel dryness in Hevea,
in order to localize peroxidase activity in the
bark tissue, both Guaiacol and o-dianisidine
were employed using hydrogen peroxide as
the substrate. Tangential longitudinal
sections of bark when stained for peroxidase
showed variation in its staining pattern with
respect to seasons. Seasonal activity for this
enzyme was noticed in the phloic rays but
the activity could be seen throughout the
year in the sieve tubes. The cell walls of sieve
tubes in the inner soft bark, including those
differentiated recently from the derivatives
of cambium, stained reddish brown

indicating its activity.

To study clonal variation with respect
to sieve tubes in Heim brasiliensis, parameters
such as diameter, density and grouping
pattern of sieve tubes were studied in clones
viz. RRU 105, RRII 33, RRII 38, RRIM 600,
RRII 118, RR11208 and PB 260. Variations for
these traits were observed.

6. Studies on propagation

In connection with the experiment on
comparison of growth and yield of different

Table Bot. 12. Girth and yield of trees after 7 years of
growth in the field
Treatments

Girth  Yield Yield
(on) (gt'f) (volume)
(ml,
Brown budded stomps 569 47.4 1783
Field budded plants 542 374 1475
Green budded plants 570 513 1825
Brown budded plants 569 468 156.6
Young budded plants -
stock 42 days old 567 481 1333
Young budded plants -
stock 49 days old 569 422 154.0
Young budded plants -
stock 56 days old 564 455 1166
CD (0.05) NS NS NS
SE 17 29 286
cv 55 326 112

forms of planting material though there was
no significant variation among the treatments,
the green budded plants performed well in
terms of girth, dry rubber yield and volume
of latex (Table Bot. 12). Results of another
study on influence of different types of buds
on field performance of plants raised from
them showed the superiority of isolated semi
green buds (Table Bot.13).

Treatments Girth (cm) cv Girth (cm) cv
rolybags Field plants

Budded plants- Mature brown buds 248 13.22 249

Budded plants -Prominent semi green 244 16.23 265

Budded plants -Scale buds 24.6 16.48 26
Budded plants -Whorl buds 238 15.86

Budded plants -Light green buds 220 2025

CD (P -0.05) NS 256



GERMPLASM DIVISION

The germplasm collection being
maintained at RRII comprises 3 main gene
pools: the domesticated dones derived from
the original Wickham collection, the 1981
IRRDB wild Hepea brasiliensis germplasm
collection, and 5 other Hevea species. The
conservation, agronomic evaluation,
screening for diseases, abiotic (droughtand
cold) stress resistance and timber latex traits,
and utilization of the useful wild germplasm
in crop improvement, form the major
activities of the Division. Formulation of
Distinctiveness, Uniformity and Stability
(DUS) testing norms for Hevea, and
generation of a mapping population for
Hevea are also being carried out.

1. Introduction, conservation and
documentation

1.1.Domesticated genepool (Wickham
collection) from secondary centers
The domesticated gene pool comprises
183 Wickham clones conserved in field gene
banks in 1 clone museum at RRII Farm,
Kottayam, and 2 germplasm gardens atCES,
Chethackal.

Annual girth and monthly yield of the
5 IRCA clonesin the Germplasm Garden IV
planted in 1992 were recorded, and the data
analysed statistically. Significant clonal
differences were recorded foryield and girth.
IRCA 130 continued to be far superior to all
theotherclones in terms ofyield, while IRCA
111 and [RCA 109 were on par with RR11 105.
IRCA 111 and IRCA 130 were superior to all
others for girth (Table Ger. 1).

In the Germplasm Garden V,among the
20 clones, RRII 23, RRIC 100 and RRIM 609
continued to be the best clones in terms of
yield (98.3-117.7 gt't1), while the control
clone RRII 105 had ayield 0f72.4 g t'It'1(Table
Ger. 2). The three clones also had higher girth
ranging from 96.8 cm (RRIC 100) to 89.8 cm

(RRIM 609), while the control clone RRII 105
had a girth of 72.5 cm.

Table Ger. 1. Performance of IRCA clones in the 10
year of tapping

Clone Girth " Dry rubber yield *
(cm) (gff)

IRCA 130 767 93.1

IRCA 109 67.1 52.5

IRCA 111 785 64.8

IRCA 18 65.7 396

IRCA 230 64.1 545

RRn 105 69.0 721

CD (P=0.05) 697 16.15

** Clonal differences significant at P<0.01

Table Ger. 2. Performance of 20 Wickham clones in
the eighth year of tapping
Clone Yield” Girth™
(gft') (cm)
PB 255 246 954
PR 255 41.0 60.8
RRIC 100 105.2 96.8
SCATC 88/13 23.0 77.0
RRIM 609 98.3 89.8
RRn 15 436 78.6
Haiken 1 358 77.9
RRII 27 519 65.1
RRIC 148 69.4 90.1
RRII 108 40.6 77.4
RRIM 618 20.7 56.0
RRn 20 46.2 732
RRII 12 16.0 77.8
SCATC 93/114 56.1 68.6
RRII 178 534 90.4
RRII 22 344 59.5
RRII 23 177 943
RRIC 102 738 78.1
RRIC 36 45.7 74.0
RRII 105 724 725
CD(P=0.05) 29.29 12.42

" Clonal differences significant at I'<0.01



1.1.1.Formulation of DUS testing norms in
Hevea

In order to formulate Distinctiveness,
Uniformity and Stability (DUS) testing
norms for Hevea, 49 Wickham clones were
field planted in a replicated trial at CES,
Chethackal, RRS, Dapchari and RRS,
Agartala, for a multilocation project.

1.2. IRRDB 1981 wild gene pool

The wild germplasm comprising 3576
wild accessions is being maintained in
different field conservation-cum-source bush
nurseries (SBNs). Reestablishment of the
conservation nurseries has been carried out.
The first 3 re-established nurseries (SBNs
2003, 2004 and 2005) comprising of 550, 975
and 701 wild accessions respectively, were
cut back, after ensuring proper identity. The
4" set of 806 accessions planted in
conservation nursery SBN 2006 in an
augmented RBD with 4 controls was
maintained properly. The 2n] round of test
tapping in 63 selected accessions of this
nursery, with more than 50% test tap yield
of that of RRIlI 105 was done for
reconfirmation of their yield potential. SBN
2007 comprising 500 accessions was
monitored forearly growth and 25 potential
accessions for yield were identified on the
basis of testtapping. The accession AC 4130
recorded highest girth of 32.8 cm followed
by RO 2608 (32.0 cm) and RO 857 (31.6 cm)
The Islround of testtapping carried out in
201 wild accessions in SBN 2008 identified
18 wild accessions with more than 50% of
the yield of RRII 105, for a confirmatory
round of testtapping next year.

1.3. Other Hevea species

Six species of Hevea and their hybrids
available at RRIlI (H. benthamiana, H
sprueeana, H. nitida, H. camargoana and 2
accessions of H. pauciflora, two H. brasiliensis
clones, 5 natural putative interspecific
hybrids and FX 516, an interspecific cross
between H. brasiliensis and H. benthamiana),

arebeing conserved inan arboretum planted
at CES in 2006

2. Characterisation and preliminary
evaluation

In the preliminary evaluation trial PET
(Ortets) 99, the best wild accessions were OM
1116 and OM 1109 with yield levels of42-5 and
34.0 gt 't*1 respectively, while the controls
yielded an average of91.8 g t't! (PB 260), 59.7
(RRII 105) and 44.0 (RRIM 600). Among the 46
wild accessions, OM 1105 had the highestgirth
(90.5cm), followed by OM 1107 (83.8cm). The
girth of the controls ranged from 89.8 cm (PB
260) to 78.1 cm (RRIM 600) (Table Ger. 3).

Table Ger. 3. Top wild accessions for yield and girth
in Ortet Trial 99,

Accession Yield (gt't-) Accessiion  Girth (cm)

3slyear of 13* year

tapping of growth
PB 20 918  OM lias 905
RRU 105 507 PB 260 89.8
RRIM 600 440 ~ OM 1107 838
oM 1116 425 RRII 105 791
oM 1100 340 RRIM 600  78.1
OR 1166 209 OR 1149 776
OR 1163 197  OM 1109 769
oM 1118 197  OM 1116 569
oM 112 231 OR 1166 623
OR 153 173

Ofthe47 wild accessions in preliminary
evaluation trial PET 2000, nine had girth
ranging from 62.0-80.2 cm, while that of the
controls RRII 105 and RRIM 600 were 61.8
and 45.5 cm respectively. The two accessions
RO 4599 and MT 478S", continued to show
promising yield levels compared to RRI1 105:
44.4 and 41.2 g t't1respectively.

In PET 2000Aat RRS, Padiyoor, monthly
yield and annual girth were recorded in 171
wild accessions. Accession AC 2537 recorded
highest girth followed by AC 3609 and AC
3075, as compared to the control done RRII



105. Monthly yield and annual girth were
recorded in PET 2000B at RRS, Padiyoor.
Among 166 wild accessions, accession RO
2883 recorded the highest girth of 63.3 cm
followed by accession MT 39 (60.0 cm)
whereas the check clones RRII 105, RR1I 208
& RRIM 600 were having girth of 46.5 cm,
46.7cm and 39.2 cm respectively. For mature
yield, among the wild accessions, the highest
yield was recorded by accession RO 341 (32.0
g) which is 85% of the yield of RRII 105, while
among the 3 check clones RR11 105 recorded
the highestyield (37.4 g). Accessions AC 567,
AC 1964 and AC 824 recorded highest girth
in PET 2002.

3. Further evaluation and selection

3.1. Clonal nursery evaluation

A clonal nursery planted last year at
CES, comprising 15 selected wild accessions
from SBN 2004 showing 50-80% test tap yield
of RRIl 105 was maintained for evaluating
their yield potential.

3.2. Further evaluation trials

Annual girth and dr} rubber yield were
recorded and analyzed in the further
evaluation trial FET 95 at the age of 17 years
(8*year after tapping). Girth was maximum
for the accession MT 1032 (80.2 cm) and
minimum for MT 188 (41.5 cm). The mean
girth of RRIlI 105 was 59.3 cm. Seven
accessions from Mato Grosso provenance
showed superiority for girth over RRII 105.
The accession AC 166 consistently showed
superiority for dry rubber yield (64.2 g f't'5
among the wild accessions, which is on par
with the yield of RRII 105 (64.0 g f't 1.

Monthly yield and annual girth was
recorded in the FET 2003 comprising 22 wild
accessions and three controls. In the 9* year
after planting, RO 2629 recorded the highest
girth (61.2 cm) followed by AC 4149 (53.3 cm)
and AC 626 (51.6 cm). RO 2629, AC 4149, AC

716 recorded the highest yields of 28.8, 26.2
and 26.1 g t't1lrespectively in the first year
of tapping.

Significantclonal differences were seen
for annual girth in FET 2005 comprising 22
wild accessions and 3 controls. Among the
wild accessions, AC 2004, MT 4788 and MT
2217 had the highest girth in the 7* year of
growth (48.1,41.0 and 36.7 cm respectively),
on par with the controls PB 235 (42.6 cm) and
RRIM 600 (33.6 cm). Girth increment over
the last five years showed that AC 2004 had
the highestgrowth rate, followed by M T 2217
and MT 4788 (Table Ger. 4).

Table Ger. 4. Growth of 22 potential wild accessions
5

in FET 200
Accession Girth 2012 GI 2012-2008
(emy (em)**
MT 43 34.6 246
MT 185 37.8 248
MT 1077 27.9 19.4
RO 1241 36.9 261
RO 1323 33.9 23.0
RO 1462 31.0 181
RO 1514 317 22.2
RO 1570 32.0 20.0
RO 1755 323 20.6
AC 2004 481 336
MT 2217 36.7 217
RO 2255 33.8 20.7
RRIl 105 398 2.4
RO 3012 347 217
RO 3247 203 126
AC 3609 281 164
AC 3615 304 215
MT 4788 410 27.0
AC 4833 222 144
RO 4011 325 20.3
MT 182 346 22.9
MT 192 349 233
RO 2731 36.9 23.4
PB 235 426 26.7
RRIM 600 336 216
CD(P=0.05) 5.16 438



In FET 2008, accessions AC 176, MT 77
and RO 2846 recorded the highest girth out
of the 26 wild accessions. 13 wild accessions
in FET 2010A, selected from SBN 2004
having more than 80% test tap yield of RRII
105 and field planted at CES, Chethackal
along with the check clones RRII 105, RRII
430 and RRI1414, were maintained properly.

3.3. On-farm trials

On-farm trials at 5 locations viz., B.C.
Cheruvally estate, Erumely, Malankara
estate, Thodupuzha, Mooply estate, Trissur,
Calicut estate, Kozhikode and Bethany
estate, Kanyakumari for evaluating the
performance of the 3 selected IRCA clones
(IRCA 130, IRCA 111, IRCA 109) and 1 wild
accession (AC 166) at multi locations are
under evaluation.

4. Screening for stress tolerance
4.2. Abiotic stress resistance

4.21. Drought tolerance

A clonal nursery comprising of 47
potential half-sibs of nine clones is being
evaluated along with 3 checks viz, RRII 105,
RRI11430, RRI1414 for their drought tolerance
potential at RRS, Dapchari which is a
drought prone area. Girth of the plants in
the second year ranged from 3.5-8.3 cm and
the highest girth was recorded by a clone
raised from the progeny of RRII 105. Among

Tab]c Ger. 5.
2011)
50-58% drying
AVT73- 1
ch2s- 1
PB 28/83- 1
PB215- 1clone PB242- 1

Hybrid progeny-1clone

the four check clones, the highest girth was
recorded by RRII 430 (6.5 cm). 22 clones
recorded girth higher than RRII 430. Plant
status on drying after experiencing their 1*
summer (May 2011) was also recorded and
is shown in Table Ger. 5.

Another clonal nursery evaluation trial
comp g of 31 potential half-sibs planted
last year at RRS, Padiyoor to study their
drought tolerance potential, is being
maintained.

A small scale trial comprising seven
potential accessions out of 130 identified
based on drought related growth parameters
and rubber yield from the field screening
trial 2003 at RRS, Dapchari along with check
clones RRII 105, RRII 414, RRI1I 430, RRIM
600 and Tjir 1 was maintained properly for
further evaluation of their drought tolerance
potential in the drought prone area at RRS,
Dapchari.

In the further field evaluation of selected
Hevea clones at RRS, Dapchari in
collaboration with Botany Division, the
growth during the summer and peak period
of growth in the 34 selected Hevea clones
comprising 23 wild accessions, 5 HP clones
and 6 check clones viz,, RRII 430, RRII 414,
RRII 105, RRIM 600, RRII 208 and Tjir 1 was
assessed. At the end of 4th year, out of 34
clones in this trial, 8 wild accessions and 1
hybrid clone showed girth superior to
droughttolerantclone RRIM 600. Accession

Dryins >tatu, of half-sib progenies and check clone, after experiencing lint «mmer (May-

Drying status of check clones
RRII 105- 83.3% (10/12)
RRII 414- 25.0% (3/12)
RRIM 600-16.7% (2/12)
RRII 430 8.3% (1/12)



MT 4788 continued its superiority for girth
after 4 years growth. Among the modem
clones, RRII 430 showed significant growth
difference from RRII 414 under Dapchari
conditions (Table Ger. 6.). Based on data on
visual scoring on leaf yellowing and
chlorophyll content, accessions MT 1627, MT
1623, RO 2387, RO 2153 and hybrid clone 93/
105 were identified as top rankers for a
detailed study on drought related
physiological parameters in polybag plants.

Table Ger. 6. Summer and annual girth of potential
summer girth  Clone  Annual girth

(cm) (cm)

at S3 cm height at 150 cm height

May 2011 September 2011
MT 168) 198 93/92 182
93/225 20.0 MT43 185
MT 5078 204 MT 5078 19.4
RO 1761 206 RO 1761 195
MT 40 20.7 MT 1616 195
MT 4856 208 93/ 105 200
MT 1616 209 MT 54 204
MT 54 214 MT 4856 212
93/270 214 93/270 214
MT 4788 232 MT 4788 218
RRII 430 230 RRII 430 218
RRII 105 19.0 RRII 105 19.1
RRIM 600 200 RRIM 600 179
RRII 208 188 RRII 208 168
RRII 414 166 RRII 414 155
Tjir 1 18.4 Tjir 1 16.7

4.2.2. Cold tolerance

A total of 64 wild accessions were
evaluated for cold resistance in two trials at
Regional Experiment Station, Nagrakata,
West Bengal. Girth of the 12-year-old
accessions recorded during pre- and post-
winter period, showed significant variation.
Monthly yield and canopy/branch characters
were recorded in Trials 1and 2. Accessions
RO 2902, MT 5105 and RO 2387 recorded the
highest annual girth as compared to the

check clones SCATC 93/114 and RRIM 600
in Trial 1 where as in Trial 2, accessions MT
915, RO 2727 and MT 900 recorded the
highestgirth.

5. Screening for timber characteristics

5.1. Field screening
Annual girth, monthly yield and timber

volume were estimated at the age of 11 years.

Among the wild accessions, 2 accessions, AC

650 and MT 941 had timber volume higher

than that of PB 260, RRII 33, RRI1I 118, RRII

105 and RRIM 600. Two other accessions

showed dry rubber yield on par with RRII

105 and PB 235.

5.2. Screening for timber quality traits
through lignin biosynthesis studies
Characterization of lignin monomer

units in 1 wild accession (AC 4830) having

high lignin content and 2 popular clones

(RRIlI 105 & RRII 414) was done to
understand the syringyl / guaiacyl
monomer units (S/G ratio) using

thioacidolysis & gas chromatography in
collaboration with School of Biosciences,
Sardar Patel University, Gujarat. The results
indicated that the clones RRII 105 and AC
4830 were characterized by relatively high
amount of syringyl lignin units in their
monomeric composition (Table Ger. 7).

Table Ger. 7. Klason lignin, guaiacyl <G) and
syringyl (S) lignin monomer and S/G
ratio of three clones of Hevea
brasiliensis

Clone Klason  Guaiacyl  Syringyl S/G

— - ~lignin (%) lignin unit  lignin unit  ratio

RRII 105 21.0 4317 11260 261

RRII 414 16.0 5205 6490 122

AC4830 214 526.0 11210 213

G, S,5+C: Yieldsofthe Thioelljylatedguaiacyl (C). Syringyl
(S) and total (S+GJ expressed as pmoles/g of lignin



6. Utilisation of Mgermplasm

6.1.Hand pollination programmes

A hand pollination programme was
conducted during 2009 at CES, Chethackal
involving 3 wild accessions showing
potential foryield, and 6 cultivated Wickham
clones. The resultant 75 successful hybrid
progenies are under nursery evaluation for
early growth at CES, Chethackal. Inanother
HP programme carried out at RRS, Padiyoor
in 2009,29 progenies derived from 2 crosses
and 25 OP seedlings of RRII 105 planted in a
seedling nursery were maintained.
Morphological data was recorded at 2rdyear
of planting, to assess the growth and vigour
ofthe progenies. Hybrid progenies from the
cross RRII 105 X AC 675 recorded mean girth
higher than the progenies derived from the
cross RRII 105 X RO 368 but the per cent
recovery of superior seedlings was more in
the 2rd combination.

6.2.Generation of mapping population

The 96 seedlings generated from the
interspecific cross between the popular H
brasiliensis clone RRIlI 105 and H
benthamiana clone F 4542 were raised in a
seedling nursery and growth was
monitored (Table Ger. 8). The cross was
repeated this year to augment this

collection

PLANT PATHO

The division is mainly concentrating on
the improvement of disease and pest
management strategies using chemical and
biological agents, assessment of yield loss
due to diseases and evaluation of new

Table Ger. 8. Growth of interspecific hybrid progeny
and budded controls (parents)

Provenence  Number Girth (cm) cv
Averagiz Min  Max (%)
RRII 105 6 82 50 100 193
F 4542 8 76 50 100 196
Progeny 9% 139 50 220 266

7. Other studies

7.1. Feasibility of ratooning in Hevea

Ratoons continued to be superior to
their corresponding polybag grown
counterparts in the eleventh year of growth
interms of girth, recording an average of 71.4
and 48 cm respectively. 134 ratoon plants
(97.9%) have attained tappability, while the
tappability of the interplanted polybag
plants was only 93 (47.2%).

7.2. Assessmentof the performance of new

rubber plantations of ITDA, AP

The collaborative project with ITDA,
taken up in 2008 at RC Varam, by the
Integrated Tribal Development Agency
(ITDA), Govt, of Andhra Pradesh, with the
objective of monitoring growth of new large
scale plantingsin the non-traditional area, was
continued. During the reporting period, the
growth of rubber plantations in 12 farmers’
fields planted was monitored. In the 4* year
of growth, Farm 7 recorded the highest mean
girth of 20.1 cm and a mean height of 245.2
cm. Farm 12 recorded the lowest mean girth
of 5.7 cm and mean heightof 101.0 cm.

LOGY DIVISION

clones for disease resistance. Studies on
beneficial micro-organisms for plant
growth, bee-keeping in rubber-plantations
and treatment of sheet processing effluent
were continued.



1. Leafdiseases

1.1. Abnormal leaf fall disease (ALF)
PR 1Gene

The experiment to improve the
efficiency of ALF disease management in the
clones RRII 105 and RRIM 600 at Chimony
estate Thrissur was continued. The spraying
was undertaken by Turblow mist blower
during the second fortnight of May and 30
days thereafter for the second round. Two
rounds of spraying & 20 L /ha (1:5) was found
to be superior in checking the ALF disease in
clone RRII 105 and RRIM 600 (Table Path. 1).
Attempts were made to quantify the
pathogenesis - related genes such as PR 1,
(3-1,3 glucanase and peroxidase during
pathogenesis in clones tolerant (RRII 105)
and susceptible (RRIM 600) to Phytophthora.
The resultindicated that the level of activity
of thesegenesincreased during initial hours
(24*/48'h) of inoculation in the leavesof both
the clones. However, their activity either <> 2%h 72
increased or remained constant in RRII 105 s
and decreased in RRIM 600 during later
hours (Figs. Path. 1,2 and 3).
PEROXIDASE
The experiments to assess the impactof
ALF disease in clones RRII 414, RRII 422,
RRII 429 and PB 260 are in progress. The
experimental trees were brought under
tapping on attainment of recommended
tappable girth. The clone RRI1I 414 recorded

Fig. Path. 2. Expression of p 1, 3 glucanase gene

maximum girth increment (7.1 cm) with 86% o s i
tappability. Among the experimental clones, Hours
RRIlI 422 experienced moderate ALF Fig. Path. 3. Expression of Peroxidase gene

_Jable Path. 1. Per cent leaf retention in RR11 105 and RRIM 600
No. of rounds RaHo Leaf retention (%)
RRU 105 RRIM 600
COQIO kg): spray oil (40 L)
COQ8 kg) spray oil (48 L)
COC(4 kg) spray oil (20 L)
COC(8 kg) spray oil (40 L)
Unsprayed (control)
“Second round spraying 30 days after the first



incidence and RR11429 recorded very severe
incidence of pink disease. Recording ofyield,
by dividing die area undereach clone into two
tapping blocks, toaccommodate sprayed and
unsprayed treatments, is being continued.

Two experiments on crown budded
plants located at Malankara estate (clone PB
311) and Central Experiment Station,
Chethackal (clone PB 260) are in progress.
The control block (no crown budding) of PB
311 recorded very severe ALF disease,
whereas crown-budded trees having crown
clones Fx 516 and RRII 33 recorded <25%
disease severity. Girth increment was higher
in crown-budded trees. The experiment in
clone PB 260, in which feasibility of crown
buddingatnursery stage was attempted, was
brought under tapping in the seventh year
of planting. Initial yield data indicated no
significant difference between crown-
budded and control blocks.

1.2. Powdery mildew disease

The tri tiated at New Ambadi estate
Kanyakumari during 2008 to study crop loss
due to powdery mildew disease in the clone
RRII 105 was continued. Two blocks were
demarcated and pre-treatment application of
sulphur was undertaken at recommended
dose at an interval of 10 days using micron
duster during the initial year. In the
subsequent years, one plot was maintained
asdusted and other as undusted. The disease
intensity was assessed on a 0 -5 scale (very
light, light, moderate, severe and very severe)
during each dusting. The block yield was
recorded and the crop loss was calculated. A
crop loss of 1.3%, 5.7 % and 5.5% was
estimated during 2009, 2010 and 2011,
respectively.

1.3. Corynespora leaf disease
A survey carried out during 2011 and
2012 disease season from January to April

indicated that Corynespora disease was very
much prevalent in Neyassery village in
Thodupuzha (75%) and Pinavoorkudy area
of Kothamangalam region (up to 90%).
During 2012 the disease was very less
compared to the year 2011. The disease was
prominent in the immature phase of the
clone RRII 105. The other clone particularly
RRII 414 and RRII 430 exhibited the typical
raised spot symptoms.

In vitro evaluation of various new
generation fungicides for their efficacy
against the growth and conidial germination
of the pathogen revealed that the fungicides
thiophanate methyl and ipridione +
carbendazim were highly effective and
comparable with the recommended
fungicide carbendazim as they arrested the
growth of the pathogen completely at 10 ppm.
However, the conidial germination is
completely inhibited by the fungicide
ipridione +carbendazim at 50 ppm followed
by thiophanate methyl.

Field evaluation of these fungicides on
rubber seedlings was carried out at Ulickal
nursery. Itwas observed that the fungicides
pyraclostrobin + metiram and thiophanate
methyl were effective with 7.2% disease
severity each. In the unspraved control the
disease severity was 28%.

The chitinase gene cloned from GT1, a
clone tolerant to Corynespora leaf disease
was effectively expressed in pET32a+ vector
and recombinant protein was extracted. The
andfungal activity of purified recombinant
chitinase protein was confirmed by disc
diffusion method on PDA plates using 10pg
of recombinant protein. Polyclonal antibody
was raised with the protein and expression
of chitinase in the tolerant clone GT 1 was
confirmed by Western Blot analysis

Attempts were also made to detect the
chitinase activity by ELISA using the



polyclonal antibody. The results indicated
that the Corynespora cassiicola induction
elevated the chitinase activity in the tolerant
clone GT I (Table Path. 2)

Table Path. 2. Chitinase activity in tolerant and
susceptible clone through ELISA

RRII 105 (Absorbance) ~ GT 1 (Absorbance)

SI. No. Control Induced Control  Induced
1 0.8 11 11 20
2 0.9 11 11 20
3 10 12 11 22

1.4. Colletotrichum leaf disease (CLD)

Ablock trial was laid outat Vengathanam
estate, Mundakkayam to study the efficacy of
new generation fungicides against CLD on
one-year-old RRIl 105 plants with eight
treatments. The results indicated that
tebuconazole + trifloxystrobin was very
effective with 8.8% disease severity followed
by treatments involving tebuconazole
(12.13%) and mancozeb (16.53%) compared
to control (73.87%).

Survey carried out for assessing the
intensityof CLD on immature plants of RRII
105 at Mundakkayam region showed that
young plants (1“ year) recorded very low
disease intensity (11%) than the 2rdand 3d
year plants (50-93%).

In order to confirm the major cause of
CLD in India, pathogen was isolated from
diseased specimens collected from different
locations representing traditional rubber
growing regions having differentsymptoms
like, typical raised spots, dark brown or black
spots and dried margins . The emerging
colonies from each bits were grouped based
on the growth characters and conidial shape.
C. acutatum was found to be more frequent
with 69.39% ofthe colonies. Both the species

could be isolated from all types of symptoms.
Isolates producing perithecia in culture were
obtained from 31% ofthe sampling locations
and one representative isolate was identified
by CABI as Glomerellasp. with more than 90%
similarity to C. gloeosporioides

Characterisation of the isolates of
Glomerella SP. and representative isolates of
C.gloeosporioides and C.acutatum was
attempted. The isolates showed variation in
colony colour, growth rate, conidial shape
etc. within and among groups. The growth
rate of Glomerella sp. and C.gloeosporioides
varied from 1.4 tol.75cm and that of
C.acutatum from 1 to 1.2 cm. Fungicide
sensitivity testshowed that Glomerellasp. and
G gloeosporioides were sensitive to carbendazim
(2 fig mIL) and SAAF (50 pg ml‘) but
C.acutatum was less sensitive to these
fungicides at the concentrations tested.
Sensitivity to mancozeb (100 pg m IL) was
almost same for the isolates though slight
variation was observed among the isolates
of the same species

2. Stem diseases
2.1 Pink disease

New generation fungicides were tested
for their efficacy against the growth (radial
growth and biomass) of the pathogen in trilro.
The results revealed that the fungicide
tebuconazole was highly effective as it
arrested the growth of the pathogen
completely at 10 ppm. This was followed by
the fungicide ipridione + carbendazim
which inhibited the growth completely from
25 ppm onwards.

Field evaluation of new generation
fungicides was carried out as prophylactic
and curative treatment at Chittadi estate,
Mundakkayam on 3-year-old plants of RRII
105. In prophylactic application, treatments



were imposed in the last week of May. The
treatments were repeated after a gap of two
months in case of traditional Bordeaux
mixture spray and Kondody's Bordeaux
paste. The results indicated that Kondody's
Bordeaux paste was more effective with 85.9
per cent recovery of the plants followed by
traditional Bordeaux paste (81,7%). The
treatment involving traditional Bordeaux
mixture spray was the least effective (56.7%).
In curative application, the fungicides were
mixed thoroughly in rubber kote and applied
on the infected portion of the plants. The
results showed that maximum recovery of
plants (91%) was from the plot treated with
Bordeaux paste followed by trifloxystrobin
+tebuconazole with 88.3 per cent recovery.

3. Determination of the etiology of
TPD of rubber

In the studies on transmission of TPD
through budding, plants budded with scion
taken from TPD affected trees as well as
healthy trees on assorted root stocks planted
at CES Chethackal were test-tapped to study
the appearance of TPD symptoms. The trees
were tapped daily and observed for TPD
every month. Yield recording from all the
tapped trees was carried out monthly by cup
lump weighing. The results after one and a
half years of tapping showed TPD in both
groups of plants (Table Path. 3). This shows
that stock is also playing a role in the
development of TPD.

Table Path. 3.
June August  October
2010 2010

Healthy tri
TPD tree

2010,

4. Pests of rubber

Field trial was laid out for theevaluation
of eco-friendly formulations and insecticides
against bark feeding caterpillar, Aetherastis
circulata at PCK, Kodumon in completely
randomized design with five treatments.
Observations on the mean percentage
reduction in the population at 10and 20 days
after the treatments were recorded. Among the
treatments the combination of fenvalerate and
carbaryl showed % percent mortality after 20
days of spraying followed by neem oil 0.1 %
and azadirachtin 0.03 % (Table Path. 4)

Table Path. 4. Comparative evaluation of ecofriendly
formulations and insecticides against
bark feeding caterpillar, A. circulata

Treatment

9% reduction in population
10 davs 20 davs

Beauveria bassiana

(Mycojaal 10%) 10.1 (13.6) 17.7 (26.8)

Azadirachtin 0.03%  39.5(365) 65.6 (58.3)

Neem oil 0.1% 57.1 (48.1) 79.3(54.0)

Fenvalerate (0.02%)

Acarbaryl (0.1%) 93.8 (83.2) 96.0 (84.1)

Control 7.46.8) 135 (143)

CD (P=0.05) 9.39 1084

Figures in parentheses are arc sine transformed values

Laboratory studies on the bio-efficacy of
larval parasitoids such as Bracoti brevicomis
and Coniozusnephantidis showed 8. brevicomis
as more effective in parasitizing A. circulata.

Field experimentwas conducted to study
the effect of neem-based insecticides on the
mortality ofboth larvaeand adults of mooply

Incidence of TPD in plants budded with different scions.

No. of TPD trees_
December
2010,

November
2011

January
2012

February
2011




beetle, Luprops curticollis. Adult beetles were
attracted by putting semi-dried rubber leaves
and treatments were applied. The results
showed that all treatments were superior to
control and at par in effectiveness on the
mortality of larvae. Azadirachtin 0.03%
showed 61.4 per centcontrol of adult beetles
after 14daysfollowed bv rieem gold (58.14%),
econeem (55.05%) and neem oil (43.80%).

5. Vector control

Surveillance on vector population
dynamics was conducted in rubber plantations
and coastal areasand evaluated different tools
for IVM strategy. Studies werealso carried out
to find out the effect of rain guard on vector
populations by collecting adultand larvae from
rain guarded and non-rainguarded rubber
plantations. Similarly the influence of inter
crops on the population dynamics was also
recorded by collecting adults and larvae from
both intercropped and non-intercropped
immature rubber plantations. The larvae
collected were reared to adultmosquitoes and
were identified in VCRC field station.

6. Bee keeping in rubber plantations

A field study was conducted on the
effectofsupplementary’ off-seasonal feeding
on brood rearing activities of Indian honey
bee. Apis cerana indica, in rubber plantations.
Initial observations on the comb area, brood
area and population of the colonies were
recorded before giving various types of
feedings. The observations were recorded

Treatment % increase of comb area
(in crrr) after rearing after

— ——15daya 30days 45days 15days
sugar feeding lii 159 153 55"
Pollen feeding 17.0 170 253 202
Sugar & pollen 203 293 4101 26.3
CD (P=0.05) 106 105 02

% increase of brood

after 15, 30 and 45 days after feeding. The
results showed significant increase in the
brood rearing and population of honey bees
fed with both sugar syrup and pollen
compared to sugar syrup alone and pollen
alone fed colonies (Table Path. 5).

7. Microorganisms for improving
growth of rubber and cover crops

The effect of inoculation of the 12
selected rhizobacterial isolates on growth of
rubber seedlings was compared with a
standard PGPR Bacillus sp. in polybags. The
growth was generally better than the
uninoculated control plants and was
comparable with the plants inoculated with
the standard (Table Path. 6).

Table. Path. 6.Growth of plants (one year) inoculated
with PGPR isolates

Isolate no. Girth (mm) Height (cm)
diameter
std PGPR 10.7 106.8
Ri 25 1256 1114
K 43 123 124.4
K 52 121 123.7
RB 88 113 1079
K24 116 1125
Al 113 105.8
RH104 132 127.8
RH 34 13.7 1214
3 pt 13 1137
Ps 20 10.9 102.9
Ri 10 135 1297
Fl 138 126.9
Control 103 103.8
CD(P=0.05) 0.69 06.47

9% increase of population

after
30 day* 45 day* 15days 30 days 45 days
338 48.0 62.2

362 o 31.2 36.7 483
4078 8L 353 53.9 759

9.15 8.44



The production of IAA by two selected
Azospirillum isolates Azo 5and Azo 12 from
rubber plantations was studied and found to
produce 1.8 pg nrland 12.4 pg m Lof IAA
production respectively. Population in soil
based on IAR studies for four months showed
the presence of the inoculated isolates.

Beneficial activities like phosphatase
activity and IAA production of nine
morphologically different phosphofungi
from rubber plantation along with a standard
phosphofungi were studied and many of
them were found to be better than the
standard (Table Path. 7).

Table Path. 7. IAA production and add phosphatase
activity of phosphofungi
Acid phosphatase  1AA

activity  production
(ligPNPmMIT  (vg mr1
broth) broth)
PSF 1 (Aspergillus sp) 04 17
PSF 2 (Penicillium sp) 06 15
PSF 3 (Penicillium sp) 05 06
PSF 4 (Aspergillus sp) 05 05
PSF5 08 4.0
PSF 6 (Penicillium sp) 10 6.8
PSF 7 12 14
PSF 8 (Penicillium sp) 10
PSF 9 (Penicillium sp) 17 07
PSF (std) 04 18

Table Path. 8.

Effect of phosphofungi inoculation on growth of rubber seedling--

Theefficiency of the isolates to promote
plantgrowth was also studied by comparing
with the standard isolate, A. awamori in
polybags. The plants inoculated with PSF 5
had shown higher growth. Except three, all
the isolates were comparable to the standard
isolate in improving growth of plants upon
inoculation (Table Path. 8).

In the biofarming trial, Mucuna
seedlings raised in polybags inoculated with
bacterial isolate NE 4 from North East India
were field-planted. The plants were
protected from shootrotand Colletotrichum
leaf fall disease during rainy season and
assessed for various diseases periodically.
The girth of plants was recorded and the
plants in the integrated treatment were
found better than other treatments.

8. Waste management in rubber
processing

Evaluation of the the pilot reactor
established at Elavamapadam RPS, Palakkad
was continued. Hybrid reactor in its second
season of operation could reduce COD by
94.65% and BOD by 94.4%. The pH after
biomethanation was 7.0 - 7.2. The reactor
could reduce total solids by 73.1% and
dissolved solids by 75.3%. Hybrid reactor

Isolate 6 months One year-—
Height (cm)  Girth (mm diameter) Height (cm)  Girth (mm diameter)
[mSFU~pojitespl 4555.979.J«
PSF 2 (Penicillium sp) 056 496
PSF 3 (Penicillium sp) 1138 %6;92
PSF 4 (Aspergillus sp) 703
1305 14.0
PSF5 77
- 116.9 131
PSF 6 (Penicillium sp) 68-7
1188 134
PSF7 740 1283 126
PSF 8 (Penicillium sp) 701 -
121.7 134
PSF 9(Penicillium sp) 69.4 1228 130
PSF( A. awamori) 66.9 1004 04
Control 649 .

CP (P=0.05) 511 _

8.49



Table Path. 9. Evaluation of integrated waste water treatment system with reed bed

Parameter Raw Filtered Anaerobic digesteir  Reed bed Overall efficiency
(%)

PH 5.35." 53-5.8 6.9-71 7174

cop 11654.4 110215 (5.4) 582.57 (94.7) 159.88 (72.5) 986

BOD 5411 5020.66 (7.2) 262 (94.7) 26.43 (89.6) 95

TS 14166.7 1272857 (10.1) 3618.18 (715)  2542.86 (29.7) 82.0

DS 12560 1163333 (7.3) 3180 (72.6) 2300 (27.6) 816

All values are in mg L :. except pH. Values in parentheses are percentage reduction

yielded 8 mJbiogas per day. The biogas from
the reactor was used as fuel for burning in
the smoke house for sheet drying and the
utilization of biogas as an alternative fuel has
reduced the use of firewood by around 35%.

In view of the drawbacks of the previous
reed bed system, an improved system was
made by converting the previous aeration
tank treated water collection tank. The
partially digested effluentfrom hybrid reactor
after biomethanation was fed to the collection
tank (feed tank) of the reed bed system. The
flow was regulated to provide a uniform
retention time. Effluentcoming out after the
treatment was analysed for the parameters
like BOD, COD, solidsand pH. The two major
pollution parameters viz. COD and BOD of
the treated water is well within the limit
stipulated for safe disposal (Table Path. 9).

Though the new reed bed system was
performing excellently, clogging of the
system hindered its working. The flow rate
of the effluent through the system was also
very slow. Therefore further modification of
the system is needed.

9. ‘'Distance diagnostic’information
system (rubber clinic)

Updated the database of the ‘clinic’
based on the new developments in rubber

research along with news on seminars,
trainings etc. on aspects related to rubber
disease control. Weather data at Kottayam
was updated daily on the site. Disease alerts
were given through the site as and when the
chance ofadisease was perceived. The clinic
diagnosed 403 (39%) cases through 'assisted
diagnosis' and 630 (61%) cases through 'self
diagnosis' accounting for a total of 1033
during April 2011 to February 2012. The total
number of visits to the site (site hits) were
7,532 with an average of 20 visitors/day
during April 1, 2011 - March 31, 2012
(Source: Google Analytics). Visitors from 86
countries utilized the facilities in the clinic
in which 81% of the visitors were from India
of which 53.8% from Kerala.

10. Farm mechanization

Ahighly efficient mistblower with high
capacity blower (12 HP) was designed,
developed and introduced in collaboration
with ASPEE, Mumbai. This was mounted on
a mini tractor and field tested and found
to deliver the spray fluid ata height above
85 ft. Three models of single man carrying
mist blowers for the spraying operations in
rubber plantations were experimented and
introduced. All these new developments in
spraying technology could economise the
spraying operation in rubber plantations



PLANT PHYSIOLOGY DIVISION

The major areas of research in the Plant
Physiology Division are environmental
physiology, physiology of growth and yield,
tapping panel dryness, nutrition physiology,gene
expression studies, secondary metabolites and
ecological impactof natural rubber cultivation.

1. Environmental physiology

1.1.Structure function of
photosynthetic apparatus of natural
rubber in relation to its adaptation to
high lightand drought stress

and

A 23 kDa chloroplast stress protein was
shown to be prominently expressed in
drought imposed young plants of Hevea.
Measurement of Photosystem Il activity (&
PSI1.) and analysis ofstress protein expression
in RR11400 seriesclones were carried out. The
magnitude of inhibition of PS Il activity was
less in clones RRIl 430 and RRIM 600 as
compared to other clones under drought
condition. The presentexperiment indicated
that RRIl 414, RRII 417 and RRII 422 are
relatively drought susceptible. The 23 kDa
stress protein was purified and a polyclonal
antibody against this protein was raised. Over
expression of this stress protein in drought

Table Phy. 1 Relative quanlifi.atroi. of ten genes expressed under droughl conditionsin Hrvta will, referenc
™ oiante of respective clone as calibrator

* Significant at 5% level

imposed plants was reconfirmed by western
blotanalysis. Further validation of this protein
as a physiological marker is progressing.

1.2. Identification of molecular basis for
drought tolerance in Hevea

Three year old field grown plants of
clonesRRII 105, RRIM 600, RRI1208 and RRII
430 at Regional Research Station, Dapchari,
were subjected to drought stress for fifteen
days during the summer period of2011. Leaf
samples were collected after confirming the
magnitude of stress effect by measuring gas
exchange parameters. This was followed by
mRNA isolation, cDNA synthesis and qPCR
analysis. Gene expression analyses were
performed using ten stress responsive genes.
Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) gene was used as endogenous
control for normalization.

The relative gene expression analysis
was performed using control plants of each
clone as calibrator and the results are given
in Table Phy. 1. Among the genes studied,
the expression of peroxidase and WRKY
transcription factor (WRKYtf) was
significantly higher than their respective

e

RRII 430 D



controls in all the drought tolerant clones
(RRIM 600, RRII 208 and RRII 430) while
WRKYtf showed down regulation in the
susceptible clone RRII 105 under drought
conditions. Expression of LEA 5 protein and
Hb20HPshowed significant up-regulation in
twoofthe droughttolerantclones (RRIM 600
and RRII 430). The expression of tfMBF,
glutathione peroxidase and ATP binding
cassette transport protein (ABCT) did not
show any significant changes among the
drought imposed plants of different clones.
The present study reveals the existence of
strong association of genes such as
peroxidase, WRKYtfand LEA 5 protein with
drought tolerance in Hevea

1.3. Molecular studies on cold stress

Polybag plants of clone RRII 105 and
RRIM 600 were exposed to low temperature
in the growth chamber. Cold stress was
assessed by measuring the photo-inhibition
with gas exchange parameters. Quantitative
PCR was performed for stress associated
genes such as Dna] protein, peroxidase,
ETR1, ETR2, AC02, HbHP20( HbHP22,
cysteine protease, chitinase, annexin, SUMO
activating protein, HbDRTSb, HbTPD24 and
HbDRT50. When control of each clone was
used as calibrator, out of the fourteen genes
analyzed, peroxidase, HbDRTSb and
HbTPD24 were highly up-regulated in both
the RRII 105 and RRIM 600 clones. The
expression of HbDRT5b and HbTPD24
(NAC transcription factors) were relatively
higherin the tolerantclone RRIM 600. When
RRII 105 was used as calibrator, the level of
peroxidase in RRIM 600 was much higher.
Levels of NAC transcription factors (both
HbDRTSb and HbTPD24) were found higher
in RRIM 600. The level of HbDRT50 and
ACO02 was relatively higher in RRII 105 and
RRIM 600, respectively

1.3.1. Developing a microarray of stress
responsive genes from Hevea
brasiliensis

OnesetofHeveaplants (clone RRIM 600)
grown in polybagsat the nursery of RRU was
exposed to drought stress by withholding
irrigation for fifteen days while another set
of plants was maintained with irrigation at
field capacity. Leaf samples were collected
on $* and 10" day of drought imposition.
Similarly another set of plants (clone RRIM
600) grown in polybags was exposed to low
temperature conditions (minimum night
temperature at 8°C and maximum day
temperature at 20 °C) with 800 pE light
during day time. Leaf samples were
collected on Is and 4 hday of treatment.
Isolation of MRNA was carried out from the
leaf samples and sent for transcriptome
sequencing using Illumina RNA-Seq
technology and the results are awaited.

Investigations on microRNAs in Hevea
brasiliensis: Role in gene regulation
during abiotic stresses

Hei>ea plants (clone RRIM 600 which is
relatively droughttolerant) grown in poly bags
were exposed to droughtin the nursery of RRII,
Kottayam. One set of plants (n=10) was
subjected to water stress by withholding
irrigation for 14 days and the othersetofplants
(n=10) was watered on alternate days to
maintain field capacity. Leaf samples were
harvested after assessing the droughtstatus of
the plants by measuring the net CO,,
assimilation rate (A) and stomatal conductance
(gs). miRNA was isolated from frozen leaf
samplesand about 2 jig of small RNA with an
equal volume gel loading buffer were loaded
ona12%denaturing (7M urea) polyacrylamide
gel. The eluted miRNA fragments (21-25 bp)
were ligated with a 3' and a 5' linker using
miRCat cloning kit in two separate reactions
followed by cDNA synthesis. The results

1.3.2.



indicated the presence of miRN A bands in the
range of 20-24 nucleotide (nt) size. The PCR
amplified products when visualized on
agarose gel indicated the presence ofamplicons
intherange of62 bp size. These ampliconswere
further purified to proceed with cloning and
sequencing

1.4. Measurement of C 02and water vapour

flux in rubber

Ecosystem level carbon dioxide (Fc) and
water flux (LE) were measured during
summer months of 2011 and 2012 by using
the eddy covariance system installed inside
a six year old immature rubber plantation
The mean NEE during summer season was
16g CO,m2' day '. The evapotranspiration
(ET) rate was calculated from the latentheat
of vapourization (LE) and itwas4 mm day’'
in this plantation.

1.5. Studies on adaptive mechanisms in
Hevea for drought and cold stresses
Under the current fluctuating climatic

conditions, an understanding of the common

mechanism of stress tolerance is very much
essential to know- the response of young
plants of Hevea under different
environmental conditions. A polybag

nursery of Hevea clones (RRII 105, 208, 414,

429 & 430, RRIM 600, RRIC 100 and SCATC

88/13) was established at RRII.

induced reduction

Drought
in dark Fv/Fm was
observed in plants compared to saturation
level irrigated plants. The effective PS 11
quantum yield (0 PS I1.) showed significant
reduction upon exposure to drought. Leaf
water potential showed a decrease in
drought induced plants. The antioxidant
enzymes like super oxide dismutase and
ascorbate peroxidase were found high in
drought imposed plants compared to control
in all the clones studied. Cold treatmentwas
given to RRU 430 and RR11429. Observations

were taken as in the case of drought
imposition and noticed a similar trend

1.6. Evaluation of modern Hevea clones for
droughttolerance
1.6.1.Physiological evaluation of RRU 400
series clonesfor drought tolerance

Photosynthetic parameters in one year
old plants in the field (CES, Chethackal) were
better in clones RRI1 430, RRU 414 and RRIM
600 compared to other 400 series clones. No
variation was found in chlorophyll content
and maximum and effective quantum yields
of PS Il in these clones under field condition
during stress free season.

Gas exchange measurements in the
polybag plants revealed a decline in
photosyntheticactivity in all the clones upon
water stress. The 400 series clones showed
better photosynthesis rate than the check
clones (RRU 105 and RRIM 600) at 5hand
10thdays of moisture stress. Clones RRU 422,
RRIlI 429 maintained better stomatal
conductance after 10 days water stress
compared to other clones. While the
maximum potential quantum yield of PS Il
did not vary among the clones, the light
adapted effective quantum yield showed a
slight decline in some clones.

Observations from RRS, Dapchari
showed that there was more than 75%
reduction in photosynthesis, stomatal
conductance and transpiration in all the
clones after 5 days of water stress and the
gas exchange parameters were reduced to
minimal levelsat 10,hdays of stress. In terms
of photosynthetic rate RRIl 430 better
adapted to moisture stress compared to all
otherclones in the North Konkan conditions.
There was no significant decline in
maximum quantum yield among the clones
but effective quantum yield declined in all
the clones after moisture stress.



17. Rapid screening of Hevea geripdasa of March (2012). The chlorophyll

lines for intrinsic drought tolerance
traits
1.7.1. Laboratory screening of germplasm
accessions for intrinsic drought
tolerance
The 37 top and 10 bottom ranking
accessions from SBN 2004 and 14 top and
10 bottom ranking accessions from SBN 2005
were selected by field scoring and further
subjected to laboratory screening for intrinsic
drought tolerance traits at CES, Chethackal.
The leafdiscs punched from middle leaflets
were incubated in 60% PEG solution and
exposed to light (350 pmol nrV) for four
hours. Control leaf discs were incubated in
water. The effective quantum yield of PS 11
(O PS I1.) of treated and untreated samples
were measured. On the basis of percent
reduction in PS Il quantum yield, the
accessions were ranked for intrinsic
tolerance. The percentage reduction varied
from 5% in accession MT 1619 to 85% in
accession RO 291. The accessions M T 1619,
AC 2009, MT 196, RO 322, AC 1886, AC 494,
AC 612, RO 2360, RO 855 and RO 2524 were
ranked top in the list for intrinsic water
deficit tolerance from SBN 2004. Similarly
RO 2634, MT 2210, AC 173, RO 1406, RO
3184, MT 2210, RO 1425, MT 3702, RO 1421
and RO 2299 emerged as top ranking from
SBN 2005.

1,7.2. Field scoring of RRII 400 series clones
for intrinsicdroughttolerance traits at

CES, Chethackal
Modem clones of RRII 400 series, viz.
414, 417, 422, 429 and 430 planted at CES,
Chethackal were assessed for chlorophyll
reduction in summer due to drought and
high-light stress. Total chlorophyll content
was estimated in the same plantduring stress
free period of October (2011) and stressful

contentin non-stressed period varied from 2.9
to 3.2 mg g'lfw and it varied from 2.1 to 2.8
mg g 'fw during stress period. The reduction
in chlorophyll content was estimated and it
ranged from 12.3% for clone RR11430 to 30.2%
for RRII 105. Clones were sorted and ranked
for intrinsic tolerance based on chlorophyll
reduction in summer. Altogether the clones
were ranked in the order of RRI1 430 >RRIM
600 >RRI11422 >RRU 429 >RRI11 417 >RRII 414
>RRIl 105 for relative tolerance based on
chlorophyll pigmentstability under drought
and high light stresses.

1.8. Experimental cultivation of high
yielding clones of rubber plants for
establishment in higher elevation in
Kerala
Though the overall growth performance

ofall the clonesin a trial started during 2006

at a high altitude location - Elappara in

Idukki district of Kerala was poor, PB 260

showed better girth (19.6 cm) followed by

RRIM 600 (18.3cm) whereas PR 261 (13.5 cm)

recorded the least. In a trial started during

2007, clone RRIM 600 (15.4 cm) and RR11 208

performed better in girth than clones RRII

105 and RRII 414 (7 cm). The polyclonal

seedlings planted in tea plantation showed

the maximum girth (22.5 cm).

1.9. Evaluation of environmental stress
tolerance and physiological
adaptations of cold and drought
tolerant ortet under varying agro-
climatic conditions
A total ofsixteen best performing ortets

from drought/cold stress prone localities

spread across five different agro-climatic
area were selected and grown in three
different locations. Ortets from drought/cold
prone localities include NGK 1, 47, 69; GH



1, 3,9, RRST 24, 37, 39, DAP 1, 34, 35, 36,

RRSA 98,315,585 and clones from traditional
beltinclude RRII 417,414,422, 429,430,105
and RRIM 600. The budded stumps were
planted in polybags during September -
October 2011 at CES, Chethackal. Percentage
sprouting was found better in RRII clones
compared to ortets from non-traditional
areas. Field planting will be carried out
during the present season at three different
locations for comparative evaluation.

1.10. Drought survey

Drought survey was conducted during
summer 2012 in one year old young
plantations in Central and South Kerala.
Information from each plantation was
collected using a standard questionnaire by
visiting the plot and visual scoring of tine
drought injury parameters. Nearly two
hundred holdings were surveyed in random
from both these regions. The major finding
revealed that nearly 18% of the holdings
resort to irrigating the young rubber plants
in Central Kerala while only about 5%
holdings irrigated their young plants in the
Southern region (Table Phy. 2).

Table Phv. 2. Extent of irrigation in young rubber plantations in central and south Kerala

e ju n

Central Kerala (Palakkad, Matmarknd)
South Kerala (Nedumangad, Piinalnr, Kotlarakkara)

1.11. Physiological and proteome studies of
cold stress in Hevea brasiliensis
Maximum potential chlorophyll

fluorescence and effective PS Il quantum

yield (Table Phy. 3) were recorded in field
grown polybag plants at RES, Nagrakatta

during winter season, January 2012.

Maximum Fv/Fm was found in RRIM 600

followed by Haiken 1, SCATC 88/13 and RRII

105. On the other hand, maximum PS Il

efficiency (O PS Il.) was found in Haiken 1

followed by SCATC 88/13. Leaf sample from

same clones were collected for proteome
studies. The protocol for 2-D electrophoresis
for proteome was standardized.

1.12. Studies on proteome of Hevea
brasiliensis under drought stress
Seven clones of Heveaviz,, RRI1 105,414,

417, 422, 429, 430 and RRIM 600 were

exposed to different levels of droughtstress

for5,10 and 15days under field conditions
in polybags. Better w'ater potential was
maintained in RR1I 105 followed by RRI1429
on 10thday of drought. There w'ere no
significantdifferences in chlorophyll content
of the clones in relation to drought
imposition. Net photosynthesis was found

Plots irrigated (%)

No of holdings surveyed

Tabk' 3rhlnmphvllfluorec.nH<1‘1‘Df§|gHA dones.TAdt...1dtoA A .1 MS.N»S,'la |
rrrrrr conirol Coldew d Control ST
0.817 + 0.008" 0.355 + 0.016 0.611 +0.014 0.279 1 0.020
0.821 + 0.006 0.432 1 0.046 0594 +0.014 0.350 +0.059
0.839 +0.006 0.452 +0.047 0573 + 0.020 0.256 + 0.092
0571 i 0.026
SCATC 88/13 0.840 + 0.006 0.413 +0.020

mIndicates SE



maximum in RR11430 followed bv RRI1417  2.2.Intercropping with tree crops in rubber

on 10 day of drought imposition. Samples An experiment was initiated at CES
Chethackal to evaluate the growth of rubber
plants intercropped with tree species viz.
mahogany and pathimugam between the
rows of rubber (clone RRII 105) in two
replications. Mahogany was planted both as
21 Studies onyield and yield compgygRrtsas well as three rows whereas,
pathimugam was planted in single row
Chethackal were evaluated for clonal between rubber. After 11 years of planting
variation in biomass and yield. The trees amnz:jhﬁgg:ncyman?rlia‘rzism;chliavmeIa‘SLneer:agsg lchme
were tapped for .18 years an(.j the untapped clone RRII 10g5 allainedp57 cm gyirlh. The yield
trees were IEff without lapp|‘ng throughout of rubber trees will be monitored in terms of
the study period. Before felling of trees all influence of tree intercrop.
the tapped and untapped trees were
subjected to slaughter tapping during 2011-
12and considerable highyield was observed
in untapped trees. The hitherto untapped
trees of clone RRII 105 recorded 296%
increase in yield over the tapped trees
followed by clone PB 235 (220%). It was very
low in clone Tjir 1 (56%). However, the
untapped trees exhibited low DRC content 5 4 on farm trial for the selection of Latex-
in latex (Table Phy. 4). Timber clones
For identifying Latex-Timber clones for
Table Phy. 4. Clonal variation in yield of tapped and  the traditional rubber growing region, four
trees subjected to slaughter  clones were selected in Malankara estate to
find out the existence of any relationship
d°ne __ Meanyield (gr'f) between yield and annual girth increment.
Tapped trees  Untapped % increase The clones were under tapping on $/2d3 6d/
trees inuntapped 7 systems. The annual girth increment and
o annual block yield during 2011-2012 were

were collected and proteome studies of
drought stressed plants are in progress.

2.Physiology of growth and yield

Twelve clones planted in 1982 at CES,

2.3. Investigations on the mechanism of
tapping induced loss of biomass
The study continued during the year
and similar trend as thatof previous year was
observed. PB clones recorded better shoot
biomass Increment than RRII clones upon
tapping.

RRII 300 713 #4.9 167.8 +28.7 135 recorded. During the reporting period PB

PB 235 57.8 £75 184.6 +269 220 235 was shown to be the highest yielding

RRII 105 58.6 +10.8 2321 +493 296 clone followed by RRII 105 (Table Phy. 5).

RRIM 600 63.5 181

o1 1434 2137 126 Table Phy. 5. Annual shoot biomass (kg treel)
108.7 172 1836 +325 69 incrementand rubber yield (kg ha') in

four clones under d3 tapping system in

PR 107 44.6 £7.2 948 +136 113 Malank
G1l alankara estate
- 356717 f;za 1698205 194 Clones Shoot biomass Annual
E 781112 116 increment block yield
RRII 118 94.4 138 164.3 +31.0 74 2011-12 2011-12
RRIM 703 78.2 103 146.3 +29.6 87 RRII 105 14 43.2 1885 + 91
OiH 56.1 9.1 87.6 6.8 56 PB 235 224435 1922+ 81
RRLM 612 601 £105 1605330 167 :: ;ig 19.8 +4 1403 + 48
155+0.4 1869 + 72

+ indicates SE



The annual shoot biomass increment was
also the highest in PB 235

2.5. Relationship of latex ATP status, lutoid
membrane composition and ATPase
activity with rubber yield

In continuation of the studies on
relationship of latex ATP with rubber yield,
the latex ATP data of young plantsof different
clones over five years was analyzed and
correlated with the yield data of mature trees
of these clones. A positive correlation was
existing between young plantATP and mature
tree yield and was stable when the plants are
getting matured. About 300 assorted
seedlings were screened for latex ATP content
and found some of them have very high latex
ATP. Further studies are in progress.

2.6. Studies on rubber biosynthesis in

Hevea clones

Prenyl transferase (RuT) enzyme
activity in the whole latex was measured in
mature and immature plants of ten Hevea
clones of varying yield potential using 'Re-
labelled IPP as the substrate. The clones
selected were five high yielding clones (RRII
105, RRIM 600, PB 217, PB 235, PB 260), three
medium yielding (GT 1, Tjir 1, PB 5/51) and
two low yielding clones (RRII 33, RRII j8).
The results indicated that rubber transferase
activity in mature trees under tapping for 12
years and immature plantsof the same clones
were positively correlated with rubberyield.
Among the clones studied, PB 217, PB 260,
RRIM 600 and RRII 105 showed higher
prenyl transferase activity.

2.7. Cloning and production of HMG-CoA
protein of Hevea for Immunoassay
analysis
The enzyme 3-hydroxy- 3-methyl

glutaryl-CoA reductase (HMGR), which

catalyses the synthesis of mevalonate from

FIMG-CoA isakey regulatory enzyme in the

rubber biosynthetic pathway. Cloning and

expression of hrngrl was performed in order
to obtain the HMGR1 protein. For this
purpose, mMRNA was isolated from latex of
Hevea (clone RRII 105). cDNA was
synthesized and PCR amplification of coding
region of hmgrl was performed using hmgrl
specific primers. The PCR amplified product
(-1.8 kb) was cloned in to an expression
vector (pRSET-A) and transformed in to E.
coli (BL21DE3) cells. Protein expression in
transformed cells when monitored by SDS-
PAGE analysis indicated the presence of
HMGR1 protein (61.6 kDa).

2.8.Molecular and biochemical basis of
ethylene induced latex production in
Hevea brasiliensis (ethylene receptors
and signal transduction mechanism)
Hevea trees of clone RRI11 105 of uniform
girth and yield under S/2 d3 6d/7 tapping
systems were selected and latex samples
were collected before and after stimulating
the trees with ethephon. Total RNA was
isolated from control and stimulated trees
of both clones. cDNA synthesis and
quantitative expression analysis of ethylene
receptors (ETR1 and ETR2) are in progress.

3. Tapping panel dryness

3.1. Location specific stimulantapplication
on ethylene induced stress responses
Lnthe tapping panel of Hevea trees
An experiment was carried out at CES,

Chethackal in clone RRII 105 under S/2 d3

6d/7 tapping system with an objective of

reducing ethylene mediated stress responses
inthe tapping panel by applying the ethylene
compounds away from the tapping area
without compromising latex yield. In the

present experiment bark application of 5%

ethephon was made 1" wide around the tree

trunk in the following regions: (a) 5%

Ethephon at 150 cm above the bud union (1

wide ring); (b) 5% Ethephon just above the



bud union (1" wide half spiral) ; (c) 5%
Ethephon atboth above and below positions
away from the tapping panel (1" wide ring);
(d) 2.5% Ethephon above and below away
from the tapping panel. Trees with panel
application of 2.5% ethephon and
unstimulated tTeeswere selected as controls.
Biochemical parameters such as ATP, sucrose
and thiolsin latex and stress indicators like
phenol, proline, MDA and H ,0, in the bark
were analysed. Significantly high ATP and
very low sucrose was observed in trees
applied with 5% ethephon above and below
regions awav from the tapping panel.

3.2. Molecular basis of TPD

3.2.1. Investigations on the molecular
physiology of tapping panel dryness
syndrome (TPD) in Hevea brasiliensis:
cloning and characterization of TPD
responsive genes

Validation of TPD specific transcripts
was continued with a new set of 11 genes
viz. Annexin, SUMO activating protein,
ETR1, ETR2, AC02, 20 HP, 22 HP, 33 HP,
Cystein protease, Chitinase, DRT 5b and TPD

24 by quantitative PCR (qPCR) method.

cDNA obtained for mRNA of bark samples
from different trees from healthy, late
dripping and trees with 10, 25, 50, 75 and
100% TPD were used as template Zor the
gPCR analysis. Among the 1] genes tested
by qPCR, expression of DRT 5b and TPD 24
was found higher at the stage oflate dripping
and in advanced stages of TPD. The
hypothetical protein (33 HP) displayed an
increasing level ofexpression from the onset
of late dripping to 100% TPD stage.

3.2.2.Involvementofethylene in Hevea rubber
biosynthesis and tapping panel dryness

A new setof primers were used to PCR
amplify the coding region of (5-cyanoalanine
synthase and ACC oxidase and the PCR

amplicons were cloned into the cloning
vector. Further the ACC oxidase was
sequenced and was cloned into an expression
vector for protein production. The protein
was visualised on SDS PAGE gel. The
proteins would be used for raising antiserum
which would be necessary for the immune-
analysis for itsexpression in differentclones.

4. Gene expression studies
4.1. Construction of an expression vector
for over-expression of chitinase in
endophytes of Hevea brasiliensis
Chitinase coding region was cloned into
amodified expression vector (pHT43 vector
devoid of Lacl repressor) after restriction
digestion with appropriate restriction
enzymes. This vector after transforming into
E.coliwas multiplied and was sequenced to
confirm its orientation and identity. This
vector plus chitinase construct was used to
transform WBB800N, a mutated strain of
Bacillus subtilis, and 8LK strain isolated from
Hevea. The efficiency of the recombinant
vector (with chitinase) for over-expression of
protein and its secretion was confirmed by
transcript expression analysis, chitinase
activity and by SDS PAGE. The results
confirmed the presence of chitinase protein
in the medium (as extracellular protein)

during the log phase (without IPTG
induction). But this vector was highly
unstable when transformed into the 8LK

cells, the endophytic Bacillus species of Hevea.

5. Secondary metabolites
5.1. Quantification and identification of
inositols in Hevea
After getting a patenton L-quebrachitol
production, further steps were initiated for
licensing the technology and scaling up the
production of L-quebrachitol from the latex
serum. It requires few refinements and



further contacts are being established with
some leading R& D companies in this regard.

5.2. Water relations of latex with reference
to the contents of inositols and sugars
in the latex during drought

Osmotic concentration was worked out

for the biochemical components estimated
from the latex. This was used to calculate the
osmotic potential and to see the effect of
these solutes in water relation of latex. It was
found that the contribution of carbohydrates
and free amino acid to osmotic potential of
latex was on par.

RUBBER TECHNOLOGY DIVISION

During the reporting year, the activities
of the Division were focused mainly on
evolving improved techniques in primary
processing, latex-filler master batch,
reinforcement of NR using polymeric fillers,
scorch control of peroxide vulcanisation and
rubber nanosilver composites. In addition,
refinement of rubber recycling process is
taken up as a new thrustarea.

1. Primary processing
1.1.Skim latex processing

Trials were conducted to use the effluent
obtained during the processing of skim latex
to generate bio gas. From the laboratory
study it was found that at a particular
concentration of coagulant, rubber and its
serum got separated into two layers. The
layer containing skim latex could be
separated and used for recovery of skim

TH.rw 1 Mechanical pn.p.rttejrfgli.lio.,

Gum strength (MPa)

Modulus 300% (MPa)

Modulus 500% (MPa)

Tensile strength (MPa)

Elongation at break (%)

Solvent swelling (%) (after 24 hours)

Tension set after 1hour at 300% elongation (%)-—

rubber. The effluent was suitable for
generation of bio gas.

2. Latex technology
2.1. Radiation vulcanised natural rubber

latex (RVNRL)

A method was standardised to improve
the quality of RVNRL films using creamed
latex. It was observed thatexposure of fresh
NR latex to low doses of gamma radiation
caused chemical changes that favoured
vulcanisation. The chemical changes included
micro gel formation and partial removal of
proteins to an extend which do not adversely
affect the strength of the vulcanized films.
Unlike centrifugal process, the number of
smallerrubber particles in latex after creaming
ishigher in creamed fraction. All these factors
were expected to contribute to enhanced
mechanical properties of RVNRL as shown
in Table Chem. 1

bb, Ue»
Creamed preserved  Pre-irradiated

field latex (PFL) creamed PFL
3.0

15
11
16
253
1283
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3. Rubber Technology
3.1. Reinforcement
3.1.1. NRIpolymeric filler system

To improve the abrasion resistance
of NR/PF-system, small proportion of
polybutadiene rubber (BR) was incorporated
in the system. Addition of BR improved the
abrasion resistance without adversely
affecting other vulcanisate properties. The
mechanical properties based on the
formulation given in Table Chem. 2 are
shown in Table Chem. 3.

Formulation of the mixes NR/
polymeric filler system
Control Al A4

Table Chem. 2.

Ingredients

PB

PF

Zinc oxide

Stearic acid

HSL* quinolin

ISAFblck (N220)

HAF black (N330)

MOR"

Sulphur

2,2, 4-trimethyl - 1.2 - dihydroqumoline
» 2-(4-Morpholinothio) benzothiazole

Technological properties of the

Table Chem. 3.
Vuicanisates
Properties Control Al ™
Tensile strength (MPa) 233 265 421
Elongation at break (%) 549 610  sgp
Modulus, 100 % (MPa) 31 53 51
Modulus, 200 % (MPa) 6.9 91 91
Modulus, 300 % (MPa) 15 123 117
Tear strength (N/mm) 82 75 74
Hardness (Shore A) 62 62 62
Heat build up (DT °C) 27 9 9
DIN abrasion loss (mm3 76 96 73

3.1.2. Latex -filler master batch

Latex master batches containing mixed
filler systems (carbon black/silica/clay) were
also prepared. It was observed that there was
almost no filler loss during the processing.
Higher modulus along with better tear
strength was observed for the mixed filler
master batches ascompared with mill mixed
compounds.

3.1.3. Silica reinforcement o f rubbers

Silica reinforcement of natural rubber
ised natural rubber of varying
10,20, 25 and 50 mole %,

and epoxi
epoxy contentviz
were compared with and without silane
coupling agentand with thatof carbon black
filled natural rubber. Formulation of the
mixes is given in Table Chem. 4. Important

Chen. 4. f.mmUtion of the m,es forsilicanfaforc.m.nt .| H,
i ~ ~ - -

NR (LSNRS) 100 loo 35
ENR 10 - - FENRS
ENR 25 3
ENR 50 : .
silica (VN3) 50 50 50 50
silane (Si69) - 4
ISAF

n 15 ~

Mr ‘A

dimethyl buZz)

Alm Z]TsM ArTIDPGIS)nCH

85 85 100
15 15
15 15
50 50
4 - 4
L5
~ . aNwW



Table Chem. 5. Technological properties

Parameter 1 2 3
Modulus 300 % (MPa) 7.1 15 u
Tensilestrength (MPa) 264 251 247
Tear strength (N/mm) 105 a1 106
Hardness (Shore A) 60 62 62
Abrasion loss (mm3 74 109 143
Heatbuild up (A'PC) 15 8 15

technological properties are given in Table
Chem. 5

It was found that properties like
modulus and hardness increased while
abrasion decreased with level of
epoxidation of ENR. All the composites
containing silane showed improved
properties over the unmodified ones.

loss

3.2. Recycled rubber

A new radical scavenger has been
identified for devulcanisation in amechano-
chemical process. In addition, a new concept
of “simultaneous

devulcanisation-
revulcanisation process” is under study to
address the twin problem of low scorch and
lower vulcanisate properties of the
devulcanised rubber when itis revulcamsed.

3.3. Nanocomposites
3.3.1.

Stabilised nanosilver dispersion was

Table Chen, 6. Effect pf co-gen, on on

timethyl propané trimethacrylate /TEMPO at I'a C
TEMPO
TMPTMA

Minimum torque((MLdN.m
Maximum torque(MH dN.m

M,.-Mt

Time for one unit rise in torque, ts,min
Time for two unit rise in torque, tsjnin

Optimum cure time (min),

4 5 6 7 8 9
7717 182 112 149 141
213 246 195 227 245 240

53 98 54 9% 89 109

67 63 68 68 64 60

% 149 105 157 114 106

9 16 1 19 12 19

prepared using polyvinyl pyrolidinone as
stabiliser at 10 ppb (parts per billion).
Nanosilver was found to impart anti
microbial property. Attempts were made to
prepare nanosilver doped nanosilica for use
in rubber.

3.4. Peroxide vulcanisation

Reconfirmed the capability of DCP/
TEMPO/N, N'-m- dimaleimide cure system
to achieve sulphur/accelerator like scorch
control in peroxide vulcanisation. This
system suffered from a major draw back of
very poor mould release after vulcanisation
Therefore, a new peroxide cure system,

i
(t-butyi peroxy isopropyl) benzene/TEMPO/
timethyl propane trimethacrylate
(TMPTMA) has been developed. The new
cure system could achieve excellent scorch

Nanosilver based nanocomposit&ontrol (Table Chem. 6) with very good

mould release property.

b*» ™ *mMP® *

3Ls 203 164
1225 1170 1110
w07 96.7 946



4. Collaborative project

4.1. Development of Hurth Coupling for

rail locomotive

In connection with the development of
Hurth Coupling Membrane for Chithranjan
Locomotive Works (CLW), West Bengal, 10
more samples were despatched for
evaluation thisyear. DevelopmentofSpheri
block Ls being attempted.

4.2.Development of footwear sole for
physically handicapped, for Schefflien
Leprosy Research and Training
Centre (SLR&TC), Karigiri

Prototypes of hard
microcellular soles suitable for leprosy

and  soft

patients were prepared at RRI1I laboratory in
the presence of technical persons from
SLR&TC, and trained him for the
manufacture and testing of microcellular
rubber soles.

5. Development/advisory work

5.1. Tested and report was given for the
damage of 5 nos of tyres referred from
various Consumer Disputes Redressal
Forums

Tested and report was given for 31 no
of polythene samples for the RP
Department and tested 1 no of logo
material forits suitability as sticker in
rubber bales for marketing di

5
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TECHNICAL CONSULTANCY DIVISION

The main activity of the Division is
technical consultancy services for the
promotion of Indian Rubber Industry. The
Division caters to the needs of new
entrepreneurs as well as existing rubber
goods manufacturers. The ranges of services
offered to various rubber industriesinclude
product development, quality control and
certification, technical problem solving,
training, etc.

1. Product development

41 products were developed as per the
requests from the clients and the know-how
was transferred to the clients.

2. Quality control

Technical support was rendered to
various rubber industries, mainly to the

small scale sector, by testing rubber
compounds, rubberproducts and evaluation

of raw materials.

« Products/samples were received from
711 firms and tested 8364 parameters
and collected Rs.787894/- towards
testing/developmentcharges

3. Advisory services

Matters relating to various aspects like
selection of raw material, dosage of a
particularingredient, temperature/pressure
for vulcanization etc. were always a subject
of concern for small scale product
manufacturers.

= Queries on technical matters from
1337 units were addressed during the
reporting period.



ECONOMICS DIVISION

The Division continued its research

activities confining to the five thrust areas
viz. (i) farm management; (ii) primary

processing and marketing of NR; rubber
products manufacturing industry and
foreign trade; (iv) intercrops and by-
products; and (v) inter-divisional
collaborative projects. During the reporting
period, five projects, all pertaining to the
farm management, were completed and
reported. The summaries of the results of the
completed projects are given in the following
sections.

1. Evolution of Rubber Propagation
Policy in India (1949-86)

This documentation is an earnest

attempt to explore and analyse the major
milestones in the evolutionary dynamics of
the rubber propagation policy in India
during the 38 year period (1949-86) in the
context of the multidisciplinary study on
rubber nurseries.

Unlike in the case of other major NR
producing countries evolution of India's
propagation policy had been unique with
four distinct phases, viz., the experimental
phase, (1902-48), the interventionist phase
(1949-60), the phase of partial decontrol
(1961-86) and decontrol (1986 onwards).
Although India had to confront relatively
less favourable agro-climatic conditions, its
well conceived policy initiatives with the
active support of an enlightened planting

Table Eco. 1. Major colonial policy measures on rubber (1942-47)

Policy measure

The Indian Rubber Control Order,
March, 1942

The Indian Rubber Control and
Production Order, November, 1942

Imposition of protective import
tariffs ranging from 30-60 per cent
on value added rubber products
(1942-46)

Introduction of the bill on the
Rubber  (Production  and
Marketing) Act 1947 in the
Legislative Assembly of the
Government of India on 4'n
November, 1946, by Dr. John
Mathai (Member in Charge of
Industries and Supplies in
Viceroy's Executive Council)

Objectives

To revamp the existing control
systems, prohibit NR exports and
co-ordinate measures in the
backdrop of the second world war.

To promote NR production and to
strengthen the monopoly purchase
scheme of NR, operational since
27" May, 1942

To protect the domestic rubber
products manufacturing sector
from external competition

To set up a statutory organization
to look after the interest of rubber
growers in India consequent to the
expiry of Rubber Control and
Production Order (1942) on 30/09/
1946

Outcomes

The Indian Rubber Control
Committee was constituted and
started functioning from April,
1942

The Indian Rubber Production
Board was constituted under the
Chairmanship of Sir C.P.
Ramaswami lyer. It also marked
the beginning of a protected price
policy regime

It laid down the foundation for a
protective policy regime and
sustained inward oriented growth
of the industry

The bill set out a comprehensive
agenda for the development of the
rubber sector in the country. The
Actcame into force from 19bApril,
1047



community provided the platform for
sustained growth impulses from the very
beginning. The regulatory regimes on the
production and distribution of planting
materials ensured the maximum utilization
of available resources and accumulated
wisdom. The statuton’ provisions related to
rubber planting and planting materials
legitimized through the Rubber Act had been
the backbone of the interventionist
approaches and the desired outcomes. Table
Eco. 1 summarises the major policy
initiatives during pre-independent phase
Another important feature of the
propagation policy has been the strategies
adopted for the dissemination of scientific
knowledge through publications and open
discussion forums. In effect, India achieved
not only the highest adoption of modern
high yielding planting materials butalso the
highest reported national productivity
among the major NR producing countries.
However, since 1961-62 onwards controls on
the propagation segment had been gradually
diluted culminating to the full decontrol in
1986. This policy shift ushered in a new era
ofrubber propagation system in the country
dominated by the private nurseries.

2. Tapping labour shortage in the
rubber smallholder sector in
Kerala

The study highlighted the pivotal role
of crop harvesting operations in the
perennial crop dominated agricultural sector
of Kerala with its region-specific features
segmenting the crop harvesting labour
market. Among the crop harvesting labour
engaged in the perennial crop sector of
Kerala, the tappers employed in the rubber
smallholder sector are unique for the
arrangements, socio-
gender

organizational

background, and

economic

demographicdimensions as well as the piece
rate based wage payment system. The
tapping labour shortage is primarily
perceived as a supply side issue in relation
to the popular alternate daily tapping system
with its organizational arrangements rooted
in the single grower dependence.
Accordingly, the estimated annual tapping
labour requirement of Kerala's rubber
smallholder sector is more than 48 million
man days during the year 2011. Technically,
the labour shortage is affixed to a prefixed
system of tapping without exploring the
underlying factors sustaining the alternate
daily tapping system and a highly
segmented nature of the tapping labour
market. The demographic, gender and social
dimensions of the labour are characterized
by a highly skewed distribution of hired
male labour in the higher age-group with
minimal participation of female and family
labour. The cumulative impact of growth in
area under the crop, sub-division and
fragmentation of the holdings, the growing
uncertainty of NR prices and employment
reducing strategies in the context of price
uncertainty led to adecline in the wage share
from 24.18% during the pre-reforms phase
to 18.11% in the post-reforms phase. The
estimated annual average income of the
lower than wages of
sources of

tapper was also
labourers in alternative

employment (Table Eco. 2)

The uncertainty enveloping the NR
market during the post-reforms phase
signaled an overhaul of the erstwhile
arrangements in the labour market. The four
resultant changes are: (i) prominence
attained by multiple grower dependence; (ii)
decoupling of tapping and sheet processing
operations; (iii) weakening linkages of credit
and labour markets; and (iv) declining wage
share despite a steady growth in the wage



rates. The subsequent policy initiatives to
attract migTant labour from N-E states and
the responses of both growers and tappers
are yet to provide clear signals for a
consensual breakthrough in the labour
marketconundrum.

A two-pronged strategy of institutional
interventions is suggested in the backdrop
of the limited scope of the existing schemes
to retain the labour as well as to attract new
sources of labour. The two components of
the interventions consist of institutional
interventions to popularise LFTSthrough the
RPS network by encouraging group
processing and labour pool mechanism to
speed up the shift towards multiple grower
dependence. The adoption of LFTS has to be
made mandatory for availing die production
linked subsidies of the Rubber Board. It is
also necessary to make concerted attempts
to mobilize female labour through theSHGs.
Inorder to improve the wage income and to
prevent erosion in wage share flexible
schemes of productk nincentive and annual
compensatory allowance are suggested. The
benefits from these two schemes are closely
related to trends in yield and the prices. The
proposals have to be subjected to critical
debate at various stages before refinement
and final implementation.

Table E .. 2. E ,toa,.d
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3. Trends in wage share in the
context of labour shortage: The
case of tapping wage share in
rubber smallholdings sector in
Kerala

Thestudy was undertaken to analyse the
trends in wages and wage share during pre
and post-reforms phases, to evaluate the
growth rate and instability of wage share; and
to understand the comparative influence of
farm income and wages on wage share. The
database consists of documented field level
time series data on wages of smallholdings
from primary sources and published official
data on productivity and price during the 30
year period from 1980-81 to 2009-10. The
study period is divided into two phases viz
pre (1980-81 to 1990-91) and post- reforms
(1991-92 to 2009-10) phases in order to assess
the comparative influence of economic
reforms on the selected variables. The trends
in the rate of tapping wages in rubber
smallholdingssector were considered for the
analysis of wages. The tapping wage share is
defined asthe shareofannual tapping wages
in annual farm income of the smallholdings.
In order to remove the inherent ambiguities
of prices and wages and to contain the effect
of inflation, the real values of price and wages
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were estimated by using appropriate
deflators.

The long-term trends in the selected
variables were analysed by estimating the
growth rate by fitting exponential trend of
the type

Y=ab' (Gulati, etal., 1994)

The stability of the different variables
was measured by using Instability Index
(Cuddy-Della Valle index) which is used as
asuitable measure of variability in time series
data characterised by long-term trends. The
degreeofrelationship between farm income,
wages and wage share was estimated by
employing Karl Pearson's Coefficient of
Correlation.

The results of the analysis showed that
the average tapping wage share was 19.6%,
The tapping wage share was comparatively
higher during the pre-reforms phase (24.2%)
compared to the post-reforms phase (18.1%).
The trends in comparative growth rates and
instability indices of real values of the selected
variables over the two phases are given in
Table Eco. 3. During the pre-reforms phase
except the price (-2.0%) and wage share (-
0.5 /o), othervariables show'ed positive growth
rates. Butduring the post-reforms phase while
price recorded a positive growth rate (2.3 %),
wage share grew at a negative growth rate of
(-) 0.2% even with a comparatively higher
growth rate in wages (4.7%).

nmwHi ,, Ig ind jnrt.MIHy indi

Growth rate (%)
Pre-reforms  Post- reforms
Price e phase
Productivity
Farm income
Wages
Wage share

Total
period

During the 30 year period also the
growth rateof wage share showed a negative
trend (-1.3%) despite the positive growth
rate in real wage (2.3%). The instability
indices estimated for different variables
showed that during the pre-reforms phase
wage share (9.0) was the most unstable
variable. During post-reforms phase though
wages were comparatively stable (7.5) wage
share was highly unstable (30.9). The results
of the correlation analysisshowed anegative
and significant coefficientofcorrelation (-0.7)
between farm income and wage share during
the 30 year period and post-reforms phase.
The results of the study revealed that the
tapping wage share in Kerala's rubber
smallholding sector notonly lagged behind
the significantstrides made in the real values
offarm income and wages butalso grew ata
negative growth rate during the 30 year
period.

4. Trends in the adoption of
planting materials under the
smallholder sector in traditional
rubber growing regions in India

The study analysed the trends in the
adoption of planting materials and their
density across different size-classes and
regions. It is based on the information
regarding area under New Planting/
Replanting, type of clones planted, year of
planting, density (stand ha *), type of

nmjn  2009-10

Instability index

Post- reforms  Total
phase____period

Pre- reforms
phase



intercrop planted etc., gathered from the
Rubber Plantation Development (RPD)
scheme files available from 26 Regional
Offices of the Rubber Board located in the
traditional rubber growing regions. The
database of the study consisted of 130658
permits covering 59742 ha for the seven year
period from 2004 to 2010.

The average holding size of permitarea
(both new planting and replanting) in the
traditional rubber growing regions is 0.5 ha
during the year 2010. It is three percentage
points higher than the size in 2004. The
lowestaverage permitsize was witnessed in
southern region (0.4 ha). Among the regions,
the north-central region has the highest
permit size (0.6 ha), rhe average sizes in
Tamil Nadu, central, and northern regions
are 0.4,0.5, and 0.5 ha respectively. After two
decades of promotional campaign the small
growers are showing positive response to
multi-clonal planting, especially since the
official release of RRII 400 series clones in

2005 for commercial cultivation. Asa result,
the area under the popular high yielding
clone of RRII 105 had declined drastically.
Trends in the adoption planting material are
evident from Table Eco. 4.

Adoption of multi-clones has increased
substantially in 2010 as compared to 2004 in
all the regions of the traditional belt except
Tamil Nadu. The monoclonal status of RRII
105 was clearly challenged by increased
adoption of multi-clones and new high
yielding RRII 400 series clones.

While RRII 430 is more popular in
central region, RRI1414 is the popular clone
in all other regions. These clones are more
popular in central region and relatively less
in north central region. Multi-clonal planting
is positively correlated to size of holdings.
All the size classes reveal uniform
preferences to new clones across the regions.

In the case of density, only 19% of the
total area under the smallholders is planted

Table Eco. 4. Clone-wise adoption across regions (% share>_

Traditional
Tamil Nadu South Kerala Central Kerala Central Kerala North Kerala ~ region average
Clone
M 201ft 2004 2010 2004 2010 2004 2010 2004 2010
RRI 105 213 532 %67 510 913 413 %84 774 9z.g SISZIB N
RRII 414 00 125 01 196 X 2 o1 i
Ao 420 YR 00 00 00 0.0 01
00 00 X 00 ot
oo 2 %00 s 25 13
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as per the recommendation of the Rubber
Board. Table Eco. 5 provides the density
pattern across densitv-size-classes and
regions

Itisevidentthata density of more than
500 plants per hectare is adopted in more
than 80 per cent of the area under study
Among the five regions, South Kerala
least adoption of the

registered the
In the

recommended density (5.02/0).
region, 48.9% of the area had a density of
more than 600 plants per hectare. The
density class of 500-600 plant per hectare
was the choicest category among the
smallholdings.

5. Availability of and access to
infrastructural facilities to the
rubber small growers in Tripura

The data on infrastructures from 161
households under nine block planting units
(BPUs) and two group processing units
(GPUs) were collected. Village level data on
infrastructure were collected from the
respective village offices of all the 11 units.
Broad sector of infrastructures considered
for the study are (i) transport fac
electricity (iii) drinking water
educational facility (v) communication
facility (vi) medical facility, and (vii) credit
facility. The analysis followed the
methodology adopted by the Centre for
Monitoring of Indian Economy (CMIE) and
Department of North Eastern Region
(DONER) for infrastructure ranking of
different districts of India (CMIE, 2000
DONER, 2009).

District-wise infrastructure indexing of
Tripuraby (DONER)showed thatamong the
fourdistricts, West Tripura performed better
than North Tripura, South Tripura and
Dhalai districts.

The index for villages covered under the
study revealed that Barabhaiya (South
Tripura), Dakshin Rani (South’ Tripura)
Madhapur North (West Tripura) and
Kamalasagar (West Tripura) are the toppers
However, infrastructure index of all the
villages are much below the district-wise
infrastructure index of DONER. This wide
difference is indicative of the gaps in intra-
regional availability of infrastructural
facilities and the persistent backward status
of rubber growing regions under the BPUs
and GPUs. Table Eco. 6 provides the village
wise index of infrastructures.

——Table Eco 6. Village-wise infrastructure ranking

™ iz Z - S——
P. Radhamohanpur "
Amtali 37
Bhagwan Ch. P 2
Bagma w“
Laxmandepha

Devipur

Kaliram

Sipai Para 7
Madhapur S 2
Kamalasagar 2
Madhapur N 100
Dakshin Rani 103
Barabhaiya 16

The BPU/GPU-wise index showed that
among the nine BPUs and two CPUs,
Rajarshi GPU (South Tripura) was the
topper followed by Dariabagma BPU (South
Tripura), PS Para BPU (West Tripura) and
Khamber Bari BPU (West Tripura) (Table
Eco. 7). Though normally beneficiaries ofa
BPU/GPU is falling under the jurisdiction
of one Village office, beneficiaries of
Khamber Bari BPU and PS Para BPU are
from two villages each. An important



BPU/GPU

Score
Rambnbu Para BPU 53
Kariyamura ii BPU 77
Laxmandepha BPU 78
Janmabhumi GPU 87
Rani BPU 88
RS Para BPU 9
Kamaiasagar BPU %
PS Para BPU %
Khamberbari BPU 9%
Dariabagma BPU %
Rajarshi GPU 108

observation is the better infrastructure
accessibility index of BPU/GPUs than the
infrastructure availability index of the
villages (Table Eco. 6 & 7), except Rajarshi
GPU (Bharabhaiya Village) and Rani BPU

(Dakshin Rani Village). Implicitly, it

Table Eco. 8. Descriptive statistics on Village and BPU/C.PU infrastructures -

underlines the privileged status of the BPU/
GPU households within the individual
villages

Table Eco. 8 shows the indicator-wise
descriptive statistics of infrastructure
availability in the villages and the BPU/GPU
households. The table underlines the
privileged status of BPU/GPU households
with marked variations among the ten
indicators selected

Compared to the district infrastructure
index of DONER performance of the villages
and the BPUs/GPUs are poor. At the village
level, rubber farmers in BPUs/GPUs have
better accessibility in infrastructures except
Rajarshi GPU and Rani BPU, irrespective of
the location. However, the results highlight
the need for proactive institutional
interventions to build up necessary
infrastructures to capitalize the potential
linkage effects from a regional perspective

Village mean  Indicators BPU/GPU  Correlation

Surfaced road as % of total road length 17.3  Surfaced road as % of total
road length 80.4 0.63*

Percentage of villages electrified 669  Percentage of villages electrified 82.0 082"
Percentage of households having Percentage of households having
safe drinking water 544  safedrinking water 89.4 NS
Schools (nos) 30 Schools (nos) 36 098"
Informal educational facility(nos) 18  Informal educational facility (nos) 20 098+
No. of doctors available in the locality 32  Doctor availabilty (%) 913 NS
Telephone (Land)% 39  Telephone (Land)% 50 0.83"
Telephone (Mobile) % 939  Telephone (Mobile) % 1422 NS
Bank (nos) 02  Bank usage (%) 721
Non-Bank (nos) 103 Non Bank (nos) 22
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LATEX HARVEST TECHNOLOGY DIVISION

The Division continued research and
advisory services on various aspects of Latex
Harvest Technology. The collaborative
programme on popularising Low Frequency,
d3, tapping among smallholdings initiated
under all the Regional Offices of the Rubber
Board during 2009-10 and 10-11, continued
successfully. The new comprehensive trial on
Low Frequency Tapping (LFT) initiated
during November2010 at Koney estate  (in
8 ha. area) to demonstrate performance of
d2 to d7 frequency was also continued. The
Division initiated pilot studies on non-
conventional harvesting methods such as
vertical and micro-X tapping. The CUT
demonstration trials initiated in various
regional stations continued successfully in
the third year also

1. Low frequency tapping

Since Low Frequency Tapping is the
need of the hour and the major thrust area,
the Division continued various experiments,
onfarm trials and advisory trials on LFT
underdifferentagro-climatic conditions. The
comprehensive study initiated during
November 2010 at Koney Estate of Harrisons
Malayalam Limited to understand the
performance of clone RRII 105 under d2 to
d7 frequency coupled with various
harvesting practices continued successfully.
The programme also covered tolerance
assessment of the lactiferous system under
different tapping frequencies and
stimulation based on biochemical indicators.
Since, there was theft of field coagulam and
late drip of latex during June and July, data
analysis was carried out excluding these
months. Underd7 frequency, itwas essential
to give fortnightly yield stimulation with
2.5% ethephon. Yield under different

frequencies were comparable for the period
from November2010 to March, 2012. Lowest
incidence of Tapping Panel Dryness was
observed under d7 frequency with highest
rounds of yield stimuladon i.e. 24/y (Table
LHT. 1). The biochemical studies also
indicated healthy status of the trees.

Table LHT. 1 Dry Rubber Yield (kg 400 trees ) and
other attributes under d2 to d7

2010-March 2012)

Tapping system Tapping Yield TPD
day*f
$/2 (RG) d2 6d/7 189 2386 29
$/2 (RG) d3 6d/7 128 1983 3.2
$/2 (RG) d3 7d/7 ET 2/y* 148 2330 31
$/2 (RG) d3 6d/7 ET 3/y* 129 2248 23
$/2(RG) d4 7d/7 ET 4/y* 11 2290 14
$/2 (RG) d4 6d/7 ET 6/y* 97 2054 19
$/2 (RG) d6 7d/7 ET 20/y* 74 2198 2.7
$/2(RG) d7 6d/7 ET 24/y (2w) 65 2170 03

Fhe participatory LFT programme with
Rehabilitation Plantations Ltd, Punalur
continued to give very good and comparable
yield under d3 and d4 frequencies in the 5t
year also with comparable incidence of TPD
(6-7%). Dry rubber yield of 400 trees under
d3and d4 frequency at Kulathupuzha estate
was 2052 kg and 2136 kg, whereas it was 2432
kg and 2568 kg at Ayiranallur estate. In
another trial on LFT d3 at Mannarkkad,
average yield of 400 trees during 2006-07 to
2011-12 was 2308 kg.

Experimenton Low Frequency Tapping
(LFT) with various levels of yield stimulation
in clone RRII 105 was continued at the
Experimental Farm Unit (EFU) of Rubber
Research Institute of India at Pampady. Yield
under d2 frequency tapping was comparable



to d3, d4 and d6 frequencies of tapping
Under weekly tapping, tapping panel is
closer to bud union. Renewed panel yield
under d2, d3 and d4 frequencies of tapping
also comparable to that of d6 frequency of
tapping (Table LHT. 2),

The demonstration plot under weekly
tapping with monthly stimulation at Central
Experiment Station (CES), Chethackkal
continued to give promising yield. With nine
rounds of yield stimulation and 36 tapping
days, the cumulative yield was 5.5 kg tree’
and 59.6 kg (mean per tap yield) during July
2011 - March 2012. Incidence of tapping
panel dryness was5.6% and mean dry rubber
contentwas 37.8%.

In the exploratory trial on LFT (dIO)
in clone RRn 105, high yield of 2000 kg 400
trees'l in nine months (July 2011 - March
2012), was obtained during I8 year of BI-1
panel. Compared to previous year, yield was
very high due to the panel change. TPD
percentage is very low (1.9%) and annual
average drc was 39.8%

7,11, 1HT ? Yield performance of LFT with

- ~Yield”
Tapping system

/2 (RG) d2 6d/7 (control)

/2 (RG) d3 6d/7. ET2.5% Pal (L5) 3/y*
/2 (RG) d3 6d/7. ET2.5% Pal (15) 4/y*
$/2 (RG) d3 6d/7- ET2.5% Pal (L5) 5/y*
/2 (RG) d4 6d/7. ET25% Pal (15) 5/y*
$/2(RG) d4 6d/7. ET25% Pal (L5) 7/y*
/2 (RG) d4 6d17. ET2.5% Pal (L5) 9/y*
/2 (RG) d6 6d/7. ET2.5% Pal (1-5) 10/y*
$/2(RG) d6 6d/7. ET2.5% Pal (15) 12/y
Rt (RO d6 6d/7. ET2.5% Pal (1.5) 16/v
LSD (0.05)

2. Collaborative programme of RR1I
and Regional Offices of Rubber
Board in popularizing LFT d3
tapping with stimulation

The programme initiated during 2009-
10 (phase 1) and extended in 2010-11,
continued successfully. Very good yield was
obtained by the participants and there was
no reportofincrease in TPD due to LFT and
stimulation. Majority of the participants are
utilising hired labour and follow d3
frequency without weekly one day regular
rest, leading to higher number of tapping
days peryear. Hencestimulation rounds per
year for them were modified, i.e., reduced
from 3 to 2 rounds per year. During the
annual review meetings with growers, they
were made aware of the pracices to be
followed under LFT.

3. Controlled Upward Tapping

The survey conducted by Economics
division indicated an alarming (above 40%)

in done RRII 105

Tapping Panel

(kgha) days
1193 b 147 B1-2(3)
1594 ab 103 BI-1(5)
1622 ab 102 BI-1(5)
1856 a 103 BI-L(5)
1881 a 76 BI-1(3)
1497 ab 78 BI-10.)
1608 ab 7% BI-1(3)
1415 ab 52 60-2(8)
1441 ab 51 80-2(8)
1140 b 32 80-2(h)
483.0

*MtaJWtamlbnm m

w'» »

woxp



share of old and senile plantation in our
country' with low productivity. The past
many years experience in traditional region
and from the all India coordinated project
on Controlled Upward Tapping (CUT), itis
clear that CUT is a sure shot to enhance
production and productivity of NR from old
and senile trees.

4. Low Frequency Controlled
Upward Tapping (LFCUT)

There are many plantations who have
adopted various LFT systems during the past
several years. Once these plantations are due
for renewed panel tapping, introduction of
Controlled Upward Tapping without
changing the existing frequency is essential.
Keeping this in view, the division is
conducting various LFCUT experiments for
the pastseveral years to identify stimulation
schedule for LFCUT.

i"* A 3SIffisn”  lowh T * ' laf,il'8wil> ™" ¢',u'l

Tapping system

Low Frequency Controlled Upward
Tapping (LFCUT) with different harvesting
practices was continued at Experimental
Farm Unit (EFU). During the seventh year,
yield under annual periodic panel change
under d3 frequency and biennial panel
changeofhigh panel under d4 frequency was
comparable. Yield of basal panel tapping
under d6 frequency also was comparable to
periodic panel change of d3, d4 and d6
frequencies of tapping (Table LHT. 3).

Another LFCUT trial with rainguarding
was laid outat CES, in clone RRI1 105 during
2004. The trees were planted during 1975.
The statistical design was completely
randomized single tree single plotconsisting
of 28 trees in each treatment. There were
eight treatments comprising S/4 and S/3
spiral cuts under d3, d4 and d6 frequencies
oftapping in combination with stimulation.
In the first year of tapping, treatments T2,

(kg 400 trees])

S/2d3 ET25% 2/y;S/4U d3 ET5.0% 6/y
S/2d4 ET2.5% 4/y;S/4U d4 ET5.0%9/y

S/41M4 ET5.0% (3W)

$/4U d4 ET5.0% 18/y with annual panel change
S/4U d4 ET5.0% 18/y with biannual panel change
S/2d6 ET25% 6/y; S/4U d6 ET5.0% 127y (2w)
S/4Ud6 ET5.0% (2W)

S/4Ud6 ET5.0% 24/y (2w) - with annual panel change
S/4U d6 ET5.0% 24/y (2w)- with biannual panel change

S/2d6 ET2.5% 6/y,S/3Ud6 ET5.0% 9/y (3w)
S/3U d6 ET5.0% 187y (3w)

S/2d6 ET2.5% 187y (3w)

s/2de ET2.5% 12/y (m)

LSD (0.05)

enam* p x**in
S -
Yield No. of taps
3010 a 93
2088 ¢ 7
2184 be n
2512 abc 73
2041 a 73
1958 ¢ 49
2741 ab 51
2224 be 51
2712 ab 51
2062 ¢ 51
2452 abc 51
2482 abc 51
2168 be 51
520
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Table LHT. 4 Treatment details of LFCUT with ra

RRII 105,

Treatment details

TL- S/4U d3 ET 5% 10/y (5 years):
T2 - S/4U d3 ET 5% 12/y (4 years)
T3 - S/4U d4 ET5% 18/y (5 years)
T4 - S/4U d4 ET 5% 247y (5 years)
T5 - S/4U d4 ET 5% 24/y (4 years)
T6 - S/3U d6 ET 5% 18/y (5 years)
T7- S/3U d6 ET 5% 24/y (4 years)
T8 - S/3U d6 ET 5% 247y (5 years)

T5 and T7 were rainguarded with tapping
shade and others with polythene skirt. From
third year onwards all the treatments were
rainguarded with polythene skirt. Difficulty
in lifting of wide polythene (90 cm) during
tapping was overcome by placing cup hanger
on the rightside of the panel arid supporting
the rainguard on it.

During the first year, trees in all the
treatments were tapped on the high panel,
thereafter panel position and stimulation
frequency varied according to treatments.
Treatment details were given in Table LHT.
4. Trees were tapped with one day (Sunday)
rest. All the data collected from 2004 to 2011
was compiled and statistically analysed.

e T TM Theb 706 TMB

from each other.

Pig. LHT. 1. Mean yield (kg « “

>e” £3> < COT
with rain guard m clone RRH 105

S/2d3 E| 2.5% 3/y (2 years)
5/2 d3 ET 2.5% 3/y (3 years)
S/2d4 ET 25% 6/y (2 years)
S/2d4 ET 15% 6/y (2 years)
S/2d4 ET 25% 6/y (3 years)
/26 ET 2.5% 12/y (2 years)
S/2d6 ET 2-5% 12/y (3 years)
S/2d4 ET 2.5% 12/y (2 years)

Mean yield of seven years tapping were
given in Fig. LHT. 1. S/4d3 (T2) and S/4 d4
(T5) showed significantly higher yield than
other treatments. Performance of CUT under
annual panel change policy is better than
biennial.

Among the weekly frequencies (T6, T7
& T8), $/3d6 with annual panel change (T7)
recorded highest yield. S/4 spiral cut under
lower frequencies of tapping with appropriate
stimulation is ideal for obtaining sustainable
yield for more years. Tapping Panel Dryness
(TPD) affected trees in the basal panel also
gave good yield in the high panel.

In another experimentin clone RRII 118
planted during 1980 (the basal panel was not
suitable for harvesting), continuous CUT for
all the 12 months was adopted. There were
five treatments comprising S/4 and S/3spiral
cuts under d3, d4 and dé frequencies of
tapping with varying levels of stimulation.
During 2005-2010, stimulation frequency
was once in 6 weeks under S/4d3 frequency
of tapping. During 2010-11, stimulation
frequency was changed to once in three
weeks under S/4 d4 and $/3 d4 stimulation
frequency was once in 3 weeks and 6 weeks
respectively. Under weekly tapping (S/3d6)
stimulation frequency was once in three
weeks and monthly respectively. All the trees



Tablt-1.HT. -
Tapping system 2005-06 200607 2007-08
s/4Ud3 M/T 4382 5028 a 4353
$/4Ud4 6d/7 4558 b 5322a 5960 a
$/3U dé 6d/7 4888 b 5733 a 6111 a
S/3U Ab 6d/7 6054 a 51622 6547 a
/3L d6 6d/7 4420 b 4023 b 5304 ab

Yield (kg 400 trees ') response of LFCUT with rain guard in clone RRII 118

2008-09 2009-10 2010-11
2285 b 2308 b 2480 be 3466
3506 a 3113a 2605 be 4144
3394 a 2633 ab 2395 ¢ 4192
3626 2579 ab 3565 a

2810 ab 211 b 3139ab 3686

Valuesfollowed by same fctterts are not critically differentfrom each oilier.

‘NS

were rainguarded with 90 cm polythene
(skirt type). Ethepon 5% was applied on the
lace (d3 & d4 frequency of tapping) and
groove method for d6. Data collected from
2005 to 2011 was analyzed statistically and
presented in Table LHT. 5. Under d6
frequency of tapping, HO-2 panel was
tapped continuously for three years. Mean
yield of six years under S/4 d3 frequency of
tapping was comparable to S/4d4, S/3d4 and
S/3 d6 frequencies of tapping. High panel
tapping under CUT gives good yield even
from trees of unsuitable basal panel.
Performance ofdone RR11 118 on high panel
(CUT) is very good

5. Other Experiments

5.1. Evaluation of mini and reduced spiral

cut tapping

In die experiment at EFU, RIT, S/4 d3
continued to give good yield in the 13 hyear
also. One farmer near Piravom had initiated
S/4 d3 with yield stimulation on 1260 trees
from January 2011. All the trees of45cm and
above were opened. Yield stimulation was
with ethephon ®2.5% concentration applied
on panel at 45 days interval (excluding
February, March & April). Dr)- rubber yield
of first year was 3.41 kg tree "year' and has

reported that there is reduction in time
required for tapping. A commercial trial of
reduced spiral tapping is proposed to start
atB C Cheruvally estate during 2012-13.

In another location at Calicut, twenty
trees of 46cm girth were divided into two
groups. One setwas tapped and the other was
leftuntapped. Atthe end of one year yield of
more than 2kg tree'lwas obtained. The girth
ofS/4tapped trees was53.7cm and untapped
setwas 54 cm, the difference was only 3mm

5.2. Long term evaluation of rainguard:
problem of production losses in
the absence of rain guard and
recovery through stimulation

Significantyield variation was observed
among the treatments during 2011-12.
Highest yield was observed under d2
frequency of tapping which was at par with
d3 frequency of tapping with rain guarding.
Though non rain-guarded trees in general
showed higher per tap yield, annual yield was
low. Crop loss could be partially compensated
by higher levels of yield stimulation in non-
rainguarded trees (Table LHT. 6). Total
rainfall was 2955 mm and there were 131 rainy
days during the year 2011-12. Tapping days
were lessduring the year and has affected the



Table LHT. 6. Effect of stimulation on recovery of yield loss under d2 and d3 frequencies of tapping in clone

Treatments Yield DRC  Tapping
kg400treesl kg tap kgtreel gtie o)
400 trees *

S/2(RG) d2 6d/7 2488 ab 184 55 45.9 388a 136
s/2d2 6d/7 2615 ab 265 61 66.2 390a %
$/2d2 6d/7 ET2.5% Pa. 3/y 2779 255 58 63.7 374D 9
$/2d26d/7 ET2.5% Pa. 5/y 2213 ab 227 52 56.8 375D 97
S/2(RG) d3 6d/7 ET2.5% Pa3/y 2058 ab 239 47 50.7 35.8¢

$/2d3 6/7 ET 2.5% Pa (3/V) 1471 ab 253 33 63.4 374D
$/2d36d/7 ET 2.5% Pa (5/y) 1386 b 236 33 500 374b

$/2d3 6d/7 ET 2.5% Pa (7/y) 1609 ab 274 37 68.5 365¢

LSD (0.05) 1362 NS NS NS 08978

crop performance particularly under d3
frequency of tapping.

5.3. Evaluation of "M ortex" as an yield

stimulant in rubber

In the experiment to evaluate "Mortex”
in comparison with ethephon, stimulation
treatments as per the schedule were imposed
and data on dry rubber yield and other
parameters were compiled. No significant
difference on yield or DRC % could be
observed between various treatments during
the year2011-12. With higher levels of Mortex
application higheryield could notbe obtained.

At Experimental farm Unit, RIT also no
significant difference in yield could be
observed between ethephon (3/Y) and
"Mortex" (6/Y)

5.4. Evaluation of non- conventional
tapping methods :
vertical tapping

Evaluation of

In apreliminary observation on vertical
tapping cut (22 cm) with stimulation on
renewed panel (Bl-1) indicated an average
yield 0f30 g ft'lasagainst34 g t'tlin normal
downward tapped trees (S2) under d3
frequency of tapping

GENOME ANALYSIS LABORATORY

The research interests in the Genome
Analysis laboratory encompass the following
three areas: (i) the development,
optimization and validation of molecular
tools for the assessment of genetic divers.ty
in rubber, clonal identification and genome
mapping (ii)developmentofgenetic markers
for biotic and abiotic stress tolerance and
understanding the stress adaptation
processes through transcriptome analysts

and (iii) cloning and characterization of
agronomically important genes.

Development, optimization and
validation of molecular tools for
the assessmentofgenetic diversity
in rubber, clonal identification
and genome mapping

Different molecular marker
technologies have been adopted and



successfully used in the characterization of
rubber genome during last year.

LIl. Development of microsatellite
markers and its application in the
characterization of Hevea germplasm

Marker development through GenBank

data mining
Mining of rubber EST sequences for
simple sequence repeats (SSR) resulted in
identification of 31 novel repeat motifs (di,
tri, tetra & penta) from 1556 EST sequences
submitted in public domain during 02/05/
200/ to 27/09/2011 and 29 SSR primers were
designed for marker development.

111

Recently available next generation
transcriptome sequencing data set (NCB1
database - Acc. No. GSE26514) was analysed
for large-scale SSR mining. The repeat
number threshold was designated as more
than five for dinucleotide, four for
trinucleotide and three for tetranucleotide
repeat motifs. Consequently, 698
dinucleotide, 867 trinucleotide and 72
tetranucleotide repeat sequences were
identified from 48,768 unigenes. Flanking
primers were designed for synthesis to
develop SSR markers.

1.1.2. Genotyping o fwild Hevea accessions

Genotyping of 60 wild accessions of
Hevea brasiliensis and five other wild Hevea
species viz., H. benthamiana, H. spruceana, H.
pauciflora, H. camargoatm and H. nitida was
performed with 10 microsatellite markers
generated in the lab. All these microsateliite
primer-pairs showed cross-species
amplification with five Hevea species,
indicating their transferability. Several new
alleles, mostly in homozygous state were
observed in wild species.

Single nucleotide polymorphisms
(SNPs) and haplotype structuring in
the latex biosynthesis genes of Hevea
brasiliensis

1.2.

1.2.1. SNPs infamesy! diphosphate synthase
(FDPS) gene

SNP identification in entire4.9 Kb FDPS
genomic region of the clones RRII 105 RRU
118, RRIM 600, RRIC 52 and GT 1 was
completed by sequencing the PCR product
as well as the cloned fragments. In total 61
SNPs, 7indels ranging from one to 64 bases
and polymorphic CT repeats (CT8, CT9 and
CT13) were identified among these five
Heveaclones. Mostof the sequence variations
were identified with RRI1 118. There was no
base substitution in the 5' 1379 bp of FDPS
gene in RRII 105, RRIM 600, RRIC 52 and
GT 1. But with the clone RRII 118, two
distinctalleles were observed based on two
major insertions and deletions in the first
intron along with 35 base substitutions. From
restofthe genomic region, a total 0f25 SNPs
were identified. RRIl 105 was found to be
completely homozygous for this region. RRIM
600 showed heterozygosity at 3 positions,
whereas RRII 118, RRIC 52 and GT 1 were
found to be highly heterozygous.
Nonsynonymous SNPs were notdetected in
the entire gene sequence. Seven haplotypes
were identified in this region of RRII 105,
RRII 118, RRIM 600, RRIC 52 and GT lusing
the software DnaSPv.5.

detected one

The software also
recombination spot between the sites 1380
and 1585 (between the lyand 2rdSNP in the
haplotypes given above). The remaining 24
SNPs formed a single haplotype block.

Indels identified in FDPS were converted
toSTSmarkerand assessed in40 popular clones.
Four alleles were identified from the 40 clones.



Out of the 40 clones, 30 were homozygous.
Homozygosity forallele-1 and allele-3 couldn't
be observed among these 40 clones.

Sixty wild accessions (24 Acre, 18 Mato
grosso and 18 Rondonia) and five Hevea
species (H. benthamiana, H. spruceana, H.
pauciflora, H. nitidaand H. camargoana) were
also genotyped using the same STS marker.
Apart from the four alleles discovered in
popular clones, new alleles were observed
in the analyzed samples. Thirty-three
accessions were found homozygous
including five Hevea species while the rest
showed heterozygous status.

1.2.2. SNPs in hydroxymethylglutaryl-CoA
synthase (HMGS) gene

Sequencing of the 5.3 kb genomic region
of HMGS was continued. Sequencing of this
gene from all the 5 genotypes was completed
except the 1800 bp region in the 5'-end ofail
the clones except RRII 118. The entire
genomic region of HMGS was cloned from
RR11-118 and sequenced. Complete genomic
sequence of HMGS hasbeen reported for the
first time in Hevea brasiliensis. Intron-exon
junctions were predicted using specific
softwares and identified 12 exons and 11
introns.
1.2.3. Rubberelongation factor (REF) getie

Full-length REF gene (1.7 kb) was
successfully amplified using three sets of
primers and the products are being
processed for sequencing.

1.3. Genetic linkage map in rubber

In linkage map construction, marker
segregation data is being continuously
integrated into the mapping data to saturate
the linkage map of rubber. A total of 244
markers comprising of 100 RAPD markers,
86 AFLP markers, 52 SSR markers and five
SNP based and one RGA markers were

finally utilized for the construction of a
genetic linkage map. The markers generated
were analyzed using both the linkage map
construction software MapMaker/EXP 3.0
and JoinMap 3.0. The dominant and co-
dominant markers following a segregation
ratio of 1:1 were analyzed initially using the
linkage map construction software
MapMaker/EXP 3.0. Marker groups were
determined by using a maximum likelihood
distance of40 and aminimum LOD score of
2.0. Linkage groups were detected for each
parent separately. In H. brasiliensis, the
number of linkage groups for a saturated
linkage map should be equal to the haploid
chromosome number of 18. In this study, 23
linkage groups were formed both for RRII
105 and RRII 118, which could be due to the
insufficient number of markers. All the 23
linkage groups in RRII 105 showed a
cumulative genetic distance of 1384.7 cM,
whereas RRU 118 had 768.5 cM from 23
linkage groups. Twenty-six markers were
unlinked in RR11105 outof 115 loci analyzed
and 33 markers remained unlinked out of99
markers analyzed in RRIl 118.

Segregation analysis of all the markers
developed was repeated using the software
JoinMap 3.0 which could handle all types of
segregation data. Marker groups were
determined using a minimum LOD score of
3.0 and a recombination frequency’ of 0.4.
Segregation distortion was noticed in 4.8%
of markers in RR11 105 and 4% of markers in
RRII 118, having a high chi-square value, and
subsequently deleted from the analysis
Twenty-four linkage groups were identified
both for RRII 105 and RRII 118. The total
genetic distance covered was 762 cM in RRII
105 and 634 cM in RRII 118. Sixty-one
markers were unlinked in RRU 105 out of 164
loci analyzed and 62 markers remained
unlinked outof 145 markers analyzed in RRII

18. The distance calculated by JoinMap was



less compared to that calculated by
MapMaker due to the differences in the
computational procedures.

Two latex biosynthesis genes: famesyl
diphosphate synthase (FDPS) and
mevalonate kinase (MK) were mapped using
a co-dominant STS marker for FDPS and a
SIMP (F197C/T) marker for MK respectively.

2. Development of genetic markers
for biotic and abiotic stress
tolerance and understanding the
stress adaptation process through
transcriptome analysis
Development of molecular marker(s)
linked to the locus conferring
resistance to fungal diseases in Hevea

2.1.

i

2.1.1. Resistance gene analogue (RGA) in
rubber

A full-length R gene, based on a
functional resistance gene analogue
(RTRGA13) in rubber was cloned from GT 1
and characterized for the first time. Length
of the R gene was 3284 bp and the coding
sequences was 2547 bp. Conceptual
translation of the coding sequences revealed
a protein of 849 aminoacids, which had
characteristic NB-ARC domain and leucin-
rich repeat (LLR) motif present in most of
the R gene from otherspeciesand maximum
homology was found with nbs-Irr resistance
protein of Populus tpicocarpa (E-value 0.0)

2.1.2. Genes involved in host tolerance to
Corynespora leafdisease

Nucleotide sequences of differentially
expressed transcripts derived from
Corynespora challenged leaf samples were
analyzed togetan ideaaboutgenes involved
during disease establishment in RRII 105.
A S ether 135 uP-reg“lated transcripts/
cDNAs were cloned and sequenced. These
sequences were grouped into 13 contigs
comprising 30 sequences and 105 singletons.

Sixteen sequences showed significant
homology with the known sequences from
the GenBank and the rest were unique or
having match with hypothetical proteins
An effort was made to clone full-length
gene encoding anthocyanidin 3-0-
glucosyltransferase from GT 1. The full-
length cDN A sequence (150 bp) encod ing 470
amino acids was submitted to GenBank
(JQ037843) and expression analysis is in
progress. However, with the GRAS
transcription factor (spanning over
approximately 2100 bp encoding 688 amino
acids in Ricitms communis), a portion of the
gene is yet to be sequenced to obtain full-
length sequence information.

2.2. Characterization of stress-tolerant
clonesofH.brasiliensis using molecular
markers and gene regulation under
abiotic stresses: Cold tolerance in rubber
Transcript profiling in two stress

tolerant Hevea clones: PR 261 and RRII 208

in relation to cold stress were continued.

Large number of differentially expressed

transcripts (-800) was generated through

DD-RT PCR for characterization. We

characterized 160 transcripts/clones. Earlier

characterized 110 transcripts were annotated
for submission to Genbank.

Glutathione peroxidase gene involved
in stress regulation, showed clear
discrimination among the wild accessions
based on SNP haplotypes from three
different provinces in Brazil. This gene was
also identified in cold responsive ESTs
Therefore, transcriptabundance of the gene
was assessed in different tissues including
leaf, bark (both young stem and mature tree),
latex and root. Expression was found more
in leaf followed by root, latex and bark.

3. Rubber EST project

3.1. EST generation - through sequencing

One hundred and twenty clones from a



bark cDNA library of RRIlI 118 were
annotated and submitted toGenBank.

To generate cold responsive ESTs, 120
clones from leaf cDNA library of PB 260
grown in Munnar, were annotated and
processed for submission to GenBank.

3.2.In silico analysis of rubber EST

database for gene mining

The EST database of the NCBI holds
12385 Hevea sequences as of 24/08/2011. ESTs
contain mostly partial coding and UTR
regions associated with functional genes
which hold lots
information

of wuseful genetic
An attempt was made to
analyze the entire 12385 sequences together
to find such hidden information on Hroea
genome. All the existing sequences were
downloaded and contig analysis was
performed using the SeqMan module of the
DNASTAR software. A total of 1490 contigs
and 2237 singletons were obtained from the
analysed sequences. The contigs were
arranged based on their size and the
consensus sequence for each contig w'as
used for gene annotation.

4 ethylatipn dynamics of mm
F]%I IEersBIS

4.1. Methylation specific PCR (MS-PCR)

MS-PCR was carried out with bisulfite
treated genomic DNA of three popular
clones, RRI1 105, RRIM 600 and PB260before
and after inducing cold stress in growth
chamber. Both methylation sensitive (M) and
in-sensitive (U) primers designed fora single
locus were used in PCR amplification along
with a reverse prir?..r. Two sites were
screened for the p:~e*.co/absence ol
methylation in promoter seu”-no? of HMCR
Amplification result usin® MsHMGI-M & L
primer showed that the site was mostly un-
methvlated, since strong amplification was

obtained only with the methylation insensitive
(U) primer. MS-PCR using MsHMG2-M & U
primer gave better amplification and dearly
distinguished the methylated and un-
methylated status of the clones.

4.2. Bisulfite sequencing of gene promoters

Bisulfite sequencing of a 229 bp region of
the HMGS gene promoter region from poly-
bag plants of the dories RR11 105, RRIM 600 &
PB 260 beforeand afterinduction ofcold stress
was carried out. A 183 bp region of the FDPS
gene promoter was also successfully amplified
cloned and sequenced. The sequences were
analyzed using the software CyMATE for
identifying the methylation variations among
the dones as well as within the same clone
before and after cold stress.

In HMGS promoter, only Class Il (CHG)
and Class 111 (CHH) methylation patterns
were observed. Actual CHG methylation
accounted for 4.17% of the maximum
probable methylation sites whereas CHH
typeadded up t03.49%. Aninteresting CHH
type methylation pattern was observed at
position 41 where RRII 105 plants appeared
to be demethylated after cold treatment
whereas PB 260 plants showed reverse trend
of methylation, post treatment. In RRIM 600,
one plant showed methylation after
treatment while other remained un-
methylated without any change. Putative
stress induced class IIl methylation was
observed at CAAT box and in close vicinity'
to TATA box of RRII 105 plants. A clone
specific methylation pattern was observed at
position 150 in RRIM 600 plants.

In FDPS promoter region all the three
classes of methylation were observed. Actual
CGN methylation accounted for 20.59% of
the maximum probable methylation sites
whereas CHG was 0.93% and CHH 1.80 n.
Putative stress induced DN Ade-methvlation



ata CGN site at position 3 was observed in
all the plants exceptone RRIM 600 plant. On
the contrary, a reverse pattern of stress-
induced methylation was observed at an
ATCT-motif (light responsive element) in
RRIT105. Random methvlations at other sites
were also observed.

5. Cloning and characterization of
agronomically important genes

5.1. Cloning and characterization of lignin
biosynthesis gene(s) in Hevea

5.1.1. Caffeic acid O-methyltransferase

(COMT) gene
Genes encoding caffeic acid O-
methyltransferase involved in lignin

biosynthesis were identified in rubber.
Southern analysis of thegenomic DNA using
apartial fragmentof COMT as probe revealed
the presence of multiple formsofthegene and
consecutively two COMT genes, designated
as HCOMT1 and HCOM.T2 were identified
Full-length cloning of HCOMT2 was done
from the bark tissue of RRII 118 and fully
characterized. Full-length HCOMT2 cDNA
was 1347 bp including UTRs. Conceptual
translation of the gene comprised of 368
amino adds. The sequence was submitted to
GenBank (Acc. No.JQ037840).

Cloning and characterization of stress
responsive genes

5.2.

5.2.1.Functional characterization of
metallothionein (MT) isoforms
The full-length putative Hevea

metallothionein gene (leafisoform) obtained
from the subtraction library was analyzed
using real time PCR to characterize its
expression patterns in different tissues (leaf,
bark and root). Hevea actin gene was used as
the Relative

endogenous control.

quantification resultsshowed high expression
levels of this isoform in leaf tissue compared
to bark and root. Expression rate was minimal
in both bark and root with little difference
betweenthetwo. The results are in agreement
with the identified isoform MT-3a, a leaf
abundantform based on its high similarity to
other leaf metallothionein orthologs.

In order to study the heavy metal
sequestration and detoxification properties
of Hevea metallothionein gene (HevMT-3a
isoform), a recombinant E. coli strain,
engineered inour lab to express the Hev MT-
3a gene was tested for its copper tolerance
property. The recombinant bacteria
containing MT-3a gene and a control E.coli
cell harboring only the expression vector
were grown in LB broth with different
concentrationsof CuS04.Similar growth was
observed for both control and recombinant
strain up to 6 mM CuS04concentrations. At
higher concentration of CuS04 (10 mM)
colony growth was observed only with the
recombinant clone bearing metallothionein
gene. Thisresultisan indication of the metal
tolerance property of the recombinantclone
conferred by the Hevea metallothionein gene
itharbors.

5.2.2. Drought responsive genes

Full-length cloning and characterization
of two more stress responsive genes: Myo-
inositol-1 phosphate synthase (MIPS) and
aquaporin PIP] (AQP1) from rubber was
carried out. The full-length cDMA of MIPS
was 1950 bp encoding u amino acids,
whereas, AQPI was found be
comparatively smaller in size (1254 bp)
encoding 287 amino acids. Both these
sequences were submitted | -nBank (Acc
Nos. JQ037841 and JQ037842 respectively).
Functional characterization is in progress.

to



CENTRAL EXPERIMENT STATION, CHETHACKAL, KERALA

The Central Experiment Station
Chethackal, located near Ranni at a distance
of about 56 km from Kottayam, was
established in 1966 to cater research needs
of the different Divisions of RRII. The Station
has a total land area of 254.8 ha which is
planted for different research projects.

The Station meets the needs of the
scientists of various disciplines of Crop
Improvement, Crop Management, Crop
Protection, Crop Physiology and Latex
Harvest Technology. The station had two
Divisions - A and B - of almost equal area.
Apart from clone trials and bud wood
nursery of pipeline clones, trials on low
frequency tapping, CUT, Germplasm
accessions, disease management and
fertilizer dosages make up bulk of the

experimental areas. Specialized trials like gas
based tapping (G-Flex), intercropping and
immaturity reduction etc. also make part of
the experimental area. A three part tree
crown budded area with canopy from FX 516
is laid to study disease resistance
mechanisms. An Eddy- covariance tower
gives micro-environmental data

During the reporting period, the total
crop realized was 210742 kg PFL, and 66267
kg scrap and 9171 kg coagulum. A total of
221 tapping dayswas possible in the year and
41 tappers (per day) were engaged for
tapping. The CES Dispensary attends to the
medical needs of the workers and the total
number of visits of patients during the period
under report was 3100

REGIONAL RESEARCH STATION, GUWAHATI, ASSAM

1. Crop improvement
1.1. Large scale trial for selection of location
specific clones
Fifteen promising clones of Hevea viz
RRII 414, RRII 417, RRII 422, RRII 429, RRU
430, RRIM 600, RRII 203, RRU 208, SCATC
88713, IRCA 109, IRCA 111, IRCA 130, PB 280,
PB 312 and PB 314 were planted in 2010 in
RBD at RRTC Hahara for evaluation of
location specific high yielding clones.
Vacancy filling and planting of Piieraria cover
crop was completed.

1.2. Evaluation of potential primary clones
in clonal nursery
A nursery trial of eight potential
primary clones of Hevea obtained from

Table Chy. 1. Juvenile girth and yield of potential
primary clones of Herea in clonal

Primary Mean girth Mean of juvenile yield
clones after 4 yearsof ~ Yield Rank based
planting (griio on yield
(cm) taps’) potential
GH 1 163 388 3
GH3 156 232 7
GH 4 213 329 5
GH5 181 2556 5
GH6 218 335 4
GH8 226 47 2
GH9 256 88.1 1
GH 10 129 135 8
RRIM 600 165 224  Checkclone
RRU 429 166 328  Check done
CD(P-005 NS 441



Sarutari Research Farm under RRS,
Guwabhati was started in 2008 (Table Ghv. 1)
along with check clones, RRIM 600 and RRII
429. Girth was found highest in GH 9 and
least in GH 10 after four years of planting in
clonal nursery. Average of juvenile yield (g
t 10taps ') over twoyears was maximum in
GH 9 (88.1 g) and least in GH 10 (13.5 g)
after four years of planting. Out of eight
primary clones, GH 9 showed significantly
higher yield than the check clones

1.3. Large scale trial for evaluation of
potential primary’ clones

10 potential primary clones (viz. GH

1,GH2,GH3,GH4,GHS5,GF16,GH 7,GH

8, GH 9 and GH 10) of Sarutari Research

Farm were planted in LST along with two

control clones (RRIM 600 and SCATC 88/13)

1.4. On-farm evaluation of selected clones
of Hevea in Assam

Pre-winter girth of all clones at 30 cm
height was recorded from the on-farm trial
at Umsiang. Among the RRII 400 series
clones, the girth of RR11430 was significantly
higher than the control (RRIM 600) at the end
of third year of planting followed by RRII
417 and RRI1 429 (Table Ghy. 2)

Table Ghy. 2. Mean girth of RRII 400 series clones at

Clone Mean girlh at 3* year
of planting (cm)
RRII 417 172
RRII 422 16.1
RRII 429 17.0
RRII 430 187
SCATC 88/13 160
RRIM 600 158
CD (P » 0.05) 18

2. Crop management

2.1.Developmentofan Integrated Nutrient
Managementsystem for young rubber

Experiment for development of an
Integrated Nutrient Management (INM)
system foryoung rubber with cover crop was
initiated atRRTC, Hahara in clone RRIM 600
with seven treatments, with RBD. The
treatments involved combination ofdifferent
doses of inorganic fertilizers with and
withoutbiofertilisers and a biofertiliser alone
treatment. The biofertilisers applied were
hobacteria and

A P 1as, Ph
AMF. Girth of rubber plants were not
significantly differentamong the treatments

(Table Ghy. 3).

Jable Ghy. 3. Girth of plants in different treatments

Treatment Diameterl(mm)
Dec. 08 June 09
Control 170 206
Standard practice 168 20.0
25%N&P +BF* 169 202
50% N&P +BF * 173 214
75% N&P +BF = 17.1 203
Standard practice +BF 163 19.9
BF alone 175 218
SE~ - 0.8 10
CD(P =0.05) NS NS

N.B

Girtli 2em)
Dec. 09 June 10 Dec. 10 Jan. 12
73 105 17.7
184 115 20.9
74 102 19.0
8.1 123 23
I 11.0 200
. 120 210
8.0 17 208
03 05 27
NS NS 80

#Full doseof K: 1. Diameter at 25 cm height; 2. Girth at 750 cm height



2.2. Evaluation of different biological
bunds for soil and water conservation
in rubber
The experiment for conservation of soil

using vegetative bunds was initiated at
RRTC, Hahara, RRS, Guwabhati. The clone
was RRIM 600 with 7 treatments laid out in
randomized block design. The treatments
were rubber with vettiver, lemon grass,
palmarosa, guinea grass, rice bean, cover
crop and natural cover. The quantity of
eroded soil collected in trench was found to
be non-significant and the study was being
continued.

2.3. Effect of crop intensification with
intercrops on establishment and
growth of rubberin rubber plantation

Anon-farm intercropping experiment

was initiated at Morugdala, Kamrup district,
Assam in a field with clone RRIM 600 with a
spacing of 22'x1T. The interspaces between
rubbers were occupied by different crops
with a view to find the possibility of
generating income during the non yielding
immature phase of rubber and also satisfy
the food needs of the grower.

2.4. Comparative study of zero tillage and

normal planting technique for rubber

A project was taken up at the RRTC,
Hahara farm, RRS, Guwahati during 2011 to
find the possibility of reducing the pit size
to reduce soil erosion and labour cost. The
survival percentage for polybag plants (88%)
under normal planting was found to be
higher.

2.5. Development of locally viable and
adoptable root trainer devices for
propagation of rubber
The projectwas taken upatRRTC Hahara

during the year 2011 to compare the

conventional plastic root trainer containers
with locally produced bamboo and earthen

root trainers. The sprouting percentage was
found to be higher inbamboo containers (93%).

3. Crop protection
3.1,

Survey on pests and diseases of rubber
was carried out in 37 sites covering 29
locations in Assam, Meghalaya and northern
partof West Bengal (Table Ghy. 4). Powdery
mildew (PM) disease was noticed in all the
locationsand the severity of the disease (PDI)
was in the range of 25 to 65%. Incidence of
Periconia leaf blight disease was noticed on
tender leaves in nursery during December/
January and was ranging between 20-65%.
Brown root disease (0.5 to 8.9%) caused by
Phellittns noxius was noticed on three/four
year old rubber plant in some private
plantation in Assam and Meghalaya. Minor
incidence of pink disease (0.5 to 1.8%) was
observed in RRII 429 block plantation at
RRTC, Hahara in Assam and also in two
locations of private rubber plantation at
Sahipara in Assam and Rangsol in
Meghalaya.

Incidence of thread blight disease (35%)
was observed in budwood nursery as well
as in 25-year-old rubber plantation at Umling
in Meghalaya. Incidence of Colletotrichum
leaf spot disease (5%) was observed in
nursery atSarutari Research Farm and RRTC,
Hahara during December/January. High
infestation of white grubs (60%) with drying
of plants was observed on one year old
rubber plants in a private plantation at
Kashipur under Udalguri district of Assam
for the first time in North East region.
Infestation of scale insect (5 to 30%) was
noticed in most of the locations during the
study period

The reaction of three short-listed wild
accessionsofHava germplasm RO 1737, AC 587

Survey on pests and diseases of rubber



(able Ghy. i Incidencc of various pests and diseases of rubber in different locations

State/Location Altitude ~ Latitude/Longitude
(m)
Assam
Sarutari” 74 26703'N; 9I®53' E
RRTC, Hahara* 172 26809° N; 92" 01" E
Rangdoloi*
Longham,Bidiitore 456 26*02' N;92°25' E
Padampur 70 26°32'N; 0®28' E
Kaiajhar 187 @51 N; 92805’ E
Khosurabari* 154 26548'N; 007" E
Kashipur 145 26@50' N; 92807 E
Kadampara 600  25°54'N;91®07'E
Sahipara 550  25@54' 91®10'E
Momai 40.0 26s 05" N:90®45' E
Rangphar 1230 26°03' N; 91®56' E
Hatigaon 610  25@59" N; 90®30' E
Rewamahaswar 156 263 09' N; 9203' E
Boko 44 25@58' N;9I®12'E
Manupara 35 25°59" X; 0@50' E
Neli* 68 26m05'N; 017" E
Barodoba 65 25%54'N;91s07'E
Meghalaya
Bajengdoba* 1290 25959' N; 0030' E
Rangsol* 1700 25°54'N;90°33'E
Umling* 255 25557'N; 91049'E
Umsiang* 211 26803' N; 92®09' E
Northern part of
West Bengal
RES \'agrakata’ 194 2605’ N;89®57 E
Jiti* 363 26057" N; 885 56' E
Birubari 62 26@26' N; 88v40" E

in,it uix.ust
Pencoma leafblight; TB = Thread blight; S

and AC 5302 to powdery mildew disease was
studied in field condition by artificially dusting
thesporesatSarutari Farm in Assam. High level
of tolerance to powdery mildew disease was
observed in AC 587 as compared to other two
accessions (RO 1737 and AC 5302).

An experiment was started in 2011
for management of purple root disease
on 6-year-old rubber plants of RRIM 600 and
RRIl 105 at RRTC, Hahara in Assam with
three replications (plot size: 7 plants plot m).

PM Incidence of Pests and Diseases (%)
(PDI) BR Pink PLB TB s
20.0 30.0
200 09 08 200 20
50 0S 100
200 89 10,0
50 05 50
300 23

400 15

100 60.0

300 16 100
300 06 05 100
400 07

400 05 100
400 35

350 13

- 650

400 07 - 700 10.0
50.0 - 300 20.0
30.0 100
500 09

500 25 18 10.0
65.0 300 350 200
60.0 - 500 200
200 05 20.0
325 100
25.0

iivi - 1owaery iniiuew disease; t>K- Bro
= Scale insectand WG = Whitegrubs

Girth was recorded in treated and untreated
blocks. Treatments with tilt (5 mL L 1, calixin
(6.25 mL L 1) and contaf (6 mL L ) were
imposed in soil at the tree base of all
experimental plants.

Observation on treated and untreated
block showed that the root system of all
affected plantsis healthy. However, fruiting
body of the pathogen Helicobasidiuni
compactum was not developed so far in the

treated block.



The rate of decomposition of four types
of forest litters (viz. rubber, sal, teak, bamboo)
was studied by litter bag method under two
ecosystems, viz. forestand rubber plantation.
The rate of weight loss of bamboo leaf litter
was faster followed by rubber, teak and sal
litters in both the ecosystems. Rate of
decomposition was rapid under the forest
system covers as compared to mature rubber
plantation.

The total microbial population
associated with the decomposed litters was
also higher which mighthave contributed for
the rapid rate of decomposition. Populations
of fungi, bacteria and actinomycetes were
high in bamboo and rubber leaf litters as
compared to teak and sal litters.

In the experiment for development of
an integrated nutrient management system
for rubber, different doses of inorganic as
well as biofertlizers were applied singly and
also in combination at the rhizosphere
regions of young rubber plants. The total
microbial build up in the soil and also the
growth of rubber was assessed. An increase
in the total microbial populations was
observed after three months of application
of fertilizers. The number of bacterial
population was more and the number of

Table Chy. 5. slive disW b.tta of M i*

plants (after 3 months of treatment

populations of Pseudomonas, Azotobacter,
actinomycetes and PSM were on par with
control {Table Ghy. 5).

To study the dynamics of microbial
status of rubber, tea, forest and barren soils
in Assam and N. Bengal region soil samples
were collected from forest, barren land, tea
and rubber growing areas on seasonal basis
and microbial analysis was carried out to
understand the ecological impact of above
ground vegetation as well as the chemicals
used in the plantations. Maximum
population was found harbouring on forest
soils followed by rubber, teaand barren soil.
Bacteria showed the highest population
followed by actinomycetes and fungal
population.

In order to exploit the naturally
occurring antagonistic agents against
diseases of rubber, soil microflora was
isolated from the rhizosphere region of
rubber. The antagonistic effect of few fungal
species like Penicillium spp., Aspergillus spp.,
Trichodertna sp., Fusartum spp., Cladosporium
spp.and a few bacterial species was assessed
by dual culture technique. Penicillium spp.,
Aspergillus spp. and Trichodertna spp. showed
antagonistic property towards the fungal
pathogens.




4.1. Effectofapplication ofyield stimulant

away from tapping cut

In order to understand the effect of
stimulation on different areas of bark away

taPPing cut, seven different treatments
were considered along with unsdmulated trees
as control. The experiment was undertaken in
clone RRIM 600 trees which were under S/2
d3system of tapping. The firstyearyield data
showed that yield in A, B, C and G were
significantly higher (Table Ghy. 6) than that of
the unstimulated (H) trees. The % of plants
stowmgabove 75% TPD inA, B. Dand C were
iA 5.9 and 7.7 respectively.

4.2. Experiment on shallow tappine at
Guwabhati

During low winter temperature period
the crop yield in rubber isnoteconomic as the

plants cannotooze outsuffiden tlatex. To avoid
low winter temperature stress, tapping rest
during this period is mandatory for North
Eastern India. However, this long rest caters
to lossofaround 4045 tapping daysevery year.
It would be worth experimenting whether
shallow tapping (tapping up to halfofthe bark
thickness ofnormal tapping) during rest period
can compensate the yield loss. The drv rubber
yield, DRC and TPD in RRIM 600 clone at
Sarutan Research Farm in Assam was recorded
underdifferenttappingsystems. There was no
significant difference between the yield and
DRC in different tapping systems. 6% plants
had shown above 75% TPD. Under normal
tapping with winter rest and continuous $/2

taPP*ng without winter rest, the plants did
notshow TPD (103 tapping days) compared
to shallow and continuous tapping (146
tapping days) (Table Ghy. 7).

~ able CI"- 6- Effect of stimulation on Wiy
Treatments
- Yleld % Of plants
(gf f) (kgf year) showing above
- 75% TPD
C- BarkS S T 55%p S o P-nd 54.1
D. Barkm jtato ., » S o 534
E of 5% E*,ph*ale » ewwwn 476
125

JpScto b,)m, 30,



REGIONAL RESEARCH STATION, AGARTALA, TRIPURA

REGIONAL RESEARCH STATION, AGARTALA, TRIPURA

The station carried out its research
activities on cropping system models,
nutritional requirement of rubber, clone
evaluation, remote sensing study and latex
harvest technology, etc. The other aspects of
investigations were marketing of rubberand
advisory services to rubber growers.

1. Crop improvement
1.1. Development of clones

Evaluation of 1262 hybrid progenies is
in progress in four seedling nursery trials
from which 25 hybrids have been selected
for furtherevaluation. In the year2011,6962
hand pollination attempts were made outof
which 825 seedlings were obtained. Nineteen
selected hybrids are being evaluated in two
clonal nursery trials along with check clone
RRIM 600 (2008 & 2009). In the clonal
nursery evaluation of selected hybrids
(2009), HP 122 (12 cm) and 98/38 (12 cm)
recorded higher girth than the check clone
RRIM 600 (11.5 cm). One thousand two
hundred and forty two half-sib progeny
seedlings were evaluated in three seedling
nurseries.

In the Small Scale Trial (2000) of ortets,
the ortet 114 (46.5g t t )exhibited highest
mean yield over three years followed by ortet
98 (37.7 g t't iwhich were higher than
RRIM 600 (37.4g t't). Among the 13 ortets
from four Regional Stations in the \orth
Eastern region that are evaluated in clonal
nursery (2008) along with three check done?.
RRSG 248 (21 cm) recorded highest girth
followed by the check clone RRII 208 (20-S
cm). Twelve ortets from the traditionai area
and two RRI1400 series clones (RRU 403 and
RRII 407) along with the check clones, are
being evaluated in clonal nursery (2009).

Clone RRII 407 recorded highest girth (14
cm) and was found on par with check clone
RRIM 600 (13 cm). Among the ortets, KO 27
recorded highest girth (13 cm).

1.2. Evaluation of clones

In the Large Scale Trial (LST) planted
in 1995 with ten clones, mean yield over
seven yearsshowed that PB 311 (48.9 g t 1L1)
was the highest yielder followed by RRI1I 105
(48.1 gf f').Inthe LST planted in 1996 (GXE
trial), consisting of 13 clones, clone RRIM 600
(58.11 g t'1t!) was found significantly
superior than all other clones tested.

Potential clones are being evaluated in
four on-farm trials. In Killamura block
plantation, clones such as PB 235 (1136 kg
ha lyear)and RRIM 600 (1054 kg ha :year])
were found high yielders. At TFDPC
plantation, Bagafa, South Tripura (2000),
mean yield over five years from clone RRLM
600was 193gf,tH

On farm trial at TRPC plantation,
Pathalia (2005), consisting of RRI1400 series
clones intheimmature stage, done RRI11429
exhibited maximum girth. At Hirapur Block
plantation (2009), done RR11429 (8.6 cm) had
the highestgirth followed by PB 260 (8J! cm),
while RRI1422 (6.5 cm) recorded the lowest
girth in the second year after planting.

In four clonal nursery evaluations
involving 57 pipeline clones from traditional
area, 11 popularclonesand 19 potential done;
are in progress. Clones BPM 24 and PB 311
recorded significantly higher girth compared
to RRLM 600 in the clonal nursery trials.

Field trial involving 49 clones for the
identification of reliable juvenile and mature
characteristics for done identification with
the objective of standardising DUS testing
norms is also in progress.



2. Crop management

Integrated nutrient management
experiment with done RRIM 600 with
graded doses of inorganic fertilizers with
and without bio-inoculum was continued.
The highestgirth (19.2 cm) was observed on
combined application of 50% inorganic
fertilizer with bio-inoculum in the third year.
In another experiment, the growth of RRIM
600 (34.5 cm) plants during the fourth year
was superior when 20 kg FYM along with
50% of the recommended dose of fertilizer
was applied.

In the experiment on evaluation of a
cropping system model, four intercrops were
tested. The yield was 65 kg ha'l for
Amorphophallus for both models and 98
kg ha !'and 75 kg ha’1for Colocasia in model
I and Il respectively. Among the short
duration crops, banana yielded 220 kg ha 1
and 270 kg ha ' and pineapple yielded 1088
kg ha land 1625 kg ha 1respectively in Model
land Il. Itwas also found thatthe mean girth
of rubber was higher in intercropped area in
both the models.

In the Rubber-Tea intercropping trial,
during the mature stage of rubber, mean
annual production of green tea leaf as
intercrop was 192 kg haland 2160 kg ha 1las
monocrop. Teaintercrop yield was declining
due toshading of rubber trees over the years.
Mean rubber yield was 1319 kghal

In the experiment on potting media for
root trainers, young budding was done to
one month old seedling in the root trainer
with the selected potting media (top soil with
cow dung in the ratio of 8:2) and it was
observed that budding success rate was55%.

In another experiment, there was no
difference in growth of rubber after one year
between the zero tillage and pit planting
practices.

Five fodder crops were tested over a
period of two years in the experiment on
'Yield and quality evaluation of forages
under immature rubber'. It has been found
that meanyield was highest for guinea grass
(10.8 t ha ", followed by Stylo Signal grass
(8.8 thal, fodder cowpea (7.5 thal), Maize
(6.3 thal) and Napier Para grass (3.6 tha ’).

2.1. Remote sensing

In the remote sensing project, spatial
mapping of existing rubber plantation of
Tripura state has been accomplished using
IRS-P6 LISS 3 and LISS IV satellite images.
Three temporal images of LISS 3 were used
to identify the current extent of NR
plantation based on the temporal variation
of Normalized Difference Vegetation Index
(NDVI). Based on this estimation the total
areaunder NR in Tripura state was found to
be 45252 ha. Due to the usage of coarse
resolution satellite imageries NR plantations
ofbelow 3 yearsofage could notbe detected.
Therefore, the extent of NR
plantations estimated based on this study
was as on 2008. Waste land mapping was
also attempted and waste land suitable for
further expansion of NR cultivation was
preliminarily estimated to be around 18500
ha. Ground truth observations were taken
to ensure the accuracy levels of spatial
mapping of NR plantations and waste lands.

spatial

3- Crop physiology
3.1. Latex harvest technology

In the experiment on differentsystems
oftapping, the clone PB 235 continued to give
the highestyield in S/2d3 system of tapping
compared to S/2 d4 and S/2 d6 systems of
tapping. In another experiment, S/2 d3
system of tapping showed highest yield in
clone RRIM 600 compared to S/2 d2 and S/2
d4 systems of tapping.



Inanother experiment, done RRIM 600
showed higher yield under S/2d2 system of
tapping compared to shallow tapping in the
same system. In the Controlled Upward
Tapping (CUT) of the high panel (HO-1) the
short cut (S/4 U d2 6d7) with stimulation
ET5% La12Y inclone RRIM 600 continued
to give the highest yield compared to S/2d2
system in Bl panel.

4. Crop protection

Cross infectivity test of Phytophthora sp
isolated from leaf rotof betel vine was tested
in mature leaf of RRIM 600 done under
laboratory condition (at 22 +1°C). The betel
vine isolate was able to infect rubber leaf and
produce black brown lesion. The mean
diameter of lesions at 72 h of inoculation was
22.8 mm in betel vine leaf while it was only
14 mm in rubber leaf. However it was only
moderately virulent to rubber leaf.

Growth of Phellinus noxius, the brown
root disease causing pathogen was studied
at 30, 34 and 38 °C. The fungus grows well at
30-34 °C. However, no growth of the fungus
was observed at 38°C even after 7 days of
incubation. The growth of the fungus was
not observed to resume when it was again
kept at room temperature.

5. Processing technology

Latex coagulation during winter season
was studied. The study showed that when
ambienttemperature was around 10°C in the
winter season, an average of 270 ml of .»
formic acid is required for complete
coagulation where the normal recommended
dose is 300 ml of 0.5% formic acid for four
liters of latex with 12.5% DRC.

Experiments were conducted for
developing smoke filters for improvmg

colour of the smoke dried sheets. It was
observed from differentsmoke filters that the
filter with wire mesh could give the better
colour for the sheets. However, the filter was
found to be blocked and if the filter is fitted
with GI pipes, it was found to give good
colour to the sheets without any blockage to
the filter.

Experimentto enhance the durability
of mud wall was conducted and the
results showed that the strength of the
wall increased when latex was applied to
it. High strength of the wall was observed
when it was made with latex mixed with
clay. However the wall coated with pre-
vulcanized latex gave better finishing
and least peeling off properties for the
coating.

A survey was conducted to study the
present status of biogas plants installed in
different RPSs in Tripura state. The rubber
processing unit effluents on anaerobic
treatment produces the combustible gas,
methane due to the adivity of methano-
bacteria and other micro-organisms.
Preliminary resultsshowed that the same gas
can also be generated during low
temperature period in winter season. One
third of the fire wood could be saved by
supplementing biogas for rubber sheet
drving in addition to better colour of the
sheets. It was observed that RPSs generally
sell latex to the local heat resistant latex
rubber thread manufacturing company
available in this state. This practice generates
insufficient effluent, which is one of the
reasons for the non-production of Biogas in
some plants. Lack of repair and maintenance
of plant were other reasons. Most of the
Biogas plants seem to be under utilized in
this place.



6. Economics

A project entitled "An economic
analysis of primary processing and
marketing of Natural Rubber in Tripura™
was undertaken covering 13 Block Planting
Units, 15 RPS and 116 individual growers.
Altogether, 305 small rubber growers were
covered. It was found that processing of
sheet rubber takes place only among the
individual growers. The lower transaction
costs of marketing and quicker price
realization were the main reasons for
processing sheet rubber. The individual
farmers were mostly selling their produce
as unsmoked sheets to village traders /
subagents of dealers. The average deduction
for selling unsmoked sheets to the
subagents was 27.20 kg ' from terminal
market price of RSS 4 Kottayam prices. The
93% of BPUs and 80% of RPSs were

processing/marketing their produce as
preserved field latex (PFL). The channel of
marketing of PFL has been dominated by
the trading company (100% in BPU and 90%
in RPS). The RPS/BPU process sheet rubber
mainly during monsoon and peak season
(at that time local heat resistance latex
thread manufacturing company may not
buy the entire quantity). The farm gate price
realized by the beneficiaries/ members for
one kgofdry rubber was Rs. 14.15 less than
RSS 4 Kottayam prices.

7. Advisory work

Discriminatory fertilizer reccommendation
based on soil and leaf analysis was offered to
244 rubber growers of this region. A total of
1356 number of latex samples were analysed
for DRC and other latex parameters. Total 4010
m of bud wood of high yielding clones were
supplied to growers.

REGIONAL RESEARCH STATION, TURA, MEGHALAYA

The Regional Research Station, Tura
continued its research activities on
evaluation of clones,-polyclonal population
latex harvest technology and crop
management.

1. Crop improvement

1.1.Poly-cross progeny evaluation

The population attained an average
girth of8.7cm ranging between 3.4and ]3 5
cm. Average test lap yield of 230 populations
was 4.02 g t'10 trees ' with a range of 1.2-
1.2.7g t-JO trees '. On the basis of the test-tap
yield and girth of the progenies, top 20% of

the population was selected for further
evaluation in clonal nursery trials. Selected
seedlings were cut back to generate bud-
woods. In 2011, a new nursery of 800 poly-
cross progenies was setup atCanolgre farm.
1.2. Clonal nursery evaluation
A clonal nursery was set up with three
select,ons from Tura and four each from
Agartala and Guwahati with RRIM 600 as
The expenmentis in RBD design
with 12 clones and three replications with a
plot size of 6. Agartala selection RRSA 461
showed significantly higher height (2.48 m),
girth (9.2 cm) and numbers of leaves (61.8)



Location

Selections Height (m)

Guwahati X1 1.9:03
X2 22402
X3 21404
X9 21203

Tura RRST 24 2.0£03
RRST 27 23104
RRST 39 13:02

Agartala RRSA 121 2001
RRSA 315 24*0.1
RRSA 461
RRSA 585

Check RRIM 600

LSDTc0.08 045

CV (%) 12.9

Table Tura 2. Growth parameters of dif

Tabic Tura 1 Growth parameters of clonal nursery evaluation trials at Ganolgre farm

Girth (cm) No. of

leaves whorls
7.1+0.1 4.1+03
7.70.7 . 4.9+1.8
6.7+29 48.547.3 4.8+0.3
7.9+1.8 43.8+2.0 3.7x03
55+1.0 45.3%1-3 4.0+1.0
8.2+13 49.745.2
5.0+£1.0 36.0+3.0
7,640.6 59.6+1.0
8.6+1.0 43.0£1.0 .
9.2+1.0 61.8+1.0 4.4£10
7.7x0] 53.0£3.0 4.3+0.3
6.740.8 47.5+0-5 4.3:0.3
6.6 14
8.1 93

ferent clones in the on-farm trial at Mendipathar, East Garo hills of

Meghalaya
Height (m) Girth (cm)

Mean Mamin  Rabha Mean Momin  Rabha  Mean
PB 235 EZ
RRII 417 e
RRII 429 -

107 103

RRII 422 142 234 174
RRII 203 152 105
RRIM 600
LSD*P<0.05
cv()

when compared to otherselections, while Tura
selection RRST 39 showed the lowestvalue tor
the above parameters (Table Tura 1).
1.3. Evaluation of clones (LST)
Establishment of LST with 18 clones is
under progress (RR11 105, RR11 203, RR11 208
RRII 414, RRII 417, RRI11422, RRI1 429, RRII
430,IRCA 111, IRCA 130, REYAN 88/13,
HAIKEN 1, RRIM 703, PB 235, PB 312, PB
314, PB 28/59 and RRIM 600 as check clone).
Bud-wood nursery of the clones has been
established at Ganolgre farm.

1.4.On-farm evaluation of selected clones

Three on-farm trials have been set up
in the East & West Garo Hills of Meghalaya.

600 plants each of six clones viz. RRII 417,
RRII 422, RRU 429, PB 235, RRII 203 and
RRIM 600 were planted in two locations in
the East Garo Hills and 400 plants each of
four clonesviz. RRII 417, RRU 422, RRII 429
and RRIM 600 were planted in the West Garo
Hills of Meghalaya. In East Garo Hills,
highest girth and height was found in PB 235
(15.6 cm and 4.3 m) followed by RRIM 600
(15.2 cm and 4.1 m). Maximum number of
branches were obtained in RRII 203 (17.4)
followed by PB 235 (11.8) and RRIM 600
(10.5) (Table Tura 2). In West Garo Hills,
RRIM 600 was found fallen (2.31 m) but RRII
417 excelled in terms of mean girth (cm),
number of leaves and number of whorls.



1.5. Half-sib progeny evaluation

On the basis of test tapping, yield and
girth of the progenies selected in year 2008,
20% of top ranking population was selected
for further evaluation in clonal nurserv trials.
In anotherexperiment (2009), comprising of
seven progeny clones (PB 86,GI 1,GT 1, RRII
203, RRIM 600, RRII 105 and PB 260),
progeny population of RRIlI 203 showed
significantly higher height (3.25 m), girth (8.4
m) and number of whorls (4.9) when
compared to other progenies. RRII 105
progenies were better in terms of test tap
yield (2.18 g t'lO trees'). From this trial also,
20% of the top ranking progenies were
selected for further evaluation in clonal
nursery' trials.

1.6. Development of poly-clonal seed
garden
Eight hundred and fifty nine poly-bag
plants belonging to 9 dones (RRI1I 118, RRn
203. RRI1 208, RRn 422, RRI1429, Haiken 1
SCATC 88/13, PB 280 and RRIM 600) were
planted in the field at Hahara, Guwahati.

1.7. Evaluation of poly-cross progenies
from four stations of NE region
Polyclonal seeds (360 progenies) were

collected from four locations in the NE

region and planted (in RBD with 5

replications). Guwahati polyclonal progenies

Table Tura.1 Growth paranreters of poly cross
stations

P A f~A A foor
Locations  Height  Girth U v«  \norls
(m) (an)
2.fe0n *
7.2*04 36.745.7 —r
Tura 25404 “24)0 375473 [EEN
NagrakaHa 2 7+0.2 8.040.5 3964+7.3
Guwahati  3.0x03 82412 43gegg ':\‘
11 93
CV(%) 0.0 0.2 03 g Z

showed the maximum height (3.01 m), girth
(8.2cm), number of leaves (43.8) and number
of whorls (5.4) when compared to other
selections but statistically significant
variation was not observed between the
locations (Table Tura 3)

2. Crop physiology and latex
harvest technology (LHT)

Low temperature (below 10 °C)
during winter period is one of the main
factor for depression ofyield and dr)' rubber
content in Hevea under the agro-climatic
condition of Garo Hill. Yield and yield
components were recorded and the results
indicated thataverage total volume of latex
was 186.1 ml t 111yield 58.4 g t'11'land DRC
was 33.8%. Complete defoliation occurred in
3rdweek of February and lowestsoil moisture
was recorded in the month of January/
February.

Among the treatments, S/4 upward
tapping system with once in three weeks
stimulation in the upward cuts and periodic
panel change of d/2 system showed highest
yield compared to all other treatments (Table
Tura4).

Table Tura4. Annual yield (g t1t*) under controlled

201112 ,aPPinS SyS.emS durin8
Treatment ~ ~ -
Yieid
77777 gf te
T1 $/2d2 6d/?ET15%Pa<2/y), ~ T
S/4LFd2 6d/7ET 5%. La (3w)
T2 S/2d2 M/7 ET 2.5% Pa (i/y) 00 195

S§/4U,02W /7in-5%.La(m)"

T3 S/2d26d/7 FT 2.5% Panly) 176
S$/4U d2 6d/7 ET 5%. La (m)*

T4 S/2d2 M/7 ET 23% Pa

- NJZW ETSt .
CD (0115 —




Shallow tapping - an option to stress
alleviation in Hevea plantations during
winter season in NE region, monthly yield
and DRC (%) were recorded and presented
in Table Tura. 5 and results indicated
maximum total volume of latex in normal
tapping system than shallow tapping system.
DRC recorded in normal continuous tapping
system was 1.2% lower than shallow tapping
system. Normal continuous tapping system
showed higher TPD than the shallow/
continuous tapping system and minimum
was in normal tapping system

An experiment on location specific
stimulant application on ethylene induced

stress responses in the tapping panel of the
Hroea trees was initiated with the aim to
reduce theethylene mediated stress responses
in tissues in the tapping panel by applying
the ethylene compounds away from the
tapping area withoutcompromising the latex
yield under the agro climatic conditions of
Garo Hills. RRIM GOOclone was selected for
the study with 8 treatments and with
application of 5% Ethephon (Three times per
year). Higher volume of latex (232.5 m| t'1t'))
with lower DRC (34.12%) was recorded in
treatment with bark application of 5 %
Ethephon above 125 cm from the bud union
and near the bud union while lower volume

Months Total volume of latex (ml 1179 DRC (%)
Normal  Shallow/normal  Normal Normal ~ Shallow/normal  Normal
tapping tapping continuous tapping tapping continuous
tapping tapping
February - 133 164.4 . 26.4% 254
March 931’ 1218 316 205
April 885+ 1100 - 337+ 321
May 90.0 700 95.0 333 347
June 1063 95.0 1083 s 33 340
July 1650 1583 1666 s 385
August 923 883 933 75 379
September 1380 1350 — 378
1620 1500 — 359 37.0 359
207.0 1950 2050 339
1006 1883 1966 319
279
January 1653 1525 1583
1321 1433 345 353 341
0.05
LSD*P<0.05 10.56
500 6.6 489
Projected yield***
2120 2225
TPD (%) 112 145 195 —————



of latex (96.1 ml t 't !)and higher DRC (35.37
%) was observed in un-stimulated trees.

3. Crop management

3.1. Nutritional studies (On-farm trial at

Borgang, Assam)

Treatment-wise soil samples were
collected and analyzed for available
nutrients. Monthly cup lump yield (g t1f 9,
DRC (%) and total latex volume (ml t11%)
were recorded. Girth of the plants were
recorded at different time intervals. Results
indicated highest girth (90.5 cm), girth
increment (2.98 cm), yield (56.4 f t'l), DRC
(34.3 %) and latex volume (168.0 ml t'11') for
the treatment N'"P~ K~ kg ha'and minimum

for NOPOKO (Table Tura. 6). Application of
NPK fertilizers had significantly improved
available P and K contents in soil in the same

treatment compared to the control.

3.2. Soil moisture retention characteristics
under the rubber growing area of
Meghalaya
Soil samples were collected at 0-15 cm,

15-30 cm and 30-60 cm soil depths and soil

moisture determined. It was found that soil

moisture content showed increasing trends
with increasing depth of soil in all the
months. Maximum soil moisture content was
recorded during July-September period and
minimum was in January-February period
(Table Tura 7).

Table Tura 6. Effect of N, P, and K combinations on yield, DRC, girth and total volume of latex under the
Central Brahmaputra valley zone (CBVZ) of Assam during mature phase.

Treatment Girth Girth
combination (an) increment
(N:PiK) kg ha* (cm)
TL (OHV) 706 0.9
T2 (0:0:15) 719 11
13 (0:15:0) 66.8 13
T4 (15:0#) 731 14
TS (ffc0:30) 725 17
T6 (030:0) 757 16
T7 (3WH) 778 2.0
T8 (15:15:15) 767 21
T9 (30:15-30) 813 21
T10 (3030-30) 817 23
Til (45:1530) 841 24
T12 (4530:45) 839 25
T13 (60:1530) 845 28
T14 (6030:30) 855 29
T15 (6030:45) 905 30

Yield DRC Total volume
(gftf) % of latex
(mitir)
214 314 705
722 317 742
2.4 318 792
213 321 875
20.4 322 945
31.2 325 99.2
333 327 104.7
34.8 329 112.16
382 331 119.0
412 332 127.2
443 334 1355
56.9 336 142.8
498 338 146.7
53.0 341 159.3
564 343 168.0



Table Tura7. Soil moisture content (%) under
different depth at RRS, Canolgre farm

Months Soil moisture content (% 1
0-15cm  15-30cm  30-60cm
depth depth depth
April 205 215 229
May 27 239 245
June 23.7 24.9 257
July 25.7 26.4 272
August 270 279 281
September 273 281 2.7
October 234 245 25.0
November 21.0 213 219
December 205 214 21.9
January 192 195 201
February 182 189 193
March 183 102 19.4
Mean 227 25 2.1
5D 31 £ 32
CV (%) 136 135 131

3.3. Analytical/ Advisory work for
fertilizer recommendation

Fifty eight soil samples were collected
from the rubber growing areas and made
soil fertility assessment. Results indicated
that in the top soil (0-30 cm) OC content
was in the medium range (1.2-1.5%),
available phosphorus was in the low range
(0.14-0.38 mg 100g ") and available K was
in the medium range (7.1-8.2 mg 100 g')
The soil is acidic in nature with pH
ranging from 4.5 to 5.6. Fertilizer
recommendation was offered to the
growers.

REGIONAL EXPERIMENT STATION
NAGRAKATTA, WEST BENGAL

1. Crop improvement
1.1.Evaluation of clones

Experiments on multidisciplinary clone
evaluation was initiated in 1990, 1991 and
1993 in the non-traditional area of Sub-
Himalayan West Bengal with the objective
ofscreening promising clones suitable for the
area in terms of growth, yield and other
attributes. The growth over twenty one years
after planting, indicated (Table Nag. 1) that
in trial I and Il girth was highest in clone
RRIM 612 (86.7 cm) followed by SCATC 88/
13, RRII 118, Haiken 1and RRIM 605. Here,
girth ofeight clones was superior to jheeheck
clone RRII 105. In trial Il SCATC 93/114
showed significant higher girth than the
check clone RRIM 600 and in trial IV none ot
the clones were superior to the check clone
RRIM 600.

The meanyield (Table Nag. 2) of SCATC
88/13, RRI1300,"PB 311, RRIM 703, RRIM 605,
RRII 208, SCATC 93/114 and PB 235 were
superior to the check clone RRI1I 105 in trial |
and 11 Yield of check clone RRIM 600 was
appreciable in trial 111, i.e., none of the clones
performed better than it. However, in trial
IV the mean yield of PB 280 and Haiken 1
was higher than the check clone RRIM 600.

1.2. Evaluation of germplasm

Evaluation of germplasm in hot-spot
areas like Nagrakatta, West Bengal was
initiated in 1998 with 21 germplasms along
with RRU 105 as check clone. Among the
wild accessions maximum girth (Table
Nag. 3) was found in RO 3172 followed by
RO 2890, RO 5348 and RO 2635. Girth of
eight clones were found superior to the



Trial land U
Gl1

GT I

Haiken 1

PB 235

PB311

PB 5/51

PB86

PR 107

RRU 118

RRII 203

RRII 208

RRU 300

RRIM 605
RRIM 612
RRIM 703
SCATC 88/13
SCATC 93/114
RRIi 105 (check)
Collective mean
CD (P=0.05)

Trial 1and Il
Gl

GT1

Haiken 1

PB 235

PB 311

PB 5/51

PB 86

PR 107

RRII 118
RRII 203
RRU 208
RRII 300
RRIM 605
RRIM 612
RRIM 703
SCATC 88/13
SCATC 93/114
RRII 105
Collective mean
CD (P »0.05)

Table Nag.

Girth (cm)
64.6
704
77.2%%
72.4%
683
66.7
703
701
78.9%
67.3
70.9
71.9%
75.9%

1. Pattern of girth (cm) in different clone trials

Trial 1m

RRIM 612

RRII 208

PR 107

PB 310

SCATC 93/114
PB 260

RRIC 102

PB 86

Haiken 1

PB 235

RRIM 600 (check)
Collective mean
€D (P =0.05)

Girth cm)  Trial IV

78 PB 280
64.1 RRII 308
66.8 RRII 208
66.2 PR 261

75.2*  RRIC 104

630 SCATC 93/114

69.8  RRII 300

66.7 PB235

700 Haiken 1

67.3  RRII 105

67.7  RRIM 600 (check)

68.0  Collective mean
60  CD (P=0.05)

Table Nag. 2. Pattern of yield in different done trials

Yield (gt'r')
273
307
303
40.9*
433 =
327
343
383
304
22
4224
43.8"
425 *
393
433 =
417
412
337
347

68

Trial 1l
RRIM 612

RRU 208

PR 107

PB 310

SCATC 93/114
PB 260

RRIC 102

PB 86

Haiken 1

PB 235

RRIM 600
Collective mean
CD (P =0.05)

Yield (g ft)  Trial IV

232 PB 280

349 RRII 308

27.0 RRU 208

342 PR 261

28.8 RRIC 104

277 SCATC 93/114

291 RRU 300

294 PB 235

35.6 Haiken 1

35.0 RRU 105

36.1 RRIM 600

310 Collective mean
NS CD (P - 0.05)

Girth (cm)
69.2
60.6
641
645
60.0
70.6 *
63.7
65.6
68.1 *
62.1
66.7
65.3

NS

Yield (g t-'t])
40.7
20.9
42.0
32.2
212
26.7
36.3
36.9
418
305
378
35.2

NS



Table Nag. 3. Growth and yield in different ag = ion. =>!//..a

Accessions

Girth (cm) Yield(g f )
AC 1950 6L1 242
AC 607 36.8 200
AC 619 62.7 8.9
AC 623 463 27
AC 68 616 73
AC 763 53.4 302
MT 196 641 256
MT 2229 674 “ 209
MT 2594 529 150
MT 44 663 14.4
RRn 105 60.1 412
CD (P°0-05) 532 (girth) NS (yield)

check clone RRII 105. In terms of yield, RO
5363 was found comparable to that of the
check clone RRII 105. In general, the
performance of Rondonia was better than
Acre and Mato Grosso accessions.

1.3. Performance of polyclonal seedlings
Polycross seeds collected from seed
garden in Kanyakumari, Tamilnadu were
grown in the natural climatic conditions of
North Bengal since 1990 with 240 trees in
CRD (single tree single plot) with a 5x5 m
distance. Mean girth of the population after
21 yearsofplanting was 66.0 cm. The average
block yield of the population was39.2gr r
during the reporting period. Seven per cent

Accessions Girth (cm) Yield(g )
RO 2629 65.2 143
RO 2635 701 = 51
RO 2890 74.9% 144
RO 3172 760 122
BO 5329 57.2 167
RO 5348 7217 203
RO 5363 633 49.0
RO 5408 57j! 125
RO 5430 66.2* 224
RO 5557 69 2% 173
RO 6130 53+ n.i

plantsshowed above80gr t:yield. Selected
ortets were maintained at the nursery for
further evaluation

2. Crop management

2.1 Nutritional trial

Foroptimizing the fertilizer dose in the
area of Sub-Himalayan West Bengal, an
experimenton NPK in three factorial design
was laid out The girth data during this year
(Table Nag. 4) did not show any regular
patternin differentdosesd fertilizerapplied
Yield in N P~IC was significantly higher
(Table Nag. 5) than \ PJC comfeanatson.

Table Nag. 4. Girth (cm) of rubber clones in response to

N Level

(kg ha')) Ko K*
708 69.3 70.1 743%
65.2 695 70.7 66.2
69.9 65.9 716 708
68.9 752" X4 688

NP
CD (P - 0.05) 299

* Significant at 0.05% level;

*x L K-
mi 719
747%  70% 69-4 7L 7L
712 73.7" AA 7U0
728 74L5% 744+ mj 700
NPK
2.70

»* Significant at 0.017 ieetf
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Table Nag. 5 Yield (gtV ) distribution of rubber in response lo NPK

N Level P P, n,
K, K, Km K, K., K K, K.,
NoO 38.2 30,9 37.9 43.7* 31.6 40.1 313 32.2 321
NIf. 26.0 328 35.1 326 33.0 30.1 31.2 311 313
N* 313 343 279 324 28.0 253 37.9 28.3 334
286 358 331 30.1 325 38.9 37.9 323 328
NP NK PK NPK
CD (P»0.05) 8.23 8.61 9854 .6 4

2.2 Inter-planting trial

An inter-planting trial on rubber in tea was
continuedin the Dewars area of West Bengal.
Four different planting combinations of tea-
rubber along with monoculture of tea and
rubber as control were the treatments.

Green tea leaf yield in inter-planted
plots (Table Nag. 6) was significantly lower
than thatofthe pure plotdue to heavy shade
imposed by the mature rubber trees and also
due to severe pest attack in inter-planted
plots.

Table Nag. 6. Growth and yield of rubber and tea

3. Crop physiology

3.1. Performance of polycross progeny
raised from seeds of locally adapted
mature rubber plantation

Rubber seeds procured from different
regions of North East India (North Bengal,
Assam, Meghalaya) and South India (HBSS,
Kanyakumari) were cultivated in the Sub-
Himalayan West Bengal in 2008 in order to
understand whether there is any difference
in performance of the plants while growing
away from their native place. The data

Treatments Spacing Tea yield Rubber girth Rubber yield
(kgha') (cm)

Pure Rubber Rubber -5x5 m - 61.4 1448 (100%)

Rubber +Tea Rubber - 10x 25 m 1187 (70%) 56.8 873 (72%)
Tea-10 x (LOX 0.6) m

Rubber + Tea Rubber - 12x25 m 1187(70%) 56.8 873 (72%)
Tea- 12x (1.0 x 0.6) m

Rubber* Tea

(paired row) Rubber - 18 x (3% 3) m; 2rows 1758 (729%) 62.3 813 (68%)
Tea- 18x (10X 0.6) m

Rubber + Tea Rubber - 10x5.0 m 2203 (70%) 64.6 354 (35%)
Tea- 10x (LOX 0.6) m

Pure Tea Tea-1.0 x0.6m 11174(100%)

CD (P»0.05) 8161.77

Data in parentheses denote plant stand per treatment



during this year showed no significant
difference between the girth of plants from
differentsource of seeds.

3.2. Physiological evaluation of rubber
clones in abandoned tea growing areas
of Dooars belt of North Bengal

Attempt was made to introduce rubber
in abandoned tea growing areas of sub-
Himalayan West Bengal where the soil is
either sodic or stony. Preliminary result
showed that rubber can grow well in the
alkaline pH of 8.3. For physiological
evaluation of different clones grown in high
pH soil, another experiment was initiated in
soil pH of 7.3. Eight months old polybag
plants of six clones viz. RRII 208, RRII 429,
RRI1417, RRII 422, RRIM 605 and RRIM 600
were cultivated in blocks of 75 plants each in
high pH soil along with control plants of same
clone growing insoil pH of5.5 at the research
farm of RES, Nagrakatta. The success rate of
the plants growing in high pH soil is 100 %.
Almost all the plants showed cold injury in
tine form of leaf-tip drying and leaf fall. After
two months of planting the girth of plants

under high pH soil was better than that of
normalsoil in RRU 422 and RRLM 605. Among
the clones growing in high pH soil, the girth
of RRI1208 was significantly higher than that
of RRIM 600.

3.3. Evaluation of environmental stress
tolerance and physiological
adaptations of cold and drought
tolerantortetselections under varying
agro-climates in India
Field performance of cold tolerant

clones when exposed to drought stress were

studied by planting them in drought prone
areaand vice-versa, budgrafted plantsofortet
selections from Nagrakatta, Tura, Agartala,

Guwabhati (cold) and Daphchari (drought)

were raised at RES, Nagrakatta (Sub-

Himalayan West Bengal) and maintained.

The growth data of the polybag plants inside

the polyhouse was collected. In general, the

survival rate of Tura material was lower
compared to that of the others.

3.4. Effectofapplication of yield stimulant
away from tapping cut
Inorder to understand the effect of yield

stimulation on different areas of bark away

Table Nag- 7. Effect of stimulation on yield of rubber

Yield % of plants
System oi stimulation application (@tit) (kg tree'year) showing above
70% TPD
69.1 474 34
A. At 125 cm from the bud union
1696 52.7 38 15
B. Below the tapping pane
68.4 50.0 35
C. On the bud
n the bud union o 525 a7 8
D. Atboth Aand C positions 10
68.9 45.0 3.2
E. Bark between 150 cm up to 125 cm
F. Bark application of diluents il at botl 6834 2 29 13
Aand C positi
and C positions 018 sis 29 23
G. Panel application of 2.5% Ethephon s
702 434 31
H. Unstimulated trees 056

CD (P ° 0.05)
A to F : Barkapplication 0f5% ethephon



from tapping cut, seven different treatments
were considered along with unstimulated
trees as control. The experiment was
undertaken in BO-2 panel (4lhyear) of clone
RRIM 600 under S/2d3 system of tapping in
blocks of 40 plants each.

Plants of all the treatments were ol
uniform girth. The first year yield data
(g f 1f 1) showed that yield in treatments B,
C, D and G were significantly higher and that
on kg tree"year ‘ basis (Table Nag. 7) B, D
and G was significantly higher than that of
the unstimulated (H) trees. The % of plants
showing above 70% TPD in B, C, D, were 15,
5 and 8 respectively whereas it was 23 in G
and in unstimulated block it was only 5%

3.5. Experiments in shallow tapping at

RES Nagrakatta

Tapping rest ismandatory in North East
region to avoid low winter temperature
stress. Upon tapping rest, the crop
productivity of the rubber plantations in
North East is affected with an approximate
loss of 30-40 tapping days in every year. To
overcome theyield loss an alternate method
is being tested by adopting shallow tapping
without giving tapping rest during the

winter months. Study was also initiated to
understand the magnitude of stress
induction in the tapping panel due to
shallow tapping compared with normal
tapping. Trees of uniform girth ofclone RRII
105 with S/2 d2 tapping frequency in BI-1
panel (2rdyear) were selected. Similar system
was followed in RRIM 600 where trees were
tapped in BI-1 panel (4byear). The tapping
days obtained in shallow or continuous
tapping system was 140 where in normal
tapping system itwas 103. The data showed
thatyield in shallow tapping was on par with
the normal tapping system. The percentage
of plants showing above 80% TPD was more
in shallow/continuous tapping compared to
normal tapping with rest (Table Nag. 8).

Table Nag. 8. Yield pattern in different tapping

systems
Clone Yield (kg ha})

Normal shallow  Continuous

tapping tapping tapping

with rest  during winter without rest
RRII 105 1259 (0) 1268 (4) 1234 (3)
RRIM 600 1300 (1) 1292 (2) 1253 (4)

Figures in parentheses is % ofplants showing >80% TPD

REGIONAL RESEARCH STATION
DAPCHARI, MAHARASHTRA

The mandates of this Station are to
develop suitable clones and location specific
agro-technology for droughtcondition. The
experiments on crop improvement
(screening of wild Hevea accessions,
evaluation of clones, polyclone, pipeline
clones, selected ortets and wild Hevea

accessions for growth and yield performance

under North Konkan condition),
environmental physiology (irrigation
requirement and irrigation methods,

drought studies) and crop management
(practices to mitigate the drought like soil
moisture conservation) are being carried out.



1. Environmental physiology
1.1.Drip and basin method of irrigation

For the identification of suitable clones
having physiological tolerance to water
stress and high temperature, two
experiments based on irrigation scheduling
and methods of irrigation being conducted
in this station.

The irrigation experiment was started
during 1987 with an objective to evaluate the
advantage of drip irrigation over basin
irrigation in terms of water saving and total
economy towards the cost of irrigation. The
treatment comprises of 1.00, 0.75 and 0.50
ETcin basin and 0.75, 0.50 and 0.25 ETc in
drip methods of irrigation. From February
2000 onwards, the 0.75 ETc in the basin and
0.50 ETcin the drip were reduced to 0.25 ETc
in order to find out whether irrigation
requirement can be further reduced. The
response of different irrigation levels by
these methods wasobserved Lnterms of girth
increment in clone RRII 105. A significantly
higher girth was registered in basin irrigation
at 1.0 ETc (77.4 cm) but it is on par for 0.25
(reduced irrigation from 0.75 ETc) and 0.50
ETc (74.75, 74.74 cm respectively) basin
irrigation. Itwas found that the trees under
different levels of basin irrigation (1.0, 0.25,

Table Dap. 1 Effect of different irrigation methods
and irrigation scheduling on girth and
vield of rubber —

Girth (cm)

Yield (g ft-)
Control 4.8
1.00 ETe 282
025 ETct 28.7
0.50 ETc 335 77:?3
Drip 0.75 ETc 31 5
0.25 ETC' 363 e
0.25 ETc 322
SE+ 38
e NS 36/

ETcto 0.25 ETe

0.50 ETc) showed higher girth (77.4,74.8,74.2
cm) as compared to drip system and control
(65.7 cm). The drip irrigation scheduling
(0.75,0.25*,0.28 ETc) resulted in higheryield
(36.3 g t'11") as compared to basin irrigation
(33.1,36.3,32.2 gf r'). (Table Dap. 1).

1.2. Cost evaluation trial

The cost evaluation trial was started
during 1987 to find out the expenses incurred
towards various inputs, farm practices and
irrigation. The treatment contains irrigated
and unirrigated trees of RRIM 600 and the
irrigated trees were divided into two parts
according to soil depth. Among them, one
being maintained under reduced irrigation
of 0.2 ETc (deep soil) and another under 1.0
ETc (shallow soil) level of irrigation. The
block yield, total latex volume and DRC
percentage were recorded. The reduced level
of irrigation was further reduced from 1/4h
to a minimum level of I/5h with an aim to
find out the optimum irrigation requirement
for mature trees in good soil depth area. The

Table Dap. 1 Effect of different depth of s
different summer irrigation sc
onyield of rubbertgt t )

Drv rubber yield 2011 #2012

RT'T)

A B c
Months Control ~ U5ETc  10ETc
April 295 2838

205
June 253 246

276 283 265
August 26.0 305
September 28.8 202
October 30.0

49.2 27.6

576 382
January 644 327

306
Mean 3.4 203 211
SE+ 44 14
. 146 45 28



results (Table Dap. 2) showed a better
summer as well as annual yield under the
reduced level ofirrigation (1/5*ETc) in deep
soil area (31.5, 29.3 g f t 1) than the higher
level of irrigation (1.0 ETc) (20.0,21.1 g t't *)
in shallow soil area.

2. Latex harvest technology (LHT)

In order to study the optimum
stimulation schedule for maximum latex
harvest from low yielding regenerated bark,
one demonstration trial on CUT (controlled
upward tapping) was initiated. The study
was initiated during 2009 in BI-1 panel
(regenerated bark) of RRIl 105 planted in
1983 with randomized block design. The
objective is to identify the best CUT practice
suitable to this region. Treatments
comprised of S/4 and S/3 upward tapping
cuts with periodic panel change of S/2basal
panel tapping (during monsoon months)
underd3 frequency of tapping and different
levels of stimulation. Yield recording of all
tapping days, monthly DRC% (one week
before stimulation), annual TPD % and
recording of girth increment were also
carried out.

Results show that S/3U d3 6d/7 system
with periodic panel change recorded
significantly highestyield both under upper

TabfcDaE” V ieW ,«po,5eolcloneRK11105loUp.«JrfT»prin,

Treatments gff
TI- $/2d3 6d/7,5/4U d36d/7 ET5% La (3w) 581
T2- $/2d36d/7,5/3Ud36d/7 ETS% La (3 66
T3-5/2d36d/7,/4Ud36d/7 ET5% La (m) 536
T4-$/2d36d/7,5/3U d3 64/7 ET5% La (m) 551

CD (P*0.05)

and basal panels over all other treatments
(Table Dap. 3).

3. Crop improvement

The thrust areas of the Station were
development of drought tolerant clones,
screening of wild Hevea accessions and RRII
400 series clones for drought tolerance, ortet
selection and selection from halfsib progeny
of prepotent clones. The clone evaluation
trial started in 1985 to evaluate growth and
yield performance of 15 modern clones got
completed

3.1. Ortet selection

The results of the large scale evaluation
of 14 ortets started in 2008 indicate OS 135
as the tallestand O S 36 as having higher girth
among the ortets studied. The detailed
growth characteristics are furnished in the
Table (Dap. 5)

3.2. Germplasm screening

The experiment on screening of wild
Hevea accessions for drought tolerance under
Dapchari conditions was continued. The
Mata Grosso accessions were found superior
in growth characters than those from
Randonia and Acre provinces. Based on their
field performance over four years, about
twenty five accessions have been identified
to have drought tolerance.

cut Normal Tapping
kg tree’ kg treel
39 1557 441
45 1792 441
36 1436 301
3.7 1477 38.8
7.04 4.62

NS NS



Table Dap. 5. Growth performance of different ortets
with control clones under Dapchari

condion
Treatments  Girth Height 9% yellowing
(cm) (cm) February
2011-2012  20T1-2012 2012
ost 125 436.8 46
0s8 109 390.4 85
os3 142 4844 55
0535 151 500.0 8.2
0536 158 485.4 138
0537 146 498.0 63
0s 42 138 4104 101
os 11 153 493.7 61
05 135 146 480.7 41
05 136 12.9 4195 97
05173 153 483.0 39
05 2016 150 487.7 33
05236 151 4758 9.4
05317 147 469.7 53
RRII 105 113 304.8 9.0
RRU 208 152 448.7 43
RRII 430 137 475.3 9.0
RRIM 600 155 497.4 7.0
SE+ 10 187 29
cp 21 53.7 NS

3.3. Evaluation of selected wild Hevea
accessions

Three experiments comprising of 25,47
and 11 selections are being evaluated. The

regional

25 selections planted for the evaluation trial
that was started in 2007 displayed wide
variability for all the characters studied. The
other two trials were started in 2010 with 47
and 11 wild accessions. Recording of growth
parameters is being continued

3.4. Clonal nursery evaluation

Fourclonal nursery evaluation trials are
in the initial stage to evaluate half sib
progeny, polycross and half sib progeny of
prepotent clones of pipeline clones
Experiment on identification of reliable
juvenile and mature characteristics for clone
identification in Hevea (50 divergent clones)
is being continued. Standardization of
distinctiveness, uniformity and stability
(DUS) testing norms for evolving specific
guidelines is being continued

4. Crop Management

The experiment to find out the effect of
vertical mulching and Kaoline 6% spray on
growth and yield of clone RRII 105 with
rainfed as control was in progress. The
results of the experimentdid not indicate any
significant difference among the treatments
in terms of growth.

research station

DHENKANAL, ORISSA

The Station in Dhenkanal district of
Odisha, represents dry sub humid climate.
The Station continued its research activities
with the particular objective of identifying
clones suited to drought prone conditions.

1. Crop improvement

Five clone evaluation trials, including

evaluation of clones and of polyclonal
population are in progress. The trials were
laid out to identify most adapted and highly
yielding clones under the dry sub humid
climate
1.1. Clone evaluation

Inthe 1987 experimentRRIM 600 (74.4 cm)
recorded significantly higher mean girth over



RRII 105 and GT 1. The elite done RRIM 600
also recorded highest mean yield (373 gt t°)
while GT 1 recorded the lowest yield (30.6 g
t t ). The clone RRIM 600 was found
superior in terms of both adaptability and
yield

In another clone trial (1990), clones such
as SCATC 93/14 (842 cm), SCATC 88/13 (80.7
cm) and RRU 208 (78.5 cm) showed superior
girth. RRII 208 showed overall superior
performance especially in terms ofyield (68.2
gt-'f] followed by SCATC 83./113 (67.6 g t »f)
and RRIM 600 (55.7gt :f ), while SCATC 93/
114 (33.6 g t 11w) and RRII 300 (449 g t t!)
recorded poor yield.

Table Ori. 1. Mean girth and yield of elite clones

Girth Yield
Clone (cm) (gt-'f)
RRII 105 695 34.6
RRIM 600 74.4 37.3
GT1 765 30.6
Mean 734 34.0
CD(P=0.05) 961 558

In another experiment trial (1991), the
performance of Hevea clones with polyclonal
seedlings were compared. Clones GT 1(89.1
cm)and RR11208 (85.1 cm) showed superior
growth. However,, polyclonal seedlings with
a mean girth of 101.1 cm exhibited better
growth and adaptability. RRU 208 recorded
higher mean yield (81.4 g f t>) followed by
PR 255 (635 g t1f')and RRIC 102 (61.4g f t).
In this trial also, RRII 208 exhibited higher
growth, yield and adaptability in the region
GT 1 showed lowest yield of 443 g f1t1
among the dones (Table Ori. 2).

Inmodem dones trial (1999-00), higher
mean girth was recorded in RRII 300 (58.4
cm), while the IRCA 109 (32.7 cm) recorded
the lowest. Highest initial mean annual yield

was observed in RRU 351 (27.4 gt t’)
followed by RRIM 600 (22.3gt f) and RRII
300 (222 gt 'f9 (Table Ori. 3)

Table Ori. 2. Performance of various clones

Clone Girth Mean yield
(em) (gff)
RRII 5 806 483
RRII 105 789 57.5
RRII 208 851 814
RRII 300 83.7 471
RRIC 102 822 61.4
RRIM 600 76.0 538
GT1 891 443
PR 255 83.2 635
PR 261 781 452
Polyclonal 1011 55.8
Mean 838 55.9
CD(P=0.05) 8.66 16.28

Table Ori. 3. Performance of various modem clones

done Girth Mean yield
(em) (g ff)
RRII 5 346 10.5
RRII 105 354 15.0
RRII 208 41.0 163
RRU 300 58.4 222
RRU 351 48.2 168
RRU 352 50.0 274
RRU 357 481 192
RRU 28/59 49.9 185
RRIM 600 528 223
IRCA 109 32.7 13.4
IRCA 111 420 181
Mean 449 182
CD (P=0.05) 712 4.10

1.2. Polyclonal trial

To evaluate the growth and yield
performance and adaptability of polyclonal
seedlings in Orissa conditions, a trial was laid
out in 1989. Highest annual mean yield was
recorded in 04(134.6 gt 1f") followed by
0 6(112.7gt 11'). Tenelite polyclonal trees



were selected which were multiplied for
further field evaluation and recommendation.
Polyclonal population showed promising
performance in the region.

1.3. Ortets evaluation

Ten ortets with few modem clones were
field planted for further evaluation during
2008. Ortets such as OR 4 (23.4 cm), OR 8
(22.8 cm) and the clone SCATC 93/14 (205
cm) showed comparatively
preliminary growth.

better

2. Latex harvest technology (LHT)

2.1. Controlled upward tapping trial

Preliminary observations in clone

RRIM 600 indicated that S/3 d2 upward
tapping system with monthly stimulation
of 5% and periodic panel change of basal
panel with 2 rounds of stimulation per year
showed maximum mean annual yield
(Table Ori. 4)

Ori. 4. Yield performance under controlled upward

tapping -
Mean

Treatment yield (g t'r")
1. S/2d/2ET 25%, S/4 d/2U ET 5% (3 w) 600
2.S/2d/2ET25% 2/, S/4dRU ET5% (m)  65.1
3. S/2d/2ET25% 2/, S/3d/2U ET5% (m)  82.3
4. S/2A/2ET 2:5% 2/y, S/Ad/2UET 5% (6w) 79.5

REGIONAL RESEARCH STATION
PADIYOOR, KERALA

The Station continued the research
programs for identification of clones suited
to the region and evaluation of clonal
tolerance to drought and disease incidence.
Field trials on agro-management practices
for reduction of the gestation period in
rubber are also in progress.

1. Crop management
1.1. Water requirement studies

The experiment on irrigation in
immature rubberwith irrigation levels at IW/
CPE ratio of 0.3, 0.6, 0.9. 1.2 and an
unirrigated control was continued into the
mature phase. No significant increases m
girth and girth increment between the
Treatments were observed. Observations
recorded during the first year of tapping

showed no significant difference with
respect to summer yield

1.2. Response to applied fertilizers in high

yielding clones

The experiment laid out with three
clones (RRII 105, RR11414, RR11 429) and four
fertilizer levels (30:30:20, 60:30:20, 90:60:40
and 120:60:40 kg ha'lof N, P.O. and K®)
indicated no significant response in growth
of rubber(Table Pad. 1).

Table Pad. 1. Effect of fertilizer on growth of rubber

Treatments Girth (cm)

RRII 105 RRII 429
30:30:20 513 a1 524
60-30:20 461 487 53.8
90:60:40 449 436 526
120:60:40 50.0 458 541
CD (P-=005)



1.3. Waterconsumption by rubber nurseries

Water consumption was observed to be
higher for root trainer plants compared to
polybag plants grown in polyhouses. Root
trainer plants consumed 41.3 L per plant
from seeding to two-whorl stage for a total
duration of 282 days while the water use for
a polybag plant was 32.3 L per plant for a
total duration of 285 days. Polybag plants
raised under open conditions consumed 35.9
L per plant through irrigation alone for total
growth duration of 317 days.

2 Crop improvement

2.1. Large scale evaluation of clones
In the clone evaluation trial planted in
1996, PB 330 and IRCA 130 was found

Table Pad. 2. Growth performance of modem Hevea

clones

Girth (an)  Mean annual  Summer
15*yr 16° yr yield

(4* year (5* year

gtv) gt't’y
RRH105 619 633 56.4 46.9
PB 314 625 639 451 375
IRCA 130 666  69.3 743 65.6
PB28/59 617 633 50.2 432
IRCA 109  59.6  60.9 36.4 36.0
PB 330 680 698 49.7 378
IRCA18 664 681 429 326
RRIM 703 553  56.9 37 308
IRCALLl 599 615 36,8 353
PB 255 625 635 635 525
IRCA230 629 643 429 355
CD (P*005)479 472 123 142

significantly superior to RRIlI 105 with
respectto girth (Table Pad. 2). Mean annual
yield and summer yield of IRCA 130 was
significantly higher than thatof RRII 105.

2.2. Evaluation of rubber clones/selections

athigh altitude situations

In the 1996 field trial started under high
altitude conditions (974 m MSL), significant
superiority with respect to girth was shown
by clones RRII 203 and RRIC 100 and the
selections P 270, P 213 and Iritty over clone
RRII 105. (Table Pad. 3). Yield of RRII 203
was found to be on par with that of PB 86,
RRIC 100, and P 270 and was significantly
superior to RRI11 105

Table Pad. 3. Growth and yield in high altitude area

Clone Girth (cm) Yield (gft])
P 296 57.0 243
RRU 105 415 331
RRU 203 66.4 57.7
P90 519 201
P 270 64.0 41.2
P 280 54.7 130
P2 503 187
RRIC 102 47.2 152
PB 86 51.0 46.6
RRIC 100 64.1 a5
P 121 4838 166
P 213 60.2 32,0
Pl 57.0 234
P 155 46.6 184
Iritty 50.8 312
CD (P- 0.05) 127 231



HEVEA BREEDING SUB-STATION
KADABA, KARNATAKA

The major thrust areas of research in
the Station are to evaluate clones under
different biotic and abiotic stress
conditions and to identify clones suitable
for commercial cultivation. Brief account
of the progress of research projects is given

below.

1. Smallscale trials of selected ortet
clones (1988A, 1988B and 1988C)

Three trials are in progress. All the trials
were planted along with popular clones as
controls in 1988 with the objective to evaluate
selected ortet clones.

In trial 1988A, 15 ortetclones and three
control clones are under evaluation. The
ortets are: T2,C 1/2,C 42,0 17,C70,0 15,
0 41,034,047,044,046,C7/2,0 50,0
45 and O 19 and the control clones are: GT
1, RRIM 600 and RRII 105. Regular data
collection on growth and other secondary
characteristics was continued. Tapping
was started in 2002. Mean yield data over
nine years of tapping Table Kad. 1
indicated T2 to be the highestyielder (74.0
g f f) closely followed by the ortets viz.
O 17 (68.0 g t1f) and O 15 (63.8 g t'1tl).
Yield of control clones GT 1, RRII 105
RRIM 600 were 64.6, 47.6 and 46.4 g t1t
‘respectively. With regard to growth, ortet
O 47 recorded highest girth (142.2 cm
followed by T 2 (112.9¢cm), 0 17 (UM cm)
and O 15 (102.9 cm). Though O 47 had
highest girth (142.2 cm), its yield was only
54.4 gt'tl
Among the 16 ortet clones and three
control clones namely RRII 105, RRIM 600

Table Kad. 1. Growth and yield performance of
the small scale ortet trial

(1988A) ov  nine years of lapping
(2002-2011)
Clone Girth (cm) Mean yield over nine
(24 years) years oftapping (gIt'It")

T2 1129 74.0

017 1106 68.0

GT1 827 64.6

015 1029 63.8

cir 9.3 57.8

c42 102.7 57.7

041 808 57.0

c70 91.4 55.0

047 1422 544

034 87.7 515

RRII 105 713 416

RRIM 600 743 46.4

044 781 314

(771 79.1 356

050 681 320

046 87.4 303

045 826 271

019 721 242

cV(%) 16 164

SE<t) 6.1 4.6

CD (P=0.05) 175 133

and GT 1 under 1988B evaluation trial clones
suchasTl (724gt11)and GT 1(69.5gt'1
') were high yielders (nine years data)

The 1988C trial consisting of 14 ortet
clones and three control clones viz,, RRII 105,
RRIM 600and GT1, GT 1 recorded maximum
vield (84.0g r 119 followed by ortet055(75.6
,r'r')and C 140 (75.5gf C). Controlclones
RRII 105 and RRIM 600 yielded 63.9 and 31.8
g fr' respectively. Other ortets with notable
yield are 0 49 (69.6 g f f), O 26 (65.0g tr'tr')
and O 11 (638 g f1f1)-



2. Large scale clone trial 1989

This trial started in 1989 with 14 clones
for evaluation. Maximum yield was found
in clone RRII 203 (67.2 g t 1t") followed bv
KRS 25 (56.2g t'(:). Check clones RRII 105
and RRRIM 600 yielded 46.3 and 32.7gt‘t
respectively.

3. Large scale clone trial 1990A

In this experimentstarted in 1990 with
15 clones, maximum yield was recorded in
done PB 260 (65.2g t!t’) followed by PB 235
(62.3 g fit)and HP 372 (59.6 g t1f). Tijir 1
was the lowest yielder (21.2 g t1t1) (Table
Kad. 2).

TableKad. 2. Growth and yield performance of clones
in the large scale clone trial (1990A)

Clone Girth (cm) Mean yield over eight
22 vears years of tapping (g f't")
PB 260 85.6 65.2
PB 235 925 62.3
HP372 983 59.6
PB 311 819 55.9
HP 223 9.4 55.4
PB 217 818 55.4
RRII 105 756 50.9
GT1 819 489
HP 185 813 329
MU 3/2 843 238
Gil 702 296
HP 187 781 278
Hil 28 767 23
HP 204 713 237
Tjirl 716 212
CV{%) 41 99
SE () 19 25
CD(P0.05) 55 72

4. Estimation of genetic parameters
(1990B)

This trial was started in 1990 to
evaluate the parents and their progenies
for estimating genetic parameters that are
essential for planning plant breeding
Twelve their
progenies are under evaluation. Up on
completion of eight years of tapping,
parent clones PB 235, RRII 203 and RRII
105 were found high yielding with an yield
of 79.2, 55.7 and 50.1 g t'l1llrespectively.
Among the progenies, half-sibs of RRI1203,
GT 1 and PB 235 recorded 45.6, 43.7 and
43.5 g t1tlrespectively. Progenies of PB
86, PB 213 and Tjir 1 were found low
(29.9, 26.9 and 23.6 g t'1t
‘respectively).

activities. clones and

yielders

5. Smallscale clone trials of popular
clones (1991A, 1991B and 1991C)

A total of 54 trial clones and three
control clones are under evaluation in three
trials to compare the growth and yield
performance of trial clones vis-a-vis control
clones viz.,, RRII 105, GT 1 and RRIM 600.
The trials have completed eight years of
tapping

In the trial 1991A containing 36 of both
indigenous and exotic clones maximum
yield was found in clones, PB 235 (77.6 g t'L
f), PB 280 (76.8g f t 1, PB 314 (76.7 g t 1t
"), PB 312 (72.6 g t11*) and PB 311 (66.5 g t
1%'). Clones, clones such asAVROS 352 (17.9
gt't)and CH 4 (13.8gt't') were found
low yielders.

Thirteen clones are under evaluation in
trial 1991B. In this trial Clone RRII 5 gave
maximum yield (69.5 g t' t]) followed by
RRII 3 (60.5 g t 11w).



Table Kad. 3. Growth and yield performance of In the third trial (1991C) containing 13
clones in the large scale clone trial

(2000). clones such as HP 83/224 (67.4 g tr' t') and

Clone Girth (cm)  Mean yield over three years  PB 28/59 (56.6 g t'1f'j were found high
12 years of tapping (g +'r) yielding during the first seven years of

RRII 414 722 711 tapping.
RRII 430 706 63.5
RRII 422 48.3 59.2 6. Large scale clone trial 2000
RRII 429 624 56.6 .
RRII 403 54.8 457 Among the 8 clones under evaluation,
RRII 105 58.8 394 in this trial, maximum yield was found in
RRU 407 60.3 36.8 clones such as RRII 414 (71.8 g t1tr), RRII
RRIC 100 66.4 25 430 (65.6 g trif ) and RRII 422 (59.7 g t 1t ')-
CV(%) 16.3 Parent clones RRI1 105 and RRIC 100 yielded
SE(2) 48 413 g f't:. Mean yield over three years of
CD (P0.05) 145

tapping is given in Table Kad. 3.

HEVEA BREEDING SUB-STATION
THADIKARANKONAM, TAMIL NADU

. PR . initiated at Keeriparai (1994), the pooled data
Crop improvement activities like A . )
. for 11 years of tapping is furnished in Table
evaluation of modern popular clones
under agro-climatic conditions of Parl
Kanyakumari, hybridization and clonal

selection, generation of new cultivars by  Table Par. 1. Mean yield of large-scale clone trial al

poly-cross approach and evaluation of new Keeriparai (1994)
ipeli | d th iect Clone Vietd (61" r')-
pipeline clones under the mega projec 201011 01112 oan over
Participatory Clone Evaluation' were 1years
given thrust at the Station. Improvement  pg314 943 942
N . B 73.7
of plant propagation techniques in Hma IRCA 130 796 1351 ot
N N N 788
was also pursued actively during this PB28/59 63.8 88
: IRCA 109 994
period. PB 330 927 61.9
IRCA 18 74 827 648
1. Crop improvement RRIM 703 471 1217 67.0
IRCA 111 L4 1105
1.1. Clone evaluation PB 255 903 lli:)zez 2
Performance of 30 high yielding popular ~ IRCA 230 ;22 1039 621
clones is being evaluated under nine large RRII 105 105.6 703
G. mean 3
. 19.8
scale clone evaluation experiments. In tn €D (PS 0.05)

large-scale clone evaluation expenmen



Evaluation of 11 clones (10 introduced
from Malaysia and Cote d' Ivoire from 1963
to 1991) showed that PB 255 (86.2 g t1f)
continued to exhibit significantly higher
yield than the control clone RRII 105 (62.1 g
t* f). Among the five clones introduced from
Coted’ Ivoire in 1991, three clones viz,, IRCA
109 (78.8g f f), IRCA 111 (77.5g f t)and
IRCA 130 (73.7 g t" t ") exhibited promising
yield up to the eleventh year of tapping. The
consistently high yield trend exhibited by PB
314 (77,4 g tr't) was masked by the high
incidence of TPD (52.0%). The mean yield
for 11 years of tapping on the block
evaluation experiment (1994) is presented in
Table Par. 2.

Table Par. 2. Mean yield of block trial (1994)

Qone Yield (g f t 9)
201011 2011-12  Over 11 years

RRII 5 50.2 67.3 46.9
RRII 50 56.1 693 474
RRU 51 601 805 425
RRII 105 1189 1053 60.1
RRU 176 501 643 459
RRIC 102 63.9 935 55.6
PB 217 56.6 716 50.4
PB 235 512 76.6 561
PB 260 723 917 54.8
PB 311 64.3 714 60.0
PB 28/59 77 95.1 625
PR 255 74.7 807 53.7
PR 261 648 63.8 501
Mean 67.05 79,32 53.44
SE 37 386 4.04

Outofthe13modem popularclonesbeing
evaluated in this trial, RRII 105 (69.1 g f°)
continued to occupy the first position with
respect to yield and the gap between RRII
105 and rest of the clones apparently
widened as the age of tapping progressed.
The regional popularity enjoyed by PB 28/
59 (62.45 g f f ) was fully justified by the
high yield performance of this clone in

comparison with some of the RRIl clones like
RRII 51 (425 g f tl), RRII 176 (45.8 g t't'),
RRII5(46.9g f t’)and RRII50 (47.4gf t*).

In the observational trial initiated at
Vaikundam Estate (2000), all hybrid clones,
except RRII414 and RRI11427exhibited better
yield than RRI1I 105 (Table Par. 3).

Table Par. 3. Mean yield of observational trial at

(2000).

51 Clone Yield (gf f:1
No. 2010-11 2011-12 Mcanover
1 RRII 422 95.8 69.1 62.5
2 RRIl 414 67.4 536 525
3 RRIl 105 89.1 75.4 56.2
4 RRU417 9.1 65.5 60.1
5 RRU 430 85.1 54.9 57.7
6 RRII 429 67.2 61.7 53.0
7 RRU427 63.6 65.7 495

Mean 80.59 63.71 55.92

In the trial entitled 'GxE Interaction of
selected Hevea clones” initiated at New Ambadi
Estate (1996), RRII 105 exhibited betteryield
than the hybrid clones (Table Par. 4). Among

Table Par. 4. Mean yield of GXE interaction trial (1996)

Clone __ Yield (g tit’)
2010-11  2011-12 Mean over
10 years
RRU 414 59.9 345 6.1
RRD 417 735 37.2 50.3
RRU 422 75.9 433 51.2
RRU 429 57.2 44.6 419
RRU 430 75.0 37.6 53.0
RRU 51 595 26.7 375
RRU 176 75.2 62.1 456
RRU 203 88.2 548 59.5
RRIC 100 611 36.9 447
PB 217 65.8 488 39.4
RRIM 600 753 431 445
RRII 105 78.9 55.3 58.1
Mean 70.44 4374 4763
cD NS NS NS



the hybrid clones, belonging to the 400 series,
RRI11 430 exhibited promising yield both at
Ambadi and Vaikundam The yield
performance of RRII 414 was found not to
commensurate with its performance
reported from other traditional belt.

Yield performance of hybrid clones
belonging to 400 series exhibited wide
variations in two adjacent estates in the
Kanyakumari region. So, in order to have an
depth study on the performance of these
clones, five on-farm trials were initiated
representing five differentmicro-climates in
this region. One block trial each initiated at
Velimalai Estate (2002) and New Ambadi
Estate (2003) were opened for regular
tapping during 2011.

1.2, Hybridization and clonal selection
The breeding orchard at Paraliar was
maintained by periodical pruning and
pollarding of branches. The hybrids
developed from hand pollination attempts
(2011) were subjected to test tapping. Another
batch of 14 promising selections from earlier
experiments field planted at
Vellambimalai during the reporting period.

was

2. New generation polyclonal seed
garden

A polyclonal seed garden consisting of
ninemodem clones as parents wasestablished
inan areaof9 ha. of land during 2000 at New
Ambadi Estate, Maniankuzhy was well
maintained and the polycrossseeds collected
during 2011 were raised at HBSS, Paraliar for
preliminary evaluation. The plants raised at
Paraliar (2010) were test tapped during 2011
and the potential high yielders were cut back
for further evaluation. The polycross plants
transplanted at Nagamalai (Isfield Estate)

were monitored for highyield and promising
secondary characters.

3. Participatory clone evaluation
experiment

Observations on juvenile growth were
recorded from the "On farm trial of pipeline
clones” (2008) initiated at Tharuvaiyar and
Vithura. Vacancy filling was carried out in
two new OFTsat Bethany Estate during 2010.
Planting materials were raised at Paraliar to
initiate another OFT under the same project
at Bethany Estate for planting during 2012.

4. Root trainer planting technique

In the field trial initiated at Churulacode
(2002), root trainer plants continued to
exhibit relatively better yield (54.1 g t1t1)
than polvbag plants (48.7 g t'1f1). Root
trainer plants at Kanjirappally (2005)
exhibited significantly better growth than
polybag plants and the trial was opened for
regular tapping in January 2012. In
connection with field experiment
"Comparative evaluation of advanced
planting materials produced by different
propagation techniques” started at Bethany
Estate during 2010, advanced planting
materials were raised in root trainers in six
regional nurseries of Rubber Board on
experimental basis. Action has been initiated
to establish three demonstration plots of root
trainer plants in all the three zones in the
traditional belt during 2012.

Training was imparted on root trainer
planting technique to the officials and
workers of six regional nurseries of Rubber
Board, three estates in the private sector, five
batchesofsmall growersand nursery owners
and one batch of delegates from Myanmar
during the current reporting period.



LIBRARY AND DOCUMENTATION CENTRE

During the year, 112 books were added to
thestock of the library. The library subscribed 45
foreign journals and 74 Indian journals. About
39 other journals were also received as gift/
exchange. Literature searches from databases of
Booksand Journals were carried out.

Four publications viz., Rubber Board
Publications: A Catalogue; ContributionsofRRI1I
on Rubber Diseases: An Annotated Bibliography;
Theses and Dissertations on Rubber: A
Catalogue;and Rubber Standards in RR1I Library
were broughtout. Compiled and distributed
the List of Current Periodicals 2011, New
Additions List 2011 and two issues of

Documentation List. Databases were updated
by adding bibliographic details of 90 books
and 403 journal articles. During the period
library had arranged the distribution of 717
numbers of Press Clippings and 1646
numbers of other SDI bulletins.

Distribution of 428 copies of the RRII
journal Natural Rubber Research and 574
numbers of RRII Annual Reports were also
made by the library along with the sale and
distribution of 462 numbers of RRII
publications. Photocopies of about 52747
numbers of information materials were
provided during this period.

AGROMETEOROLOGY

1. Climate resource characteristics
of rubber growing tracts

Temporal and spatial variability in the
long term precipitation series was studied
using representative data from north to south
of Kerala from 1901-1996. The study
indicated consistency in the pattern and
amount of rainfall received in northern
districts, shift in the rainfall peaks in
southern parts, increase in the summer
rainfall across the State and decrease in the
October rainfall in southern districts.

Initial (W) and conditional (W/WV, W/D)
probabilities of weekly rainfall of >10 mm, >20
mm, >30 mm, >40 mm and >50 mm at RRII
fora period of54 years (1957-2010) have been
calculated using Markov Chain Model. Initial
probability of getting >10 mm rainfall during
6ih-standard week (Feb 5-11) was only 11%.
But if 6th week was wet the probability of

becoming 7" week (Feb 12-18) also wet was
67%. Likewise the initial probability of
receiving >10mm rainfall during 9thweek (26t
-4* March) was 19 %. But if the 9thweek was
wet, the probability of 10lh week also
becoming wet was 60 %. Initial and
conditional probabilities for more than 10mm
rainfall per week was found to be more than
50% from 13thweek (26 -1 April) and more
than 75% from 16thweek (April 16-22) to 22rd
standard week (28-3June). From 23rdstandard
week to 32rdweek, W and W/W lies between
75to 100 % for weekly rainfall of 10 mm to 50
mm. Mid season break in the rainfall series
was observed from 36 week, up to 40thweek.
Thereafter the probability increases from 40th
week to 45U week and further declines.

To find out the change in the reference
crop evapotranspiration (ETo) with the
established rise in temperature (Tm.™)of 2°C



acrometcorolocy

during the recentyears, weekly ETo at RRII
from 1977-2010 "has been calculated by
modified Penman-Monteith equation. The
study indicated evaporation paradox tn
humid region. Annual ETo declined from
1500 mm to 1350 mm at RRII and the rate ot
decline was 5 mm yrl- Pan evaporation
declined atarate of 9 mmyr'over theyears.

2. Climate change studies

The minimum temperature Kgijgi
durine winter (December- February) atRKU
S period 1960-90 and 1991-2010 was
analysed. Time series data of mean winter
temperature during the base Irne penod
(1960-90) showed an upward trend a
of0 02" C Adownward trend was observe
during the later half which clearly indicated
a shift in winter.

8. GHBBEF GFSBNHE FRANES § "
The Potential Evapotranspiratior, (

in mm day ') was calculated by

103

Modified Penman method (Frere and
Popov, 1979) on a monthly basis by
utilizing the climatic variables recorded in
RRII, Kottayam and RRS, Agartala. The
mean annual and monthly fluctuations in
PET values (Fig. Agromet. 2a and 2b) were
higher in Agartala than Kottayam. In
Agartala, it was below 3.0 mm day 1during
the cold period of December and January.
In Kottavam the mean monthly PET values
were 4.0 mm daylduring the monsoon
season while it was above 4.0 mm day 1for
Agartala.

Significant negative trends were
observed during the pre-monsoon, eary
monsoon months and in November for both
Agartalaand Kottayam (Table Agromet. ).
An annual decreasing rate of 19 and 11 mm
dav-1in 100 years were noted in Agartala
and Kottavam respectively. No significant
changes were noted during the winter
period of January and February for both

locations.



Table Agromet. 1 Slope and R of Ihe PET trends in

Mm oy, Potinial & ponat TSN Xrbit
ot e Agartala and Kottayam

Agartala Kottayam

slope R3 slope RI

Jan 0033 001 Jan 0002 001
Feb 0026 001 Feb 0007 008
Mar  -0039 008 Mar 0009 008
Apr 0014 008 Apr -0.026 041%
Mav  -0.014 0.40” May  -0.043 065
Jun 0.65" un  -0.046 047
lul 0474l 0011 010
Aug 010 Aug 0014 014
sep 014 Sep 0006 0.02
Oct 0.02 Oct  -0.015 0.20%
Nov 0.20* Nov  -0025 0.41*
Dec 0417 Dec 0000 000
Annual  -0.019  0.37% Annupl 0011 047+

* Significant at 5% level; **Significant at 1% level

sunshine hours and rainfall were consistently

related to the sudden onset of leaf fall for all
Fig. Agromet. 2b. Annual variations in PET -  theclones

Kottayam, Kerala The 5-day mean meteorological

R R parameters for three individual years are

4. Forewarning of pests and diseases shown in Table Agromet. 2. These prevailing

(traditional region) conditions over five days coincided with the

4.1. Weather and Abnormal LeafFa(IrIi?/QE%ff leaf fall on the sixth day in all the
three years. When the favourable conditions
remained for a longer duration, the leaf fall
also was high throughout the period
However, the relationship with antecedent
weather conditions as given in Jayaretnam et
al,, (1987) with a lead of 9-15 days could not
be clearly established in Padiyoor for the
different clones.

Analysisof the leaf fall data in Padiyoor,
Kannur was carried out for the period 2009-
11 for four clones RRII 105, RRIM 600, PB
235 and PB 5/51." During the infestation of
ALF, it was observed that previous
consecutive 5-day mean maximum
temperature, minimum temperature,

> f meteorological parameters eo,.d.,dve t, abnormal leaf
rail tor each year from 2009 to 201} gical p

2009 2010 20|
Mean Range Mean Range
Maximum temperature (°C) 287 27.6-32.0 284 27.0-30.0 29.7 29.5-30.5
Minimum temperature (°C) 234 22.8-24.0 230 22.2-24.0 23.0 21 3724.0
Rainfall (mm) 2136 7.0-77.0 2232 7.0-91.0 2102 18.0-80.0
Bright sunshine hours 0.1 0.0-0.3 0.7 0.0-1.9 06 0.0 1.5



ANNUAL EXPENDITURE

Expenditure at a glance (2011-12)

Head of Account Expenditure (? in lakhs)
Non-Plan*
Non-Plan RRII 517.29
Projects (CES) 378.87
Total 896.16
Plan
Research Scheme 2389.00
NERDS Research Component 438.20
Total 2837.20
Grand Total 3733.36

*Non-plan expense includes non-plan projects (CES)



SCIENTIFIC ADVISORY COMMITTEE
RECOMMENDATIONS (2011-2012)

Rainguard compound "Rubber stick" supplied by M/s. Unity

Engineering, ID/71, Kandanad, Thiruvamkulam (via), Ernakulam, for

rainguarding rubber trees.

New procedure for DRC determination through partial drying using

microwave oven

Modified standards of planting pits for young rubber plants viz.,

(a) In soils with a depth of 1 m or more, rubber can be planted in pits
just sufficient to accommodate the poly bag plants

(b) In hard soils, larger pits will be beneficial.

Chain saw modelsviz. Oleo Mac GS 650 C and Oleo Mac GS 44 supplied

by M/s. Ratnagiri Impex Pvt. Ltd., Bengaluru, for tree felling/cutting

operations in rubber plantations.

'Vitex' supplied by M/s. Mars Agencies Pvt. Lid. Bengaluru as yield

stimulant in rubber plantations.

Integrated Waste Water Treatment System for the effective treatment

for pollution abatement of RSS processing waste water.

Three brush cutter models (i) Red Lands Model - RBC-35 (ifl Oleo

Mac Model - 746 T and (iii) Stihl Model - FS 120, supplied by M/s.

Red Lands Ashlvn Motors, Pic, Thrissur, M/s. Ratnag.n Impex Pvt

Ltd., Bengaluru and M/s. Andreas Stihl Pvt. Ltd., Pune, respect,vely

for use as weed cutters in rubber plantations.

two models of mistblower viz. ASPEE AMB/85-H and STIHL-SR 420

supplied by M/s. Joseph Mathew Thomas & Co. Koch, for spraymg

nM based COC for abnormal leaf fall and Corynespora leaf d,seases ,n

iniinature~r mature rubber having a heigh, up to 56 feet and 53 feet,

respectively.
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PC. Santhamma, M.Sc,, B.Ed.

Germplasm Division

C P. Reghu, M.Sc., Ph.D.
G. Prabhakara Rao, M Sc (Ag)

V. lavashree Madhavan. MSc. (Ag), Ph D
M.A. Mercy, MSc. (Ag), Ph.D.

MS, Babu

Biotechnology Division

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

Deputy Director

Senior Scientist (Agr.)
Senior Scientist (Agr. ch)
Scientist C (upto 30.06.2011)
Scientist C

Scientist C

Scientist C-

Scientist G

Scientist $3

Scientist B'

Scientist B

Scientist A

Scientific Officer (upto 31.01.2012)
Scientific Officer (upto 31.05.2011)
Scientific Officer

Farm Officer

Farm Officer

Assistant Scientific Officer
lunior Scientific Officer
Farm Officer

Farm Officer

Scientist D (upto 31.10.2011)
Scientist (Soil Chem.)

Joint Director

Senior Scientist(CE)
Scientist C

Scientist C

Scientist C (upto 30.06J2011)
Scientist 3

Scientist B

Scientist B

Scientist A

Assistant Scientific Officer
Farm Officer

Junior Scientific Officer

Deputy Director
Botanist (HG)
Scientist C
Scientist C
Farm Officer

Deputy Director
Senior Scientist >



P. Kumari Jayasree, M Sc, Ph.D
R.G. Kala, M.Sc., Ph.D

R. Jayasree, M.Sc.

K. Rekha. M.Sc. (Ag.)

s. Sobha, M.Sc,, L.L.8., Ph.D.

Genome Analysis Laboratory
Thakurdas Saha, M.Sc., Ph.D.
K.U. Thomas, M Sc

Plant Pathology Division
sabu P. Idicula, M.Sc. (Ag.)
Jacob Mathew, M.Sc., Ph.D.
Annakutty Joseph, M.Sc., Ph.D.
C. Bindu Roy, M.Sc, Ph D
s. Thankamony, MSc., Ph.D.

Kochuthresiamma Joseph, M.Sc.. Ph.D.

T. sailajadevi, MSc
Shaji Philip, MSc. Ph.D.
E. Edwin Prem, MSc. (Ag)

sadanand K. Mushrif, M.Sc. (Ag)

P. Ajithkumar
K.G.Jayan

Plant Physiology Division
R. Krishnakumar, MSc., Ph.D.

K. Annamalainathan, M.Sc, M.Phil, Ph.D.

Molly Thomas, MSc., Ph.D.
S. Sreelatha, MSc., Ph.D.

M.B. Mohammed Sathik, M.Sc, M.Phil, Ph.D.
D. Bhuvanendran Nair, M.Sc,, Ph.D.
Jayasree Gopalakrishnan, M.Sc., M.Phil.
layanta Sarkar, M.Sc. (Agr.), Ph.D.

KV Sumesh MSc. Ph.D.

S. Visalakshy Ammal, B.Sc.
P.M. Sebastian

Rajen Mathew

Latex Harvest Technology Division
K.U. Thomas, MSc., Ph.D.

R. Rajagopal. M.Sc., M.Phil., Ph.D., Dip. Stal

K. Karunaichamy. M.Sc., Ph.D.
P. Babuji
T.V. Somaraj

Rubber Technology Division

K.T. Thomas, MSc., LPRI, M.Tech.. Ph.D.
Rosamma Ale*. M .Sc. LPRI M.Tech, Ph.D.

Benny George, M Sc, Ph.D.

Jacob K. Varkev. M.Sc., M.Tech., Ph.D

K. Mariamma George, M.Sc.
KN. Madhusoodanan, MSc

N. Radhakrishnan N«t, M.Sc. M.Tech. MBA, Ph.D.

Manoj Kurian Jacob, MSc.
Valsa George. M.Sc.
Tresa Cherian, M.Sc.
M. Susamma Joseph, M S¢

Scientist C
Scientist C
Scientist C
Scientist S3
Scientist B

Senior Scientist
Scientist A

Joint Director
Deputy Director
Senior Scientist
Senior Scientist
Entomologist
Scientist C
Agrometeorologist (Scientist Q
Scientist C
Scientist B
Scientist B

Farm Officer
Farm Officer

Joint Director
Deputy Director

Senior Scientist

Senior Scientist

Senior Scientist

Scientist C

Scientist C

Scientist B

Scientist A

Scientific Officer (upto 28.02.2012)
arm Officer

Farm Officer

Joint Director
Senior Scientist
Scientist C
Farm Officer
Farm Officer

Joint Director

Deputy Director

Senior Scientist

Senior Scientist

Scientist C (upto 31.1B.2011)
Scientist C

Scientist C (upto 31.01.2012)
Scientist A

Assistant Scientific Officer
Junior Scientific Officer
Junior Scientific Officer



M.L. Geethakumariamma. M-Sc-, Ph.D.

C. Madheswaran, BA

Technical Consultancy Division
Siby Varghese, M.Sc.. Ph.D,
K.S. Mohandas, M.Sc.. M.Tech,
Jinu Jacob George, M.Tech., Ph.D.
M.A. Fancy, M.Tech.
KK. Sasidharan. M.Tech
Reethamma Joseph MSc., Ph.D.
Mathew Joseph. B.Tech.

SheelaJoseph, M5c.. B.Ed.. M. Tech.

K.1. Elizabeth, M.Sc., M.Tech., Ph.D.
Tessy K. George

Pilot Crumb Rubber Factory
PS. Sadeesh Babu. B. Tech., PGDBA
I-John Britto

Economics Division
K. Tharian George, M.A., Ph D.
Toms Joseph, M.A
Binni Chandy, M.A,

s. Veeraputhran, M.A., M. Phil
T. Sifu, M5c. (Ag.)

Joby Joseph, M.A.

K. Rajesh , M.A. Ph.D.

Project Monitoring
M.A. Nazeer, M.Sc., Ph.D.

Library and Documentation Centre
Accamma C. Korah, B.Sc., M.L.I.Sc.
AS. Ajitha, MA. MLLSc
VR. Sujatha, B.Sc,, M.L.LSc.
N. Latha, M5c., M.L.LSc.

Statistics and Computer
B. Biju, M-Sc., MCA.

Suma George, P.G.D.CA, M.CA., BEd

P. Aneesh, M.Sc., P.G.D.C A.

Instrumentation
Thomas Baby, M.Sc., M.Phil., Ph.D
R. Rejikumar, M3c.. M.Tech.
M R- Anilkumar, Dip. in Inst. Tech,
K.R. Suni

Administration
K. Raveendran Nair
P.V. Raveendran Nair
G. Asokan
Sheela Peter

Junior Scientific Officer
Technical Assistant (Glass Blowing)(HG)

Deputy Director

Scientist B

Rubber technologist

Junior Rubber Technologist (HG)
Junior Rubber Technologist
Junior Rubber Technologist
Junior Rubber Technologist
lunior Scientific Officer

Junior Scientific Officer

Junior Scientific Officer

Scientist C
Radiation Safety Officer

Joint Director

Scientist C (working arrangement at H.O. w.e.f. 17.08.07)
Scientist C

Scientist S3

Scientist B

Scientist B

Scientist A

Joint Director

Documentation Officer (HG)
Senior Librarian

Librarian

Assistant Librarian (HG)

Assistant Director (Systems)
Computer Assistant
Statistical Inspector

Deputy Director

Instrumentation Officer (upto July 2011)
Instrumentation Officer (we/ 03-08-2011)
Assistant Instrumentation Officer (wef 30-12-2011)

Deputy Secretary (Admn.)
Assistant Secretary
Assistant Secretary

Section Officer



Accounts
CA Zachariah Kurian, M.Com., FCA

fenoy Varghoe, B.Sc., P.G.D.C.A, AXC.W.A Deputy Director (Finance)

K. Pushpakumari, M.Sc., LC.W.A. Accounts Officer

Aleyamma Varghese Accounts Officer

Section Officer

Maintenance
P. V. Vijayappan, Dipl. Civil Ene.

T. Manoj, BE Estate Officer

Assistant Engineer (Civil)

Experiment Station at RR1I

PJ. George
Thampy Andrews Assistant Farm Manager
Farm Officer
Security Wing
PV. Suresh Babu
Assistant Security Officer
Central Experiment Station, Chethackal, Kerala
P. MaUinath Priyadarshan
Mary Varghese (EOL) Deputy Director
Jacob Abraham, B.Sc., M.B.B.S. Scientist 52
N.K. Suresh Medical Officer
Joseph Joseph Medical Officer
K.U. Saramma Assistant Director (Finance)
T.R. Divakaran Section Officer
T.G. Sasi Farm Manager
T.V. Thomas Farm officer
T.V. Somaraj Farm officer
K.K. Kunjachan Farm officer
Farm officer

Regional Research StaHon, Padiyoor, Kerala
Radha Lakshmanan, M.Sc. (Ae), Ph.D.

V.1, George Senior Scientist

Assistant Farm Manager

Regional Research Station, Guwahati, Assam

D. Chaudhuri, M.Sc.(Ag.), Ph.D. . .
G.[a“?;a& Mo ) th(D 9) Project Co-ordinator (Scientist D)
Gopal Chandra Mondal, M.Sc., Ph.D. ?epmy Elrlec{or
Hiranyakumar Deka, M.Sc., Ph.D, Plant Pathologist
Mrinal Choudhury, M.Sc. (Ag.) Scientist C
N. Ashith Raj, M.Sc. (Ag.) Scientist B
Scientist A
Regional Research Station, Agartala, Tripura
Sushil Kumar Dey, M.Sc., Ph.D. Deputy Director
Krishna Das, M Sc., Ph.D- Scientist Qupto 30.11.2011)
Shammi Raj, M Sc., Ph.D. N s QuUPI0 o 20
Debasis Mandal, M.Sc. grometeoralagis (SCIE"IIS“;Q3
Joy Joseph, M.Sc. Sclenlls[ °
P. Deepthi Antony, M.Sc. (Ag.) ;'9" :S >
Debabrata Ray, M.Sc. (Ag.) SC'?"['S[ s
Bhaskar Datta, M.Sc. (Ag.) s menllsl R
N K. Gogoi, M.Sc. (Ag.) Sclen is| A
Gaurav Sharma Sclen:ls:A
cientis
Jiban Chakraborty, 8.Com. Assistant Director (Finance)
Tapan Kumar Pal, M.Sc.
) Assistant Scientific Officer
Haradhan Bhowmik, B.A. "
Assistant Farm Manager

M. Jojomon Farm Officer



Regional Research Station. Tura, Meghalaya
AP. Thapliyal, M Sc. PhD.
R.P Singh. M.Sc. (Ag.), Ph.D.
Debabrata Pandev
Umesh Chandra

Regional Experiment Station, Nagrakatta, West Bengal
Shyamal Kheroar
Sandeep Kumar, MSc., Ph.D.
Thampy Andrews

Regional Research Station, Dapchari, Maharashtra
Meena Singh, MSc, (Ag. Bot ), Ph.D.
s. Ravichandran
Kishore Shivaji Parkar
K.R Sreekumar
Dilip Ganapat Shende

Regional Research Station, Dhenkanal, Orissa
Balkrishan, MSc., Ph D
V.M. Ramesha
s.C. Mallik
Cj. Jayan

Hevea Breeding Sub station, Nettana, Karnataka
TR. Chandrashekar, M Sc. M.Tech. Ph.D.
M.J. Manju, M.Sc. (Ag)

Hevea Breeding Sub station, Paraliar, Tamil Nadu
LA. Soman, M Sc, M.PhiL. Ph.D.
M. Suryakumar, M.Sc.

Regional Soil Testing Laboratory, Adoor, Kerala
Thomas Eappen, M Sc, B.Ed.
K.C. layasree, B.SC.

Regional Soil Testing Laboratory, Muvattupuzha, Kerala

Regional Soil Testing Laboratory, Koddko*, Kerala
Joyce Cyriac, MSc |,
P.K. Madhusooddhanan, B.Sc.
K. Jayasree, MSc.

TS 8 Kerala

Regional Soil T«ny Laboratory,p ..., K,, ,h
Valsamma Mathew, MSc.

Regional Soil Testing Laboratory, Thrissn,, KeraU
¢. Viswambharan, B.Sc.

falJiu h *, Talipa,,ba, Keral,

Regional M
Babu Ayyappanchalil, M.Sc.

Deputy Director
Scientist 53
Scientist B
Scientist A

Scientist A
Scientist A
Farm Officer

Plant Physiologist
Scientist A

Section Officer

Farm Officer

Junior Scientific Officer

Scientist C
Scientist A
Section Officer
Farm Officer

Senior Scientist
Scientist S3

Scientist C
Scientist 52

Scientist S3

Assistant Scientific Officer

Scientist S3
Scientific Officer
Junior Scientific Officer

Assistant Scientific Officer

Junior Scientific Officer

Assistant Scientific Officer

Junior Scientific Officer



research establishments

RUBBER RESEARCH INSTITUTE OF INDIA

Phon,,, »

REGIONAL RESEARCH STATIONS

Central Experiment Station
Rubber Board

Chethackal, Thompikandom P.O
Ranni- 689 676, Kerala

Phone: 91 4735 261500, 261176

Regional Research Station
Rubber Board, Padiyoor. P.O
Kannur- 670 703, Kerala
Phone: 91 4982 273003

Regional Research Station
Rubber Board

Dapchari- 401 610, Thane, Maharashtra
Phone: 91 2528 202042

Regional Research Station
Rubber Board, PWD Road

Near District Employment Exchange
Dhenkanal- 759 001, Orissa

Phone: 91 6762 224946

Hevea Breeding Sub-Station
Rubber Board, Subrahmanya Road
Kadaba, Puttur Taluk- 574 221
D.K.Dt., Karnataka

Phone: 91 8251 262336

1f

Regional Research Station
Rubber Board, Grassmore

Nagrakatta Jalpaiguri- 735 225, West Bengal
Phone: 91 3565 270016 8

Research Complex (N.E. Region)
Rubber Board

Bfiltola - iBasista Road, Housefed Complex
Dispur, Guwahati-781 006, Assam

Phone: 91 3612 228220

Regional Research Station
Rubber Board, Baluakiattila
Kunjaban- 799 006, Agartala, Tripura
Phone: 91 381 2355143

Regional Research Station
Rubber Board, Near AIR Quarters
Dakobgre, PB No. 26, Tura- 794 001
West Garo Hills, Meghalaya

Phone: 91 3651 232413

Hevea Breeding Sub-Station
Rubber Board, Thadikarankonam. P.O
Kanyakumari-629 851. Tamil Nadu
Phone: 91 4652 289119

REGIONAL SOIL TESTING LABORATORIES IN KERALA

Regional Laboratory
Rubber Board Regional Office
Taliparamba-670 141

Regional Laboratory
Rubber Board

East Nadakkavu
Kozhikode-673 011

Regional Laboratory
Rubber Board
peramangalam. P.O.
Thrissur- 680 545

Regional Laboratory
Mary Matha Square
Arakuzha Road
Muvattupuzha- 686 661

Regional Laboratory
Rubber Board. T.B. Road
Pala- 686 575

Regional Laboratory
Rubber Board, Geo Towers
Cathedral Junction
Kanjirappally- 686 507

Regional Laboratory
Rubber Board, Parvathy Mandiram
K.P. Road, Adoor-691 523

Regional Laboratory
Rubber Board
Ramachandra Square
Near Surya Cine House
Nedumangadu- 695 541
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Research divisions and functions

The major research divisions are Agronomy/ Soils,
Biotechnology, Botany, Germplasm, Planl Pathology,
Plant Physiology, Latex Harvest Technology, Rubber
Technology and Economics. Studies on Clone
Evaluation, Genome Analysis and DRIS Fertilisation
are dealt separately.

The thrustareas of research of Agronomy/Soils Division
are investigations on the nutritional requirements of
rubber, irrigation, intercropping, cover crop
management, weed control and the study of the rubber
growing soils. Development of tissue culture and anther
culture systems for propagation and crop improvement
of Hevea are the important areas in which the
Biotechnology Division is engaged. The important
fields of research of the Botany Division are breeding,
evaluation and selection of new clones, propagation
techniques, planting methods, anatomical studies and
cytogenetic investigations. The Germplasm Division is
concentrating on the introduction, conservation and
evaluation of Hevea germplasm. The Plant Pathology
Division is engaged in investigations on the diseases
and pests of rubber and associated cover cropsand their
control. The Plant Physiology Division conducts studies
on both fundamental and applied aspects of Hn<eatree
physiology. The Latex Harvest Technology Division is
concentrating on all applied aspects of crop harvesting
in rubber. The Rubber Technology Division

nimp in primary processing of
rubber, its chemical modification, rubber product
manufacture and quality control of processed rubber.
The Technical Consultancy Division provides
consultancy services for the promotion of the rubber
industry. The Economics Division undertakes studies
on economic aspects related to rubber i

regional research stations at Agartala in Tripura,
Guwahati in Assam and Tura in Meghalaya. The RRIl
has also set up regional research establishments at
Dapchari (Maharashtra), Dhenkanal (Orissa),
Nagrakatta (West Bengal), Thadikarankonam (Tamil
Nadu), Kadaba (Karnataka) and Padiyoor (Kerala).

Regional soil testing laboratories have been established
atT. Kozhikode, Thrissur,

Pala, Kanjirappally, Adoor and Nedumangad. Mobile
units for soil and leaf analysis are available at
Kozhikode laboratory, apart from that at the
headquarters.

National/International collaboration

RRII is a member of the International Rubber Research
and Development Board (IRRDB), an association of
national organizations devoted to research and
development on natural rubber. Rubber Board is a
member of the Association of Natural Rubber
Producing Countries (ANRPC) and International
Rubber Study Group (IRSG).

The RRII has research/ academic linkages with the
Banaras Hindu University (Varanasi), Kerala
Agricultural University (Thrissur), Kerala University
(Thiruvananthapuram). Mahatma Gandhi University
(Kottayam), Cochin University of Science and
Technology (Kochi), Indian Agricultural Research
Institute (New Delhi), Indian Institute of Sciences
(Bangalore). Indian Institute of Technology
(Kharagpur), National Chemical Laboratory (Pune),
Sree Chitra Tirunal Institute of Medical Sciences and

The research supporting sections includes Library and
Documentation, Instrumentation, Statistics, Computer
and Maintenance Wing. There is also a small
experimental farm 0f33 ha. at the headquartersof 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 divisions cover
almost the entire area.

Regional Research Stations

RRII has established a North-Eastern Research
Complex with headquarters at Agartala having

T y (Thiru am), Tamil Nadu
Agricultural University (Coimbatore), University of
Agricultural Sciences (Bangalore) and University of
Goa (Goa).

Correspondence

The Director of Research
Rubber Research Institute of India
Kottayam - 686 009, Kerala, India
Phone 91 481 2353311-20

91 481 235277071

91 481 2352773-79 (20 lines)
Fax 91 481 2353327
Email  rrii&'rubberboard.orgin
Website www.rubberboard.org.in
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3. Rubber Technology
3.1. Reinforcement
3.1.1. NRIpolymeric filler system

To improve the abrasion resistance
of NR/PF-system, small proportion of
polybutadiene rubber (BR) was incorporated
in the system. Addition of BR improved the
abrasion resistance without adversely
affecting other vulcanisate properties. The
mechanical properties based on the
formulation given in Table Chem. 2 are
shown in Table Chem. 3.

Formulation of the mixes NR/
polymeric filler system
Control Al A4

Table Chem. 2.
Ingredients

PB

PF

Zinc oxide

Stearic add

HSL* quinolin

ISAFblck (N220)

HAF black (N330)

MOR"

Sulphur

2,2, 4-trimethyl - 1.2 - dihydroqumoline
» 2-(4-Morpholinothio) benzothiazole

Table Chem. 3. Technological properties of the
vulcanisates
Properties Control AL ™
Tensile strength (MPa) 233 265 2421
Elongation at break (%) 549 610  sgp
Modulus, 100 % (MPa) 31 53 51
Modulus, 200 % (MPa) 6.9 91 91
Modulus, 300 % (MPa) 15 123 117
Tear strength (N/mrn) 82 75 74
Hardness (Shore A) 62 62 62
Heat build up (DT °C) 27 9 9
DIN abrasion loss (mm3 76 96 73

3.1.2. Latex -filler master batch

Latex master batches containing mixed
filler systems (carbon black/silica/clay) were
also prepared. It was observed that there was
almost no filler loss during the processing.
Higher modulus along with better tear
strength was observed for the mixed filler
master batches ascompared with mill mixed
compounds.

3.1.3. Silica reinforcement o f rubbers

Silica reinforcement of natural rubber
and epoxidised natural rubber of varying
epoxy contentviz. 10,20, 25 and 50 mole %,
were compared with and without silane
coupling agentand with thatof carbon black
filled natural rubber. Formulation of the
mixes is given in Table Chem. 4. Important

Chen. 4. f.mmUtion of the mJ,es forsilicanfaforc.m.nt >|H,
i ~ ~ - -

NR (ISNR5) 100 loo 35
ENRI10 - - 1" ~
ENR25 3

ENR 50 : -
silica (VN3) 50 50 50 50
silane (Si69) - 4

ISAF

M r ‘A ~ 15 15

dimethyl buZz)

AlmZ]TsM ArT1DPGIS)CA

85 85 100
15 15
15 15
50 50
4 - 4
L5



Table Chem. 5. Technological properties

Parameter 1 2 3
Modulus 300 % (MPa) 7.1 15 u
Tensile strength (MPa) 264 251 247
Tear strength (N/mm) 105 a1 106
Hardness (Shore A) 60 62 62
Abrasion loss (mm3 74 109 143
Heatbuild up (A'PC) 15 8 15

technological properties are given in Table
Chem. 5

It was found that properties like
modulus and hardness increased while
abrasion loss decreased with level of
epoxidation of ENR. All the composites
containing silane showed improved
properties over the unmodified ones.

3.2. Recycled rubber

A new radical scavenger has been

identified for devulcanisation in amechano-

chemical process. In addition, a new concept
of “simultaneous

devulcanisation-
revulcanisation process” is under study to
address the twin problem of low scorch and
lower vulcanisate properties of the
devulcanised rubber when itis revulcamsed.

3.3. Nanocomposites
3.3.1.

Stabilised nanosilver dispersion was

TableCh™ . 6. E««t of co-geo, on

fimethy! profane rimethacrylate /TEMPO at 17; C
TEMPO
TMPTMA

Minimum torque((MLdN.m
Maximum torque(MH dN.m

MhM1

Time for one unit rise in torque, ts,min
Time for two unit rise in torque, tsjnin
Optimum cure time (min),

4 5 6 7 8 9
77 17 182 112 149 141
213 246 195 227 245 240

53 98 54 9% 89 109

67 63 68 68 64 60

% 149 105 157 114 106

9 16 1 19 12 19

prepared using polyvinyl pyrolidinone as
stabiliser at 10 ppb (parts per billion).
Nanosilver was found to impart anti
microbial property. Attempts were made to
prepare nanosilver doped nanosilica for use
in rubber.

3.4. Peroxide vulcanisation

Reconfirmed the capability of DCP/
TEMPO/N, N'-m- dimaleimide cure system
to achieve sulphur/accelerator like scorch
control in peroxide vulcanisation. This
system suffered from a major draw back of
very poor mould release after vulcanisation
Therefore, a new peroxide cure system, di
(t-butyi peroxy isopropyl) benzene/TEMPO/
timethyl propane trimethacrylate
(TMPTMA) has been developed. The new
cure system could achieve excellent scorch

Nanosilver based nanocompositgontrol (Table Chem. 6) with very good

mould release property.

3Ls 203 164
1225 117.0 111.0
w07 96.7 946



