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The Rubber Research Institute of India (RRII),
under the Rubber Board (Ministry of Commerce’
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 process-
ing and product development. The steady growth of
the RRII in its scientific worth and research contribu-
tions has won it the recognition as an International
Centre ot Excellence on NR research.

Location

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

Functions

Undertaking, assisting and encouraging scientific,
technological and economic research and dissemina-
tion of knowledge to the NR industry are the statutory
functions of the RRII

Organization

For the efficient discharge of its functions, the RRII
has established major research divisions and research
supporting sections at its headquarters and regional
research establishments atappropriate locations where
rlevea braniliensis is commercially grown or is likelv
to be grown : v .

Continued on inside back copver
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THE RUBBER BOARD

The Indian Rubber Board was con-
stituted under The Rubber (Produc-
tion and Marketing) Act, 1947 which
came into force on 19 April 1947. This
Actwas amended in 1954, 1960, 1982
and in 1994. The Actwasagainamend-
ed by The Rubber (Amendment) Act,
1994 (Act 33 of 1994) which is now in
force.

Organization

The Chairman is the principal
executive officer and exercises con-
troloverall departments ofthe Board
The Rubber Research Institute of
India works under the administra-
tivecontrol of the Board, the Director
being the head of the institution.
Besides RRII, there are six depart-
ments under the Board, Administra-
tion, Rubber Production, Processing
& Product Development, Finance &
Accounts, Training & Technical Con-
sultancy and Licensing & Excise Duty.

Chairman

Mr. KJ. Mathew, IAS

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

Director

Rubber Production Department
Dr. AKK. Krishnakumar
Rubber Production Com missioner

Administration Department

Secretary

Processing & Product Development
Department

Dr. EV. Thomas

Director

Finance & Accounts Department
Mr. Abraham Chacko
Director

Training & Technical Consultancy
Department

Mr. K.S. Gopalakrishnan

Director

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

‘The natural rubber (NR) sector in India,
at the turn of the millennium, is at a critical
juncture. The privileges, which the sector
enjoyed so far, have been undergoing grad-
ual changessince India has embarked on the
path towards market integration with the
introduction of liberalized economic poli-
cies since early 1990s. The changes, which
the NR sector in India along with the
economic and trade regimes all over the
world have been witnessing, became more
obviouswith the signing of the GATT treaty
and the subsequentemergence of the WTO.
Inthe emerging context of globalization and
market integration, the era of administered
and support prices may not be sustainable
and the strategies hitherto followed need
appropriate changes. Research programmes
on NR have to be fine-tuned taking into
account of the changes in national policies.

Efforts in developing suitable agroman-
agement techniques for profitable and sus-
tainable rubber cultivation were continued.
The studies on nutritional requirements
showed that NPK at the rate 0f 60:30:40a kg/ha
recorded the highest yield in RRII 105. No
significantdifference was observed between
bowl sludge and other sources of P with
respect to girth increment and yield. Field
experiments to compare the effect of contin-
uous and periodic skipping of fertilizers
and studies on soil and water conservation
and cropping systems were continued.

In biotechnology experiments toenhance
the frequency of somatic embrvogenesis
and plant regeneration using immature
antherand inflorescence from RRII 105 were
in progress. Experiments carried out to
reduce the time span between explantinoc-
ulation and plant regeneration resulted in
reduction of four to six months when ex-

plants were cultured in a liquid medium
followed by a solid medium. Experiments
on micropropagation through nodal cul-
ture, pollen protoplast culture and genetic
transformation were continued. Experi-
ments to develop molecular markers for
tapping panel drynesswere alsoin progress.

Research activitieson crop improvement
programmes were continued in the Botany
Division. Ten of the new hybrid clones in
the pipeline exhibited superiority in yield
over RRIlI 105 during the fifth year of
tapping in the preliminary evaluation trial.
In a large-scale evaluation of clones, nine
clones exhibited higher girth than RRII 105
during the fifth year of planting. In the
mixed clone trial including RRII1 105, during
the ninth year of tapping, PR 255 has been
identified as the highest yielder. Breeding
experiments for combining drought toler-
ance and powdery mildew resistance and
investigations on G x E interaction were
continued.

The germplasm collection comprising of
125 Wickham clones and the wild Brazilian
genotypes from the 1981 1RRDB collection
has been maintained in five gardens and
seven source bush nurseries. Preliminary
evaluation trials of the 1981 IRRDB collec-
tion found a few genotypes of higher yield
than RRII 105, and in a large-scale evalua-
tion trial, out of the 80 genotypes evaluated,
41 recorded higher girth than the control.
DNA extraction has been completed from
leaf samples of 45 selected genotypes for
establishing genetic relationship among the
wild germplasm through RAPD studies.

Abnormal leaf fall disease was severe in
all the traditional rubber growing areas and
evaluation of new fungicide formulation for



control of the disease was continued. Rubber
seed oil was tested as a partial replacement
for spray oil used as diluent for copper
oxychioride. Field experiments for the con-
trol of shoot rot, powder™' mildew, pink and
panel diseases were conducted. Experi-
ments for the control of Corynespora leaf
disease using dust formulation of systemic
fungicides were carried out. Studies on the
control of pests like rainguard-damaging
crickets, termites, nematodes, slugs and snails
etc. and those on vermiculture and bee-
keeping in rubber plantations were contin-
ued.

Studies on ecophysioiogy of Hevea and
physiology of growth and yield were con-
tinued, An evaluation of Hevea clones has
identified RRIM 600 and Haiken 1as com-
paratively more tolerant to drought than
RRII 105and PB 260. A suitable protocol for
isolation of PCR amplifiable DNA from
Heveabark samples has been standardized.
It was found that occurrence of TPD in a
new tapping panel was relatively fast and
more in trees with a TPD historv in the
previous tapping panel.

In primary processing of NR, evaluation
of sun drying of sheets in comparison with
other modes ofdrying indicated that sheets
exposed to sunlight for prolonged periods
are more vulnerable to degradation. A
protocol for the pilot plant-scale prepara-
tion of styrene-grafted NR using gamma
radiation was standardized." Studies on
deprote.nization of NR revealed that a
proteolytic enzyme preparation could sig-
nificantly reduce the levels of protein in
centrifuged latex. A reclamation process for
vulcanized scrap rubber by mechanical
-hearing of the waste rubber in an open mill
was evolved.

Studies on the economic aspects of NR
cultivation, processing, marketing and end
uses, ancillary sources of income and by-
products were continued. An evaluation of
the planting materials under commercial
cultivation had identified RRII 105 as the
highestyielder (1703 kg/ha). Availability of
family labour, type of intercrops, the per-
ception of profitability of intercropping and
the sources of off-farm income were identi-
fied to be the major determinants of inter-
cropping decisions. The monitoring of the
by-products has been continued and the
estimated availability of rubber wood was
1.35 million m3 The production of rubber
seed oil and rubber honey was estimated to
be 2300 and 1750 t respectively.

Various research projects under the World
Bank-Assisted Rubber Project were contin-
ued. Results of the rainguarding experi-
ment showed 35 and 50 per cent yield
reduction in the absence of rainguard under
d/3 and d/2 system of tapping respectively.
Various trials on nutritional requirements
under different fertility status of the soil,
evaluation of high yielding and cold/
drought tolerant clones, disease and pest
management, exploitation systems and eval-
uation ofsuitableagrotechnology undertak-
en at the regional research stations were
continued.

Hie meteorological parameters at five
locations representing different agroclimat-
ic regions were recorded. Agroclimatic
classification of rubber growing areas and
studies on crop-weather relations were
initiated. The Library and Documentation
Centre continued its role of communicating
and disseminating information on NR and
alied subjects through information services
and publications.



AGRONOMY AND SOILS DIVISION

The Division continued its research in
developing suitable agromanagement tech-
niques for profitable and sustainable rubber
cultivation and also supported large estates
through the advisory service by providing
discriminatory fertilizer recommendation
based on soil and leaf analyses.

1. Nutritional studies (immature rubber)
1.1 NPK requirement of clone RRII 105

The experiment started in 1989 to study
the nutritional requirement of clone RRII 105
was continued. The girth (1999) and girth
increment (1991-1999) did not indicate any
significant difference between treatments.

Significant differences was observed for
yield during 1998-99 (Table Ag. 1). The
Table Ag. 1. Effect of fertilizer on yield

NPK (kg/ha) Yield (g/tree/tap)

000 46.08
30 30 20 55.21
30 30 40 59.32
30 60 20 55.95
30 60 40 49.58
60 30 20 46.91
60 30 40 74.36
60 60 20 48.45
60 60 40 64.46
90 30 20 47.83
90 30 40 51.96
90 60 20 56.12
90 60 40 44.29
SE 5.43
CD (P=0.05) 15.86

NPK at the rate of 60:30:40 kg/ha recorded
the highest yield followed by 60:60:40 and
30:30:40 kg/ha.

2. Nutritional studies (mature rubber)
2.1 Clone-cum-fertilizer experiment

The experiment to study the clonal dif-
ference in nutrient requirement is being

continued. Significant clonal differences
were noticed in girth and yield. Highest
mean girth was observed for clone RRII 203
followed by RR1C 100, which were compa-
rable. The highest yield was for PB 311
followed by RRII 105, which were on par
(Table Ag. 2). However, no clonal difference
in nutrient requirement was indicated.

Table Ag. 2. Clonal difference in girth and yield

Clone Girth (cm)  Yield (g/tree/tap)
RRII 5 67.86 39.83
RRII 105 65.21 41.72
RRII 203 72.87 35.72
RRII 208 59.00 26.21
RRII 300 63.17 28.34
RRII 308 64.36 24.76
PR 255 61.18 27.63
PR 261 62.06 3251
PB 311 68.85 45.56
RRIC 100 71.52 40.63
SE 2.09 421
CD (P =0.05) 6.69 13.46

2.2 Sequential skipping of fertilizer

The field experiment to compare the
effect of continuous avoidance of manures
and periodical skipping of fertilizers with
regular fertilizer application was contin-
ued. One round of treatment imposition
was completed by 1998. Observations on
growth and yield were recorded at periodic
intervals.

3. Density of planting

The experiment on density of planting
started in 1994 at CES, Chethackal with five
different spacings as main plot and two
regimes of fertilizers viz. fertilizer on per
area basis and fertilizer on per plant basis,
as sub-plot, is being continued. No signif-
icant differences were observed between
treatments, with respect to girth, girth incre-
ment and soil nutrient status.



4. Soil and water conservation
4.1 Effect of silt pits (conservation pits)
Experiment on mature rubber to study
the effect of silt pits on soil and water
conservation is being continued. The soil
deposited in the pits was quantified. The
soil conserved in the pits ranged from 5.3 to
139 t/halyear, when the number of pits
was increased from 100 to 250 per ha (Table
Ag. 3). But no beneficial effects of silt pits
on yield and girth were indicated.

Table Ag. 3. Soil conserved in silt pits (1998-99)

Treatment Soil conserved
(pits/ha) (t/halyear)
100 5.28

150 8.25

200 9.76

250 13.95

SE 521

CD (P=0.05) 1.69

4.2 Silt pits and fertilizer placement

A field experiment was initiated on
mature rubberatTR&T Estate, Mundakayam
during 1998 tostudy the influence of silt pits
on the growth and yield of mature rubber
and the effect of applying fertilizers in silt
pits. The treatments included two frequen-
cies (150 and 250 pits/ha) of conservation
pits (125 x 45 x 75 cm) and two methods of
fertilizer application (normal practice and
fertilizer placement in pits)' and a control
(no pit and normal practice of fertilizer
application). Growth and yield are being
monitored periodically. Soil samples are
being collected for chemical analysis and
moisture estimation.
5. Weed management
5.1 Weed control on planting strips

The experiment at Shaliacary Estate,
Punalur to evaluate different weed control
methods in planting strips of rubber was

continued. Observations on weed infesta-
tion by visual rating and weed density
measurements (dry weight/m2 indicated
that scraping of the entire platform contin-
ued to be the best treatment for controlling
weeds. Herbicide spraying in the entire
platforms and the integrated approach of
spraying in the plant basins and slash
weeding the remaining area were found to
be comparable with respect to weed dry
matter production (Table Ag. 4).

Table Ag. 4. Weed dry matter accumulation

Treatment Weed DMP (g/m )
Scraping entire platform 43.05
Slashing entire platform 113.90
Spraying paraquat

(Gramoxone 2.25 L/ha) +

2,4-D (Femoxone 1.25 kg/ha)

in the entire platform 64.78
Spraying glyphoste

(Round up 2 L/ha)

in the entire platform 64.22
Slashing interspaces and

scraping plant basin 72.85
Slashing interspaces and

applying paraquat

(2.25 L/ha) and 2,4-D

(1.25 kg/ha) in plant basin 69.60
Slashing interspaces and

applying glyphosate (2 L/ha)

in plant basin 70.58
SE 7.90
CD (P=0.05) 23.46

5.2 Evaluation of hcrbicide applicators and
the efficacy of Sulfosale (Touch down)

The experiment was initiated at TR&T
Estate, Mundakayam to evaluate the effica-
cy of Controlled Droplet Application (CDA)
sprayer and to study the effect of sulfosate
(Touch down) on weed control. The treat-
ments included;

Scraping

~221ic?tion of P~aquat (Gramoxone)
2.25 L/ ha +2,4-D (Femoxone) 1.25kg/ha



Application of glyphosate (Round up)
2 L/ha with knapsack sprayer
Application of glyphosate 2 L/ha with
CDA sprayer

Application of glyphosate 1.5 L/ha with
CDA sprayer

Application of sulfosate (Touch down)

2.0 L/ha with knapsack sprayer

Application of sulfosate 2.0 L/ha with
CDA sprayer
Application of sulfosate 1.5 L/ha with
CDA sprayer

Observations on growth and weed infesta-
tion by visual rating and weed density meas-
urements are recorded at periodic intervals.
Initial observations indicated weed control for
a period of about two months irrespective of

the herbicides, dosage and sprayers used.

5.3 Effect of herbicide rotation on weed man-

agement
The experiment was started during

1998 at TR&T Estate, Mundakayam to

study the effect of herbicide rotation on

the extent of weed control with the follow-

ing treatments;

Scraping

Scraping followed by application of
glyphosate (Round up) 2 L/ha
Scraping followed by application of sul-
fosate (Touch down) 2 L/ha
Glyphosate 2 L/ha followed by paraquat
(Gramoxone) 2.25 L/ha +

2,4-D (Femoxone) 1.25 kg/ha

Sulfosate 2 L/ha followed by paraquat
2.25 L/ha + 2,4-D 1.25 kg/ha.

The treatments were repeated at50 and 75
per cent regeneration of weeds. Observations
on growth and weed infestation by visual
rating and weed density measurements are
being recorded at periodic intervals.

5.4 Control of Mucuna bracteata

The trial initiated in 1997 to find out the
number of rounds of herbicide application
required to control Mucima bracteata along
the planting strips of rubber was continued.
Results indicated that 2,4-D (Femoxone) at
1.25 kg/ha gave the most effective and
economic control of Mucuna bracteata in
the planting strips (Table Ag. 5).

Table Ag. 5. Economics of controlling Mucuna bracteata

Number Number Total Total Total
Treatment of rounds of man- labour cost of amount

(slashing/ days/ha/ charges* chemicals

spraying) round (Rs) (Rs) (Rs)
Slashing u 20 16557.20 - 16557.20
Glyphosate 2 L/ha 8 6 3612.48 4800.00 8412.50
Glyphosate 1 L/ha 12 6 5418.70 3600.00 9018.72
Glyphosate 0.5 L/ha +
urea 1.25 kg/ha 12 6 5418.72 1860.00 7278.72
Paraquat 2.25 L/ha +
2,4-D 1.25 kg/ha 7 6 3160.90 4574.50 7735.42
Paraquat 2.25 L/ha 13 6 5870.30 5733.00 11603.30
2,4-D 1.25 kg/ha 7 6 3160.90 1487.50 4648.42
2,4-D 2.50 kg/ha 6 6 2709.40 2550.00 5259.40

*© Rs.75.26/man-day

Glyphosate (Round up) Rs.300/L: Paraquat (Gramoxone) RS.196/L; 2,4-D (Femoxone) ®s,170/kg.



6. Cropping systems
6.1 Intercropping in mature rubber

Theexperiment to study the possibilities
of intercropping coffee in mature rubber at
CES, Chethackal was continued. No signif-
icant difference in girth of rubber plants was
observed (Table Ag. 6).

Table Ag. 6. Girth of rubber

Treatment Girth (cm)
Rubber + coffee (robusta)

single row 10 70.85
Rubber + coffee (cauverv)

single row 5' 78.44
Rubber + coffee (cauverv)

double row 5x5 75.11
Rubber alone 72.58
SE 4.62

The block trial laid out at Shaliacary
Estate, Punalur on intercropping coffee in
mature rubber plantation was in progress.
The growth of rubber inter-planted with
single and double rows of coffee var. cau-
very was comparable with that of rubber
monoculture. A few coffee plants have
started bearing in the third year of planting.

6.2 Cropping system model

The cropping system experiment initiated
in 1993 at CES, Chethackal was in progress.
Theintercrops included banana for initial two
years, pineapple and tuber crops during the
fourth, fifth and sixth year in the space
occupied by banana, pepper on Erylhrina
standards and coffee. Cover crop was estab-
lished in the narrow inter-row areas. Grass
and teak were planted along the boundary
ihe stand per ha of rubber was 406.

The growth of rubber plants continued
to be superior in the cropping system com-
pared to that in monoculture, tuber crops
gave satisfactory yield in the sixth year also

eld of pineapple has started declining

7. Integrated nutrient management in
rubber
7.1 Organic and inorganic sources in young
rubber
Theexperiment initiated in 1994 at Shali-
acary Estate, Punalur was continued. No
significant difference was noticed between
the growth of plants applied with organic
manure and without organic manure.
7.2 Comparison of different ecosystems with
special reference to soil organic matter
This experiment has been initiated to
assess the soil organic matter and its con-
stituents. Sites have been selected in a virgin
forestand nearby rubber and teak plantations.
The forest and teak plantation systems are in
Ihe Kanamala range of Erumely Forest Divi-
sion and the rubber system is in Travancore
Rubber Estate, Mukkoottuthara. In the rubber
plantation, leaf litter disintegration studies
have been started in Mucuna- and Pueraria-
grown areas.
8. Forms and methods of fertilizer
application
8.1 Bowl sludge as a source of P
The experimentinitiated in 1989 at TR&T
Estate, Mundakayam was continued. Girth
increment for the period 1989 to 1998 and the
yield for 1998 are presented in Table Ag. 7.

Table Ag. 7. Effectofbowl sludge application
on girth increment and yield
Treatment Girth increment Mean yield
- (cm). (g/ tree/ tap)
Superphosphate 51.28 4054
Mussoorie rock
phosphate 49.83 4] 4,
Bowl sludge 51.79 4141
Control (no P) 47M 29M
1.44 2SI
NS n

CD (PM1.05)



No significant difference was noted
between the treatments with respect to
girth increment. All the sources viz. super
phosphate, Mussoorie rock phosphate
(MRP) and bowl sludge gave significantly
higher yield over no P- control. Significant
difference was not recorded between the
three sources with respect to yield. Latex
samples from the individual treatments
were analysed for the nutrient concentra-
tion and was not influenced by the treat-
ments (Table Ag. 8).

Table Ag. 8. Influence of different P sources
on nutrient concentration of la-
tex (total solids)

Nutrient concentration (%)

Treatment N P K Mg

Super phosphate 0.41 0.37 069 025

MRP 051 036 0.62 023

Bowl sludge 051 0.37 064 023

Control (no P) 041 031 066 0.20

SE 0.03 0.03 0.03 0.01

8.2 Use of controlled-release fertilizers

The field experiments at CES, Chethack-
al and Kuzhimattom on the use of control-
led-release fertilizers for immature rubber
were in progress. The girth data from the
two experiments indicated possibility for

reducing the dose and number of splits of
fertilizer application using controlled-re-
lease formulations (Tables Ag. 9 and 10).

Table Ag. 9. Effect of controlled-release ferti-
lizers on girth (CES, Chethackal)

Recommended  Girth

dose (%) (cm)

Prilled urea 100 43.6
NPKMg pellets 100 47.03
NPKMg pellets 75 47.63
Nimin-coated urea 100 46.43
Nimin-coated urea 75 46.20
Neem cake-mixed urea 75 47.17
Control (no manure) 4137
SE 1.06
CD (P=0.05) 3.27

8.3 Effect of N-inhibitors on the growth and
yield

The experiment at Vembayam to study
the efficiency of utilization of urea when
mixed w-ith the neem cake in mature rubber
continued. The data on girth and cumula-
tive yield (1996-99) did not exhibit any
significant difference between treatments.

8.4 Effect of substitution of potassium by
sodium on the growth

A pot culture experiment w'as conducted
with six treatments and four replications to

Table Ag. 10. Effect of controlled-release fertilizers on girth (Kuzhimattom)

Treatment Recommended dose (%)
Prilled urea 100
NPKMg pellets 75
NPKMg pellets 75
NPKMg pellets 50
NPKMg pellets 50
Nimin-coated urea 100
Nimin-coated urea 75
Neem cake-mixed urea 100
Neem cake-mixed urea 75

Control (no manure)

SE
CD (P=0.05)

Number of application Girth (cm)

two 42.87
single 42.65
two 43.80
single 41.00
two 42.53
two 4224
two 41.80
two 42.00
two 41.57
36.35

1.22

3.62



study the effect of application of sodium
chloride on the performance of young rubber
plants. The treatments were the substitution
of K ,0 (applied as KC1) by N a,0 (applied as
NacCl), to theextentof0,25,50,75 and 100per
cent. The data on dry matter production of
plants as influenced by various combinations
of K and Na are presented in Table Ag. 11.

Table Ag. 11. Effectofdifferent levels of K and
Na on dry matter production

Treatment Mean dry matter Production
(g/pot)

K,0 100% 556.35

K,0 75% + Na,0 25% 500.77

K,0 50% + Na,0 50% 504.86

K.O 25% + Na,0 75% 473.45

100"a Na,0 412.32

Control (No K and Na) 401.46

SE 29.83

CD (P=0.05) 88.63

The results indicated that sodium par-
tially substituted the role of K in young
plantsand maintained the same levelofdr}’
matter production up to 50 per cent substi-
tution. The total uptake of N, P, K, Na, Ca
and Mg by the application ofdifferentlevels
of K and Na are given in Table Ag. 12.

The total uptake of potassium and sodi-
um differed significantly. The treatments 0,
25 and 50 per cent substitution of K,0 by

other
noted

Na,0 gave higher K uptake than
treatments and no difference was
between these treatmentsin K uptake. Total
Na uptake also increased with increased
level of N-a,0 application. The uptake of N,
P, Ca and Mg was not influenced by the
differential application of K and Na

The available K and Na in soil increased
with increased application, while the other
characteristics of soil such as pH and EC
were notinfluenced. A field study was laid
outon mature rubber at M alankara Estate,
Thodupuzha, with 10 treatments and three
replications to find out the effect of substi-
tution of various levels of K by Na on yield
of rubber as well as on soil properties.
8.5 Comparison between Rajphos and MRP

The experiments laid out in young rub-
ber at Boyce Estate, Mundakayam and
Malankara Estate, during 1997 for compar-
ing the efficacy of Rajphosand MRP were in
progress. Girth incrementduring the period
1997-99 did not indicate any significant
difference between the two sources of rock
phosphate. Uniform application of
40kgN,20kg KD and 6 kg MgO was given
in all plots.
8.6 Comparison of Rajphos and MRP at var-

ying levels of application (mature rubber)

The experiments started during 1997 at

two locations (Boyce Estate and M alankara

Effect ol substitution of K by N, on uptake of nutrients

Treatment
N
9
Kio 75% + Na.0 25% o
KJ 50“/3 + Na‘b 50% 1052
P o 10.60
K.O 25% + Na'O 75% 9.90
D e
ontrol (fco K an a) 10.62
SE
CD (P=0.05)

Uptake of nutrients (g)

Na cT Mg
0.92 5.98 0.24 431 0.85
0.88 5.98 0.38 4.55 0.77
0.69 5.83 0.46 4.43 0.66
0.89 4.39 0.60 4.37 0.73
0.75 4.22 0.69 4.71 0.72
0.65 3.60 0.21 391 0.73
0.55 0.04
1.63 0.13



Estate) to study the effect of Rajphos and
MRP at different levels on growth and yield
of rubber were in progress. Yield was
recorded monthly.

8.7 Evaluation of availability of Mg con-
tained in Rajphos, MRP and IRP

Apotculture experiment was conducted
to study the utilization pattern of Mg con-
tained in three rock phosphates viz. Raj-
phos, MRP and imported rock phosphate
(IRP). Puerada phaseoloides was taken as
atestcrop. The crop was harvested after 90
days and the dry matter production (DMP)
was recorded (Table Ag. 13). The dried

Table Ag. 13. Effect of rock phosphate on dry
matter yield and magnesium
uptake

Treatment DMP (g) Mg (mg/pot)

Rajphos 14.98 54.43

MRP 15.04 59.68

MRP + MgSOj 15.41 61.10

IRP 15.63 54.96

IRP + MgS04 16.82 62.57

MgSso 14.03 50.37

Control (No P and Mg) 12.69 40.47

SE 144 6.20

CD (P=0.05) 4.16 17.90

plant material was analysed for Mg content
and the Mg uptake was calculated. No
significant difference was noted among the
three rock phosphates with regard to dry
matter production and Mg uptake.

P sources 0 5 30 5
Rajphos 6.50 9.60 13.20 15.40
MRP 7.50 10.40 14.40 15.60
IRP 2.70 2.70 3.40 3.70
SE 0.26 0.58 061 0.64
CD (P=0.05) 0.78 1.73 1.81 1.89

+ Available Mg (mg/ 100 g soil)

8.8 Incubation study on release pattern of Mg
from Rajphos, MRP and IRP

An incubation experiment was conduct-
ed to study the Mg release pattern from
three rock phosphates viz. Rajphos, MRP
and IRP for 150 days. Soil samples drawn
at 15-day interval up to 120 days and on
150* day were analysed for available Mg
(Table Ag. 14). Theresults indicated that for
Rajphos and MRP, Mg release was signifi-
cant over IRP.

8.9 Studies on different levels of P in mature
rubber

The field experiment was laid out at
Mooply Estate, Palapilly during 1997 to study
the effect of different levels of P on the growth
and yield of rubber. Yield was recorded
monthly. Girth increment during 1997-99 did
not indicate any significant difference be-
tween the treatments.

9. Physical and chemical properties
of soils under rubber
9.1 Inter-relationship of organic matter, or-
ganic carbon and available nutrients
Soil samples were collected from Mun-
dakayam, Punalur and Thrissur regions.
The samples are being analysed for the
nutrient status.
9.2 Interaction of decomposition products of
leaf litter with added fertilizers
An incubation experiment was started
with the following 12 treatments;

Time interval (days)

60 75 90 105 120 150
15.10 17.10 11.70 16.40 18.60 18.70
18.00 17.30 10.20 17.00 14.80 16.50

3.80 3.80 2.70 3.70 420 430

1.57 0.57 0.36 1.19 0.96 0.90

4.66 171 1.08 3.53 2.85 2.68



Soil

Soil + NPK fertilizer

Soil + rubber leaf litter

Soil + Alucuna leaf litter

Soil + Pueraria leaf litter

Soil + weed flora litter

Soil + litter (rubber + Muctina)
. Soil + litter (rubber + Pueraria)
Soil + litter (rubber + weed)
10.T7 + NPK

11 T8NPK

12.T9 + NPK

The soil samples were drawn after three
months and six months of incubation peri-
ods. Thesamples are being analysed for the
nutrient status.

COND AW

9.3 Soil solution chemistry and nutrition of
Hevea

A project to study the soil solution
chemistry in relation to nutrition of Hevea
was initiated. Centrifugal filters were fab-
ricated for the experiment and the soil
samples are to be collected after the pre-
monsoon fertilizer application from Kodu-
mon Estate.

9.4 Soil acidity and liming

9.4.1 Effect of liming on growth of seedlings in
the nursery

To study the effect of liming on the
growth of seedlings in the nursery, two
nursery experiments were initiated at two
locations during August 1998. Different
levels of lime and fertilizer were incorporat-
ed as treatments. The diameter was record-
ed monthly from March.

.47 Effect of liming on growth of immature
rubber plants

Afield experimentwas initiated at Boyce
Estate to study the influence of liming an (he
growth of young rubber plants. Treatments
included different levels of lime and
fertilizer.

10. Discriminatory fertilizer recom-

mendation
10.1 Estate advisory service

Discriminatory fertilizer recommenda-
tion based on soil and leaf analyses were
offered to 812 fields belonging to 31 large
estates. A total of 580 soil and 863 leaf
samples were analysed during the year.

10.2 Diagnosis and Recommendation Integrat-
ed System (DRIS) approach for fertilizer
recommendation

Work on DRISwas continued to develop
more theoretical basis for giving DRIS-
based fertilizer recommendation.

11. Studies on wind damage
11.1 Survey on the occurrence of wind damage

A survey on wind damage was initiated
during 1998. A proforma for collecting the
details on wind damage was sent to 48
estates in South India. The detailsare being
collected from different estates.

11.2 Studies on pit size and incidence of wind
damage

Thisexperimentwaslaid outinthe 1996 RP
ofRajagiri Estate forstudying the influence
of pitsize on growth and wind damage on

trees. Various dimensions of pits viz. 60 x
60 x 60 cm, 75 x 75 x 75 cm and 90 x 90 x
90 cm and no pit are the treatments. The
girth recorded during February 1997 did
not show significant difference between
the treatments. Thepitsize, 90x 90 x 90 cm
recorded highest girth (22.5 cm).

was laid out
Estate with
of pits

Another experiment
in the 1998 RP 0f Rajagiri

objective. Four sizes

the same
In' ao * 90 Cm' 75_x 75 x 75 cm,
60 x 60 x 60 cm and 75 x 75 x 105 cm are
he treatments. Observationson girth are
being recorded.



The Division continued research on
micropropagation, genetic transforma-
tion, protoplast culture, etc. Attempts to
develop cDNA libraries are also in
progress.

1. Somatic embryogenesis and plant
regeneration

Experiments were continued toenhance
the frequency of somatic embryogenesis
and plant regeneration using immature
anther and flower buds from the clone RRII
105. The effect of different concentrations
and combination of hormones, sucrose,
salts, amino acids, light, the physical na-
ture of the medium etc. was evaluated with
immature anther as explants. Optimum
callus induction was observed in modified
Murashige & Skoog (MS) medium supple-
mented with 2.0 mg/L 2,4-dichlorophe-
noxyacetic acid (2,4-D) and 0.5 mg/L kine-
tin (Kn). Among four auxins tested, the
synergistic effect of NAA with Kn was
found suitable for embryogenesis (Table
Biotech.1). Maximum number of somatic
embryos was produced in a basal medium
supplemented with 0.7 mg/L Kn and 0.2

Growth .
regulators (mg/L) Callus browning
2,4-D/Kn 0-04/0.5-1.0 less

IBA/Kn 0-0.4/0.5-1.0 abundant
IAA/KN 0-0.4/0.5-1.0 abundant
NAA/Kn 0-0.4/0.5-10 moderate

mg/L a-naphthalene acetic acid (NAA)
(Table Biotech. 2). Further development of
embryos into plantlets was achieved on a
hormone-free medium. Cytological analy-
sis indicated all the tested plants to be
diploid. Both L-glutamine and casein hy-
drolysate are found to promote embryogen-
ic efficiency. Gibberellic acid (GA,) had a
stimulatory effecton both embryo induction
and germination. Incorporation of GA, at 1-
2mg/L was found to be the most effective
for embryogenesis and plant regeneration.
Hevea explants and callus need dark incu-
bation for acquisition of embryogenic com-
petence and light for plantlet development.
Sucrose at 234 mM concentration signifi-
cantly influenced the rate of embryo induc-
tion and maturation from immature flower
bud-derived calli. This pathway required
about one and a half year to get plantlets
after inoculation of initial explants. Exper-
iments carried out to reduce time span
between explant inoculation and plant re-
generation resulted in reduction of four to
six months when explants were cultured in
a liquid medium followed by a solid medi-
um.

Nature of response

New calli proliferation ~ Embryo formation

70% FEC with fast
growth

Sporadic
development

20%FEC with slow
growth

Sporadic formation

20% FEC with slow
growth

Sporadic formation

40% FEC with slow
growth

Frequent
development

Observations were made 4-5 months after culture in embryo induction medium ;

EFC - Friable Embryogenic Calli



NAA

Kn (mg/L)

(mg/L) 05 0.6 0.7 0.8 0.9 1.0
00 00.00 +0.00 00.00 £0.00 00.00+ 000 00.00+ 0.00 00.00 + 0.00 00.00 + 0.00
01 0.40 + 1.75 10.83 + 1.33 1533 + 163 11.83 + 1.72 5.67 + 0.82 0.70 + 0.82
02 10.00 £ 167 1800 + 2.37 23.83 1,72 20.67 £2.58 1030 + 1.75  3.50 + 2.74
03 2.83 + 172 9.00+ 179 1417+293 11.83 + 1.72 4.67 £ 151 1.00 +0.89
0.4 0.50 + 0.84 3.17 £ 1.47 6.00 + 1.26 3.83 £ 1.47 133+ 175 0.00 + 0.00

F=1092" CD (P=0.05) = 1.95

** Significant at P < 0.01

Mean number of embryos from pooled data after 4-5 months of culturing in embryo induction medium.

2. Nodal culture

Micropropagation system through nodal
cultures using explants derived from field-
grown and green house-raised plants was
successfully established with sprouting of
axillary buds and further elongation. The
chemical, thidiazuron suppressed the apical
dominance and induced profuse multiple
shoot formation.

3. Pollen protoplast culture

A method for the isolation of aseptic
pollen from mature male flowers and the
release of protoplasts was standardized.
Viable protoplasts with considerably higher
yield could be obtained in the presence of
proper osmoticum and other culture condi-
tions. Further culturing of pollen proto-
plasts for their division and colony forma-
tion is in progress.

4. Genetic transformation of Hevea

Experiments for the induction of high
frequency somatic embryogenesis and plant
regeneration of RRfl 105 call transformed
with the genes coding for superoxide dis-
mutase (SOD), isopentenyl transferase (ipt)
antisense gene for ACC synthase and sorbitol
e>-phosphate dehydrogenase (S6-PDH) were
continued. After extensive optimization, a
low frequency plant regeneration was ob-
tained from the callus transformed with the
gene coding for S6-PDH in modified woody

plant medium containing high sucrose, calci-
um and thidiazuron. Plantregeneration was
also obtained from tine callus transformed
with gene coding for SOD using a modified
medium. Somatic embryogenesis was ob-
tained from callus transformed with isopen-
tenyl transferase and antisense gene for
ACC. Attempts are under way to induce
high frequency plantregeneration from trans-
formed embryos of all the four genes.

5. Molecular markers for tapping panel
dryness

Toconstruct cDNA libraries of the DNA
markers associated with TPD tolerance, a
simple and efficient protocol for obtaining
good quality RNA was developed. RNA
from both TPD tolerant and susceptible
trees was isolated for differential screening.
In Northern Blot analysis, the marker DNA
hybridized with the RNA isolated from the
bark of healthy trees but not from the
affected trees.

6. Genomic stability of RRII 105
plants developed through somatic
embryogenesis

Leaf DNA was isolated from 10 plant-

obtamed through somatic embryogen-

esis using immature buds derived from the

done RRH ,05. All the plants showed

similar RAPD profiles with 10-mer random
primers.



Botany Division continued research ac-
tivities on genetic improvement pro-
grammes. The thrust area was on identifi-
cation of clones having more yield and
belter secondary characters than RRII 105.
Investigations on propagation, anatomy and
cytogenetics were also in progress.

1. Evolving high yielding clones for
traditional area

1.1 Hybridization and clonal selection

Sixteen promising hybrid clones from
the 1993 hybridization programme were
planted in RBD in a small-scale trial (S5T) at
CES, Chethackal along with their parents
and RRII 105 as check. Ninety selected
hybrid seedlings from the 1994 and 1995
hybridization programmes were cloned and
established in a polybag nursery at CES for
taking up field trials.

Annual girth was recorded from the
trials on mature and immature plants. Trees
in nine small-scale trials of hybrid clones
were opened for tapping. Monthly yield
and annual girth were monitored. Ten
pipeline clones exhibited superiority for
yield over RRU 105 during the fifth year of
tapping, the standard heterosis ranged from
10 to 68 per cent. In the 1995 SST, three
clones exhibited superior girth than the
control, RRII 1.05,during the third year after
planting

In progenies of 1997 Wickham x Amazo-
nian hybridization programme, highest girth
recorded (Table Bot. 1) was for the proge-
nies of RRU 105 x MT 1021 (9.32 cm)
followed bv RRIM 600 x AC 495 (9.15 cm)
and RRIM 600 x MT 1027 (9.11 cm).

12 Ortet selection

Out of the 53 ortets planted in Cheruval-
Iv Estate, live clones continued to record

Table Bot. 1. Growth charactersofhybrid prog-

enies of 1997 hand pollinations

Height CV Girth CV
Cross combination ©m @) (m )
RRII 105 x MT 1027 184.00 43.99 7.48 30.88
RRII 105 x MT 1005 21732 1731 820 2036
RRII 105 x MT 999 158.25 34.84 578 24.50
RRII 105 x MT 1014 139,54 26.01 4.45 1865
RRII 105 x MT 1021 266.60 935 932 1845
RRIM 600 x MT 1027 257.20 16.80 9.11 1240
RRIM 600 x MT 1005 22325 2015 7.74 22.59
RRIM 600 x MT 999 22448 2560 7.71 2568
RRIM 600 x MT 1014 242.00 17.85 845 13.46
RRIM 600 x MT 1021 240.72 2048 847 2220
RRIM 600 x AC 495 239.15 19.66 9.15 21.42
RRIM 600 x AC 498 210.07 25.% 7.1 23.20
RRIM 600 x AC 817 23439 12.86 887 14.77
RRIM 600 x RO 380 24022 17.90 844 21.09

higher yield over the control, RRII 105, in
the third year of tapping. Yield ranged from
49.83 to 65.33 whereas RRII 105 recorded a
yield of 47.89 g/tree/tap. Out of 43 ortet
clones at Mundakayam Estate, six clones
showed annual mean yield comparable to
that of RRIl 105 in the second year of
tapping. At Koney Estate, out of 47 ortet
clones, 11 clones exhibited superior per-
formance foryield over RRII 105 during the
first year of tapping. Clone 11 had highest
girth at opening (58.56 cm) followed by
clone 27 (57.73 cm) and clone 6 (57.47 cm).
Highest yield was observed in clone 27
(67.30) followed by clone 25 (65.57) and
clone 10 (54.91) whereas RRII 105 yielded 36
g/tree/tap. A SSTof 12 ortets selected from
Kaliyar Estate, Thodupuzha was laid out at
CES, Chethackal.

2. Evaluation of clones
2.1 Large-scale evaluation

In the large-scale trial of hybrid clones at
CES, Chethackal, girth during the fifth year



In the mixed clone trial at CES, Cheth-
ackal, yield during the ninth year of tap-
Table Bot 2. Girth of promising hybrid clones Plng indicated PR 255 as the hlgheSly'eld'

in the fifth year of planting ing clone followed by PB 310, PR 261 and
RRII 105 (Table Bot. 3).

of planting revealed nine clones to be
superior to RRII 105 (Table Bot. 2).

Clone Girth (cm)
82/2 34.75
82/3 26.24 Clone Yield (g/tree/tap)
82/7 30.02
RRII 44 52.27
82/1 3156
RRII 45 40.98
82-14 35.10
RRII 105 50.11
82/17 3381
PR 255 56.15
82/22 35.95
PR 265 52.35
82/27 3246 PB 235 49.41
g;gg 3121 PB 260 38.56
PE0 41.16 PB 310 52.53
21 PB 311 42.74
General mean 32.72 RRIM 600 49.25
sD 413 General mean 48.44
Tostudy the growth pattern of Heveain Data on growth, yield and meteorologi-

tr_\etraditional_region, monthly recgrding of cal variables were collected from the 1985

g}rth was carried out. Monthly'y|e|d and clone trial at RRS, Dapchari. Analysis of

y|.eld compo.ne_nt_s V\{ere recorded_m the 1989 seasonal growth from the trial for the years

érrlnalglgnrgsl{ltldlsapllnaryevaluatlonofmod- 1989 and 1995 indicated clonal variation
among the 15 clones (Table Bot. 4).

Table Bot 4. Clonal variation in absolute girth (cm) in May 1989 and 1995

Clone Girth _ Wet season ___mid-season Dry season .
(1989  MGIN MRIR MGIN MRIR MGIN MRIR MGA”'\“"”i;RIR ((51'9'3‘5)
RRII 5
RIS 21;2 ;Z LS 104 035 008 005 40 14 420
RRII 105 o byt 0.81 L1035 005 001 3.7 12 ase
RRII 208 poo - 102097 031 003 o1 40 13 431
RRII 308 o Sy usL 4 043 002 02 46 14 493
PR 255 167 12079 029 000 003 g9 14 401
PR 261 143 3212 019 028 om g 3.9 15 402
PB 260 o gf 130093 036 001 (o3 12 17 393
PB 310 189 20 1o 0% 02 002 o0 g 13
PB 311 18:6 31 i% o 028 004 9,00 3.7 13 :g‘;
RRIC 52 179 o . 072 024 012 902 37 13 |
RRIC 100 170 ; L2099 033 010 gp5 47 16 i
RRIC 102 w3 o2 ME L9 040 007 gps 4 1'6 43
RRIC 105 o oy L0102 03 gg4 g, 41 b aas
RRIM 605 y L0106 077 025 gg 0.04 ' w0
198 2.7 0.95 0.75 024 012 - 39 14 425
SE 15 : 005 36 12 414
’ 007 o13 0.040.050.02 i

MGIN - Seasonal mean

MRIR - Seasonal mean girth increment (cm/season)

relahve increment rate (mm/cm/season)



All available yield data from 1982 clone
trial and polyclonal blocks planted during
1983 and 1984 were processed to assess
yield trend in North Konkan region.

2.2 Onfarm evaluation

Block yield data of eight clones over the
first five years of tapping at Manickal
Estate, Mundakayam revealed RRIlI 105
yielding high (1178 kg) followed by RRU 4
(1040 kg) and PB 310 (1014 kg). GT 1
recorded the lowest yield (687 kg).

At Sasthamkotta during 1994, PB 255
recorded the highest girth (33.68 cm) fol-
lowed by PB 314 (32.45cm)and PB 311 (32.09
cm)during the fourth yearofplanting. In the
trial at Emmeli comprising six clones viz.
RRII 50, RRU 51, RRU 203, RRII 105, PR 255
and PR 261, RRU 203 recorded the highest
girth (38.57 cm) followed by PR 261 (33.90
cm) whereas RRU 105 had the lowest girth
(31.42 an) in the third year.

Intraclonal variation worked out for yield
infourclonesviz. RRU 105, RRU 203, RRIM 600
and GT 1 planted at CES, Chethackal gave a
mean variability of 25.8 per cent (Table Bot. 5).

Table Bot. 5. Intraclonal variability in clones
Year of Coefficient of

Clone tapping variation (%)
RRII 105 4 26.7

RRII 203 3 245
RRIM 600 2 264

GT 1 3 25.7
Mean 25.8

3. Performance of clonal composites

A new trial to evaluate the performance
ofvariousclonesin differentproportion and
combinations of blends in comparison to
monoclonal planting was laid out at RRS,
Padivoor. Theclonesselected were RRU 105,
PR 255, PR 261, PB 260, PB 217 and PB 280
(Table Bot. 6). The design adopted was RBD
with three replications and seven treatment
combinations in different proportions

Treatment Group | Group 11 Group Il
(45%) (40%) (15%)
1 RRII 105 PR 255 PB 280
2 RRII 105 PR 261 PB 280
3 RRU 105 PB 217 PB 280
4 RRII 105 PB 217 PB 260
5 RRII 105 PB 260 PR 255
RRII 105 PB 260 PR 261

Control Monoclonal parentage of RRII 105

4. Polycross progeny evaluation

Girth was recorded in the two trials
during the sixth year after planting. Open-
pollinated seedlings of 10 prom ising clones
of Indian, Malaysian and Chinese origin
were planted in a nursery for seedling

progeny analysis.
5. Breeding clones forcombining com-
pact canopy with good yield
Growth index of the four morphotypes
of the genetic variant com puted based on
girth, bark thickness, petiole length and
leaf area in the eighth year after planting
showed highest index of 9.73 for normal
plants followed by control (8.78) and
intermediates (8.63). Normal and inter-
mediate plant types appear to be promis-
ing (Table Bot. 7).

Table Bot. 7. Morphological characters and
growth index of morphotypes
Bark Petiole  Leaf
thick- length  area Growth
Treatment tan) ness (em)  (cm) index
(mm)
Dwarf 26.17 511 8.46 14121 6.01
Semi-dwarf 3321 6.04 7.37 148.24 6.80
Intermediate 49.28 7.26 12.16 147.04 8.63
Normal 53.34 8.06 14.75 180.18 9.73
Control 4835 7.35 12.62 18242 8.78
GM 42.07 6.77 1107 159.94 7.99
SE 457 0.47 129 1556
CD (P=0.05) 13.70 141 3.87



6. Breeding for drought tolerance

A SSTof22clones comprising 15hybrids
and their parents with clone RRIlI 105 as
check was laid out in RBD with three
replications at CES, Chethackal.

A SST of 15 ortets selected from RRS,
Dapchari along with two check clones was
also laid out in RBD at CES, Chethackal.

Sixty hybrid seedlings resultant of 1995
hand pollination among four clones in three
crosscombinations were selected on the basis
ofjuvenile vield. The plants were cloned and
established in polybags at CES for SST. One
hundred and seven hybrid seedlings result-
ant of the crosses between RRIlI 105 and
PB 280 and the reciprocals were test-tapped
at the age of two years in the nursery.

7. Investigations on Genotype x Envi-
ronment interaction

Girth data from the five locations re-
vealed significant clonal differences except
in Bhubaneswar. The clone 82/29 recorded
the highest girth in Agartala region (16.50
cm) during the second year of planting.

8. Cytogenetical investigations

Chiasma frequency studies of two clones
viz. PB255and PR 255 revealed that chiasma
per cell in PR 255 is higher (29.43) than that
of PB 255 (26.38). Somatic embryoids regen-
erated from immature anthers were diploids
having 36 chromosomes in the somatic cells.
Pollen germination studies in three clones
revealed highest germination in RRn 208
followed by PB 280 and Haiken 1.

In the field trial on evaluation of selected
clones resultant of mutation and polyploidy,
three clones showed superior girth than that
of RRII 105. From the 1985 tnal of irradiated
materials, lour clones having higher vield
than RRII 105 have been identified based on
yield of four yearsoftapping. The clones were
multiplied for laying out a large-scale trial.

9. Breeding for powdery mildew re-

sistance

Screening for mildew resistance was car-
ried out and the percentage disease index
(PDI)was worked out. The disease was more
in PB 235 followed by PB5/51 during the first
year of observation while in the second year
PB5/51 was seriously affected. Individual as
well as pooled analysis of data revealed
significant clonal difference. Lowest disease
incidence was recorded in PB 86 (Table Bot. 8).

Table Bot. 8. Powdery mildew incidence

PDI
Clone Pooled
1997 1999

average
RRB 5 40.83 41.50 41.46
RRII 105 52.25 40.66 46.45
RRIC 52 33.33 27.33 30.33
RRIC 102 28.27 34.10 31.19
RRIM 600 47.50 52.00 44.75
RRIM 703 38.47 29.20 33.84
PB 260 50.37 47.80 49.08
PB 28/59 51.90 33.47 42.69
PB 86 21.27 20.43 20.85
PB 217 39.17 40.80 39.88
PB 235 76.57 45.91 61.24
PB 5/51 66.13 65.47 65.80
PB 311 63.73 59.87 61.80
PR 255 34.34 39.83 37.09
PR 261 34.20 32.23 33.22
GT 1 38.93 40.41 39.67
IAN 45-873 36.73 26.62 31.67
AC 709 38.90 29.51 34.20
AC 717 41.33 33.15 37.24
RO 2623 28.43 26.60 27.52
Variance ratio  10.55%* 3.43** 7.74%*
CD (P=0.05) 12.10 17.22 12.54

10. Estimation of genetic parameters

Data on yield and yield components ofa
hybrid population of the cross of RRII 11Bx
RRIC 100 over the first three years of
tapping were subjected to analysis for esti-
mating genetic parameters. Medium to
high coefficients of variation followed by
medium to high heritability and genetic-
advance for all the characters except those



Coefficients of variation Heritability ~ Genetic
Character Gev pcv (%) advance
Annual mean dry rubber yield 3B.73 39.54 gg g’z*fgg
Volume of latex 30.91 f;gig soe e
Rate of latex flow 27.17 . o oo
DRC 7.02 9.96 A X
Plugging index 20.94 2573 66.23 354351
Girth at opening 481 1019 iggg o
Girth increment rate 32.09 46.11 50.12 s
No. of latex vessel rows at opening 21.05 29.72 a o
Bark thickness at opening 391 7.83 1 2

for girth at opening, bark thickness and
DRC reveal better scope for selection based
on these characters (Table Bot. 9).
11. Floral biology and fruit set
Pollinated flowers of selected clones
were collected at different developmental
stages to study the consequences of ovule
development.
12. Anatomical investigations
12.1 Bark anatomical investigation
An attempt was made to control TPD by
removing the unproductive dry bark by
successive tapping leaving residual bark,
undisturbed. Tapping of the renewed bark

Table Bot. 10. Seasonal activity of cambium and latex vessels

after two years indicated that the bark was
productive while the control trees did not
recoup even after rest. Anatomical studies
of the respective bark samples revealed 13
rows of latex vessels in the soft bark of the
regenerated bark of the debarked tree
while the TPD-affected bark on restshowed
only six rows of latex vessels. The propaga-
tion of soft bark to hard bark was 1 :3 and
1: 13 respectively.

A study on the seasonal activity of
cambium in clone RRII 105 indicated less
number of cambial layers in May and higher
number in the months of December and
January (Table Bot. 10).

B s ofsof e
i ickness of soft barl
Month Clz;:rlsal T?/t:lsleallsex devoid of latex vessels (mm)
199\7]uly 4.27 1232 0.74
August 5.67 12.00 (())43
September 5.20 12.08 .5
October 5.44 1483 0.45
November 4.17 17.80 0.47
December 4.76 1548 0.40
199ganuary 513 15.96 ggg
Febraary 3.82 13.36 .
March 514 1384 0.38
April 4.93 12.80 3217
May 3.90 12.56 .
June 4.57 15.08 0.64

Mean



Anatomical characters viz. number of
latex vessel rows, incidence of intraxylarv
phloem, primary xylem group and thick-
ness of phloem and xylem were recorded
from bark and twig samples of 20 ortets
growing in the drought-prone North
Konkan.

Monthly application of five per cent
ethrel on the bark of untapped trees to
study its effect on bark structure was
continued.

12.2 Evaluation of clones forstructural compo-
nents

Bark samples of 1985 SST of hybrid
clones were collected to study the anatom-
ical parameters related to yield.

13. Wood anatomical investigations

Observtions on ray characteristics from
three clones viz. RRIC 52, RRII 105 and
PR 261 from the traditional region were
made to identify the most promising xylem
component in relation to water transloca-
tion in Heveaclones. Height and width of
therav cellsand their frequency aresumma-
rized in Table Bot. 11

Monthly application of ethrel is being
continued in the trial to study the effect of
stimulation on nibber wood quality.

14. Studies on propagation

in the trial on budding height and
depth of planting, no uprooting was no-
ticed. Fourth year girth data of plants
from the trial on twin stock and single
stock indicated that single stock plants
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RRII 105

raised in bags had better girth than the
control (Table Bot. 12).

Table Bot. 12. Girth under various treatments

Treatment Girth (cm)
Twin stock polybag plants 14.35
Single stock polybag plants 16.99
Twin stock seed-at-stake plants 1161
Single stock seed-at-stake plants 10.12
Twin stock budded stumps 10.11
Single stock budded stumps 13.41
Polybag plants (control) 16.80

In the trial on bench-grafted plants, girth
data in the second year of tapping showed
a marginal increase for the bench-grafted
plants (63.68cm) than nursery-grafted plants
(63.06 cm). In the trial on deep planting of
two-whorled bag plants, buried plants in
general showed better girth than normal
plants (Table Bot. 13).

Table Bot. 13. Girth of deep-planted two-
whorled polybag plants

Treatment Girth (cm)

Bud union buried 5 cm 54.03

Bud union buried 10 cm 53.34

Bud union buried 15 cm 50.26

Normal planting (control) 49.91

In the study on the effectof long snag and
nicking of snag buds on establishment of
green-budded stumps in polybags, plants
with long scion (30 cm) recorded less height.
Among the plants with shorter snags, those
subjected to nicking of snag buds were found
superior in growth (Table Bot. 14).

Hevea clones f,,m ,he Iradiliona| recion
~33 £13.16 50,29 £1.35

M9.77 + 18.68 38.071172



Table Bot. 14. Height of green-budded plants

Treatment Height (cm)
30 cm long snag +

nicking of snag buds 70.45

20 cm long snag +

nicking of snag buds 89.98

10 cm long snag +

nicking of snag buds 91.96
30 cm long snag + no nicking 77.65
20 cm long snag + no nicking 84.37
10 cm long snag + no nicking 88.87

A new experimentto study the feasibil-
ity of young buddings on less than two-
month-old seedlings in polybags was initi-
ated. Observations after six months of
growth indicated better growth characters
in young-budded plants than the conven-
tional green-budded plants.

GERMPLAS

The Division concentrates primarily on
introduction, collection and conservation of
Hevea germplasm.

1. Introduction, collection and con-
servation of germplasm
1.1 Wickham collection from secondary centres

A total of 125 Wickham clones are being
maintained at the Central Experiment Sta-
tion, Chethackal,
Monthly yield and annual girth were
recorded from Garden 1land HI. Among the
16 Wickham clones in Garden 111, RRII 118
showed the highest girth (113.83 cm) fol-
lowed by RRII 203 (119.6 cm). InGarden IV,
after seven years of growth, IRCA 111 and
IRCA 130 were found superior to RRII 105,
while the others were on par (Table Ger. 1).
Among the 20 Wickham clonesin Garden V,
RRIC 100 had the highest girth 0f32.35 cm
and PR 255 the lowest (14.25 cm), while the
control clone (RRII 105) recorded a girth of
22.31

in five germplasm gar-
dens.

cm.

15. Genetic basis of stock-scion
action

inter-

In the trial to study the performance of
certain modem clones on different root sys-
tems, RRII 203 scion recorded more girth
than other scions on all the three types of
stocks (61.2 cm). Clone RRII 105 ranked
second with a girth of 49.15 cm. RRIM 600
having a mean girth of45.10 cm was found
to be the least vigorous among the three
clones.

16. Studies on early evaluation
In this trial, PB 260 continued to be the
vigorous clone with girth of 49.31 ¢m fol-

lowed by PB 235 (48.42cm) during the fifth
year after planting.

M DIVISION

Table Ger.l. Mean girth of Garden 1V clones
in the seventh year

Clone Girth (cm)
IRCA 18 39.04

IRCA 109 41.63

IRCA 111 46.36

RCA 130 45.59

IRCA 230 40.10

RRII 105 37.58

CD (P=0.05) 6.59

1.2 Wild Brazilian germplasm from the 1981
1RRDB collection

This collection is being maintained in
seven source bush nurseries. Test tapping
of one tree per accession in 1984 and 1985
nurserieshasindicated thatfouraccessions
were relatively high yielding. An evalua-
tion study in the 1989 nursery revealed a
wide range of variability for plant height,
crotch height, single leafletarea, girth, bark
thickness, number of laticifer rows and test



Character
Minimum
3.50 (RO 2890)
0.72 (RO 2629)
46.37 (RO 2729)
1434 (RO 2906)
2.06 (RO 3032)
3.20 (RO 3032)
0.05 (RO 2856)

Plant height (m)
Crotch height (m)
Leaf area (cm;)
Girth (cm)

Bark thickness (mm)
Laticifer rows

Test tap yield
(g/tree/ tap)

tap yield (Table Ger. 2). The yield of
RO 2629 (1.57 g/tree/tap) was comparable
with that of the control done RRU 105 (1.7
g/tree/tap). MT 2217 had a highernumber
of latex vessel rows (7.6) compared to the
control (6.0). Inastudy onplantsin the 1991
nursery, maximum girth was recorded bv
RO 3623 (59 cm) while the control had a
girth of 43.25 cm. Maximum test tap yield
among the accessions was recorded by
RO 3624 (11.3 g), which was 50 per cent less
than the control (22.32 g). The range for
bark thickness and number of latex vessel
rows in the accessions was 2.0 - 55 and
2.8- 11.0 mm respectively, while the corre-
sponding values forthe control were 5.0 and
8.6. Visual scoring for Oidium resistance
was carried out in all the nurseries. Bud-
wood was collected from these nurseries for
raising planting materials for the O rtet Trial
to be planted in 1999, and the small-scale

Wild genotypes Control

(RRII 105)
Maximum G. mean
7.60 (AC 3013) 5.85 5.86
6.50 (MT 2529) 2.07 0.86
152.48 (AC 2686) 88.22 65.51
27.70 (MT2217) 19.26 21.54
4.80 (RO 2629) 3.25 4.10
7.60 (MT 2217) 4.55 6.00
1.57 (RO 2629) 0.17 1.70

2. Evaluation of germplasm

2.1 Preliminary Evaluation Trials (PET) of the
1981 IRRDB collection
In the PET being conducted at CES,
Chethackal, 445 wild genotypes are under
evaluation. Yield data from the 1990 PET
with 182 wild genotypes, accessions MT 196
(16.12g), AC 163 (14.91 g) and AC 716 (14.76 g)
indicated to be higher yielding than the
control clone RRII 105, with an increase of
over 80 per cent. In general, Mato Grosso
(MT) accessions had better average yield
(Table Ger. 3). Twenty three genotypes had
a higher bark thickness than the control
RRII 105 (3.2 mm) with the accession MT 42
recording a bark thickness of 4.4 mm. Fifty
genotypes had more than 100 per cent girth
increment than the control.
Data from 1992 PET with 143 wild
genotypes revealed significant genetic var-

evaluation trial at Nagrakatta. by "
9 iation for various characters. Minimum
frbteGer. 3. Gr-wH, and yield performance o( wild genotypes
Genotype provenances
Acre Mato Grosso Rondonia Control
SK SET  Mean  Min, Max.  Mean  win. Max Mean RRINI06
Girth (cm) 830 S0 38t %40 sm  mw
(ACE52) (AC633) (MT913) (T 904) 2800 4870 3754 4620
(R0O25) (RO 22
Yield 0 (12geno- 1491
(glfreeltap) types) (AC 169 0(2geno- 1612 0 (5geno- 26.32
(Over 2:seasons) types)  (MT 1%) wpes)  (RO®)



Table Ger. 4. Growth parameters of 80 wild genotypes

Rang_— _—TF G. mean Control
Character Minimum Maximum
Girth of the plant (cm) 4.72 (MT 929) 10.41 (RO 322) 7.38 5.96
Height of the plants (cm) 100.89 (MT 929) 322.99 (RO 395) 191.98 145,70
Number of leaf whorls/plant 4.90 (MT 906) 9.12 (RO 894) 6.73 6.78
Total number of leaves/plant 41.20 (MT 929) 119.80 (RO 322) 69.79 62.80
Inter-whorl distance (cm) 13.86 (RO 399) 28.46 (MT 901) 16.69 12.74
Length of the petiole (cm) 13.03 (MT 1064) 32.47 (RO 886) 21.60 14.60
Leaf area index 0.08 (MT 929) 0.46 (RO 322) 0.19 0.13

girth recorded was for MT 1029 (16.28 cm)
and the maximum for MT 1025 (43.53 cm)
while the control clone had a girth of
31.74cm. Several genotypes were found to
be very vigorous in growth.

In another study conducted on imma-
ture plants, genotype RO 322 was found to
be the most vigorous clone with good girth,
number of leaves per plant and leaf area
index followed by RO 894 (Table Ger. 4).

in a study on test tap yield in young
plants, MT 1057 recorded a higher yield of
4.27 g compared to 2.35 g/tree/tap for the
control clone (Table Ger. 5).

Comparative evaluation of wild geno-
types from three provenances indicated bet-
ter growth in Rondonian genotypes (Table
Ger. 6) while no specific pattern was noticed
for leaf structural characters (Table Ger. 7).

In three experiments started in 1994, test
tapping revealed high variability for yield,
though none of the accessions was compa-
rable with the control. Yield ranged from
0.08 g (AC 666) to 2.52 g (MT 1012) while
that of the control was 6.3 g/tree/tap.

Analysis of girth data in a set of nine ortet
clones in the fifth year of planting showed
significant clonal variation. Five clonesw'ere

Table Ger. 5. Bark structural characteristics and test tap yield of 80 wild genotypes

Range G. mean Control
Character Minimum
4.00 (RO 395) 2.86 3.06
Bark thickness (mm) 2.00 (RO 886)
Soft bark thickness (mm) 0.87 (AC 986) 1.75 (RO 311) 113 i;ﬁ
Hard bark thickness (mm) 0.84 (AC 654) 2.53 (RO 395) .6 5.75
Number of LVR in soft bark 1.74 (AC 947) g»gi Eig 3‘-;2; z-i: o
i 1.00 (AC 959) A . .
Number of LVR in hard bark
Total number of LVR 2.99 (MT 1021) 11.01 (RO 399) 3.65 8.00
LVR in soft bark (mm) 0.12 (AC 644) 0.75 (AC 647) 0.32 %g
Frequency of phloic rays 2.50 (MT 935) 7.75 (AC 629) 3.78 o091
Height of phloic rays (mm) 0.18 (MT 1024) 0.41 (AC 644) 0.30 0.05
W idth of phloic rays (mm) 0.03 (RO 287) 0.08 (MT 947) 0.05 00
Height/width ratio 3.48 (MT 1008) 11.35 (RO 254) 5.86 .
Density of LV per row/mm 1150 (RO 299) 25.00 (RO 894) 17.15 23.76
circumference
Diameter of LV (mm) 13.44(MT 906) 34.00 (MT 899) 21.46 16.3
Total CSA of LV(mm-) 1.33 (MT 929) 17.77 (AC 1043) 6.96 ;:1;;
Test tap yield (g/tree/tap) 0.05 (RO 257) 4.27 (MT 1057) 0.53 g

LVR - Latex vessel rows; CSA - Cross-sectional area



Character Acre
Girth of the plant (cm) 725
Height of the plants (cm) 173.93
Number of leaf whorls/plant 6.25
Total number of leaves/plant 64.96
Inter-whorl distance (cm) 18.85
Length of the petiole (cm) 22.98

0.17

Leaf area index

Provenances
Control

Rondonia Mato Grosso
8.08 6.86 6.06
220.78 181.98 145.69
7.48 6.43 6.78
81.01 63.53 62.83
20.28 20.13 12.74
23.33 18.94 14.59
0.23 0.16 0.13

Table Ger. 7. Leaf structural characteristics of wild genotypes from three provenances

Provenances

Character Acre Rondonia  Mato Grosso Control
Number of stomata/mm 2 439.50 424.76 434.38 525.30
Number of epidermal ceUs/mm: 1617.82 1697.09 1790.23 2237.76
Single leaf area (cnv) 100.65 105.50 81.73 60.83
Stomatal index 21.70 20.47 19.87 19.26
Thickness of lamina (mm) 0.14 0.14 0.14 0.15
Thickness of leaf midrib (mm) 0.84 0.74 0.79 0.70
Thickness of palisade layer (pm) 58.89 59.79 62.49 70.87
Thickness of spongy laver (nm) 64.85 60.13 62.49 70.87
Number of cells/urut distance of palisade laver 117.52 117.97 115.68 117.24
Number of cells/unit distance of spongy laver 278.36 273.95 271.50

Thickness of cuticle (urn) 262 2.43 2.63 3.67

found to be on par with the control

2.2 Large-scale evaluation trial of 1981

IRRDB collection

Eighty wild genotypes are in the fourth
year of evaluation at RRS, Padiyoor. Out of
the 80 genotypes evaluated, forty one geno-
h-pes recorded higher girth than the control.
Average girth ranged from 10.79 (AC 685)
to 20,77 cm (MT 1674) in comparison to
16.44cm for the control. Bark samples were
collected for detailed anatomical investiga-
tions. Testtapping was done and the data are
being analysed

3.
31

Multidisciplinary/general studies

Maintenance of National Accession Reg-

ister, herbarium and clone museum
Computerization of the basic data in the
National Accession Register had beencomplet-
ed. Computerization of the descriptor and
database isalso underway. During the flower-

ing season of the reporting year, 96 herbarium
specimens of 32 accessions were prepared.
3.2 Screening for Oidium resistance

Screening of wild genotypes forresistance
to Oidium in all field trials was carried out.
3.3 Multivariate analysis

Morphological, physiological and bio-
chemical parameters were recorded in the
second year of the experiment from the
mature trees of 25 clones. These parameters
were also recorded from plants of some
clones, being polybags. Test
tapping was also carried out in the polybag

raised in
plants. Data are being analysed. Significant
clonal differences were observed for girth
and yield among the mature trees.
3.4 Screening for drought tolerance

A second setofaccessionscomprising 10
wild accessions and three standard clones
were multiplied and raised in polybags for



a detailed investigation on drought toler-

ance under controlled conditions.

35 Genome analysis of the wild germplasm
For the establishment of genetic relation-

ship among the wild Hevea germplasm

through RAPD studies, DNA extracHon

from leaf samples of 45 selected genotypes

MYCOLOGY AND PLAN

The Division continued to focus its re-
search activities mainly on pestand disease
management through the mycology, plant
pathology and entomology units. Germ-
plasm materials are being screened for
disease tolerance. The microbiology unit
involves in improving soil fertility using
microbes and also in abating pollution from
processing centres by biological methods.
1. Abnormal leaf fall disease

The incidence of abnormal leaf fall was
severe in all the traditional rubber growing
areas. The unprotected susceptible clones
incurred heavy loss of canopy and subse-
quent yield loss.

The testing of new fungicide formulations
for control of abnormal leaf fall disease was
continued. The metalaxyl (Ridomil)-copper
oxychloride (COC) combination although
found effective in the previous year, could not
be repeated for confirmation due to non-
availability of the formulated product.

Two powder formulations and one liquid
formulation of mancozeb were field-tested in
a mature area planted with clone G1 1 at
Malankara Estate. The powder formulation
of mancozeb (75%) at 3 and 5 kg/ha was
found to be superior to other formulations.
However, COC-sprayed plot had a slightly
higher leaf retention compared to mancozeb-
sprayed plots (Table Path. 1).

Inanotherexperiment, rubberseed oilwas
tested as an additive to replace spray oil for
spraying copper oxychloride. Of the different

has been completed in collaboration with
Genome Analysis Laboratory. About 80
random primers have been screened so far,
out of which 20 primers were found to be
informative. Twelve of these primers have
already been used for RAPD studies and the
database prepared.

PATHOLOGY DIVISION

Table Path. 1. Effectof mancozeb formulations
on control of abnormal leaf fall

disease

Leaf

Treatment Fo[!nula- Dose retention
ion %)

COC 15% +
mancozeb 50% Powder 3 kg/ha 26.46
COC 15% +
mancozeb 50% Powder 5 kg/ha 37.92
COC 10% +
mancozeb 30% Liquid 4 L/ha 24.01
COC 10% +
mancozeb 30% Liquid 6 L/ha 46.66
Mancozeb 75% Powder 3 kg/ha 53.25
Mancozeb 75% Powder 5 kg/ha 64.90
Copper
oxychloride 56% Powder 6 kg/ha 66.41
CD (P=0.05) 24.68

proportions tried, spray oil and rubber seed
oilat2:1 was found to be useful. Higher level
of rubber seed oil increases the viscosity of the
spray fluid thereby clogging the nozzle of the
sprayer. There was no apparent difference in
the leaf retention in the areas sprayed with
copper oxychloride using spray oil and spray
oil-rubber seed oil combination.

Micronair atomizer assembly imported
from M/s. Micronair, USA was field-tested
by fixing it on micron sprayer. The discharge
of the spray fluid to a greater height could be
achieved with the new atomizer assembly.
The spray fluid could be discharged to a
height of approximately 30 m as against



22 m with micron atomizer. However, there
was no apparent difference in the leaf reten-
tion in plots sprayed using sprayer fitted
with either of the atomizer assembly

In the experiment to evaluate crop loss
due to abnormal leaf fall disease, the per-
centage leaf retention in unsprayed plots of
RRIM 600, RRIl 105, GT 1 and RRII 118
were 7.96, 39.14,20.67 and 18.85 compared
to 55.62, 72.44, 53.46 and 59.11 in sprayed
plots. There was no change in the crop loss
pattern with RRII 105 recording the least
crop loss. The mean leaf retention in the
clone RRII 105 sprayed with different dos-
ages of COC was 23.06, 34.42, 38.48 and
51.14 per centrespectively in plots sprayed
with 2, 4, 6 and 8 kg COC/ha.
2. High volume spraying

A field experiment was initiated at
Pudukkad Estate in clone RRDvl 600to test the
efficacy of various concentrations of Bordeaux
mixture when mixed with rubber seed oil in
controlling abnormalleaffall disease. Rubber
seed oil (1% concentration) was added to 1
and 0.5 per cent Bordeaux mixture and these
were compared with recommended dosage of
1per cent Bordeaux mixture. The maximum
leaf retention was recorded where 1 per cent
rubber seed oil was added to 1 per cent
Bordeaux mixture (Table Path. 2).

Table Path. 2. Leaf retention in high volume
spraying
Treatment % leaf retention

1% Bordeaux mixture *

1% rubber seed oil 57.0
0.54. Bordeaux mixture +

1% rubber seed oil 49.0
1% Bordeaux mixture 51.0

3. Control of shoot rot disease

Two field experiments were conducted
at Manick.il Estate, Mundakayam for the
control of shoot rot disease.

3.1 Use of rubber seed oil with fungicides

Rubber seed oil (1%) added to one and
0.5 per cent Bordeaux mixture was com-
pared with conventional recommendations
in checking shoot rot disease. The treat-
mentsincluded 1percentBordeaux mixture
+ 1 per cent rubber seed oil, 0.5 per cent
Bordeaux mixture + 1 per cent rubber seed
oil, 1 per cent Bordeaux mixture alone, 0.5
per cent benomyl (Benlate) and unsprayed
control. Fynol40wasused as the emulsifier.
The results indicated that the treatments
withrubberseed oil are on parorbetterthan
lpercentBoardeaux mixture, which isused
conventionally for controlling the disease.
Tine systemic fungicide, benomyl (0.5%),
was inferior to others.

Leaf samples were analysed for copper
content and the copper content in various
treatments was estimated.

3.2 Use of stickers in disease control

This experiment was aimed to compare
the efficacy ofadding sticker to one per cent
Bordeaux mixture in controlling shoot rot
disease. Vinofan was used as the sticker.
Copper content on leaves was estimated at
periodic intervalsafterspraying. The disease
control in both the treatments was at par.
4. Powdery mildew disease

Powdery mildew disease control exper-
imentwas undertaken atCheruvally Estate
on susceptible clone PB 5/51. The treat-
mentsincluded hexaconazole (Contaf), hex-
aconazole + sulphur and sulphur dust.
Maximum disease control was observed in
plots where mixing of hexaconazole and
sulphur was undertaken (Table Path. 3).

Table Path. 3. Powdery mildew disease control

Treatment Dose Incidence of
- (kg/ha) disease (%)
Hexaconazole 7 104
Hexaconazole +

sulphur 35+6 g7

SulPhur 12 16.0



5. Pink disease management

Field trials were undertaken at Manickal
Estate for comparing the efficacy of few
systemic fungicides in different carriers in
controlling pink disease. The systemic
fungicides, hexaconazole (Contaf) and thio-
phosphate (Kitazin) were compared with
thiram (Thiride) and Bordeaux paste. The
carriers used were rubberkote, Indtron and
Vinofan. The results indicated that both
Indtron and Vinofan were as good as rub-
berkote in controlling the disease.

Another experiment was carried out to
assess the efficacy of spraying of fungicides
on the disease affected regions. Hexacona-
zole, thiophosphate and thiram were sprayed
to the loci of infection. The results revealed
that spraying is much inferior to conven-
tional pasting of fungicides.

6. Panel disease and their control

The experiment to evaluate addition of
China clay to panel protectant fungicides to
make applied panels distinguishable was
continued for the second season. Mancozeb
(Indofil M45) and phosphorous acid
(Akomin) were evaluated with and without
China clay. There was no negative effect of
the additive on disease control during the
second year also. Mancozeb w'ith China
clay 100 g/ha continued to be the most
effective treatment. The applied panels
could be distinguished bv the white colour.

7. Patch canker

The field experiment was conducted to
evaluate the fungicides for patch canker
disease control. Among the fungicides incor-
porated in rubberkote, mancozeb (Indofil M
45, 10g/kg) followed by metalaxyl (Ridomil
MZ, 5g/kg) and thiophosphate (Kitazin 4
ml/kg) were found to be effective. Among
the other fungicides tried, phosphorous acid
(Akomin 5 ml/kg) and benomyl (Benlate 4
g/kg) were also superior to Bordeaux paste

application. Thorough cleaning of wound is
essential for good control.
8. Physiology of disease resistance
Reactions of some Heveaclones to Cory-
nespora leaf disease which were known to
be tolerant/susceptible to abnormal leaf fall
and powdery mildew disease were studied.
Detached leaves from 12 clones at light green
stage were inoculated with spore suspen-
sions of 16 different Corynespora isolates
collected from Kerala and Karnataka. The
lesion size, veinal necrosis and development
ofmycelium on both surfaces of leaves were
considered for the level of resistance/sus-
ceptibility of these clones. Among the 12
clones, GT1showed resistant/tolerantreac-
tion while clones RRII 105, RRII 208, BD 10
and RRIM 701 showed susceptible reaction
to almost all the isolates tested.
9. Variation among isolates of Cory-
nespora
Fort)' differentisolates of C. cassiicolawexe
collected during 1999 season from rubber
growing areas of Karnataka and Kerala.
Studies on variability among different
isolates of C. cassiicola are in progress.
Sensitivity of 20 isolates collected during
1996-98 season to the fungicide benomyl
was tested using poisoned-food technique.
Pathogenecity testsof these 20 isolates in four
differentclones viz. RRII 105, GT 1, RRIM 600
and PB 86 are initiated. Preliminary results
showed variation among the isolates in the
degree of virulence, which indicates the
presence of different strains of pathogen in
the field. Studies on genetic variability’
showed presence of different strains among
Kerala and Karnataka isolates.
10. Root diseases and their control
The brown root disease control trial
carried out at Manickal Estate was complet-
ed. The results showed that the fungicides
tridemorph (Calixin 80 EC) 0.05 and 1.0%,
propiconazole (Tilt 25 EC) 0.1% and thiram



(Thiride 75 WP) 0.75% were on par with the
methoxyethyl mercury chloride (0.15%) with
regard to the effectiveness in disease con-
trol. MEMC being banned, could be re-
placed by these fungicides.

Observations on nursery trial on purple
root disease were continued. In the trial on
Poria root disease, the disease status of
infected and neighbouring plants is being
observed.

11. Coiynesporaleafdisease and control

Adetailed survey was conducted during
the disease season to assess the damage in
disease-prone areas in South Karnataka and
North Kerala.

Experiment was conducted for the con-
trol of Corynespora leaf disease using dust
formulation of systemic fungicides. The
percentage reduction of disease was max-
imum with hexaconazole (Contaf) dust
(Table Path. 4).

The efficacy of oil-based fungicides was
also evaluated. Liquid formulation of man-

Table Path 4. Efficacy of dust formulations in
Corynespora disease control

Treatment — . Disesse
Initial ~ Final  reduction (%)
Tridemorph
(Calixin 1.5%) 7kg/ha 510 273
Carbendazim
(Bavistin 1.5%) 7 kg/ha55.318.5
Hexaconazole
(Contaf 2%) 7 kg/ha57gi6
Control 555 514 739
TrbU j>alh. ;

Treatment Formulation
Copper oxychloride (56%) Powder
Mancozeb (30%) + COC (10%) Liquid
Mancozeb (75%)

. Powder
Mancozeb (50%) + COC (15%) Powder

Control

cozeb (30%) + COC (10%) gave the best
protection for leaves from the disease (Table

Path. 5).
12. Evaluation of diseases of germ-
plasm, HP and other clones

12.1 Screeningofgermplasm and otherclones

Observations were made on powdery
mildew and Gloeosporium diseases in the
IRCA clones in the trial at CES, Chethackal.
Evaluation of powdery mildew was also
carried out in differentclone evaluation trials
and germplasm garden maintained at CES.

12.2 Multidisciplinary evaluation of clones

The susceptibility to Phytophthora leaf
fall in the field was evaluated for the test
clones in Trials 1and 2 of Botany Division.

13. Crown budding for protection
against abnormal leaf fall disease

The intensity of Phytophthora leaf fall
and powdery mildew diseases was assessed
in theexperimental area at Malankara Estate.
Powdery mildew incidence was mild in the
three experimental blocks, whereas the ab-
normal leaf fall was less in crown-budded
plants compared to control (Table Path. 6).

Table Path. 6. Incidence of Phytophthora leaf

fall in crown-budded plants

Crown clone Leaf retention (%)

Fx 516 75.00
RRII 33 70.00
PB 311 50.00
(Control)

Efficacy of oil-bast-d fungicides in Corynespora disease control

Dose  ~ ‘sease incic*ence (%)
Initial Final reduction(%)
8 ko/ha 562 28.5 49.29
6 L/ha 54.6 20.1 63.19
5kg/ha 516 23.0 55.34
Skg/ha 573 34.3 40.14
55.5 51.4 7.39



The yield data from
blocks were recorded.
14. Improvement of rubber and cover

crops through microbial inoculants

14.1 Investigations on non-symbiotic nitrogen
fixing organisms

the experimental

Diameterand heightofrubberseedlingsin
potsinoculated with two isolatesof Azospiril-
Iwn at 50 per cent and 75 per cent recom-
mended levels of nitrogenous fertilizer and
control plants applied with full dose ofnitro-
genwererecorded afterseven months growth.

Theheightand diameterofrubberseedlings
inoculated with Azospirillum isolates at low-
erlevelsofnitrogenous fertilizerwere compa-
rable with thatofuninoculated plantsapplied
with full dose of nitrogen (Table Path. 7).

Table Path. 7. Effect of Azospirillum inocula-
tion on growth of seedlings

Treatment Diameter Height
(mm) (mm)

Azospirillum isolate 1 +

500 N 8.20 130.2
Azospirillum isolate 1+

75% N 9.00 135.4
Azospirillum isolate 2 +

50% N 8.20 140.6
Azospirillum isolate 2 +

75% N 9.00 142.2
Uninoculated control

with 100% N 7.00 115.0
CD (P=0.05) 1.85 36.0

Rhizosphere soil samples were also col-
lected from
plants and
estimated.

inoculated and uninoculated
the microbial population was
Inoculated seedlings recorded
higher counts of fungi, bacteria and Azos-
pirillum

Thin layerchromatographic (TLC) stud-
ies using different Azotobacterisolates had

shown that these isolates are capable of

producing indole acetic acid,
and cytokinin.

gibberellin
They were also known to
produce polysaccharides and siderophores.
Effect of different antibiotics (tetracy-
cline, erythromycin and amoxyline, ampici-
lin), weedicides (glyphosate and diuron)
and fungicides (Bavistin, Fytolan and Dith-
ane M-45) at various concentrations on the
survival, growth and nitrogenase activity of
Azotobacterisolates was also studied. The
isolates showed variation in tolerance at
different concentrations of these chemicals.
Studies were also initiated to isolate
nitrogen fixing Beijerinckia from different
rubber growing areas.
14.2 Microbial activity in soils under cover
crops
Soilsampleswere collected foranalysing
the microbial population and soil nitroge-
nase activity. Bacteria and actinomycetes
counts were more in Pueraria plots while
fungal count was more in Mucuna plots.

Azotobacter population and nitrogenase
activity were high in soil under Mucuna
followed by Pueraria, weeds and plots

without any weed or cover crop.

14.3 Improvement of phosphate uptake of rub-
ber and cover crops through microorgan-
isms

Soils under Hevea (collected from vari-
ous rubber growing localities) were exam -
ined for mycorrhizal spore types and pop-
ulation. The spore population varied in differ-
ent locations from 214 to 428 per 50 g soil

(Table Path. 8). Majority of the VAM spores

belonged to Glomustype. Morethanone type

of Glomuswere found in these locations

Rootsofrubberundervariousintercrops
like pineapple, coleus, yam, sweet potato,

Pueraria, fodder grass, coffee, pepper, ar-

row root, etc. were stained and percentroot

infectionby VAM was assessed. Mycorrhiz-
alsporecountsin thissoilwere also estimat-
ed. Resultsshow thatthese intercrops have



Spore

Location count Glomus

spp
Nagercoil 407 75
Thiruvananthapuram 374 72
Punalur 413 70
Kodumon 326 76
Chethackal 258 72
Kottayam 214 66
Mundakayam 369 79
Thodupuzha 344 68
Kaladv 274 74
Puthukkad 314 70
Palakkad 428 82
Pullengode 230 76
Kinalur 318 79
Kalpetta 330 70
Iritty 296 7
Mangalore 262 74
some effect on VAM in rubber. The influ-

ence of these intercrops on rubber rhizo-
sphere microorganisms like bacteria, fungi,
actinomycetes and phosphobacteria was
also studied.

15. Pollution studies

Biologically inert materials were used to
increase the surface area for the microorgan-
isms to act in the anaerobic digester. Addi-
tion of materials like broken stone, broken
brick, plastic mesh and polyurethane foam
has resulted 10.5 to 21.1 per cent increase in
biogas production. Considerable reduction
inthe pollution parameters was also achieved
due to the presence of these materials. Among
the various materials, the reduction was
more prominent with polyurethane foam.
Polyurethane foam recorded BOD and COD
removal efficiency of 88.0 and 85.5 per cent
respectively. Total solids and suspended
solids removal efficiency was also more with
this treatment, while the gas production was
also maximum. Field testing of this technol-
ogy is being carried out.

Acautospora Sclerocvstis

Per cent distribution
Gigaspora Unidentified

spp. spp. Spp.

10 10 2 3
13 8 1 6
12 10 2 6
10 8 2 4
15 8 2 5
22 8 2 2
12 7 1 1
20 8 2 2
10 10 3 3
14 12 1 3
10 4 2 2
10 n 1 2
n 7 1 2
15 10 2 3
12 6 3 2
13 7 2 4

16. Pests of rubber
16.1 Rainguard damaging crickets

Crickets, Gr\'llacr)'ssp. were found dam-
aging the rainguard of the tapping rubber
trees during March to November. Various
insecticides as well as repellents have been
tested against them. Application of used
engine oil, cashew kernel oil and neem oil
inside the polythene sheets was found re-
ducing the damage (Table Path. 9.).

Table Path. 9. Effect of insecticides/repellents

on the crickets

Per cent attack of

Treatment | a
crickets on rainguard

Used engine oil

20.66
Cashew kernel oil 26.82
Neem oil 38.06
‘Maroti oil' 4221
Castor oil 42.63
Mineral turpentine 44.48
Phenyl 52.34
Kerosene 53.08
Control (untreated) 65.79



16.2 Termites

Termites, Odontotermes obesus, were
found associated with rubber plants. The
young plants and the external corky layer of
the bark as well as the dried portion of the
old trees are also found attacked by
0. obesus. The efficacy of various doses of
chlorpyriphos in controlling termite attack
is being evaluated.
16.3 Nematodes

Studies on the inter-relationship of the
population density and infestation of root-
knotnematode, Meloidogyneincognitawith
seasonsand soil temperature are in progress.
Generally, the highest population density is
recorded in the upper 10-20 cm soil depth
and gradually the number declined in lower
depths. There was significant differences in
the nematode population among monthly
samples collected from differentsoil depths.
Moderate rainfall was found to be the most
favourable condition for the plant parasitic

nematodes. The incidence of root-knot
infestation was also recorded from brown-
budded eight-month-old rubber seedlings.
16.4 Slugs and snails

An in vitrostudy has been conducted to
test the efficacy of different chemicals viz.
lime, copper sulphate, Bordeaux mixture,
metaldehyde, endosulfan, carbaryl and
malathion in three formulations (spray, dust
and bait) against slugs Mariaella dussum-
ieri Grey attacking rubber seedlings. The
percentage mortality of slugs at different
time intervals, such as 24,48,72,96,120,144
and 168 h was recorded. Maximum mortal-
ity (100%) was recorded within 24 h of
treatment with the application of lime dust
@5g/pot, which was significandy superior
to all the other treatments followed by that
of lime spray 1% and metaldehyde 2.5%
bait. The treatments with carbaryl 0.11 and
malathion 0.05% spray were ineffective
against the slugs (Table Path. 10).

Table Path. 10. Effect of different chemicals on the per cent mortality of slugs

Per cent mortality at periodic intervals

Treatment 2 h 48 h
Lime 1% spray 53.00 56.67
(46.92)  (48.84)
Lime dust 100.00 0.00
(90.00) (1.28)
Metaldehyde bait 33.33 53.33
(35.22)  (46.92)
43.33

Copper sulphate spray 30.00
(33.00)  (41.07)
Bordeaux mixture 26.67 36.67
1% spray (31.00) (36.93)
Endosulfan 0.05% spray  20.00 26.67
(26.07)  (30.29)
Carbaryl 1% spray 3.33 10.00
(7.00)  (1843)
Malathion 0.05% spray 6.67 13.33
(12.72)  (21.14)
Control 0.00 0.00
(1.28) (1.28)
9.60

CO (P=0,08)

FiguresTn parentheses are transformed values

72 h 120 h 144h 168 h
73.33 93.33  100.00 0.00 0.00
(59.00)  (81.44)  (90.00) (1.28)  (1.28)

0.00 0.00 0.00 0.00 0.00
(1.28) (1.28) (1.28) (1.28)  (1.28)
73.33 86.67  100.00 0.00 0.00
(59.00)  (7229)  (90.00) (1.28)  (1.28)
53.33 76.67 80.00 90.00  93.33
(46.92)  (61.21)  (63.93) (68.86) (81.14)
46.67 76.67 83.33 90.00  93.33
(43.00)  (61.21)  (66.14) (71.57)  (77.71)
40.00 46.67 53.33 56.67  60.00
(39.15)  (43.07)  (46.92) (48.84)  (50.85)
16.67 36.67 46.67 5333  56.67
(23.86)  (37.22)  (43.08) (46.92)  (48.84)
16.67 16.67 20.00 23.33  30.00
(23.86)  (23.86)  (26.57) (28.78)  (33.00)

0.00 0.00 0.00 0.00 0.00
(1.28) (1.28) (1.28) (1-28)  (1.28)

7.92 14.08 5.94 445 1177



16.5 Scale insect and mealy bug

Application of chlorpyriphos 0.1% was
found effective in controlling scale insect,
Saissetia nigra and mealy bugs, Ferrisiana
virgata, attack on rubber seedlings.

16.6 Borer beetles

There are several beetles enter in the
woody tissue mostly as secondary' invad-
ers. The borers invade in partially dried
rubber tissues due to disease, lightning
and brown bast. Experiment was under-
taken to manage the borer attack in
rubber plantations using different insec-
ticide formulations. Treatment with in-
secticides on the borer beetle-affected
portion with lindane 0.32%, carbarylO.5%
and chlorpyriphos 0.4% was found fairly
effective for the control of the beetles
(Table Path. 11).

Tabie Path. 11. Control of borer beetles

Treatment Concentration Percent

(* ai) control
Carbary! 50 WP 0.50 51.24
Lindane 6.5 WP 0.32 55.43
Fanvalerate 6.5 WP 032 25.65
Malathion 50 EC 0.50 42.76
Chlorpyriphos 20 EC 0.40 46.26
Dichlorvos 80 EC 0.40 45.25
Monocrotophos 40 EC 0.40 , 38.56
Phosphomidon 100 EC 0.50 39.76
Quinalphos 25 EC 0.50 44.45
Control (untreated) 1.15

16.7 Mooply beetles

Mooply beetle (Lvpmps corticollis) is
causing serious menace in the houses locat-
ed near rubber growing areas. The beetles
swarm into the buildings at dusk and aggre-
gate on roof and walls. It produces bad
odourand causesskin blisterswhen touched.

The biology of mooply beetles was studied.
The beetles remain quiescent during the
monsoon. By Decemberand January, they
fly back to the rubber plantation and feed
on the fallen semi-dried green leaves. They
lay eggs, hatch and grow to adult in two
months time. For control of the mooply
beetle sheltered on the houses, the insecti-
cides viz. fenvalarate 0.05%, chlorpyriphos
0.2% and carbaryl 02% were found
effective.

16.8 Mites

Mite incidence was observed on Mucuna
bracteatagrown at HBSS Nettana, Karnataka
during February to April. The mite was
identified as Brevipalpus obovatus Danna-
dieu, Tenuipalpidae, Acari. The mites w'ere
cultured in the laboratory for biological
studies.

17. Bee-keeping in rubber plantations

The attack of bee-hunting bird, Merops
orientalis on Apis mellifera colonies was
observed to be more. TSBV disease inten-
sity in Apis cerana indica colonies was
comparatively low during 1998-99 season.
Further steps on multiplication of disease-
free colonies and comparative studies on
the performance of Indian honey bees in six
and eight-frame hives are in progress.

18. Vermiculture

Mass culturing of Eudrilluseugeniaehas
been standardized. The nitrogen, phospho-
rus and potassium levels in vermicompost
have been worked out. Microbial popula-
tion of fungi, bacteria, phosphobacteria
Azotobacter and actinomycetes was deter-
mined. Rubber wood sawdustwas found as
a good additive in the semi-decomposed
agricultural wastes feed for the worms.
Cellulolytic fungi were isolated from the
vermicompost.



19. Etiology of tapping panel dryness

Chemical treatments for symptom re-
mission in TPD-affected trees were conduct-
ed in two estates on PB 235 and RRII 105.

The treatments including tetracycline
(10000 ppm), penicillin G (500 ppm), carben-
dazim (Bavistin 10000 ppm) and Flagyl
(500 ppm) were imposed using specially
designed pressure injection devices. Each
tree was injected twice in a month. The
chemicals selected were for testing their
effects against specific pathogenic forms
viz. tetracycline for phytoplasma, penicil-

PLANT PHYSIO

The Division has been working on both
basic and applied research in the different
priority areas such as environmental phys-
iology, physiology of growth and yield, root
stock-scion interactions, tapping panel dry-
ness and ecological aspects of natural rub-
ber cultivation.

1. Ecophysiology of Hevea
11 Evaluation for drought tolerance

A field study was conducted in RRII,
Kottavam using five Hevea clones viz.
RRII 105, SCATC 88-13, PB 260, RRIM 600
and Flaiken 1. Treatments were imposed on
one-year-old polybag plants kept in two
separate blocks in February. Fifteen plants
each were watered on alternate days and
the other 15per clone were not irrigated and

lin for bacteria/RLO, Flagyl against proto-
zoa and carbendazim against fungi.

The results of chemical treatment were
similar between locationsand different stag-
es of TPD. At Vaniampara Estate in clone
RRII 105, the treatments with tetracycline
indicated recovery in three of the fourplants
in seventh and fourth year of tapping. At
Malankara Estate (clone PB 235) also similar
recovery was obtained at fifth and third
year of tapping. Atboth the locations, there
was an increase in disease percentage in
plants treated with penicillin.

LOGY DIVISION

allowed to attain water deficit in soil. Me-
teorological data and moisture content in
soil revealed that soil drought and high
atmospheric temperature prevailed during
the period of study in the months of Febru-
ary and March (Tables Phys. 1 and 2).

Table Phys. 2.Per cent moisture content in irri-
gated and water-stressed poly-

Table Phys. 1 Weather parameters of RRH, Kottayam

Temperature (°C)

Month (1998) Ma rr?
XIMul

January 333
February 345
March 361
April 35.8
May 42

bag soils
’ Moisture (%)
Soil depth |prigated  Unirrigated
(m soil soil
February 00-15 19.06 10.71
15-30 21.43 12.68
March 00-15 1871 08.55
15-30 20.54 1091
Relative Rainfall
— humidit)’ (mm)
Minimum (%)
21 85 336
238
243 384
253 920 1153
256 91 150.9



Phvs 3 Leaf characteristics in irrigated (C) and wate re d

Ghorophyis .
(mg/jjrenjn

- ket
number
scaTceg13c 398 8.1
s 293%49
Haiken 1 ¢ 451%72
222 %25
RRII 105 C 44974
S 25730
PB 260 C 542+ 56
s 191 +38
RRIM 600 C 327 + 24
S 265 38

B34 8R4

tavl
90.1 +3-2
53.1 238
86.2 £7.4
6745
976+ 7.9
53.1 £+ 45
107 + 4.6
596+ 2.1
69.5+ 46
559+ 33

(mglorr)
39.9+1.9
772+ 6.7
342+ 19
845 + 33
50.4t 54
78.7+ 55
509 + 28
88.3+ 35
55.3 + 3.4
951+ 33

3.23 +
2.40 +
273 +
1.94 +
3.63 +
2.57 +
2.97 +
2.05 £
3.27
2.76

+
+

< .

0.07
0.05
0.06
0.06
0.10
0.09
0.11
0.23
0.14
0.07

alb

3.76
3.43
3.79
3.52
3.51
3.34
3.74
3.38

3.69
3.50

A
bu

60
44
37
23
48
33
42
36
38
31

($>polybrg-grown .1

<MS
injury

.5
2
.0
N
8
2
.0
6
2
2

0.8
21
1.6
13
05
0.9
13
18
2.7
2.2

ORI

o

W

Significant variations in leaf area, wax
contentand chlorophylls were observed in
irrigated and water-stressed plants. At
peak stress period (March), the number of
green leaves per stand was low in RRII 105
and PB 260. Under stress conditions, 18 per
centreduction in leaf area was observed in
clone RRIM 600 and it was maximum in
clone PB 260 (64%).
irrigated conditions, clone PB 260 main-
tained higher leafarea per plant. Additional
deposition of wax among stressed-plants
was minimum inclone RRII 105 (28 mg/'cnr)
and maximum in Haiken ] (50 mg/cm 2).
Total chlorophylls, chlorophyll a, b and a/b
ratio decreased in water deficit plants. The
per cent cell membrane injury (CMS) was
leaves of clone SCATC 88-13

However, in normal

higher in

followed by RRII 105. In plants experienc-
ing water deficit stress, the
comparatively low in clone RRIM 600 and
Haiken 1, indicating the presence of more

injury was

stable membranes and their tolerance to

drought (Table Phys. 3)

The physiological functioning of plants
was monitored by measuring the leafw ater
potential V1 and photosynthetic rates
February aswell as in peak stress period of
March (Tables Phys. 4 and 5). The irrigated
leaf water status

in

plants maintained high
and it drastically declined in water deficit
plantsatthe peak timeofphotosynthesis. In
irrigated soils, the leaves of clone RRII 105
exhibited high water potentials and under
stress conditions, the clones RRU 105 and

Table Phys. 4.Physiological characteristics in irrigated (Cl and water-stressed (S) polybag plants

\ Mid-day

(-bar) V1 (-bar)

SCATC 88-13 C 101 + 0.7 209 09
S 18.9 £ 0.8 252 + 10

Haiken 1 c 323 + 1.2 220 +08
174 £ 0.7 256 + 11

RRII 105 c 9.7 + 06 219 3.9
214 + 06 284 11

PB 260 c 153 * 1.0 234+ 08
S 214 £0.6 297 £ 0.9

RRIM 600 c 109 t 05 21.8 £ 0.6
+0.6 249 + 11

A gs E

(Wmol/m-/s)  (mol/trr/s)  (mmol/m’/s)
1172 1.13 + 0.09 34.04 + 1.10
511 +0.7 0.54 + 0.04 25.35 + 0.7
3.93 0.38 + 0.03 23.96 0.2
11 0.30 + 0.01 20,38 + 0.3
9.39 0.91 + 0.61 3411 * 0.9
0.67 + 0.1 0.26 + 0.01 19.35 * 0.3
4.99 0.42 + 0.02 26.22 + 0.2
0.29 0.27 + 0.01 16.05 + 0.2
10.40 0.86 = 0.01 34.45 + 0.2
33702 0.33 + 0,01 21.09 * 0.4



Table phy; - B-Physiological characteristics in irrigated (C) and water-stressed (S) Polybag plants

(March)
Vi Mid-day
(-bar) MM (-bar)
SCATC 88-13 C 11.8 + 0.8 262 %05
s 22.8 £ 0.4 2902 £05
Haiken 1 [ 14.3 £ 13 26.9 £ 11
S 217 + 11 296 £ 1-1
RRII 105 c 13.7 £ 0.8 281 £ 09
S 236 £ 0.8 33.4 £ 09
PB 260 ¢ 143 + 13 28.9 £ 0.9
S 24.9 £ 09 32.0 £ 0,9
RRIM 600 C 132 + 15 259 + 15
S 19.9 + 0.9 279 % 11

PB 260 showed low leaf water status as
indicated by more negative water poten-
tial values. 'Similarly, the mid-day values
were found in water deficit plants of
PB 260 and RRIl 105. At peak stress
period (March), the mid-day values were
as low as -32 to -33 bars in clones PB 260
and RRII 105 indicating the acute water
scarcity in leaves.

Clonal variations in net assimilation rate
was evident in the amount of CO- fixed by
various clones. The irrigated plants of
SCATC 88-13 exhibited high photosynthetic
rate and Haiken 1the lowest (Table Phys. 4).
The clones SCATC 88-13, RRIM 600 and
Haiken 1 had comparatively stable net as-
similation ratesand highly inhibited inclones
RRII 105 and PB 260. During severe stress
periods, the net carbon assimilation (A) was
almost nil or ceased to a minimum rate

E
(Umol/mVs) (mol/mVs) (mmol/m2s)
9.86 + 0.37 0.64 + 0.04 26.94 + 0.59
0.61 + 0.08 0.18 £ 0.01 17.30 £ 0.15
3.40 £ 0.28 0.26 + 0.01 19.88 + 0.25
0.71 £ 0.15 0.20 £ 0.01 18.75 + 0.43
9.78 + 0.55 0.71 + 0.96 26.85 + 0.96
0.78 + 0.10 0.17 + 0,01 17.65 + 0.21
4.73 + 0.26 0.25 + 0.01 21.22 £ 0.27
0.01 + 0.01 0.01 + .001 18.69 + 0.19
6.64 + 0.15 0.36 + 0.01 26.11 + 0.27
1.03 £ 0.07 0.20 + .006 18.63 + 0.28

Aiduie | liys.J). >iiEomuw** —'o~"
decreased by half and all drought-imposed
plants exhibited low transpiration (E) rates.

The biochemical estimations of total sug-
ars and starch contents in leaves of irrigated
and water-stressed plants are shown in Table
Phys. 6. Sugar content decreased in leaves as
aresultof water stress inplants. The variation
was found less in clone RRIM 600 and it
revealed that the carbohydrate synthesis was
lessaffected in these plants. Contrastingly, the
starch content in leaves increased due to
imposition of water deficit stress. Maximum
accumulation of starch in drought conditions
was noticed in clones RRIM 600 and Haiken 1
probably playing arole in osmotic adjustment
of drought-affected leaves.

The reduction in loss of leaves, leaf area,
the increase in stability of cell membranes,
accumulation of more cuticular waxes, min-

Table Phys. ,, Total sugar and starch contents in leaves of irrigated and wate,stressed po.ybag

plants
fresh weight Starch mg/g ffeS'l‘JWEIQhI‘
i Unirrigated Irrigated mrngatea
Clone rrigated | ; plants plants
plants plants
78.94 £ 3.90 9330 i 4.50
4516 + 350
SCATC 88-13 5495 £ 210 11028 + 5.16
Haiken 1 £0.02* 3.25 b ;:iZf 253 93.82 + 6.90
RRII 105 59.02 + 4.20 45.39 £ 1-60 * o108 5 480
PB 260 76.91 + 4-30 64.11 + 4.00 86.19 £ 4.40 11271 4 550
T 53.48 + 1.60 91.97 + 8.40 +



imum loss of photosynthetic pigments, bet-
ter leaf water status and maintenance of
some level of photosynthetic activity under
extreme water deficit conditions indicated
that clones RRIM 600 and Haiken 1 were
comparatively more tolerant to drought
than RRII 105, SCATC 88-13 and PB 260.

1.2 Irrigation experiment (RRS, Dapchari)

An experiment was conducted in
10-vear-old plants at RRS, Dapchari on
RRIM 600. The trees were under 1.00 ETc
irrigation during summer and one set of
trees were left as unirrigated (control).
During the summer season of 1998 on-
wards the schedule of irrigation was al-
tered. The 1.00 ETc-irrigated plants were
divided into two groups and one was being
irrigated with 1.00 ETc and another with
1/3 of 1.00 ETc level. Atthe end ofsummer,
the physiological changes were assessed in
partially irrigated plants.

Total chlorophyll content in the leaves
was significantly less in rainfed plants, but
similar in full and partially irrigated plants
(Table Phys. 7). The chlorophyll a/b ratio
wasmoreinunirrigated than irrigated plants.
The unirrigated plants had less leaf soluble
proteins and total proteins. Among the
different levels of irrigated plants, there was
no significant difference in protein levels.

The photosynthetic capacity of leaves was
studied in full, partial and rainfed plants.

Therewas no difference in the photosynthetic
O, evolution rate between full and partially
irrigated, but 37 per cent reduction was
observed inrainfed treescompared to 1.00 ETc
trees. The bark respiration rate measured in
soft bark tissues also showed no significant
difference between full and partially irrigated
plants (Table Phys. 7).

1.3 Physio-biochemical comparison of drought

tolerant and susceptible clones

Leaf and bark samples of trees represent-
ing high and low yield, high and low' girth
were collected from the polyclonal seedling
area at RRS, Dapchari. Biochemical compo-
nents (sugars, phenols, proteins, amino acids
and glutathione) and activities of peroxidase,
polyphenol oxidase, catalase, ascorbate per-
oxidase and superoxide dismutase were esti-
mated (April and October 1998). The project
was started in 1996 and the results of this
study (three yeais data) are being analysed.

1.4 Molecular level responses to low tissue
water status

As part of this experiment, a field study
was conducted at RRS, Dapchari from 1996.
The objective of the experiment was to
examine the biochemical changes in various
tissues of rubber plants associated with
drought. A mature plantation of RRIM 600
was selected for the study. A part of the
plantation is irrigated during summer and
another partis leftunirrigated. Biochemical

Table Phys. 7.Chlorophyll and protein contents of leaves, photosynthetic Oz evolution rale and

Total

bark respiration rate in unirrigated, full (1.00 ETc) and partially irrigated plants

e Chlorophyll Proteins Photosynthetic  Respiration
Irrigation chlorophyll alb (mglg fresh weight)  (Revolution  (nmols 02
(mo/g fresh — (relative mg dry
weight) Soluble Total units) weight/min)
1.00. ETc 4.66 +0.08 184 39.40 £ 0.60 9230 + 140 4.2+0.19 592 + 404
Partial* 4.55 + 0.05 1% 3570 +1.04 9350 +1.40 43 +0.14 642 + 36.2
L'mrrigated 2.70 + 0.06 31 26.70 + 131 81.03+ 160 27+0.17
+SEn =6-10 4 1/3 of 1.00 ETc



Table Phys. 8.Biochemical composition (mg/g fresh weight of tissue) and act
enzymes (relative units/mg fresh weight of tissue)

es of scavenging

Biochemical Summer , Post-monsoon
component Irrigated Rainfed Irrigated Rainfed
Soluble sugar 30.30 £ 0.60 24.50 + 0.55 39.20 £ 1.30 1;(; 2(;:; 389%
Protein 22.50 + 1.00 23.80 + 0.50 22.00 + 0.85 4.00 * 0.10
Free amino acids 3.10 £ 0.06 520 + 0.10 3.60 + 0.08 400= .10
Phenols 2.80 £ 0.06 3.90 £ 0.05 3.80 + 0.06 .00
Glutathione 2.34 £ 0.09 338 = 0.07 3.20 £ 0.07 ig?i ((;1016
Polyphenol oxidase 0.919 + 0.08 0.517 + 0.07 1.054 + 0.04 0 1851 0.02
Catalase 0.138 £+ 0.01 0.191 + 0.01 0.114 + 0.02 -477 : 0.22
Peroxidase 524 + 027 229 £ 0.14 7.79 £ 0.10 0469: 0.04
Ascorbate peroxidase 0.742 = 0.09 0.273 + 0.02 0.318 + 0.01 Jos e 004
Superoxide dism utase 292 £+ 0.13 2.44 £ 0.14 5.86 = 0.08 52 + 0.

Average values of two years data = 15

composition and certain scavenging en-
zvmes in the leaves were analysed and the
results are shown in Table Phys. 8.

The results show that the leaf protein
content did not change with irrigation
treatment either in summer or in the post-
monsoon season. But the concentration of
free amino acids was significantly more in
the leaves of the unirrigated than the
irrigated trees during summer. The con-
centration of soluble sugars was similar in
the post-monsoon season, but less in the
rainfed than the irrigated trees in the
summer season. Total glutathione and
phenol contents in the leaves did not
change between the irrigated and rainfed

u ¢ a

Ima/a fresh weight of tissue) and activities of scaven

of polyphenol oxidase, peroxidase, ascor-
bate peroxidase and superoxide dismutase
were significantly less, but that of catalase
was more in the rainfed trees than the
irrigated trees during summer.
15 Molecular level responses to low temper-
ature stress

A field study was conducted at RRS,
Agartala during January 1996 to examine
the biochemical changes in leaf tissues
associated with low temperature. Biochem-
ical components and some scavenging en-
zymes were analysed and the results are
shown in Table Phys. 9.

The results show that the concentration
of soluble proteins decreased, but that of
free amino acids did not change in the

-,
ging
weigh, |. .issue)

RRIM 600
RRII 105 |
Biochemical Winter Postmonsoon W inter Post-monsoon
component 329+ 139
613 + 0.82 413+ 123 ;iz : (1)22 391+ 065
Soluble sugar e 3234 128 81+ 029 21 065
i - 2% 0. = 0.
zms'" B 3.0+ 028 28 = 011 51+ 010 37+ 020
ree amino acids 3002 T8 025 1+ 0 37x 020
Phenols 4x 0 52+ 005 40
Total glutathione 4.7+ 013 132'“; g'g: 0.884 + 0.07 0775 % 0.08
N + 0
(P:olyfhenol oxidase 012;3;: g-gi 0192 + 0016 0134 £ 001 O-f;‘;f ggg
atalase 238 + 053 + 001 o7 &
Ascorbate peroxidase 0.578 £ 0.01 éigf ggg 212+ 015 519 + 0.08
Superoxide dismutase 3.13 + 019 82+ 045 481 + 0-23 6.87 £ 0.45
6.49 + 0.28 2x
Peroxidase

Average values of two years data; n = 15



irnum loss of photosynthetic pigments, bet-
ter leaf water status and maintenance of
some level of photosynthetic activity under
extreme water deficit conditions indicated
that clones RRIM 600 and Haiken 1 were
comparatively more tolerant to drought
than RRII 105, SCATC 88-13 and PB 260.

1.2 Irrigation experiment (RRS, Dapchari)

An experiment was conducted in
10-year-old plants at RRS, Dapchari on
RRIM 600. The trees were under 1.00 ETc
irrigation during summer and one set of
trees were left as unirrigated (control).
During the summer season of 1998 on-
wards the schedule of irrigation was al-
tered. The 1.00 BTc-irrigated plants were
divided into two groups and one was being
irrigated with 1.00 ETc and another with
1/3 of 1.00 ETc level. Atthe end of summer,
the physiological changes were assessed in
partially irrigated plants.

Total chlorophyll content in the leaves
was significantly less in rainfed plants, but
similar in full and partially irrigated plants
(Table Phys. 7). The chlorophyll a/b ratio
wasmore inunirrigated than irrigated plants.
The unirrigated plants had less leaf soluble
proteins and total proteins. Among the
different levels of irrigated plants, there was
no significant difference in protein levels.

The photosynthetic capacity of leaves was
studied in full, partial and rainfed plants.

There was no difference in the photosynthetic

O, evolution rate between full and partially
irrigated, but 37 per cent reduction was

observed inrainfed treescompared to 1.9 ETc
trees. The bark respiration rate measured in

soft bark tissues also showed no significant

difference between full and partially irrigated

plants (Table Phys. 7).

1.3 Physio-biochemical comparison of drought

tolerant and susceptible clones

Leaf and bark samples of trees represent-
ing high and low yield, high and low girth
were collected from the polyclonal seedling
area at RRS, Dapchari. Biochemical compo-
nents (sugars, phenols, proteins, amino acids
and glutathione) and activities of peroxidase,
polyphenol oxidase, catalase, ascorbate per-
oxidase and superoxide dismutase were esti-
mated (April and October 1998). The project
was started in 1996 and the results of this
study (three years data) are being analysed.

1.4 Molecular level responses to low tissue
water status

As part of this experiment, a field study
was conducted at RRS, Dapchari from 1996.
The objective of the experiment was to
examine the biochemical changes in various
tissues of rubber plants associated with
drought. A mature plantation of RRIM 600
was selected for the study. A part of the
plantation is irrigated during summer and
another part is left unirrigated. Biochemical

Table Phys. ~Chlorophyll and prolein contents of leaves, photosynthetic O, evolution rate and
b,rk respiration rale in unirrigated, full 11.00 ETc) and partially irrigated plants

Total Chlorophyll

A Proteins Photosynthetic Respiration
Irrigation (ch|o/ropfhyllh alb (mgl/g fresh weight) (Revolution (nmols O,/
m res "
V\?eig ho (relative mg dry
9 Soluble Total units) weight/min)
1.00 ETc
- 4.66 + 0.08 184 3940+ 060 9230% 140 42 % 019 592 + 404
artial’
455 £ 005 194 3570 +104 93.50 + 1.40 4.3 + 0.14 642 + 36.2
Unirrigated 2.70 t 0.06 31 )

+SEn =610 *1/3 of LOO ETc

26.70 + 1.31 81.03 + 1.60 2.7 + 0.17



Table Phys. 8.Biochemical composition (mg/g fresh weight of tissue) and activities of scavenging
enzymes (relative units/mg fresh weight of tissue)

Biochemical Summer Post-monsoon .
component Irrigated Rainfed Irrigated Rainfed
Soluble sugar 30.30 + 0.60 24.50 + 0.55 3920+ 1.30 4050 £ 1.80
Protein 22.50 £ 1.00 23.80 = 0.50 22.00 + 0.85 22.20 + 0.90
Free amino acids 3.10 £ 0.06 520 +0.10 3.60 £ 0.08 4.00 + 0.10
Phenols 2.80 = 0.06 3.90 £ 0.05 3.80 + 0.06 4.00 = 0.10
Glutathione 2.34 + 0.09 3.38 = 0.07 3.20 + 0.07 3.30 = 011
Polyphenol oxidase 0.919 + 0.08 0.517 + 0.07 1.054 =+ 0.04 1.01 + 0.06
Catala.se 0.138 = 0.01 0.191 £ 0.01 0.114 £ 0.02 0.188 £ 0.02
Peroxidase 4+ 0.27 29 + 0.14 7.79 £ 0.10 4.77 + 0.22
Ascorbate peroxidase 0.742 = 0.09 0.273 + 0.02 0.318 + 0.01 0.469 + 0.04
Superoxide dismutase 2+ 013 44 £ 0.14 5.86 + 0.08 552 + 0.22

Average values of two years data; n = 15

composition and certain scavenging en-
zymes in the leaves were analysed and the
results are shown in Table Phys. 8.

The results show

content did

that the leaf protein
not change with irrigation
treatment either in summer or in the post-
monsoon season. Butthe concentration of
free amino acids was significantly more in
the leaves of the unirrigated the
irrigated trees during summer. The con-
centration of soluble sugars was similar in
the post-monsoon season, but less in the
rainfed than the

than

irrigated trees in the
summer season. Total glutathione and
phenol contents in the leaves did not

change between the irrigated and rainfed

trees during peak summer. The activities

of polyphenol oxidase, peroxidase, ascor-
bate peroxidase and superoxide dismutase
were significantly less, but that of catalase
was more in the rainfed trees than the
irrigated trees during summer.
1.5 Molecular level responses to low temper-
ature stress

A field study was conducted at RRS,
Agartala during January 1996 to examine
the biochemical changes in leaf tissues
associated with low temperature. Biochem-
ical components and some scavenging en-
zymes were analysed and the
shown in Table Phys. 9.

The results show that the concentration
of soluble proteins decreased, but that of
free amino acids did not change the

results are

in

Table Phvs. 9.Biochemical composition tmg~g fresh weigh, of tissue) and activities of scavenging
enzymes trelative units/mg fresh weight of t.ssue)

i i RRII 105 ) RRIM SOO
géfyfggwe'ﬁ?' W inter Post-monsoon W inter ost-monsoon
413 + 123 73.7 & 105 329 + 1.39
61.3 £ 0.82
iOI‘:b>Ie suoar 21.6 + 0.27 323+ 1.28 281 + 0.28 3§tf giz
Toe an : 32+ 018 0% 0.
28 £ 011
i i 3.0+ 028
E::n;\:v;mo et 5.4 + 0.10 38+ 0.25 212 ] g.ég 1;:3: z.ﬁ)
3.6 £ 0.09 2% 4t
Total glutathione 47 + 013 0775 + 008
PO')’pgenol oxidase 175+ 0.08 125 008 pte f bod 0.614 + 0.06
Catal 0.238 + 0.02 0.192 + 0.016 0.134 + 0.01 .1 o : 0_15
e 578 % 0, 053+ 001 97 ¢
Ascorbate peroxidase 0.578 £ 0.01 é:g f ggg 212 s 015 519 + 008
i i 3.13 £ 0.19 * U
iuperf)dxlde dismutase o s o8 a2 045 48l s 023 6.87 & 045
eroxida *

Average values of two years data; n - 15



——Yidd TFR
(ml/cm/min)

RRII 105 53.48 0.110
RRII 118 48.41 0075
RRII 300 33.79 0.078
GT 1 49.98 0.083
PR 107 32.44 0.111
Tjir 1 3353 0.107
Gl 1 28.53 0.085
PB 235 47.15 0.070
RRIM 501 45.87 0.075
RRIM 600 46.62 0.095
RRIM 612 27.45 0.090
RRIM 703 25.88 0.048
leaves during winter compared to post-

monsoon season in the two clones studied.
The concentrations of soluble sugars, total
glutathione and phenols increased in win-
ter. The activities of catalase and polyphe-
nol oxidase increased, but that of peroxi-
dase and superoxide dismutase decreased
during winter in both clones.
Identification of molecular basis for
drought tolerance
The plasmid DNA corresponding to the
genes HaDhnl and HaDhn2, coding for the
protein dehydrin, which is reported to be
responsible for drought tolerance in Helian-
thus annuuswas transformed into the E.COli
strain DH5p. Extracted the plasmid DNA
from the transformed DH5p and confirmed
the presence of the gene by digestion with
restriction enzyme EcoRI and gel electro-
phoresis The strains were preserved at
-70 C. The genes will be isolated from the
strain and will be used as probe for Southern/
Northern Hybridization Analysis of drought
tolerant/ susceptible genotypes of Hevea

1.6

A suitable protocol for the isolation of
PCR amplifiable DNA from Hevea bark
samples has been standardized.

2. Physiology of growth and yield
2.1 Studies on yield and yield components

The yield and yield components of 12

clones were recorded for the year 1998-99.

Girth

DRC "

(%)

37.39 4.15 77.23
36.95 3.41 88.65
36.77 4,85 80.42
34.38 3.13 77.26
36.08 5.54 67.51
36.41 6.42 77.48
31.93 4.76 74.46
35.13 3.36 89.82
34.37 2.89 65.12
33.35 3.73 77.00
35.28 6.64 85.00
34.30 3.67 70.67

Mean annual yield Y (g/tree/tap), initial
flow rate TRR(ml/cm/min), DRC (%), plug-
ging index (PI) and girth (cm) are shown in
Table Phys. 10. Clone RRII 105 continues to
beatopyielder. RRIM 703 recorded the lowest
yield of 25.88 g/tap. Clones like GT 1,
RRn 118, PB 235, RRIM 600 and RRIM 501
yielded between 45-50 and all other clones
between 25-34 g/tree/tap. Mean IFR was
found higher in clones RRII 105, Tjir 1 and
PR 107 and low in RRIM 703. DRC ranged
between 32-37 per cent. Plugging index varied
with clones and RRIM 612 recorded maxi-
mum values of Pl (6.6). The mean girth of
these clones was in the range of 65.12
(RRIM 501) to 89.82 cm (PB 235).

2.2 Investigations on the mechanisms of tap-
ping-induced loss of biomass at HBSS,
Nettana

The project was started in October 1997
with five clones in a 1987 plantation at
HBSS, Nettana to find out the mechanism of
loss inbiomass of a rubber tree subjected to
regular tapping.

The trees were opened for tapping dur-
ing November 1997 and one set left un-
tapped as control. The annual mean girth
increment in d/2 tapped and untapped
control trees isshown in Table Phys. 11. The
girth increment during the first year of
tapping in tapped trees was lesser than



Table Phvs. 11 Difference in annual girth incre-
ment between tapped and un-

tapped trees

Girth increment (cm)

Clone Untapped Tapped

RRII 300 3.97 + 0.99 2.37 + 0.26 (40.30)
RRII 105 391 + 0.30 2.10 + 0.49 (46.30)
PB 235 519 + 061 3.80 + 0,17 (26.77)
PB 260 4.23 + 049 3.01 + 0.16 (28.90)
PB 311 4.05 + 0.47 2.42 % 0.16 (40.25)
figures iviin—. . gt -

tion in annual girth increment of tapped trees com-
pared to respective untapped trees

untapped trees in all the five clones indicat-
ing tapping induced more partitioning of
assimilates to rubber biosynthesis. The re-
duction of biomass allocation to girth may
also be due to tapping-induced mainte-
nance respiration. The reduction in tap-
ping-induced girth increment was more in
RRII 105 and less in PB 235.

The dark respiration-mediated oxygen
evolution rate was measured in tapping
panel area of the d /2 tapped trees and fro
the corresponding point in the untapped

Table Phys. 12.

trees during May and November 1998 cov-
ering two different seasons representing
summer and post-monsoon respectively.
The tapping panel respiration rate was
significantly higher than respective un-
tapped control trees. The high rate of
respiration recorded in the tapping panel area
could be due to the increased rate of metab-
olism for biosynthesis of rubber molecules as
well as possible wound-induced maintenance
respiration. There was seasonal changes in
respiration rates recorded in tapped trees. The
rate measured during stress-free November
was higher than summer respiration in all
the clones. Among the tapped trees,
RRII 105 recorded maximum respiration
and PB 260 recorded minimum respiration
in both the seasons (Table Phys. 12).

The total sugars content in tapping panel
areawashigher than untapped treesin all the
clones. It could be attributed that sugar
contentin the tapping panel area had a direct
role in energy producing respiratory metab-
olism. There was no difference between
tapped and control trees in starch content
(Table Phys. 13).

Dark respiration rate of soft bark tissues

Respiration rate (nmols Q,/g dry weight/mm)

Summer Post-monsoon
Cl
o Untapped Tapped Untapped Tapped

222.0 £ 19.5 615.0 + 28.5
RRI1 108 S0t s 20y ngff 29 3065 + 9.2 763.9 + 252
RRII 105 265.6 + 23.7 1ot . :
PB 235 218.6 + 11-7 454.6 £ 35.6 2375 = 26.5 22:;(; : 322
PB 260 267.6 + 19.9 466.5 £ 22 2203 + 127 sas e %30
PB 311 201.0 + 114 539.1 + 37.5 2412 + 19.6 + 36

Tab.e Phys. 1.1 The total sugars and starch composition of laticiferous”~o ftba~M »
fresh weight) Starch (ms/s (resh weight)

Post-monsoon

Sommer, Post-monsoon

Clone Summer
Untapped  Tapped ~ Untapped  Tapped . N

" 467429 39.8i28 426:13 560+7.3  625:36 48 7:“ 58‘6:5'7
RRII 300  40.805 T Ao 60.0£31  689:21  49.4%10 520439
RRII 105  36.8%11 LT a0 508471  746£15  639:14  615+14
PB 235 49.0¢17 52616 205120 T Tooiey 640133 776829
PB 260 3339.58:11210 ii.l}/fg.z 27-9:1 T 83.345.1 84.443.8 53.3+4.7 56.1+1.6
PB 311 8% T2, SEL




Tapping-induced changes in respiration rate, reactive oxygen quenching enzymes

activities in RRIl 105.

Parameter Untapped

Respiration* 487 x 34 784 £34
SOD** 2.64 +0.34 3.15 + 0.34
Catalase*” 0.027 +0.004 0.027 0.004
Peroxidase™ 0.09 + 0.01 0.096 *0.0046

*nmols O./mg dry weight ti

2.3 Tapping induced changes in respiration
rate and reactive oxygen scavenging sys-
tems in bark tissues

The tapping induced changes in the
dark respiration rate was studied in soft
bark tissues of the clone RRII 105 undergo-
ing tapping by 1/2S d/3 system. Respira-
tion rate was measured just before tapping
in the early morning (0630 1ST), just after
the collection of latex (1000 1ST) and fol-
lowing resting days during morning hours

(1000 1ST). Similarly the activities of

reactive oxygen species (ROS) quenching

enzymes such as superoxide dismutase

(SOD), catalase and peroxidase were stud-

ied in bark samples. The respiration rate

was higher in after tapping samples than
before tapping and resting days (Table

Phys. 14). There was no significant differ-

ence in the activities of ROS quenching

enzymes such as SOD, catalase and perox-
idase in both before and after tapping
samples.

3. Studies on tapping panel dryness

A survey was made in GT 1regarding
the occurrence of TPD in a new tapping
panel in relation with the TPD history in
the previous tapping panel. The trees were
regularly monitored and the percentage of
IPD incidence in individual trees was
recorded every week for a period of three
years. Hie data indicated that the occur-
rence of TPD was relatively fast and more
m trees which had TPD history in the

Before tapping  After tapping

Resting day 1 Resting day 2

968 + 41 833 + 27 694.6 + 52
34+ 004 3.8 +0.05 3.26 + 0.05
0.038 £ 0.004 0.033 + 0.0031 0.032 * 0.006
013 +0.005 011 #0.01 011 * 0.012

* relative units/min/mg protein

previous tapping panel. In normal trees,
the percentage of TPD incidence was very
10w and the occurrence of TPD was com-
paratively slow.

Soft bark tissues of normal and TPD
trees from GT 1 and RRIM 600 were used
for the biochemical analysis of proteins,
sugars, phenols, thiols, glutathione and
certain free radical scavenging enzyme
systems like ascorbate peroxidase, super-
oxide dismutase etc. The trees that had
gone fully dry had higher concentrations of
total sugars and starch in bark tissues of
both the clones. However, the reducing
sugars in GT 1did notshow any significant
change in the TPD trees. On the contrary
to this, the C serum proteins were low in
TPD trees. There was relatively high
peroxidase activity in the TPD trees of both
the clones. Analysis of the other biochem-
ical components related to the free radical
production in RRIM 600 is in progress. The
data indicate that the stress-induced free
radical system is very active in these clones
during the onset of TPD.

Thestudiesconducted in GT 1and RRII 105,
to examine the respiratory rates of the bark
tissues from TPD-affected and normal trees
and the carbohydrate status of the tissues
revealed an increase in the total sugars,
sucrose and starch contents in the bark,
along with respiration in TPD trees. The
bark tissues from the opposite side of the
appmg panel of the two clones showed
decreased respiration.



4. Stock-scion interaction studies
4.1 Studies on genetic variability

This experiment was carried out to test
ahypothesis that a greater genetic distance
between root stock and scion may interfere
with the physiology of the scion, eventual-
ly leading to symptoms of delayed incom-
patibility between them culminating in a
physiological disorder like TPD syndrome.
Bark samples from the scion and root stock
portions of healthy and TPD-affected trees
of theclone GT 1were subjected to isozyme
and RAPD analysis. The isozyme profile of
the enzyme peroxidase showed polymor-
phism both in the scion and the root stocks.
The polymophism observed in the geneti-
cally homogeneous scion tissues can be
attributed to the influence of the heteroge-
neous root stocks. The RAPD analysis
showed genetic homogeneity between sci-
on tissues (genetic distance=0) while the
genetic distance among the root stock
tissues ranged from 7 to 39 per cent. The
genetic distance between root stock and
scion tissues was greater in TPD-affected

RUBBER CHEMISTRY,PHYSICS

The Division continued studies pertain-
ing to natural rubber mainly on primary
processing, chemical modification, reclama-
tion, rubber blends and composites.

1. Primary processing
1.1 Effect of exposure of sheet rubber to
sunlight

The evaluation ofsheets exposed toopen
sun for drying in comparison with other

than in healthy trees.
4.2 Upward tapping

An experiment on upward (high panel)
and normal tapping of healthy and TPD
affected trees was started in the clone RRII
105 at CES, Chethackal. This study was
initiated to find out whether translocated
type of incompatibility exists in TPD-affected
trees.
4.3 Isozyme polymorphism in the bud-graft-

ed plants

Isozyme polymorphism was observed in
three enzymes viz. peroxidase, catalase and
esterase in the scion tissues of differentclones
and plants of aclone. Leafsamples from the
same plant were subjected to isozyme anal-
ysis of the above enzymes to find out
whether variations exist in the isozyme pro-
file of these enzymes in the samples. There
isno variation in the isozyme profile of these
enzymes in sample of the same plant. This
indicates that enzyme polymorphism ob-
served in the scion tissues of different plants
ofa clone may be due to the influence of root
stock/root stock-scion interaction.

AND TECHNOLOGY DIVISION

modes of drying was continued. The sheets
dried in open sunlight for excess period
than the required for optimum drying
showed comparatively lower molecular
weight and polydispersity (Table Chem. 1).

Breakdown characteristics of the sam-
ples were evaluated using a torque-rheom-
eter. The heatgenerated during mastication
for a fixed period was found to be lower for

Table Chem. 1 Molecular characteristics of dry sheets

Treatment (Daltonf
Smoke-dried for 5 days 2-31 x
Sun-dried for 40 h 228 x ™

Excess sun-dried for 60 h 2-M x 10 _

Mw (Dalton) Polydispersity
7.31 x 101 377
7.62 x 10 3.34
6.21 x 105 379



Tapping-induced changes nrespiration rate, reactive oxygen quenching enzymes

activities in RRU 105.

Parameter
Respiration* 487 £34 784 £34
SOD” 2.64 +0.34 3.15 + 0.34
Catalase*' 0.027 + 0.004 0.027 £ 0,004
Peroxidase*' 0.09 + 0.01 0.096 + 0.0046

*nmols O./mg dry weight tissue./mi

2.3 Tapping induced changes in respiration
rate and reactive oxygen scavenging sys-
tems in bark tissues

The tapping induced changes in the
dark respiration rate was studied in soft
bark tissues of the clone RRII 105 undergo-
ing tapping by 1/2S d/3 system. Respira-
tion rate was measured justhbefore tapping
in the early morning (0630 1ST), just after
the collection of latex (1000 1ST) and fol-
lowing resting days during morning hours
(1000 1ST). Similarly the activities of
reactive oxygen species (ROS) quenching
enzymes such as superoxide dismutase
(SOD), catalase and peroxidase were stud-
ied in bark samples. The respiration rate
was higher in after tapping samples than
before tapping and resting days (Table
Phys. 14). There was no significant differ-
ence in the activities of ROS quenching
enzymes such as SOD, catalase and perox-
idase Ln both before and after tapping
samples.

3. Studies on tapping panel dryness

A survey was made in GT 1 regarding
the occurrence of TPD in a new tapping
panel in relation with the TPD history in
the previous tapping panel. The treeswere
reguiariy monitored and the percentage of
TPD incidence in individual trees was
recorded every week lor a period of three
years. The data indicated that the occur-
rence of TPD was relatively fast and more
m trees which had TPD history in the

Untapped Before tapping Alter tapping  Resting day |

Resting day 2

968 + 41 833 £27 6946  + 52

3.4 £ 0.04 3.8 £0.05 3.26 +0.05
0.038 + 0.004 0.033 +0.0031 0.032 + 0.006
0.13 + 0.005 0.11 £ 0.01 0.11 + 0.012

relative units/min/mg protein

previous tapping panel. In normal trees,
the percentage of TPD incidence was very
low and the occurrence of TPD was com-
paratively slow.

Soft bark tissues of normal and TPD
trees from GT 1and RRIM 600 were used
for the biochemical analysis of proteins,
sugars, phenols, thiols, glutathione and
certain free radical scavenging enzyme
systems like ascorbate peroxidase, super-
oxide dismutase etc. The trees that had
gone fully dry had higher concentrations of
total sugars and starch in bark tissues of
both the clones. However, the reducing
sugars in GT 1did notshow any significant
change in the TPD trees. On the contrary
to this, the C serum proteins were low in
rpD trees. There was relatively high
peroxidase activity in the TPD trees of both
the clones. Analysis of the other biiichem m
ical components related to the free radical
production in RRIM 600 is in progress. The
data indicate that the stress-induced free
radical system is very active in these clones
during the onset of TPD.

Thestudiesconducted in C T 1and RRII 105,
to examine the respiratory rates of the bark
tissues from TPD-affected and normal trees
and the carbohydrate status of the tissue,
revealed an increase in the total sugars,
sucrose and starch contents in the bark,
along with respiration in TPD trees. Tire
bark tissues from the opposite side of the
apping panel of the two clones showed
decreased respiration.



4. Stock-scion interaction studies

4.1 Studies on genetic variability

This experiment was carried out to test
a hypothesis that a greater genetic distance
between root stock and scion may interfere
with the physiology of the scion, eventual-
ly leading to symptoms of delayed incom-
patibility between them culminating in a
physiological disorder like TPD syndrome.
Bark samples from the scion and root stock
portions of healthy and TPD-affected trees
ofthe clone GT 1were subjected to isozyme
and RAPD analysis. The isozyme profile of
the enzyme peroxidase showed polymor-
phism both in the scion and the root stocks.
The polvmophism observed in the geneti-
cally homogeneous scion tissues can be
attributed to the influence of the heteroge-
neous root stocks. The RAPD analysis
showed genetic homogeneity between sci-
on tissues (genetic distance=0) while the
genetic distance among the root stock
tissues ranged from 7 to 39 per cent. The
genetic distance between root stock and
scion tissues was greater in TPD-affected

RUBBER CHEMISTRY, PHYSICS

The Division continued studies pertain-
ing to natural rubber mainly on primary
processing, chemical modification, reclama-
tion, rubber blends and composites.

1. Primary processing
11 Effect of exposure of sheet rubber to
sunlight

Theevaluation of sheets exposed to open
sun for drying in comparison with other

than in healthy trees.
4.2 Upward tapping

An experiment on upward (high panel)
and normal tapping of healthy and TPD
affected trees was started in the clone RRII
105 at CES, Chethackal. This study was
initiated to find out whether translocated
type ofincompatibility exists in TPE>-affected
trees.
4.3 lIsozyme polymorphism in the bud-graft-

ed plants

Isozyme polymorphism was observed in
three enzymes viz. peroxidase, catalase and
esterase in the scion tissues of differentclones
and plantsof aclone. Leafsamples from the
same plant were subjected to isozyme anal-
ysis of the above enzymes to find out
whether variations exist in the isozyme pro-
file of these enzymes in the samples. There
isno variation in the isozyme profile of these
enzymes in sample of the same plant. This
indicates that enzyme polymorphism ob-
served in the scion tissues of different plants
ofa clone may be due to the influence of root
stock/root stock-scion interaction.

AND TECHNOLOGY DIVISION

modes of drying was continued. The sheets
dried in open sunlight for excess period
than the required for optimum drying
showed comparatively lower molecular
weight and polydispersity (Table Chem. 1).

Breakdown characteristics of the sam-
ples were evaluated using a torque-rheom-
eter. The heat generated during mastication
for a fixed period was found to be lower for

Table Chem. 1. Molecular Characteristics of dry sheets

Treatment Mn (Dalton)
Smoke-clried for 5 days 231 x 10
Sun-dried for 40 h 2.28 x 10

Excess sun-dried for 60 h 2,01 x 10

Mw (Dalton) Polydispersity
7.31 x 105 3.17
7.62 x 10s 3.34
6.21 x 10" 3.09



sheets exposed to sunlight tor prolonged
period, indicating a higher extent of degra-
dation. The technological properties of the
filled vulcanisates were comparable to those
prepared bv other inodes of drying except
for ageing resistance.
1.2 Factors affecting coagulation of fresh nat-
ural rubber latex

Fresh natural rubber (NR) latex treated
with fatty acids coagulates instantaneously on
addition of acids. The volume of the acid
required for coagulation depends on many
factorsviz. the quantity ofthesoap added,dry
rubber content (DRC) and also on the pres-
ence of metal ions. Hence the volume of the
acid required for coagulation of the latex
could be related to the DRC. A methodology
was suggested to determine the DRC of the
field latex by finding out the volume of the
add required forinstantaneous coagulation of
diesame. Trialsare being carried outto reduce
the error range of observed DRC values.
2. Chemical modification of NR
2.1 Graft copolymerization of vinyl mono-

mers on to NR

A protocol forthe pilotplant-scale prep-
aration ofstyrene-grafted NR using gamma
radiation was standardized. Samples were
supplied to differentrubber footwearman-
ufacturing units forevaluation of the mate-
rial as a stiffening agent in microcellular
soles. The same was reported -to have
comparable properties with other conven-
tional high styrene resins being used in the
industryl Efforts are being made to prepare
larger quantities of the co-polymer, using
the facilities at RVNRL pilot plant.

Prepared methyl methacrylate-grafted
NR latex using gamma irradiation tech-
nique and the material was evaluated for
adhesive formulations.
2.2 Epoxidized NR

Epoxidized natural rubber (ENR) was
tried asareinforcementmodifier for NR-silica

composites. ENR modified compounds
showed lower mixing energy, faster cure and
better technological properties and ageing
resistance over the unmodified. Modified
systems are being compared with rubber-
silica mixes containing silane coupling agents
and alsowith carbon black-filled mixes. Scan-
ning electron microscopic studies revealed
that the presence of ENR in NR-silicacompos-
itesimproved thesilica dispersion of the latter.

In the case of nitrile rubber-silica com-
posites, ENR was found to have improved
the cure characteristics and technological
properties.

3. Enzymatic deproteinization of NR
latex

The residual soluble proteins in NR latex
products could cause allergic responses in
sensitized individuals. This has necessitated
the production of latex products with very
low extractable protein (EP) content. It was
found that centrifuged latex with low-er levels
ofprotein could be prepared using Anilozyme
P10, a proteolytic enzyme, in a single centri-
fuging process. The extentofdeproteinization
using the enzyme in a single stage centrifug-
ing process was comparable to the double
centrifuging of the preserved field latex.

4. Storage of NR

Astudy was initiated to evaluate the effect
of the period and environmental conditions of
storage of different forms of NR on tine
properties of the same. Thiswas proposed in
the context of longer storage periods antici-
pated especially for sheet rubber at the level
of farmer/dealer/other governmentagencies
involved in the process of procurement. The
raw rubber properties and the properties of
the vulcanizates prepared from the above
samples were evaluated in a time interval of
three months. The parameters regarding the
conditions of storage such as temperature,
humidity etc. were also monitored.



ISNR 20, the major form of technically
specified rubber (1BR) produced in India, is
being processed from field coagulum. The
practices followed in handling and storage of
field coagulum especially in the small grower
sector is quite unsatisfactory, resulting in
inconsistent and inferior quality rubber. A
study has also been initiated to identify factors
contributing to degradation of field coagulum
prior to processing. Field coagulum samples
were stored in different periods and subse-
quently processed as TSR. The effect of storage
on the properties of the rubber was studied.

5. Characterization of molecular pa-

rameters of lattices of differentclones

The study is being carried out in collab-
oration with the Botany Division. The
lattices of the clones included in the study
were evaluated periodically for pH, DRC,
non-rubber constituents, Wallace plasticity,
plasticity retention index, Mooney viscosity,
gel content, acetone extractables, ash con-
tentand nitrogen content. Determination of
molecular weight and molecular weight
distribution (MVVD) of the samples were
also being carried out.

6. Natural rubber technology

6.1 Reclamation of vulcanized scrap rubber
The process developed earlier, for recla-

mation of vulcanized scrap rubber was re-

Table Chem. 2. Processing and technological

Property

Mooney viscosity, ML(I+4) at 100°C
Cure time, 150°C (min.)

Scorch time, t2, 150°C (min.)
Hardness (Shore A)

Modulus 300% (MPa)

Tensile strength (MPa)

Elongation at break (%)

Tear strength (k-Nm)

Rebound resilience (%)
Compression set (%)

Heat build up (AT“C),

fined. Reclamation was carried out by me
chanical shearing of the waste rubber in an
open two-roll mill. Alowerproportionofpre-
masticated NR was incorporated with the
above regenerated rubber. The properties of
former were found to be superior to the
conventional reclaim rubber (Table Chem. 2).

6.2 Upgradation of the quality of radiation
vulcanized NR latex

Thepungentodour of the residual mon-
omer viz. n-butyl acrylate being used as a
sensitizer in the production of radiation
vulcanized NR latex (RVNRL), is a con-
straint in handling the same. Hence at-
tempts were made to substitute the mono-
mer (n-butyl acrylate) by its oligomer. The
oligomers were prepared by the radiation
process. Though oligomers were less reac-
tive compared to the monomer, the molec-
ular weight of the oligomer was controlled
to get maximum tensile strength for the
latex films. Sodium dodecyl sulphate
(SDS) was tried as a stabilizer for the
oligomer emulsion. However, the vulcan-
izate properties of the latex films prepared
using the above method were observed to
be inconsistent. This was identified to be
mainly due to the variability of the latex
with regard to clone, Mg content and
preservation system.

properties of regenerated and reclaim rubber

Regenerated Conventional

rubber reclaim rubber
----------- 5T4 873
14.4 8.5
55 1-5
60.0 65-°
7.9 12.3
23.8 Ib5
630.0 355.0
103.6 35-5
46.6 60-4
39.9 48.6
41.0 21.0




agricultural

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

1. Evaluation of planting materials
under commercial cultivation

end

A report has been prepared on vield
and related aspects of 19 Hevea clones
under commercial cultivation during the
1-10phase (Table Age. 1). The clone RRII 105
recorded the highest commercial yield with
1703 kg/ha and the lowest yielding clone
was LCB 1320 with 953 kg/ha and the

Table Age. 1, Commercial yield and

Clone (kg/ha) (kgltree)
RRII 105 1703 471
GT 1 1351 425
LCB 1320 953 3.17
el 1109 331
PB 217 1510 489
PB 235 1426 447
PB 252 1386 468
PB 260 1607 479
PB 28/59 1522 458
PB 5/139 1306 334
PB 5/51 1336 4.28
PB 5/63 1088 4.20
PB 6/9 1216 3.27
PB 86 1105 39
RRIM 600 1337 428
RRIM 605 1144 350
RRIM 623 1106 316
RRIM 628 1003 384
RRIM 701 1186 295

economics

division

phase mean was 1334 kg/ha. Other high
yielding varieties were PB 260, PB 28/59
and PB 217. The clones such as PB 5/63,
PB 86, GL 1and RRIM varieties other than
RRIM 600 were found to be low yielding.
The vield per tree ranged from 3.16 (RRIM 623)
t04.89 kg (PB 217) with aphase mean 0f4.02
kg and altogether 10 clones had reported
yield per tree above 4 kg. The share of field
coagulum (FC) ranged from 20.1 (PB 217) to
37.9 per cent (RRIM 628) with a phase mean
of27.7per cent. Other clones with lower FC
contentwere PB6/9, PB5/139 and RRII 105.
The tappablestand per ha extended from 259
(PB 5/63) to 391 (PB 5/139) with a phase
mean of 329. The phase mean of tapping
intensity was82percentshowing acombina-
tion of tapping systems such as 1/2 S d/3
(67%),1/2 Sd/7 (86%) and 1/2 Sd /2 (100%).

related aspects during 1-10 phase

Tappable stand Tapping
(%) (no. per ha) intensity (%)
235 361 70
24.9 318 82
311 301 89
309 336 86
20.1 309 84
28.2 319 77
37.8 296 86
286 235 77
29.0 333 75
233 391 92
21.6 312 82
371 259 77
20.6 372 67
259 331 84
283 312 84
30.0 319 84
30.4 320 85
31.9 285 70
35.6 300 85



2. Adoption of intercropping in rub-

ber smallholdings in Kerala

A Tobit Model was used to analyse the
determinants of the intercropping deci-
sions in three regions viz. Punalur, Thodu-
puzha and Thaliparamba in South, Central
and North Kerala respectively. The share
of intercropped area in total rubber area
was 61.25, 66.10 and 58.23 per cent in
Punalur, Thodupuzha and Thaliparamba
regions respectively. The family labour
availability and the type of intercrops in all
the three regions, the perception of profit-
ability of intercropping in Thaliparamba
and the sources of off-farm income in
Thodupuzha region were found significant
in explaining the intercropping decisions
Suitable extension designed to
change the perception of farmersaboutthe
lack of profitability of intercropping can
enhance the pace of adoption of intercrop-
ping practices in rubber smallholdings in
Thaliparamba region.

policies

3. Land use planning model for in-
tercropping in rubber smallhold-
ings

This study was conducted in the Thali
paramba region of North Kerala. A multi-
objective land use planning model fora 1ha
farm was developed using the Compromise
Programming Approach.
gross margin, labour employment
and minimization of hired labourand capital
borrowing were the objectives setand activ-

Maximization of
family

ity included was intercropping of banana,
tapioca,yam, colocasia, turmeric, gingerand
cow pea The compromise set of plants
produced a set of farm plans with gross
margin ranging from Rs.15671 to Rs.21250
per ha for differentweights assigned to the
objectives. An increase of 16 to 20 per cent
in gross margin compared to the existing
land use planswasshown inthecompromise

setofplans with auniform weightforall the
objectives.

4. Monitoring of the by-products
sector

Themonitoringoftheby-products sector
hasbeen continued. The potential availabil-
ity of rubber wood was estimated to be
1.35 million m3during 1998-99. Butdue to
the very low price of logs and uncertainties
in the natural rubber market, the actual
production was lowerby around 40 per cent.
The consum ption pattern of stem wood is
given in Table Age. 2.

Table Age. 2. Consumption of stem wood

Consuming sector % share of consumption

Packing cases 64.5
Plywood 185
Safety matches 3.0
Secondary processing 12.0
Others 2.0

The price of logs suitable for packing
cases ranged from Rs.1250 to Rs.loOO per t
while that of logs suitable for plywood and
secondary processing ranged from Rs.1800 to
Rs.2200. The production of rubber seed oil
and cake was estimated to be 2300 and 3700 t
respectively. The average price of rubber
seed oil declined from Rs.22 to Rs.20 per kg
whilethatofrubberseed cake increased from
Rs.10 to Rs.12 per kg. The production of
rubberhoney increased from Rs.1500to 17501

Other studies such as operational effi-
ciency of rubber plantations at the different

levels of management, desegregate level
analysis of natural rubber price in India,
stock holding practices of small rubber

growers, Indian tyre industry in the context
of economic liberalization, utilization of
hired labour in rubber smallholdings etc.
are at different stages of completion



WORLD BANK-ASSISTED RUBBER PROJECT
RESEARCH COMPONENT

The research component of the World
Bank-assisted rubber project has been im-
plmented bv RRII and it aims for long-
term development of the rubber planta-

tion industry

1. Exploitation studies

In estates and medium holdings, stimu-
lation treatments in low frequency tapping
trials on RRD 105under d/3 system contin-
ued to give better yield and recorded an
average yield increase of31.40 percentover
the unstimulated control. In Cheruvally
Estate, stimulation treatments in PB 217
under d/3 system gave 20 per cent yield
increase over the control. In New Ambady
Estate, stimulation at the highest level in
RRIM 600 (d/3 system) recorded an yield
increase of 46.40 per cent over the unstim-
ulated control.

As in the previous year (1997-98), differ-
encesamong treatments were notsignificant
under d/4 system particularly in RRII 105,
confirming thatlowerstimulation level would
suffice to achieve satisfactory yield improve-
ment. in Koney Estate, highest level of
stimulation in PB 217 under d/4 system
resulted in 13.04 per centyield increase over
the control blocks. In a similar trial at
Vennimala, stimulated d /4 blocks gave 13.86
percentincrease overd/3 blocks. In general,
d/4 frequency of tapping gave good results!

Threenew experimentson low frequency
tapping were laid out at RRS, Dapchari,
Maharashtra. Additional two locations in
Maharashtra and one in Palakkad in Kerala
were identified for conducting onfarm trials.

In the experiments at Rajiv Gandhi Insti-
tute of Technology (R1T), Kottayam, low

requency tapping with stimulation gave

promising results except in the case of

weekly tapping. In panel BO-1 and BO-2,
yield from plots under d/3 frequency of
tapping with stimulation was comparable
to that of alternate daily tapping without
stimulation. In d/4 tappingsystem, adecrease
of about five per cent yield was noticed
compared tod/3 tapping with mild stimula-
tion. Results of the rain guarding experiment,
showed 35-50 per cent yield reduction in the
absence of rain guard under d/3 and d/2
frequency of tapping respectively. Stimula-
tion could recover only 10 per cent of the
yield loss under d/2 and 19 per centunder
d/3. InGT 1,CUT of 1/4S cutduring pre-
and post-monsoon resulted in
24 per centyield increase over the control
under d/2 system of tapping.

periods

2. Latex diagnosis studies

Latex diagnosis (LD) studies conducted
in 36 smallholdings under Edakunnam RPS
in Kanjirappally region showed that the
values of LD parameters in d/2 and d/3
system of tapping were comparable during
the period of observation. The results indi-
cated that the base values fixed for clone
RRI1'105 could well be used as indices for
advisory purposes on exploitation during
August to November.

Latex diagnosis parameters (thiols, su-
crose, inorganic phosphorus and DRC)
obtained from anexperimentatRIT indicat-
ed signs of over-exploitation. Results re-
vealed that latex diagnosis parameters could
be used as indicators for fixing optimum
stimulation schedule

3. Clone evaluation

In the 1994 Trial at Arasu Rubber Corpo-
rahon Keeriparai, Tamil Nadu, RRIM 703,
105and IRCA 111 continued to exhibit



better growth whereas PB 314 recorded the
lowest girth (Tabic Wb. 1).

Table Wb. 1. Clone evaluation

Clone Girth (cm)
RRII 105 38.02
IRCA 18 35.08
IRCA 109 35.19
IRCA 111 37.01
[RCA 130 32.40
IRCA 230 34.54
PB 28/59 35.24
PB 255 36.53
PB 314 31.28
PB 330 32.55
RRIM 703 39.90
Mean 27.65

Data on sun scorch incidence from the
1994 Trial Rubber Corporation
indicated three groupings (Table Wb.2).
PB 217 and PB 311 showed better tolerance
to sun scorch.

at Arasu

Table Wh.2. Incidence of sun scorch

Incidence Clone

Low PB 217

PB 311

Medium RRII'S
RRII 50
RRII 105
RRII 176
PR 255
PR 261
PB 260
PB 235
RRIC 102

High PB 28/59

Theonfarm blocks atPullengode Estate,
Thirumbadi Estate, Manappally, Suranadu,
Vallikunnam and Thamarakkulam were
At RRS Agartala, girth and
yield recordings of the selected clones were
continued.

maintained

4. Biotechnology
4.1 In vitro plant generation

The effect of explant stage and methods
of sterilization standardized for
explants derived from field-grown plants.
From field-grown mature trees, the ideal
time for explant collection is December to
January when new flushes emerge

were

after
wintering. A high concentration of sucrose
and cytokinin in the initial inoculation me-
dium was found to be essential for normal
growth of explants. Shoot elongation and
maturation could be obtained on subculture
toamedium containing low level of cytoki-
nin and gibberellic acid. Sprouting of mul-
tiple shoots from the base was obtained
after removal of the shoot apex.

The effect of thidiazuron on the induc-
tion of multiple shoots in the nodal culture
as well as shoot tip cultures was observed.
This chemical suppressed the apical dom -
inance and induced profuse multiple shoot
production. However, the growth of multi-
ple shoots was not satisfactory.

4.2 Somatic embryogenesis and transgenic
plant synthesis

Experiments were conducted to enhance
the efficiency of somatic embryo induction
and plantlet formation achieved earlier from
immature inflorescence (flower buds) and
immatureantheras the initialexplants. Stud-
ies on various nutritional as well as hormo-
nalrequirementsresulted inahigh frequency
somatic embryogenesis and plantlet forma-
tion from immature antherand flowerbuds.
Time span required for the formation of
mature embryos from initial explants is
approximately one and a halfyears. Parallel
experiments carried out to reduce the time
span between initial explantinoculation and
mature embryo formation resulted in the
reduction of time span to three months.

Inorder to overcome the problem ofthe

development of transgenic plantlets, exper-



iments were carried out with the transgenic
embryosand embryogenic callitransformed
with the gene coding for sorbitol 6-phos-
phate dehydrogenase brought from the
University of California, L'SA. Itresulted in
the large-scale production of mature embry-
os transformed with the gene coding for
sorbitol 6-phosphate dehydrogenase. Plant-
lets were produced up to the second leaf
stage. Further experiments are in progress
on the hardening process.

Experiments were carried outto enhance
the transformation frequency and the fre-
quency has been enhanced from 1to 3 per
cent . Fresh Hevea calli were transformed
with the other genes coding forisopentenyl
transferase, superoxide dismutase and the
antisense sequence for ACC synthase
brought from the University of California
Nearly 50 embryos transformed with anti-
sense ACC geneand more than 1000embryos
each transformed with genes coding for
isopentenyl transferase and superoxide dis-
mutase were developed.

5. Germplasm evaluation/Genome
analaysis

51 Screening of Hevea germplasm for
drought/cold tolerance

In the hot spot trial at the RRS, Sukma,
Madhya Pradesh, Brazilianclonessuch as
RO 5363 and RO 2629 were performing
better, however poor growth was observed
for AC 685 .Among control clones, good
growth was observed for clones RRII 118
and GT 1. Selected clones from this hotspot
tr were multiplied and field-planted at
the RRS, Nagrakatta, West Bengal for cold
tolerance evaluation during 1998 During
winter months, 10 Brazilian clones showed
symptoms of cold injury like wilting fol-
lowed by d,e-back with black discoloura-
hon of green bark.

5.2 Genome analysis

Independentscreening forpolymorphic/
.nformative primers was carried out for

wild and cultivated clones as they showed
differential response in termsof PCR am pli-
fication. So far, 200 primers (20 random
primers from each OPA and OPJ series)
were screened with popular clones and 80
primers (8 primers from each series) with
wild genotypes. RAPD profiles of 48 wild
genotypes have been studied using 12
screened informative primers and database
of the above RAPD profiles are being con-
structed simultaneously for relationship
studies. Screening for RAPD marker for
Phvtophthora disease resistance in popular
clones and wild germplasm of Hevea is
being continued. The random primers
which have been identified for polymor-
phism in tolerantclonesare being subjected
to tests for the consistentpattern fordisease
resistance in 15 genotypes.

6. DRis fertilization

two types of

Experiments to compare
fertilizer recommendation viz. Discriminato-
ry Fertilizer Recommendation (DFR) and Di-
agnosisand Recommendation Integrated Sys-
tem (DRIS) are in progress. Treatmentincor-
poration and collection of yield data were
undertaken during the period under report.

hi the soil, tissue and latex testing labo-
ratoriesatNedumangad, Adoor, Kottayam,
Pala, Kanjirappally, M uvattupuzha, Thris-
sur, Kozhikode, Thaliparamba and Manga-
and 867 leaf

lore, a total of 20577 soil
samples were analysed.
A survey was conducted among the

smallholdersof Kerala tostudy the impactof
discriminatory fertilizer application among
“ d?rS- 7,16 study revealed a saving
ofRs.400/ha in fertilizercostand an increase
m rubberyield up to 132 kg/ha by adopting
discriminatory fertilizer application.
7. Rubber-based sustainable
ing system

farm -

Threeexperiments following three differ-
ent models (Model I, 11 and 1ll) laid out



during 1996 to 1997 at the Regional Research
Farm, Taranagar, Agartala were continued
Average girth of rubber trees in Model |
and llwas 13.36 and 10.8cm respectively. A
total of 207 kg of paddv and 115 kg of
tapioca were harvested. Growth data re-
corded show that in Model I, the juvenile
growth of clone RRIM 600 is the highest
among the three clones followed by PB 235
and GT 1, whereas in Model Il, PB 235
registered slightly better growth than GT 1
and RRIM 600.
8. R&D activities on NR processing
8.1 Improvementofdrying conditions ofsheet
rubber in smallholdings
8.1.1 Solar drying
Civil work was started at the HBSS,
Nettana to install solar-cum-smoke dryer of
600 kg capacity
8.1.2Sun-cum-smoke drying

Construction of anew smoke house was
completed at RRIlI campus. This smoke
house envisages asystem, where sheets can
be loaded on trolleys and rolled out of
smoke house for partial drying in sunlight
Based on the results from the initial trials,
the fumace modified
Insulation of the metallic door of the smoke
house had been done to avoid the loss of
heat. Evaluation of the modified sun-cum-
smokedryerisinprogress.Compared to the
firewood consumption of 1.0 to 1.2 kg in
smoke drying alone, sun-cum-smoke dry-
ing consumed only 0.7 kg firewood/kg of
dried rubber. Every day, 7 kg of firewood
is being used. The drying time of sheets
varied between four and five days

and trolley were

A new trolley has been designed for
effecting maximum drying ofsheetsinopen
sun. In the new design, rubbersheets in the
four bottom layers can be fully exposed to
sun light by drawing the layers in four

directions and can be fixed there horizontal-

ly for fastand uniform drying of wetsheets.
Fabrication of the trolley with the above
specifications was completed and the trials
with this new trolley was taken up.

8.1.3 Low cost smoking devices

Evaluation of 96-sheet capacity solar-
cum-smoke dryer was carried outwith solar
heat collectors attached to it. Total quantity
of sheets dried was 6583 kg and the con-
sumption of firewood was about 0.95 kg for
every kg of dried sheet rubber. The fire-
wood consumption without solar panel
amounts to 1.4 kg for every kg of dried
rubber and is higher than the conventional
smoke house which
firewood.

requires 1-1.2 kg of
Contribution of the solar panel
was found to reduce the firewood require-
ment by 0.4 kg
8.1.4Upgradation of low quality sheet

A major portion of smallholders' sheet
rubberisofvery poorquality,due to reasons
such as incomplete drying, mould growth
and surface contamination. In order to
upgrade the quality of these sheets a me-
chanical cleaning device was designed, fab-
ricated and installed. This machine can
clean both surfaces of the sheet in two to
three seconds. Furthertrialsarein progress.
8.2 Modified forms of NR
8.2.1 Storage studies of epoxidized natural rub-

ber (ENR)

Foursets of ENR (ENR 10, ENR 25, ENR
50 and ENR 60) with and without calcium
stearate were tested at pre-determined in-
tervals for changes in properties on storage
such as plasticity, gel content, Mooney vis-
cosity, plasticity retention index, accelerated
storage hardening and epoxy content. Vul-
canizates of the compounds made from
these rubbers are weakly acidic in nature
Minor decrease in epoxy content with stor-
age time and a steady increase in plasticity,
Mooney viscosity and gelcontenton storage

were observed. The rate of increase was



higher for ENR with high epoxy content.
Addition of calcium stearate appeared to
have improved the processibility (i.e. lower
plasticity, gelcontentand Mooney viscosity
of the rubber with low epoxy content).
However, overall vulcanization properties
did not get much affected on storage.
8.22 Thermoplastic natural rubber (TPNR)
Two different grades (film grade and
injection moulding grade) of PP and HDPE
were collected and these were used formelt
blending with natural rubber having two
different levels of molecular weight. The
blend ratio used was 60 :40 (NR : thermo-
plastics). Itwas found that, forthe uncross-
linked blends, the tensile strength and elon-
gation at break are less affected by the type
of PP. However, the masticated rubber
incorporated blends showed high MFI val-
ues indicating good processibility. Dynam-
ically vulcanized blends were prepared
with sulphur and peroxide as cross-linking
agents. Vulcanized blends had inferior
properties compared to the uncross-linked
blend, suggesting the need forrefinementof
formulation/process. Formulations with a
activator-cum-antioxidant was de-
their properties were studied.

new
signed and
9. UPASI Component

In this project,beingimplemented through
the UPASI, 2152 soil samples and 352 leaf
samples from 1350 growers were analysed
and discriminatory fertilizer recommenda-
tion was provided. Training classes on soil
collection, campaign classes, exhibitions etc.
forpopularizing the discriminatory fertilizer
use among planters were conducted
10. Consultancy services

10.1 Impact of continuous application of cop-
per fungicides on ecosystems of the major

Nadu" 8fOWin8 ,raC'S ° f Kerala and Ta™i]

This project has been entrusted with Ker-
ala Agricultural University. Soil profile sam-

ples, leaf, latex and water samples were
collected from rubber plantations of five age
groups viz. 5, 10, 20, 30 and above 30 years
from 10locationscoveringsprayed,unsprayed
and virgin lands. Thesampleswere processed
and estimation of parameters like organic
carbon, clay percentage, CEC and pH, total
copper, DTPA copper, leafcopper, latex cop-
per and copper in water was carried out.
Total copper registered higher values in
samples collected from plantations receiv-
ing copper fungicide spraying compared to
unsprayed plantations of the same age
group. A drastic decrease in the copper
observed with depth
lower values of the total

content was soil
Among locations,
copper were reported from HBSS Paraliar
followed by Pantha, Kulasekharam, Kozhik-
kode, CES Chethackal and RRII, Kottayam
in the increasing order of copper content.
Plantations with 20 and 30 years of contin-
uous copper fungicide spraying registered
highervaluescompared to otherage groups.
Samples collected from the virgin land
without spraying for the past 25 years
recorded very low values.

Unsprayed plantations and virgin lands
recorded substantially lower values for
DTPA copper compared to sprayed planta-
tions. Among the different locations stud-
ied, the highestvaluesof DTPA copper was
obser\ed in the TR&T Estate, Mundakayam
followed by samples from Kozhikode, RRII
Kottayam, CES Chethackal, Kulasekharam,
HBSS Paraliar and Pantha. Profilesamples
showed acleardepthwise decrease in DTPA
copper in all the profiles studied from
different locations. Profile samples from
unsprayed and virgin lands registered in-
variably lower values than sprayed planta-
tions especially for the first two depths.

Leafcoppercontentregistered higher le\ -
elsofcopperin continuously sprayed planta-
tions, (n the case of copperin latex, notmuch
variation was observed between sprayed and



unsprayed plantations from samples collect-
ed in the second year. Coppercontentin the
latex varied from traces to 4.19 ppm.
Copper was not detected in any of the
water samples showing that the copper de-
posited in the soiland foliage from spray drifts
iswashed away by subsequent rains and lost
from the soil water system within a short
period. Since this collection was done eight
months after spraying, even traces of copper
could not be detected in water samples.

In general, the arthropod population
was significantly higher in unsprayed plan-
tations of allage groups, exceptin the case of
five-year plantations. The percentage reduc-
tion in arthropod population consequent to
continuous application of copper fungicides
in 10, 20 and 30-year plantations were 34,60
and 61 percentover unsprayed plantations

The nematode population consisted of
plant parasites viz. Meloidogvnesp., Heli-
cotylenchussp., Hoplolaimussp., Rotylen-
chulussp., Tylenchorhynchussp. and Cri-
conemoidessp., saprophytes and predators
in varying levels in different plantations
The overall reduction of the nematodes in
the sprayed, in comparison to unsprayed
plantations is to the tune of 74.5 per cent.

In the case of microbial population, there
was no definite trend in the plantations of

different age groups. Among the unsprayed
plantations, 30-year and 10-year plantations
were having the maximum mean population.
10.2 Resource soil survey and mapping of

rubber growing soils of Kerala and Tamil

Nadu

Draft final reporthas been subm itted by
NBSS & LUPincorporating thecommentsof
expertsalong with 10 copies of the soil atlas.
The reportis under review.

11. Training programme
111 Long-term attachment

Smt. Rajeswari Meenattoor, Scientist has
completed her training at the International
Agriculture Centre (IAC), Wageningen, the
Netherlands in Applied Plant Breeding and
Molecular Techniques. Dr. Rosamma Alex,
RubberTechnologistcompleted her training at
theSchoolofPolymerTechnology, Universityof
North London, U K. in Dynamic Mechanical
Analysis and Dr. J. Licv, Plant Breeder was
deputed foran advanced trainingin molecular
aspects of stress tolerance at the University of
Nottingham, U.K. for four months.
11.2 Short-term training

Computer training programmes were
arranged for scientists and technical staff
of RRII, Regional Laboratories and RRS,
Guwahati.

CENTRAL EXPERIMENT STATION, CHETHACKAL, KERALA

The Rubber Research Institute (RRII) of
India established the Central Experiment
Station at Chethackal, Ranni in 1966
Station is situated at about 50 km from the
RRII, Kottayam
254.79 ha.
the differentdivisions of the RRII. Presently
the majorareas ofexperimentation are clone

Tine
and has a total area of
The Station caters to the needs of

evaluation,progeny, exploitation,intercrop-
ping,density etc. A germplasm collection of

over 4000 genotypes is maintained and

systematic screening of the same is being
undertaken. Integration of chemical and
manual weed control methods for imple-
mentation in the plantations is also being
worked out. Hand-pollinated progenies of
elite clones are being evaluated in system -
atic field trials. In addition to the above,
routine fertilizer trials, exploitation trials
etc. are being conducted

During the reporting year, the total

number of permanent workers engaged



was 209 and that of total casual workers
was 167. The total man-days engaged
during the year for different operations
was 64338. A total of 303 tapping days

was possible in theyearand the total man-
days engaged for tapping was 19535. A
dispensary caters to the needs of the

workers.

REGIONAL RESEARCH STATION, GUWAHATI, ASSAM

The thrust areas of research are assess-
ment of nutritional requirement under dif-
ferent fertility status of soil, evaluation of
clones and disease and pest management.
1. Evaluation of clones
1.1 Clone trial (1985)

The girth recorded (Table Nea. 1)indicat-
ed maximum girth for RRIM 600 (66.11
cm)and minimum for PB 5/51 (48.48 cm).
The annual mean yield (g/tree/tap) was
the highest for RRIM 600 (28.57) and min-
imum for PB 5/51 (20.22)

Table Nea. 1. Growth and yield of clones

Clone Girth Yield DRC

(cm)  (g/tree/tap) (%)
RRII 105 58.16 26.05 31.42
RRII 318 65.32 24.95 33.82
RRII 203 64.78 21.80 29.77
GT 1 62.14 25.19 3221
PB 86 65.08 26.40 29.73
PB 235 62.98 27.58 32.14
PB 5/51 48.48 20.22 29.72
Gl 1 53.09 22.26 29.77
RRIM 600 6611 28,57 32.58
RRIM 605 6114 23.13 3177
SE 1.40

2.78

CD (P=0.05) 3.89 7.94 1N159

1-2. Clone trial (1986)

Maximum girth (Table Nea. 2) was
recorded iri RRIC 102 (69.47 cm) and mini-

(3199 anl (R)REIARE SB6HB FAG
2. Nutritional studies (mature phase)
2-1 Nutritional trial (1987)

The nutritional trial at Nayekgaon in
Kokrajhar, which was started iifl987 as an

Table Nea. 2. Growth and yield of clones

Clone Girth Yield DRC

(cm) (g/tree/tap) (%)
RRII' 5 59.34 23.23 32.51
RRII 105 61.45 20.80 28.34
RRII 208 62.33 25.33 30.70
PR 255 62.65 20.02 30.08
PB 260 60.75 18.74 30.67
PB 310 63.90 26.87 32.19
PB 311 61.27 31.99 30.60
RRIC 102 69.47 20.24 31.02
SE 2.74 2.85 117
CD (P=0.05) 76 8.13 NS

onfarm trial with clone RRII 105, is being
continued. Observations on monthly yield
and half-yearly girth were recorded.’ It has
been observed that highest girth is attained

at 60 kg N /ha though 40 kg/ha was ,>npar
2.2 Nutritional trial (1998)

A field trial has been initiated at RRS,
Jura, Meghalaya during the year 1998-99 to
find out the effect of NPK doses on the
growth and yield of Hevea at the high
altitude (600 m above msl) region

Treatment details are :

Gone RRIJ i05
RBD
Replication 4
Net plot 16 plants
Gross plot 36 plants
Treatments 35:35:35 (NPK)
60:35:35
75:45:45
90:45:45

Control



3. Interaction between K and Mg

Two trials, which were laid out in two
locations (Sorutariand Nayekgaon) in 1987
are being continued. The results showed
thatthe application ofM g and K was found
non-significant on girth. Maximum yield
recorded at the highest
levels of Mg and K at Sorutari and Nayek-
gaon and their interaction was also found

(g/tree/tap) was

significant.

4. Rock phosphate and super phos-
phate as source of P

Two trials, which were laid out in two
differentlocations (Sorutariand Nayekgaon)
on mature rubber are being continued. The
data revealed that effect of treatments on
girth isnon-significant (Table Nea. 3). How -
ever, the effect of treatments on mean yield

(g/tree/tap) is highly significant and the

Table Nea. 3. Effect of phosphorus on growth
and yield
Treatment Girth Yield
(cm)  (g/tree/tap)

Sorutari*
Water insoluble P 64.32 57.03
50% water soluble and

50% water insoluble P 64.09 52.26
Water soluble P 62.39 50.83
Control 62.29 45.50
SE 1.652 2.39
CD (P=0.05) NS 7.36
Nayekgaon*
20 kg water soluble P 54.76 52.39
20 kg water insoluble P 55.68 55.58
40 kg water soluble P 54.73 53.78
40 kg water insoluble P 54.72 59.78
60 kg water soluble P 55.88 55.92
60 kg water insoluble P 53.80 65.90
Control 55.20 45.89
SE 1.169 1.281
CD (P-0.05) NS 3.81

*Recommended dose of P,Or @ 35 kg/ha

application of rock phosphate gave the
highestyield. Similar trend isalso observed
in Nayekgaon.

5. Survey on diseases and pests

Pestand disease survey was carried out
in 20 locations in Assam,Meghalaya, Tripu-
ra and northern part of West Bengal. High
incidenceofpowderymildew disease caused
by Oidium heveae was noticed in most of
the locations surveyed. Repeated defolia-
tion of tender leaves due to thiswas noticed
in Rongthelu Estate (Assam), Jengitchekgri
and Umling Estate (Meghalaya), Rani and
Anandanagar (Tripura) and Nagrakatta
(West Bengal). Secondary leaf fall (SLF)
disease caused by Colletotrichum gloeospo-
rioideswas also noticed insome plantations
in Assam and Tripura during June to Sep-
tember.

Occurrence of thread blight
caused by Pellicularia filamentosa was no-
ticed in 16-year-old plantsatUmling Estate,
Meghalaya during September for the first
time in N.E. region. Occurrence of leaf
blight disease caused by Periconia heveae
was noticed in nursery plants during No-
vembertoMarchin Assam and Meghalaya.

disease

Incidence of brown root rot disease caused
by Phellinusnoxius was noticed in planta-
tions at Rani and Purba-Mirza in Tripura
and also in Assam.

Mild attack of termites, slugs and snails
noticed in most of the plantations
surveyed. Scale insect infestation was no-
ticed by the end of April in nursery plants.
However, tine scale insect population was
controlled by the activity of an entomoge-
nous fungus (Hvprocrelia reineckiana).

was

6. lsolation, identification and main-
tenance of fungal pathogens

Routine isolation of fungal pathogens
was made from various diseased samples

collected from different locations and iden-



tiHed. Fungal pathogens viz. Phellinw

noxius, Colletotrichumgloeosporioides, Pel-
licu/aria iiJamentosa, Pusanum solaniand
Periconiaheveae were maintained as stock
cultures at laboratory for further mycolog-
ical studies,

7. Control of powdery mildew disease

Tiietrialon dusting ofagricultural grade
sulphur was continued in a block of RRIM
600, Pre-treatment girth and yield data
were recorded both from treated and un-
treated blocks Treatment was imposed
during February 1999 by dusting ofsulphur.
Average girth of 60.01 and 58.4 cm was
recorded in treated and untreated blocks
respectively while yield (g/tree/tap) was
30.5 and 27.5 g respectively. High incidence
of powdery mildew disease was noticed in
both the blocks but the severity was com-
paratively high in the untreated.

8. Evaluation of polyclonal population

Out of 281 polyclonal trees, 167 were

tapped (1/2S d/2) and yield (g/tree/tap)
was recorded in normal tapping days from
Girth was also recorded

May to December
Performance

atan interval of three months.
of 10polyclonalpopulationsin termsofvield
was found to be promising (Table Nea. 4).

General mean

9. Evaluation of wild germplasm

One hundred genotypes of wild germ-
plasni were multiplied and planted in poly-
bag nursery’ for screening againstcold and
Oidium resistance. Out of the 100 geno-
types, high incidence of Oidium disease was
noticed in 21 genotypes and 32 genotypes
were free from infection.

10. Potassium dynamics on the rubber
growing soils of Assam
The objective of this trial is to assess the

the potential rubber

K-status of soil in
As such, four

growing areas in Assam.
importantrubber-growing areas were iden-
tified and 96 soil samples were collected at
two depths. Thesoilswere processed, dried
and physico-chemical properties were ana-
lysed

11. Ecological impact of rubber culti-
vation

fhe work was initiated in the year 1997
tostudy the impactofrubber cultivation on
the physico-chemical properties of soil, nu-
trientenrichment and biomass recycling in
comparison to teak, ‘jerui’ and natural for-
est.  Four (Ixl m) quadrats were kept
randomly undereach vegetation, from where
litter sampl«s were collected, fresh and dry

pyudion



Table Nea. 5. Biomass and nutrient contents of accumulated Jitter under different vegetation

Litter
Vegetation (kg/ha)

p
jA"bb~ plantation 5959 39790 8X19
Natural forest 5655 45.14 4.78
Jerul' forest 4945 35.90 6.98
Teak forest 3838 27.14 7.38

~ ~2A7 056
CD (P=0.05) NS 7.41 NS

weights were also taken Based on dry
weight,amountoflitteraccumulation under
different vegetation was calculated. It has
been observed that the litter accumulation
wasmorein rubber plantations (5959 kg/ha)
followed by (5655 kg/ha),
‘jerul' (4945 kg/ha) and teak (3838 kg/ha).

natural forest

The Uttersam ples analysed for nutritent
content (N, P, K, Ca and Mg) revealed that
accumulation ofphosphorus and calcium is
more under natural rubber whereas N and
Mg contentismore in natural forest. Potas-
sium content is found to be more in ‘jerul’
followed by the natural forest. Total nutri-
ent cycle under different vegetations was

more in natural forest followed by rubber

Nutrient content (kg/ha)

Total

accumulation

K Ca Mg (kg/ha)

vLol 2212 1930 101.42
1171 16.29 26.16 104.08
16.01 19.72 21.78 100.39
13.21 19.98 16.26 83.97
095 T67 T67 439

NS 5.01 NS NS
plantation, ‘jerul' forest and teak forest

(Table Nea. 5)
12. Effect of sulphur on growth

Theobjective of this trial isto find outthe
effect of sulphur (S) and its different doses
on growth and development of rubber
during immature phase and also to find out
the S-status of soil in the
region

north-eastern
The trial of Siincubation study has
been started at Sorutari farm in 1998 and
rain water was also collected at different
during 1998 to find out the S
Pot culture experiment on S has
been started at Sorutari farm during the

months
content.

year under report.

REGIONAL RESEARCH STATION, AGARTALA, TRIPURA

The Regional Research Station, Agartala,

Tripura continued research activities on
agronomy/soils, plantbreeding, plantphys-
iology/biochemistry, biotechnology and
rubberprocessing. The Station has a Mobile
Soil and Tissue Testing Laboratory, which
caters to the needs of rubber growers in the

north-eastern region.
1- Density-cum-fertilizer trial

Ihis trial was started in 1987 in the farm
of RRS, Agartala. Three densities, D1 (420),
D2(620)and D3 (824 trees/ha), were imposed

as main treatments. The sub-plot treatments
consisted ofthree NPK fertilizercombinations
40:40:20 (M 1), 60:60:30 (M2) and 80:80:40 kg/ha
(M3). Twoclones RRII 105 (Cl) and RRII 118
(C2) were used as sub-sub-plot treatments
The treeswere tapped under 1/2S d /3 system
of tapping and the number of tapping days
was 62 during this year.

Among the three densities, D1 recorded
significantly higher yield as well as girth
Among the fertilizer combinations, M2 re-
corded higheryield and girth than the other
two combinations and between the two



clones, RRII 118recorded significantly high-
er girth (Table Net. 1).
Effect of densities and fertilizer

Table .Yet.l.
combinations
Treatment Yield Girth
(g/tree/tap) (cm)
D1 37.56 62.83
D2 33.37 58.53
b3 2003 54.62
CD (P= 0.05) 214 141
mi 31.83 58.12
M2 34.32 59.25
M3 3381 58.60
CD (P=0.05) NS NS
cl 3871 55.97
c2 27.93 61.35
CD (P= 0.05) 246 126

This trial indone RRIM 600 started in 1980
with ay factorial layoutwhere three levelsof

K (1,20,40 kg/ ha) wgs?‘oﬁﬂn]eg.gm%)mmg
yield and half-yearly girth were recorded
Data showed that 60 kg P resulted higher
mgms (rTramefN:‘géiap) over °»>« treat-

Table Net 2 Average yield at different nutri-
ent levels

___Average yield (g/ira/tapi.

Nutrient

11? tsr 187
" 47.10 49.48 50 74
p -
K I7u

4871 50.18

€D (P= f1.05)
, 3.64

Uddy

3. Embryo culture

Protocol for obtaining multiple shoots
from 2 to 15-week-old immature em b ™

™ s standardized. was observed that

maximum number of shoots was obtained
from 8-12-week-old embryos (average 5-8
shoots/explant). Addition ofGA ,enhanced
number of shoots/explants and healthy
plantlets were also obtained by culturing
isolated shoots on zeatin-containing medi-
Formation ofnormal rootsystem was

um.
the plantlets on

initiated by transferring
honnone-free medium .

Calli were developed by culturing imma-
ture fruitinteguments and subsequently used
as source materials for suspension culture.
Single cell culture was established using
enzymesand cell colonies were established by
culturing single cells on solid medium. These
calli were subjected to regeneration and shoot
bud fonnation obtained on the medium
containing 2iP, IBA and GA,
4. Evaluation of clones
4.1 Clone trial (1979)

This trial consists of 15 clones (RRII 5
g%!lh.%oos' RRD 118' RRn 203' RRIM 600,

s,RRIM 703, PB5/51, PB 86 PB235

RRIC52.RRIC 105, GT 1,G11and Harbell,
The main objective of this trial is to identify
the suitable high yielding, disease resistant
md stress tolerant clones for the region.
Quarterly girth data and fortnightly yield
data are being collected.

reVeaied that RKn 11(1
M annual 8irth increment
followed by RRIC 52, RRn 5, PB 235 GT |

attar T if*

S C S ? byPB25Hfloned”
wn?05rfh m03-RRrM m  RRI>UI N

of yield dT 3)"Acovarianceanalysis
ind [ u~h bifurcating into lean

' 1K 0/51 and "B¥eakd BR fho

"Ce,hal when bolh

consistency and
considered

PB235and R R aS " y<?dm
ed underonto Z S ?""*'01* *»'<»p



Yield (g/tree/tap)*

Clone Qune '98 - January '99)
RRII 5 51.64
RRII 105 55.91
RRII 118 57.04
RRII 203 80.15
GT 1 51.98
Harbel 1 38.16
Gl I 27.07
PB 5/51 42.66
PB 86 51.88
PB 235 81.32
RRIM 600 64.30
RRIM 605 42.57
RRIM 703 64.42
RRIC 52 48.88
RRIC 105 48.59

*1/2 Sd/2 system of tapping

4.2 Evaluation of clones for stress tolerance

Dataon girth and yield were collected from
six out of 12 clones of 1987 trial. Yield data
from1996-98 that SCATC 93-114,
PR 107 and RRII 208 are the stable clones
W hile RRII 208 gave significantly higher
mean yield than other stable clones and the
popular clone RRIM 600, the calculation of
yield per cm also placed it in the top
position followed by SCATC 88-13 and
Haiken 1. The mean values of yield for
Haiken 1, RRIM 600 and SCATC 88-13 were
to be on par (Table Net. 4). The
potential clones are included in the commer-

revealed

found

cial evaluation trial in the planters' field.

Table Net. 4. Yield and stability of clones

Clone Mean yield Unityield Regression

(gltree/tap) (g/ecm) coefficient
SCATC 8 23.50 0.81 1.153
SCATC 931 10.58 0.38 0.567
Haiken 1 27.29 0.80 1.360
RRII 208 36.79 1.25 0.937
PR 107 10.84 0.38 0.629
RRIM 600 2618 0.62 1.353
CD (P=0.05) 7.43

4.3 Evaluation of clones in the presence of
windbreak (1995)

Thistrialiscomprised of 10clonesinclud-
ing RRn 105, RRIM 600, RRIM 612, PB 217,
PB 235, PB 260, PB 311, SCATC 88-13,
SCATC 93-114 and Haiken 1. The clones
PB 260 and PB 235 showed higher girth
increment dur-
in the

increment. Highest girth
ing winter period was observed
clone PB 311.

4.4 Onfarm evaluation of clones (1998)

Block trialswere undertaken in planters’
field at three locations using clones already
selected in the preliminary evaluation trials.
These clones included RRII 105, RRII 203,
RRII 208, PB 235, PB 260, SCATC 88-13,
Haiken 1 and RRIM 600

5. Breeding and selection
5.1 Full-sib progeny evaluation

Ofthe26recombinantsbeingevaluated with
their parents, the progeny of PB 86 x GI 1,
Gl 1 x RRIM 600 and PB 86 x RRII 105
recorded maximum girth attainment

5.1.1 Hybridization programme

A total of eight cross combinations were
attempted during the main flowering sea-
son of 1998 through 747 hand pollinations
The Wickham x Amazonian crosses gave
higher fruit set as well as germination
percentage in comparison to the W x W
crosses. Hybrid seedlings are being main-
tained in the seedling nursery. During the
15 cross

2338

main flowering season of 1999,

combinations were tried through

pollinations.
5.2 Half-sib progeny evaluation (1994)

A total of 49 half-sibs along with their
female parents and possible male parents
were included in this trial following 8 x 8



simple lattice design with two replications.
Girth recorded at a height of 150 cm from
the bud union during the yearrevealed that
progeny of PB 5/51 attained the highest
girth followed by GT 1 and RRIM 600 in
comparison to their respective parent val-
ues (Table Net. 5). The trees were opened
for test-tapping and monthly dr)’ rubber
yield is being recorded.

Table Net. 5. Girth of female parents and their
half-sib progeny

Female parent Girth (em)

Parent Progeny
GT 1 29.58 34,09 (15.24)
RRU 203 30.76 31.50 (2.41)
PB 5/51 24.00 31.66 (31.92)
PB 86 29.27 29.55 (0.96)
RRIM 600 27.94 30.16 (7.94)

Percentage increase over parent isgiven in parentheses

5.3 Evaluation of polyclonal seedlings

Data on growth, yield and secondary’
characters of seedling population were
recorded. Thedry rubberyield during the
fourth year of tapping revealed population
mean value 0f 23.50 g/tree/tap. However,
the yield of individual trees ranged from
Z86 to 78.35 g/tree/tap over the years.
The seedling population attained a mean
girth of 704 cm. Based on the yield
performance of individual trees for four
‘ears, 10 high yielding elite trees were
selected and multiplied for evaluation in
small-scale trial.

5.4 Investigations on Genofyp, .
N N e x Environ-
ment interactions (1996)

This trial was started in 1996 with 13

ﬁ\err parem-svsThJ'Wean girth recorde@”aq
the age! of 34 months after field planting
revealed that among the 13 clones, the

hvbrid pipeline clone 82/29 attained the
highest girth of 16.54 cm at a height of
150 cm from the bud union (Table Net. 6)
Clone RRIC 100 was found susceptible to
low temperature and the incidence of Cory-
nespora leaf disease was also noticed.

Table Net. 6. Girth of the clones

Clone Girth (cm)
RRU 5 13.21
RRII 105 12.42
RRII 176 12.72
RRII 203 14.19
82/14 12.12
82/17 12.41
82/22 12.35
82/29 16.54
82/30 14.41
PB 217 13.66
PB 235 12.57
RRIM 600 12.97
RRIC 100 10.39
CD (P=0.05) 171

6. Conservation and evaluation of
germplasm

Twogermplasm evaluation trials were
initiated during 1993 and 1994. The first
trial consists of 24 wild Brazilian geno-
types in three replicates and the second
trial consists of 63 wild genotypes in two
replications with RRIM 600 as control.
These germplasm materials are being
evaluated for their performance regard-
ing growth and disease resistance.

Data on girth are being recorded at
quarterly intervals In the first trial, the
girth ranged from 11.5to 18.8cm in different
genotypes, where population mean girth
being 14.9 cm over five years and in the
second trial, it ranged from 8.9 to 19.7 cm
with a population mean of 13.4 cm.



7. Physiological and exploitation studies

7.1 Effect of different tapping systems in
combination with tapping rests during
winter

The study in RRIM 600 on effect of
different tapping systemsviz. 1/2Sd/1,1/2S
d/2 and 1/2S d/3 in combination with low
temperature rests during winter based on
minimum temperatures of 20 - 20°C, 15- 15°C,
10- 101C regimesand control (withoutannual
rest) revealed that though the 1/2S d/1
system for all the combinations showed a
highannual yield, the occurrence of TPD was
found relatively high. Analysis of yield data
showed a high significant relation between
the sub-plot treatments of the temperature
regimes. The average yield (g/tree/tap) was
high for the continuous system of 1/2S d/3
tapping and also in 20 - 20°C rest. But, high
annual yield was observed in 1/2S d/2
system of tapping with 15 - 15°C tempera-
ture restand with a low incidence of partial
TPD. However, 1/2S d/3 system of tapping
performed better than 1/2S d/2 system,
when minimum temperature is below 10°C
duringJanuary. Occurrence of TPD was also
more during cold period compared to other
seasons and TPD incidence was the least in
1/2S d/3 system. It appears that low
frequency tapping is favourable during low
temperature period.

Ihe one year data of the onfarm trial in
clone RRIl 105 with 1/2S d/2 system of
tapping in combination with low temperature
restsof 15-15°C, 12- 12'C and 10- 10°C with
annual restshowed that the 1/2S d/2 system
with 12- 12°C regime of temperature rest is
performing better than that of the other
combinationswith very low incidence of TPD.
7-2 Effect of stimulation and intensive tap-

ping towards occurrence of TPD

Hie normal plants were subjected to fre-
quent tapping and stimulation treatment to
accelerate the occurrence of TPD syndrome.

rhe Electron Paramagnetic Resonance (EPR)
response of free radical (FR) showed that
with progression of exploitation, the amount
of quinolic-FR increased. An initial increase
in the activity of superoxide dismutase
(SOD) was also observed with tapping and
declined subsequently with time. The study
also revealed that in frequently tapped
plants (on excessive wounding), the amount
of FR is lesser than that of the stimulated
plants though the extent of decrease in
scavenging enzyme viz. SOD ismore in the
frequently tapped trees. While considering
the consequence of such disorder in terms of
occurrence of TPD, it was observed that the
percentage of TPD is more in the frequently
tapped trees than that of the stimulated one;
however, the normal plants showed negligi-
ble TPD syndrome. The yield showed
negative correlation with total sugar and
thiol content of latex in all the treatments
during winter. There was adrop of yield by
40 to 50 per cent with a low DRC of 22 to 20
per cent when the minimum temperature
went below 12-10°C.

7.3 Effect of soil moisture and agroclimatic
parameters on yield

The experimentwas continued from Octo-
ber 1996 with five clones viz. GT 1, RRII 105,
RRIl 118, PB 235 and RRIM 600 of 1987
planting in completely randomized design.
Seasonal variability of soil moisture (volu-
metric) was observed at0-30 cm. How-ever,
soil moisture may not be directly influenc-
ing the yield as the moisture contentdid not
go below' w'ilting point.

A decreasing trend in vield was observed
from December along with the decline in
minimum temperature showing a positive
relation between each other. The yield
(g/tree/tap) among five clones showed that
the yield during 1998-99 was higher than the
previous years. Variability' in total solid con-
tent (TSC) and its mineral contents viz.



Ca, Mg, K and Cu were also observed. TSC
showed a positive relation with yield, maxi-
mum and minimum temperature, with a
decreasing trend in cold period. Analysis of
biochemical parameters viz. sugar, thiol and
inorganic phosphate from latex depicted sea-
sonal and clonal variability. Consistent in-
crease of thiol was observed with the decline
of minimum temperature during the onset of
cold period coupled with the decrease in yield
showing its significant negative relations with
yield and low temperature.
7.4 Physiological and biochemical studies for
cold tolerance

The experiment was initiated during
October 1998 with five clones viz. RRIM 600,
PB 235, RRII 105, RRIC 100and Haiken 1in
polybags in completely randomized design.
Carbon dioxide exchange rate (CER) has
shown significant reduction during January
and February in comparison to the rate
obtained in Novemberand March indicating
low CO: assimilation during cold period.
Average of CER inJanuary and February was
higher in the clones PB 235, Haiken 1 and
RRIM 600 than others, Differential response
in soluble protein content of leaf has been
noted with fairly increasing trend during
winter.  The initial reading in electrical
conductivity in cell leachate of sampled leaf
discs has not revealed any significantchange
in pre-winter and winter period. Two types
of partial shades viz. transparent polythene
sheet allowing about 50 per cent and cora
cloth allowing 25 per cent of incident light
were mposed in mid-December with a par-
ailelcontrol havingnoshade. Overall grov th
was better under 50 per cent shade.

7.5 Effect of cold on yield components
J?2™ XPeT ™ r b« n Wtoted during
July 1998in clone RRIM 600 of 1986 planting
to study the effect of cold on major yield
contributing factois under the Tripura condi-
tions. Orth, initial flow rate, plugging index

and dry rubber content (DRC) has been
recorded at monthly intervals from selected
35 trees with periodical recording of block
yield. Plugging index and DRC have shown
a decreasing trend during the winter period.
8. Prediction of yield by antecedent
atmospheric parameters

Evapotranspiration has been estimated
for Agartala from 1994-98. Programmes for
running large yield matrices for daily yield
have been developed. In order to ascertain
the predictive potential of yield on a weekly
basis, a Markov Chain Model has been
fitted to study the yield consistencies over a
two-year period. The water balance param-
eters have been worked outover this period
and parameters of relative rainfall and
relative evapotranspiration have also been
worked out and correlated with that of the
yield probabilities. The probability estimate
also gives a picture of a stable forecast of
yield in different weeks of a year.

The period between the last week of
December and the fourth week of February
showed high yield potential with a varia-
tion of 6 to 17 per cent for all systems of
tapping (1/2S d/1, 1/2S d/2, 1/2S d/3).
The probabilities for yield at respective
weeks showed a negative correlation with
that of minimum and maximum tempera-
tures. From the water balance estimates
taken over two years, the excess water (P-PE)
during the rainy months had showed a
negative impact on yield while a positive
impact is seen with periods of water deficit.

ISalso attributed to the direct effect
caused due to low sunshine hours during
the period. This period coincides with low
minimum temperatures occurring during
the winter season. Mean monthly agromete-
orological data from six stations viz. Agarta-
S T f!'Tura' Kolflsib, Nagrakatta and
Dhenkanal f°r the year 1998 are furnished in
Table Net. 7.



Temperature

Relative humidity Wind

Month Maximum Minimum AM
' AEL (%)
Agartala
January 22.4 115 94
February 27.5 145 89
March 29.9 22.0 9i
April 31.4 22.1 91
May 32.2 24.5 90
June 33.3 26.2 89
July 30.7 25.6 92
August 31.4 25.8 92
September 32.4 25.6 92
October 32.4 24.4 91
November 30.2 195 93
December 27.9 13.6 93
Tura
January 230 08gl1 &6
February 28566 1o ;3
March 212 1122 &
April 3g0l1 166l1 9
May A9 28066 885
June i 2215 a8
July I02 22288 991
August 3001 288 &7
September 2222 2077 933
October 303 19966 889
November 33000 1551 759
December 27744 11133 &7
January 245 107 iy
February 272 114 85
March 27.2 13.8 87
April 30.8 191 o1
May 338 232 i}
June 26.7 24.8 93
July | 24.6 95
August 31.7 244 9%
September 315 235 %
October 308 218 o4
November 288 194 98
December 262 145 Al
Nagrakatta
January 229 O] 3
February 226 1527 o2
March 82 27 2
April 3400 1e89 2
Mav ol 228 e

PM
(%)

59

294

3
3
2

fgErBEBE

speed
fkm/h)

15
2.4
3.3
3.9
3.8
7.4
7.1
5.9
2.6
17
1.4
0.9

221
00
266

3322

188
1188
2200
1366
2244

31
24
15
12
15
14
20
22
18

4B
12
10
o®
[ul:3}

Srnv
shine

(h)

6.3
73
8.1
6.5
5.6
5.1
26
33
52
6.4
7.4
8.9

70

wn
82
&77
4455
R_T

4433
599
711
744

&7
%
BD
2
668
3300
ek
29
400
500

4466
m

68
B4

EvaPoration
(mm)

22
21
30
28
29
2.8
19
22
19
2.3
19
13

2.2
2.9
3.4
2.7
3.5
3.3
2.7
2.7
2.6
2.6
2.4
2.8

15
2.2
2.5
2.3
19
18
1.9
19
12
21
2.2
15

25
30
2.8

Rainfall
(mm)

norm
257

22 4
S's
136.6

527.0
?652

2313
058 4
nio’n
000"0

000.0
01570
02o0'o
1297
023.2
194.6
541.8
332.6
336.0
248.0
000.0
000.0

000.0
018.0
104.3

1118
058.8
355.0
284.8
354.8
098.0
199.7
004.0
000.0

0000-0
00142

0115.6
0200.4
0000.0



onth Maximum Minimum AM
«) “Q (%)

31.0 24.4 95

luly 313 2t3 94

August 31.0 235 9%

September 311 241 94

October 314 226 91

November 29.7 149 93

December 279 08.7 93

January 265 116 89

February 25.6 139 90

March 316 14.9 89

April 33.0 19.9 91

May 333 23.0 92

lune 342 23.4 93

July 33.7 24.0 93
August 334 243 93
September 34.2 24.2 92
October 322 22.8 92
November 315 19.9 94

December 29.3 12.9 90

January 26.5 15.6 86
February 294 17.7 92
March 32.8 211 92
April 37.0 23.6 90
May 39.6 26.9 76
June 355 271 85
July 321 233 86
August 320 241 88
September 313 240 92
October 30.5 23.8 94
November 294 191 - 88
December 28.3 10.1 90

9. Processing technology

A study on the collection and processing
o the scrap rubberwasconducted at places
like Agartala, Kolasib, Nagrakatta, etc. The
study reveals that the scrap isnot properly
collected in many places due to the lack of
processing facilities and low price return
The.entire scrap has to be sold as such
without any further processing.

A study was also conducted on the

AUIV Evaporation Rainfall
hine

PM speed Ll
©)  (km/h) () (mm) (mm)
80 09 19 13 1737.8
84 03 13 1.0 1154.3
84 0.0 19 0.8 1351.6
80 08 45 2.4 0426.9
75 03 69 2.0 0215.0
64 04 7.2 23 0007.4
51 12 8.0 33 0000.0
67 - 47 16 013.0
56 - 6.0 18 040.4
57 - 8.1 21 165.0
68 - 59 25 160.4
74 - 28 3.0 223.1
80 — 23 19 406.9
76 - 29 12 285.5
76 - 11 3.9 475.4
69 - - 2.0 174.4
81 - - 2.0 060.3
85 - 58 2.7 052.6
84 _ 7.9 25 000.0
74 —_ 4.5 21 000.0
61 — 7.5 35 006.3
63 — 8.5 51 071.8
58 — 8.7 5.8 094.2
— 102 7.4 040.3
69 — 5.3 5.2 249.7
75 4.0 4.4 4.0 399.3
70 20 3.7 35 185.2
7 20 5.6 3.4 160.2
8 — 7.3 31 055.4
I — 8.0 3.9 010.0
56 8.5 32 000.0

processability of latex into air-dried sheets
(ADS). Itwas found that Nagrakatta isnot
suitable torairdrying due to high rain but
inotherplacesairdrying ispossible. 1lwas
also observed that marketing facility for
Atlbislimited compared to smoked sheets.
was also found that since there is n,
creosotic protection to ADS from the smoke,
alternative measures are to be taken to
protect ihe sheets from mould growth



10. Advisory service

The Regional Research Station, Agartala
caters to tineneeds of all categories of rubber
growers in the north-eastern region by site
and situation-specific discriminatory fertiliz-
er recommendation, based on soil and leaf
analyses. During the reporting period, a total
of 1272 soil samples and 385 leaf samples
were analysed and 325 individual recom-

REGIONAL RESEARCH

Various trials are in progress for the
evaluation of high yielding and cold toler-
antclones, low tem perature effecton growth,
yieldand its components, suitable exploita-
tion systems and selection of high yielding
mother trees for Meghalaya region.

1 Field experiments at Ganolgre
I.I Evaluation of clones

On the basis of girth recorded for 10
clones from the 1985 trial, RRIM 600 (71.88
cm) attained the highest girth followed by
PB 235 (70.05 cm) and RRII 118 (69.82 cm)
while least girth was recorded for PB 5/51
(58.15cm). Similarly in the 1986 clone trial,
the highest girth was recorded for RRIC 105
(7286 an) and PB 311 (69.37 cm) and the
lowest for PR 255 (56.04 cm). Inall the clones,
girthincrementwas very low during January
to March. During these months minimum
average temperature was below 10"C which
adversely affected the growth of all clones.
L2 Performance of polyclonal population

It has been observed that polyclonal
population has attained an average girth of
4452 cm and among the population, 11
seedlings showed vigorous growth (above
50 cm girth) and are ready for tapping.

1-3 Rubber-based cropping system

Under this trial, rubber (RRIM 600), tea
and orange have been planted in 1987 and
the rubber plants were opened for tapping

mendations offered. The recommendations
were offered to the growers of North Tripura,
Silchar and Karimgang of Assam and some
parts of Mizoram after collection of samples
by the Mobile Soil and Tissue Testing Labo-
ratory attached to this station. Advisory
sendees have also been extended to 26 units
on processing and product manufacturing
during the reporting period.

STATION, TURA, MEGHALAYA

under 1/2S d/2 system. Maximum yield
was recorded from September to November
while minimum from December to March
which may be due to wintering effect. A
total of 497 kg green tea leaves were har-
vested from 0.25 ha which fetched a net
income of Rs.2773. The growth of orange
plants was very poor.
1.4 Ortet selection

On the basis of growth, bark thickness,
disease resistance, TPD incidence and yield
performance, mother trees were selected from
different locations of Garo Hills forbudwood
collection and further multiplication.
1.5 Optimum season for budding

The experiment to find out the suitable
season for budding under the agroclimatic
conditions of Garo Hills has been repeated
and the results indicated thatJuly, Augustand
Septemberare suitable forbudgrafting, due to
favourable temperature and soil moisture.
1.6 Evaluation of germplasm

Under this trial, 151 germplasm geno-
types were planted in the polybag at Ganol-
gre farm for screening for resistance to cold
and Oidium disease.
2. Field experiments at Darechikgre

In the clone evaluation trial, it has been
noticed that due to high altitude (1100 ra

above msl) and low temperature, among the
500 plants, only 30 plantshave survived and



growth of these plants is found retarded

showing an averagegirthof18cm atthe end
of the 13th year. The rubber cultivation at
this elevation is not advisable under Garo

Hills conditions.

3. Pathological studies

A disease survey was conducted at var-
ious locations. Seven? outbreak of powdery
mildew was observed in the Garo Hills
regionof Meghalaya. AtGanolgre farm and
District Development Centre, Jenggitchak-
gre farm, nearly 80 per cent of the total
plantswere infected bv Oidiimidisease and
defoliation of the young tender leaves was
observed during March to April. Sulphur
powderwas dusted (22 kg/ha) at different
time intervals to bring the disease under
control.

4. Physiological investigations

4.1 Effect of cold on growth, yield and yield
components

Anexperimenthasbeen initiated to find out
the effectof low temperature on growth, vield
and yield components of Hevea at 600 m
altitude. Under this trial, one block of 300
plants (RRIM 600) was selected for girth

regional research

m@”rﬁ%%‘ﬁ%‘l RSearch station, Kioidsib
contacted experiments mainly (6 identify
-he suitable clones under Mizoram condi-
1'Ons- The Station also engaged in studies
onsml fertility, nutritional requirements of
raober and identification ot suitable ex-
pioitation svstems.

1- Nutritional trial (1998)

The field expenme
ing 1998 to assess the \py )
clone RRIM u, 1uky eduirementof

. . region of
vfizoram. lhe data ong ”m<&<©9551a5(ih"b Ahm)
incrementtram December in Fefemjarv

initiated dur-
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recording and 35 plants for plugging index,
DRC and dry rubber yield at monthly
interval. Results indicated that RRIM 600
has attained an average girth 0f59.8 cm but
when temperature drops below 10°C for
three months, there was acomplete retarda-
tion ofgrowth. Maximum yield was record-
ed from September to November (21.0 g/
tree/tap) whileyield decreased from Decem -
ber till March when minimum temperature
dropped below 10°C causing defoliation. As
temperature increased, all plants refoliated
and yield increased simultaneously

Effect of different tapping systems in com-

4.2
bination with tapping rests during winter

The effect of different exploitation sys-
tems in combination with tapping rests at
different temperature regimes during win-
ter was assessed in clone RRIM 600 to
formulate suitable exploitation systems for
thisregion. Initial resultsshowed thatwhen
temperature falls below 10°C there isa drop
inyield ofrubberin 1/28 d/1,1/2S d/2 and
1/2S d/3 tapping systems which may be
due to wintering stress. Increase in yield
has been noticed with increase of tempera-

ture in all the tapping systems.

KOLASIB, MIZORAM

1999 are presented in Table Nez. 1.
rhe results indicate that the growth of

Was be,ter b? application ol
3735:3d NPK in foot hill.

Effectof different doses of fertiliz-
ers on girth and girth increment

Table Nez. !

V'utnent (\PK ( R Girth
increment (cm)

vjUln(cm)
—- _ Dec to Feb '9v
dhd <At "
S n't



in girth and girth increment at different lanrff, ™

Mean girth (cm) as on February igqq

Table Nez. 2. Clonal difference

Clone Foot hill
icATC~93*114 65.81 (4.24)
RRII 105 62.60 (4.90)
RRII 118 65.56 (4.72)
RRII 300 65.25 (4.57)
cT1 63.33 (4.13)
PB 235 70.90 (6.13)
RRIM 600 50.00 (2.72)
Mean 63.35

Mid-hill
71.82 (8.93) 73.16 (6.78)
57.47 (5.41) 56.64 (5.71)
65.66 (5.81) 61.15 (1.79)
64.62 (4.94) 60.03 (4.57)
66.22 (5.14) 70.58 (10.05)
70.40 (10.35) 64.00 (4.90)
55.80 (5.23) 58.88 (0.30)
64.57 63.49

Figures in parentheses are the annual girth increment

2. Evaluation of clones (1988)

The main objective of this study is to
identify the clones suitable for the region.
The performance of seven clones at foothill,
mid-hill and hill top has been studied in
terms of growth and yield.

The data in Table Nez. 2 indicate the
highest girth for PB 235 in foot hill followed
by SCATC 93-114 and RRII 118. hi mid-hill
and hill top, growth of SCATC 93-114 was
better. The yield of the clones was consider-
ably high in foot hill ascompared to mid-hill
and hill top (Table Nez. 3).

Table Nez. 3. Yield at different land forms
Clone Vidd (g/trec/tap)’
Foot hill  Mid-hill  Hill top
SCATC 93-114  38.29 37.13 23.72
RRII 105 28.87 28.12 22.50
RRII 118 30.82 31.81 23.28
RRII 300 32.00 29.11 28.68
cTl 29.67 28.48 24.77
PB 235 32.70 29.73 18.75
RRIM 600 30.66 27.92 20.19
31.85 30.32 23.12

1/2S d/2 system of tapping
3 Effect of tapping systems on yield

The study was initiated during 1998
"ith the objective to identify the suitable
tapping system for blended clones of Hevea,
specific to the Mizoram conditions. The
clones include RRH 105 (15%), RRIM 600

SCATC 93-114 (16%), RRII 300 (15™).

RRn 118 (13%), GT 1 (16%) and PB 235 (12%).
Fhe block yield for seven months under
different tapping systems is being recorded.
4. Awareness and adoption of rubber
cultivation practices : An analytical
study of small growers in Mizoram

The study was undertaken to analyse the
awareness and differential adoption behav-
iour, besides enumerating reasons for non-
adoption of rubber cultivation practices for
economic returns. The study also aims to
provide information source utilization behav-
iour of Mizo-farmers, information dissemina-
tion behaviour, constraints faced in rubber
cultivation and suggestions to overcome such
constraints. About seven rubber growing vil-
lages and 75 respondents were selected using
proportionate random sampling technique.

5. Soil studies

The morphology, physico-chemical prop-
erties and exchange characteristics of five
representative pedons of rubber growing
soils occurring at different altitudes in
Mizoram w'ere studied and classified as per
soil taxonomy. The soils of pedon at
altitudes 150,280 and 750 m above msl were
classified as Topic Hapludusts whereassoils
at 400 and 550 m above msl were Umbnc
Dystrochrepts. Measures involving proper
soil-water and nutrient management are
important to increase use efficiency- and
optimizing land use on sustainable basis.



growth of these plants is found retarded
showingan average girth of 18cm at the end
of the 13th year. The rubber cultivation at
this elevation is not advisable under Garo
Hills conditions.

3. Pathological studies

A disease survey was conducted at var-
ious locations. Severe outbreak of powder)”
mildew was observed in the Garo Hills
region of Meghalaya. AtGanolgre farm and
District Development Centre, Jenggitchak-
gre farm, nearly 80 per cent of the total
plants were infected by Qidiwndisease and
defoliation of the young tender leaves was
observed during March to April. Sulphur
powder was dusted (22 kg/ha) at different
time intervals to bring the disease under
control.

4. Physiological investigations
4.1 Effect of cold on growth, yield and yield
components

«Aiiexperimenthas been initiated to find out
the effect of low temperature on growth, yield
and yield components of Hevea at 600 m
altitude. Under this trial, one block of 300
plants (RRIM 600) was selected for girth

REGIONAL RESEARCH STATION,

The Regional Research Station, Kolasib
conducted experiments mainly to identify
the suitable clones under Mizoram condi-
tions. The Station also engaged in studies
on so.l fertility, nutritional requirements of
rubber and identification of suitable ex-
ploitation systems.

1- Nutritional trial (1998)

TteM d experiment was initiated dur-
ing 1998 to assess the NPK requirement of
clone RRW 600 for foot hill region of
mhzoram. 1hedata on girth (1998) and girth
increment from December 1998 to Febmary

recording and 35 plants for plugging index,
DRC and dry rubber yield at monthly
interval. Results indicated that RRIM 600
has attained an average girth of59.8 cm but
when temperature drops below 10°C for
three months, there wasa complete retarda-
tion of growth. Maximum yield was record-
ed from September to November (21.0 g/
tree/tap) whileyield decreased from Decem-
ber till March when minimum temperature
dropped below 10°Ccausing defoliation. As
temperature increased, all plants refoliated
and yield increased simultaneously.

4.2 Effect of different tapping systems in com-
bination with tapping rests during winter
The effect of different exploitation sys-
tems in combination with tapping rests at
different temperature regimes during win-
ter was assessed in clone RRIM 600 to
formulate suitable exploitation systems for
this region. Initial results showed thatwhen
temperature falls below 10°C there is a drop
myield ofrubberinl/2Sd/l,1/2Sd/2and
1/2S d/3 tapping systems which may be
due to wintering stress. Increase in yield
has been noticed with increase of tempera-
ture in all the tapping systems.
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1999 are presented in Table Nez. 1.

RRTueim UItS indicate thal the growth of

35:35:35 RipK in A{GHPY aPPIi»tibn of

Table Nez, 1, Effectofdifferent doses of fertiliz-
ers on girth and girth increment



Mean girth (cm) as on February 1999

Clone Foot hill

scatom iT - 65.81 (4.24)
R 15 62.60 (4.90)
R 18 65.56 (4.72)
i 65.25 (4.57)
GT1 63.33 (4.13)
BT 70.90 (6.13)
RRIM 600 50.00 (2.72)

63.35

Mid-hill

Hill top

71.82 (8.93) 73.16 (6.78
57.47 (5.41) 56.64 25,713
65.66 (5.81) 61.15 (1.79)
64.62 (4.94) 60.03 (4.57)
66.22 (5.14) 7058 (10.05)
70.40 (10.35) 64.00 (4.90)
55.80 (5.23) 58.88 (0.30)
64.57 63.49

Figures in parentheses are the annual girth increment

2. Evaluation of clones (1988)

The main objective of this study is to
identify the clones suitable for the region.
Theperformance of seven clones at foot hill,
mid-hill and hill top has been studied in
terms of growth and yield.

The data in Table Nez. 2 indicate the
highest girth for PB 235 in foot hill followed
by SCATC 93-114 and RRII 118. hi mid-hill
and hill top, growth of SCATC 93-114 was
better. The yield of the clones was consider-
ablyhigh in foothill ascompared to mid-hill
and hill top (Table Nez. 3).

TableNez. 3. Yield at different land forms

Cone Yield (g/tree/tap)*

Foot hill ~ Mid-hill Hill top
38.29 37.13 2372
28.87 28.12 22.50
30.82 3181 23.28
32.00 29.11 28.68
29.67 28.48 24.77
32.70 29.73 18.75
30.66 27.92 20.19
3185 30.32 2312

Effect of tapping systems on yield

v JV ~v WaS initiated during 1998
1 te objective to identify the suitable

‘ppmgsystem for blended clones of Hevea,
dim'IC t0 Mizoram conditions. The

RRJI 105 <15%)' RRIM 600
°' CATC 93-114 (16%), RRII 300 (15%),

RRII 118 (13%), GT 1(16%) and PB 235 (12%).
The block yield for seven months under
different tapping systems is being recorded.
4. Awareness and adoption of rubber
cultivation practices: An analytical
study ofsmall growersin Mizoram
The study was undertaken to analyse the
awareness and differential adoption behav-
iour, besides enumerating reasons for non-
adoption of aibber cultivation practices for
economic returns. The study also aims to
provide information source utilization behav-
iour of Mizo-farmers, information dissemina-
tion behaviour, constraints faced in mbber
cultivation and suggestions to overcome such
constraints. About seven rubber growing vil-
lages and 75 respondents were selected using
proportionate random sampling technique.
5. Soil studies
The morphology, physico-chemical prop-
erties and exchange characteristics of five
representative pedoiis of rubber growing
soils occurring at different altitudes in
Mizoram were studied and classified as per
soil taxonomy. The soils of pedon at
altitudes 150,280 and 750 m above mslwere
classified as Topic Hapludusts whereas soils
at 400 and 550 m above msl were Umbric
Dystrochrepts. Measures involving proper
soil-water and nutrient management are
important to increase use efficiency and
optimizing land use on sustainable basis.



REGIONAL RESEARCH STATION,NAGRAKATTA WESTBENGAL

N per ha (Table Nag. 1). Application of P

The Regional Research Station, Nagrakat-
and K and their interaction did not show

ta located in thenorthern partof West Bengal

is spread over an area of 47.6 ha and the any effect

total planted area is 30 ha. During 1998-99, Preliminary yield recorded in November

7 ha was brought under tapping. The re- 1998 (Table Nag. 2) showed significant

search acliviiiesare CU‘"Fe""aI?d mainly on interaction effectof P and K on rubberyield

E:Z:; evaluation, nutritional trial and clone (gltree/tap). At0and 20 kg P levels, 40 kg
K application showed depressing effect on

rubber yield compared to 0 and 20 kg K.
. h B H ,at40 kg P 1 Is, higher | Is of

1.1 Nutritional requirement of Hevea with owever. a 9 eve 5 ‘gner fevels o
reference to Terai soils of West Bengal K (40 kg/ha) showed positive effect but on
par with other levels. Trees attained matu-

1. Nutritional studies

rity and tapping was started in 1998. Con-
to nutrient
N

The field trial started in 1989 on nutri-
tional requirement of Hevea with refer- sidering the growth response
ence. to Terai S(?I|S Aof West Bengal was application during immaturity period,
continued. Application of 40 kg N per ha levels have been changed from 0, 40 and
show:d sklgnlflchan; effect on girth hovelz 60 kg per ha to 0, 15, 30 and 45 kg per ha
0 and 20 erhabutwason parwith 60
grp P 9 during maturity period from 1998. Levels of

Table Nag, 1. Effect of Ni. f anJ K on girth Urn) during nmlh year

mNitrogen 20P
OK 20K 40K Mpm Tii? W Anv— ~— — Mean of
— - Mean QK m 40K Mean 40K ean N
20N 512 5s 513 S a if* 507 5W 53.9 50,5 5LS * 511
« 51 s3 1.6 t 5U 53? s S5 51-7 «e' mj 52.5 523
- 322 53, 563 5,0 520 " - 53,
Mean 514 531 5M 526 507 ST -.T
518 528 531 522 527 52.4
ninth year
Nitrogen —20P -
— OK 20K 40K Mean -HOK oiw — — Mean of
M1 19S 187 _In_ | mmeeeee e -—-—  iMear Mean N
SJ &8 ndHi B < W o» X 2T, L7
60N s- Sn 152 176 191 201 113 ]A 1xg8 194 219 203 19.7
167 186 144 66 7 21'0 180 7
Mean %0.2 20.720.]21 .1
18.5

_185_21,-. _ .46 iS22 174 18.9 2|2
KIS~ n</ - . 18.6




anc) K (0, 20 and 40 kg/ha) were not
changed

i Nutrient use efficiency of rubber under

Dooars area of West Bengal

The trial started in 1993 to evaluate the
effectof fertilizer splitapplication on Hevea
growth under the agroclim atic conditions of
the northern part of West Bengal was con-
tinued. Unlike previous years, the effect of
fertilizersplitapplication on girth and girth
increment during fifth year subsided and
did not show any significant effect
2 Evaluation of clones
21 Clone tria) (1990a)

Cloneevaluation trial started in 1990 with
1 different clones was continued Trees
were opened for tapping in 1998. Observa-
tions on girth, girth increment and mean
mbberyield (g/tree/tap) were recorded and
in Table Nag. 3.
significantly among the clones.
SCATC 93-114, RRII 118, RRII
Haiken 1recorded significantly higher girth

over PB 5/51 and RRII 300.

Girth varied
RRIM 703,
203 and

presented

Annual girth

Table Nag. 3. Clonewise girth, girth increment
and mean rubber yield during
first year of tapping

Annual
Girth girth Mean yield
(@n) increment (g/tree/tap)
(cm)
SCATCt 13 55.3 2.7 45.6
114 56.2 2.8 91
56.1 2.7 27.9
56.1 15 26.5
51.2 4.1 26.3
52.4 2.7 23.6
55.9 3.0 21.9
55.3 12 31.0
52.8 15 39.4
49.0 2.4 25.1
56.7 1.9 21.7
SE
15 0.6
CDd5005) 45 NS )

increment after commencement of tapping
did notvary significantly among the clones.
SCATC 88-13, PB 311 and PB 235 recorded
more yield compared to SCATC 93-114,
RRIM 703 and Haiken 1.

2.2 Clone trial (1990b)

Clone evaluation trial laid out in 1990
with seven different clones was continued.
1998
Observations on girth, girth increment and

Trees were opened for tapping in

mean yield (g/tree/tap) were recorded and
presented in Table Nag. 4. Girth and girth
increment varied significantly among the
RRIM 612 significantly
highergirth and girth incrementcompared to
other clones. RRIlI 105, RRIM 605 and G1 1
recorded higheryield compared to RRIM 612

clones. recorded

Table Nag. 4. Clonewise girth, annual girth in-
crement and rubber yield during
first year of tapping

. Annual .
Clone G(C'I::;' girth incre- M/ean \}/leld
ment (cm) (g/tree/tap)
RRII 105 54.0 3.0 34.9
RRII 208 55.2 3.2 26.5
PR 107 50.9 3.2 235
Gl1 52.1 3.4 27.1
PB 86 55.0 4.6 22.9
RRIM 605 57.1 3.9 27.4
RRIM 612 58.1 5.2 133
SE 0.9 0.4 -
CD (P=0.05) 2.8 13 _
2.3 Clone trial (1991)
Clone evaluation trial planted in 1991

involving 11 cloneswascontinued. Girth and
annual girth increment did not vary signifi-
cantlyamong theclones. However, RRIM 612,
RRIC 102, SCATC 93-114 and Haiken 1

showed better girth and girth increment
2.4 Clone trial (1993)
Clone evaluation 1993

Girth

trial planted in
involving 11 clones was continued.



5. Clonewise girth and annual girth
increment during eighth year

Girth Annual girth
Clone .

(cm) increment (cm)
SCATC 93-114 35.9 7.8
Haiken 1 32.7 73
RRII 105 362 6.5
RRII 205 36.1 6.7
RRII 30(1 343 6.7
RRII 308 25.9 5.0
PR 261 321 6.6
PB 235 322 6.7
PB 280 28.0 77
RRIM 600 38.4 6.3
RRIC 104 265 55
SE 19 0.4
CD (P=0.05) 55 12

and annual girth increment varied signifi-
candy among the clones (Table Nag V
RRIC 104 and RRII 308recorded significant-
ly low girth and girth incrementover .ill other
clones. Significantly higher girth (38.4 cm)
was recorded by RRIM 600 and annual girth
increment (7.8 cm) by SCATC 93-114.

2.5 Genotype x Environment interaction studies

Multilocational trial planted in 1996 was
continued to study the Genotype x Environ-
ment interaction in 12 different clones The

rife 82/2v T ded 5iSn ficaltlv_higher
g{nﬁ over all other cf‘ones except |RRIIgl76,
PB 21/ and RRIl ]J05. Lowest girth was
recorded by RRIC 100and 82/22 which also

r s “r coidn” ~

3- Clone blend
A multilocational trial planted in 1992

Libre Bidrus tHec Earfttison to AloAdt1oRal

ata on yrth were recorded and perform
a,W done ble,dssh.H beevaded™ ,

TableNag. 6. Clonewise girth during third year

Clone Girth (cm)
82/14 16.6
82/17 16.3
82/22 14.7
82/29 19.4
82/30 16.6
RRII 105 17.7
RRII 176 19.0
RRII 203 17.1
PB 217 17.8
RRIM 51 16.3
RRIM 600 174
RRIC 100 112
SE 093
CD (P=0.05) 1.93

4. Exploitation systems
An experiment on the effect ol combina-
tionof tapping systems (1/2S d/1, 1/2S d/2,
1/2S d/3) with tapping rest based on'
temperature regime (18-18"C, 15-15"C and
12-12"C) and control without rest has been

Treatments will be imposed in a

planned.
Ex-

RRIM 600 block during October 1999.
perimental design is split-plot design with
tapping system as main plot and tempera-
ture rest as sub-plot treatment.

5. Evaluation of germplasm for cold
tolerance

w h|°u SpOt Irial t0 evaluate germplasm

u
Acre and

4 Wickham, 4 Mato Grosso, 6
U Rondonia collection) for cold tolerance
was.initiated in 1998 in sim ple lattice design

tT Y ePI,CiltI°"S to study the morpho-
logical, physiological, biochemical and an-

genotypes which

enahler < araclers
During

enable toadaptto cold conditions.
first year, RO 2635 recorded significantly
ROG6 n f AC 607" AC 623 MT 2594
Sernl\pllalsm ma\esrengb(urla%'ilepl\‘l'a‘év‘l Sleg[
nif cant clonal variation was observed fn

cion min”.co,d stress. Among the Il
clones which showed cold i,|ury, the
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CD(P=0.05)

REGIONALRESEARCH STATION,

The Regional Research Station, Dapchari,
iarasr tra concentrated its research activ-
efj °n 'rr'8ati°n, plant physiology, clone
aiiaion and evaluation of suitable agro-
no ogy for the North Konkan region.
The RRScoversan area of 50 ha (planted
***0% ha) and total crop production during

18(Mricd (April 1998 t0 March 19") was
3.19 kg from 18 blocks.

1- Irrigation svst
Nes . N oems
based d WaS s”ar’ed *n 1987 with ETc-

in clone’RRI Masin 'rrigation treatments
105. The basin-irrigated

6. Feasibility sludy on intercropping

of mbber with tea in northern part

of West Bengal

A feasibility study on the possibility of
intercropping rubber with tea has been initi-
ated and field preparation and planting is to
be done in June/july 1999, Four different
spaangs (10 x 25 m, 10 x 5m, 12 x 2.5 m,
3x3x18m) forrubber will be tried and in
the inter-rows, tea will be planted at normal
spacing leaving 2.5 m space on either side of
rubber line.
7. Role of zinc in the control of pow-

dery mildew disease

An experiment on control of powdery
mildew disease using zinc has been initiated
insplit-plotdesign with zinc level as main plot
and sulphur dusting as sub-plot treatment.
Main plot treatments include 5 ml chelazin
per Las foliar application, 7.5 ml per L as soil
application and zinc sulphate having a con-
centration of 2 g per L as foliar application,
3gperLassoilapplication. With and without

sulphurdustingassub-plottreatmentswill be
tried to compare effectiveness of zinc in
controlling powdery mildew.

DAPCHARI,MAHARASHTRA

trees recorded higher mean girth than the
control and drip-irrigated trees (Table
Dap. 1). However, the girth increment
was higher in plants under control and
basin irrigation (1.00 ETc and 0.75 ETc)
thian other lower levels of irrigation under
basin (°-50 ETc) and driP' due t0 less

exploitation of the control trees (newly
opened) and compensation of soil mois-

ture deficit under saturated irrigation lev-
els. The dry rubber yield of all the
irrigation levels is comparable except the

control and 0.25 ETc drip due to severe
soil moisture deficit during summer.



Mean Mean
Treatment Girth girth dry rubber
(cm) increment yield
(cm) (g/tree/tap)
1.00 ETc basin 61.82 2.16 50.50
0.75 ETc basin ~ 62.33 2.46 52.22
0.30 ETc basin ~ 58.94 148 52.40
0.75 Elc drip 59.16 1.56 51.25
0.50 ETc drip 59.39 1.38 53.57
0.25 ETc drip 56.67 155 46.91
Control 52.77 279 44.28
(No irrigation)
SE 1.05 0.31 2.60
CD (P=0.05) 2.28 0.68 5.67

2. Effect of irrigation on yield and

yield components

The trial was laid out in 1983 to study
the effect of irrigation (1.00, 0.75 and 0.50
ETc)on yield and vield components of t.v
clones, RRII 105 and RRIlI US. The clone
RRIl 118 recorded better growth than
RRII 105in all irrigation treatments. On the
contrary, RRU 105 recorded better vield
and yield component characters in ail the
treatments. The irrigation treatments
showed non-significant effect on growth
and yield parameters (Table Dap 2)

Treatment Gtrth (cm)
RRII 105
0”?? SC 6338
e ETC 62.74
c
Control Zi ii
(No irrigation) )
For irrigation
SE
CD (P=0.05) 341
For clones 854
SE
CD (P=0,05) 187
3.16

3. Clone trial

Among the 15 clones, RRII 208 is contin-
uing to perform better in respect of growth,
whereas RRII 105 is better in terms of yield
than the others. The clones RRII 308 and
RRIC 105 are poor in terms of growth and
yield (Table Dap. 3).

Table Dap. 3. Growth and yield of Hevea clones

Girth Mean dry rubber yield

Clone
(cm) (g/tree/tap)

RRII' 5 51.62 22.58
RRII 6 55.68 25.78
RRII 105 51.77 33.09
RRII 208 59.16 26.81
RRII 308 49.32 23.30
PR 255 50.38 21.94
PR 261 49.81 23.31
PB 260 51.26 25.83
PB 310 51.50 20.49
PB 311 50.48 24.02
RRIM 605 50.34 25.12
RRIC 52 57.18 16.08
RRIC 100 53.56 25.99
RRIC 102 54.74 21.53
RRIC 105 51.35 15.97
SE 2.68 3.05
CD (P=0.05) 548 6.24

ation on growth and yield

Dry_rubber yield (W h-PP/"p)
|18 RRU 105 RRU 118
23
76.83 39.03 718
68.13
47.30 30.69
60.41 .
37.29 29.17
3.27
8.01
175

4.04



4 Siltpits forsoil and water conservation

various frequency of silt pits (100, 150
and 200 pits/ha) with or without sawdust
(10kg sawdust/pit) are maintained in pol-
vdonal seedling area since June 1995. Soil
moisture retention during the post-mon-
soon period is found to be higher in 150 pits
perha and 150 pits per ha + 10 kg sawdust
treatments at 30-60 cm soil depth level.

5. Cost evaluation trial

Expenses incurred towards various in-
puts, farm practices and irrigation are being

monitored since 1987 in irrigated and unli-
sted RRIM 600 trees. No significant
reduction m block yield and growth was
observed ,n mature trees under tapping
even after reducing the irrigation level to 50
per cent of that under immature phase.

6. Polyclonal seedlings for selection

Promising polyclonal trees with high
girth and high yield were selected for
multiplication and study. Multiplication of
these trees was done by budding for laying
out a field trial.

REGIONAL RESEARCH STATION, DHENKANAL, ORISSA

The Regional Research Station, Orissa
situated in Dhenkanal district, is concentrat-
ingresearchon agromanagementtechniques,
waterconservation and clone evaluation for
specific drought-prone areas of this region.
ThisStation has a research farm at Kadalipal
covering an area of 30.8 ha.

1 Clone evaluation
11 Clone trial (1987)

This trial comprised of three elite clones
(RRIM600, G T, RRII 105). Maximum girth
was recorded in GT 1 (49.0 cm) followed by

RRIM 600 (48.4 cm) and RRII 105 (44.0 cm)
(Table Ori. 1).

—Table Ori. 1. Mean girth of three clones
~ont? Girth (cm i
few 44.0

|

Polyclonal seedlings (1989)

w if? T atiOnsindicated high girth variation

ha W P°pulation- A ~tal of 536 trees
idpuHf ~ A 071 or above have been
inthi T °reva®uatin8 the yield and stability

13 lISht-pronearea for furtherselection,
one evaluation (1990)

~ recoided in 10clones from 1990 trial
maximum girth for SCATC 93-114

(47.3cm) and minimum for SCATC 88-13 (36.8
cm) (Table Ori. 2).

Table Ori. 2. Growth of different clones

Clone Girth (cm)
SCATC 88-13 36.8
SCATC 93-114 473
Haiken 1 40.7
RRII 5 455
RRII 208 47.1
RRII 300 42.8
PR 255 46.6
PB 301 44.4
RRIM 600 46.2
RRIM 701 38.8

1.4 Clone trial (1991)

In the clone trial 1991, the clone RRIC 102,
RRI11 300, GT 1, RRII 208, RRII 105 and the
polyclonal seedlings exhibited better drought
tolerance in this region (Table Ori. 3). Max-
imum girth 45.1 cm was noticed in polyclo-
nal seedlings and the lowest girth in PR 255
(29.8 cm).

2. Nutrient management

The experiment was laid out in 1997-98
inseedling nursery with N and P biofertiliz-
ers alone and in combinations with FYM
and N, P and K at three levels (0, 25 and



Gone Girth (cm)
RRII 5 35.7
RRII 105 36.9
RRH 208 40.9
RRII 300 42.9
GT I 42.8
PR 255 29.8
PR 261 326
RRIM 600 352
RRIC 102 43.2
Polyclonal 451

100%) of the recommended dose. The

growth parameters were recorded during
the period and soil and leaf samples have
been collected for microbial and chemical
analysis.

3. Genotype x Environment interaction

This onfarm trial at Regional Research
Laboratory, Bhubaneswar included twelve
clonesplanted during 1996. After three years
of planting, maximum girth was recorded in
PB 217 (19.4cm) followed by 82/30 (19.3cm)
RRIC 100 (192 cm), RRn 203 (19.0 cm) and
82/17 (18.8 cm) while 82/14 and RRH 176
showed the lowest girth of 16.4 and 16.7 cm
respectively (Table Ori. 4).

4. Agrometeorological observatory

The general weather parameters recorded
durmg the year 1998 at RRS Kadalipal
Dhenkanal), Orissa indicated total rainfall of
1272.4 mm with only 76 rainy days. The

Girth (cm)

Clone

82/14 16.4
82/17 18.8
82/22 17.3
82/29 18.3
S2/30 19.3
RRII 5 17.2
RRII 105 17.0
RRII 176 16.7
RRII 203 19.0
PB 217 194
RRIM 600 181
RRIC 100 19.2

highest mean maximum temperature 0f39.6C
was recorded during the month of May 1998.
The highest mean minimum temperature of
27-1°C was observed in June 1998 against the
lowest minimum of 10.1C in December 1998.
Lowest relative humidity was observed dur-
ing the months of April and May, especially
during the afternoon hours.

5. Nursery

In the budwood nursery, a total of 22
genotypes having 412 points are main-
tained. In the seedling nursery, polyclonal
and assorted seedlings were established
during the period for generating planting
materials for laying out new experiments at
the research farm. Approximately 3560
budded stumps of RRIM 600, RRII 105 and

own W?re ra’sec*as Panting materials and
000 polyclonal mégerials were maintained.

REGIONAL RESEARCH STATION,SUKMA, MADHYAPRADESH

The RRS, Sukma in P )
h s R §f §ul§vaa m Ba*tar district, Mad-
« Pradesh continued research activities
on screening of Hevea germplasm for
drought/cold tolerance, evaluation ofpoly-
clonal and modern clones and niche analy-
se concept in Madhya Pradesh. *
1. Multidisciplinaryevaluation of clones
In the clone trial started in 1990 RRnm s
and RRIVI 600 have recorded 51.5and 46 Crn

girth respectively.
2. Sreening of Hevea germplasm for
drought tolerance
Selected genotypes of Brazilian germ-
plasm together with a few modern clones
were planted in field during July 1996, to
~identify genotypes suitable for drought-
prone cond.hons. Growth of clones differed
significantly. Clones RO 5363, RO 2635,



3J72, RO 5463, RO 5554, RRIl 118 and
L showed higher girth while AC 685 and
ACf.23 exhibited poor growth.

3 Screening of Heveagermplasm for
c0ld tolerance

The budded stumps of Hevea germ-
plasm for cold tolerance were generated at
RRS Sukma and sent to RRS, Nagrakatta.
Field planting was undertaken in July 1998
with 25 Brazilian germplasm clones at RRS
Nagrakatta, which experiences low temper-
ature during winter season.

4. Evaluation of polyclonal seedlings

The growth ofpolyclonal plants, planted in
iyy/, isbeing monitored. The growth ofplants
is satisfactory with a mean girth of 75 cm,

5. Investigation on phenology and
architecture of Hevea germplasm
Significantvariation in pattern of growth

has been observed among the clones.

Branching height and number of branches

(originated from main stem) also varied

significantly. The lowest number of prima-

ry branches was observed in AC 707 and

highest in RO 5369 and MT 196.

REGIONAL RESEARCH STATION, PADIYOOR, KERALA

The Regional Research Station at Padi-
yoor covers an area of 40 ha. Long-term
trials laid out in 24 ha include evaluation
of Brazilian germplasm (1981 IRRDB col-
lection), investigations on Genotype x En-
vironment interaction, clone evaluation
(World Bank project), large-scale testing of
potential hybrid clones, multiclone blend
trial and disease evaluation in various
clones.

1 Physico-chemical
of soil

characterization

Experiment to generate a database on
soil physico-chemical properties has been
initiated in 1998. Preparation of aslope map

the area under study is in progress.

2, Waterrequirementin seedling nursery

The experiment to study the water re-
quirement in seedling nursery was initiated
in 1998. Five irrigation regimes viz. irriga-
tion at 0,10,25,50 and 75 per centdepletion
of available soil moisture were imposed
along with an unirrigated control. Growth
observation and soil moisture determina-
tion were carried out at periodic intervals.
3. Weather

July recorded the maximum total rainfall
of 11532 mm with 30 rainy days. The
summer months (January, February and
March) received no rain. The highest max-
imum temperature recorded was 40°C in
April 1998 while the lowest minimum tem-
perature was 15°C in January 1999.

HEVEA BREEDING SUB-STATION, NETTANA, KARNATAKA

cnmlU' exPerimental farm of the Station

on,frisesariarea °f47.6 ha. Differenttrials
cone evaluation, breeding and patholo-

W are under progress.
Evaluation of growth,
exploitation systems

yield and

Onp IS tnal cor>stitutes two experiments,
Planted in 1987 and the other in 1988

aiming at evaluating the effectiveness of
different tapping systems in terms of yield
and growth of the clones. Each experiment
comprises of five clones planted in a split-
plot design. In the first experiment, clone
PB 235 (71.89 cm) continued to be superior in
growth while RRII 300 (58.10 cm) was poor
in growth (Table Kar.l). This trial is in the



Percentage girth increment

Clone Girth (cm) Apr-Jun Jul-Sep Oct-Dec Jan-Mar
1987 experiment
RRII 105 61.83d 115 0.64 0.58 1.00
RRII 303 58.10¢ 1.46 1.00 1.12 139
PB 235 71,8% 115 0.43 0.66 1.80
PB 260 66.13b 1.05 0.71 0.84 1.16
PB 311 63.70c 1.39 0.39 0.55 1.07
Mean 64.33 1.24 0.64 0.75 1.28
1988 experiment
RRII 118 68.90a 155 2.54 1.60
PR 255 50.85d 177 0.61 1.38
PR 261 57.57b 1.26 161 1.73
RRIC 36 5452c¢ 1.68 146
RRIC -15 150
54.05¢ 132 181 1.55 121
57.18
1.67 1,33
tellers ,, e notsignificantly M m "I by LSD « p=,i.05

Clones followed by a m

second yearoftapping and data on late « «
arebeingrecorded forevery lap. Considering
the yieid of the clones, PB 235 recorded the
highest (134.6 mj/tree/tap) while RRU n
showed the lowest (66.3 ml).

Under the different tapping systems
employed, 1/2S d/3 recorded the highest
average yield of 111.7 ml/tree/tap. The
highest yield was recorded during Novem -
ber and December. In the second experi-
ment, clone RRII 118 showed better growth
m terms of girth (68.90 cm) while that of
PR 25a was poor (50.85 cm).

In the trials, the leaf disease caused by

observed
also The clones PR 25

RRII 105 were found severely M ected

during thisyear
S UBRIS VS

2. Evaluation of ortet clones

This trial com prises of three experiments

expenments have I7constituentclones each®

while the third experiment consists of 11
clones. Among the control clones, GT 1
showed bettergrowth followed by RRU 105.
Seven clones viz. O 15, O 46, O 47, C 1,2,
C7/2,C70and T 2in Experiment 1registerec!
better girth increment over all the three
controlclones. Similarly, two clones (O 53 and
C 9) in Experiment 2 and six clones (O 26
O 39A, O 51, O 55, O 56 and 1) 64) in
Experiment 3 recorded higher girth incre-
mentover all the three control clones.

3- Large-scale clone trial

Two experiments, first with 14 clones
planted during 1989 and second with 15
dones planted during 1990 constitute Hus
In the 1989 experiment, clone RRIf21) ¢

trial

vh' conti™ ed to be better in growth
While Ha,ken 1 (43.54 cm) continued to
exhibit poor growth (Table Kar. 2). In the

com xpf Inlent-done PB 235 (54.59 cl1l)

te™snof A 'T f* tHe hi8hcst Srowth in

StSfe C jrX G 145Z4amregis-



, ¥V.r? performance of clones i

TWeUr  scale trial

Clone . Girth (cm)

Experiment

SCATC 88-13 49.76 de
SCATC 93-114 48.17 ef
Haiken 1 43.54 f
RRIl 16 55.98 be
RRIl 203 67.18 a
RRII 300 56.28 be
RRIl 308 57.22 be
PR 255 47.72 ef
PR26L 5511 ¢
PB 255 56.96 be
RRIM 600 53.45 cd
KRS 25 57.40 be
KRS 128 60.85 b
KRS 163 58.45 be

1990 Experiment

49.65 bede

HP 187 47.90 def
HP 204 47.21 ef
HP 223 52.98 ab
HP 372 52.19 abc
RRII 106 59.79 bed
Gri 52.75 abc
Tjir 1 46.13 f
Gil 45.24 f
217 50.32 bede
PB235 54.59 a
B 260 54.42 a
B3I 50.75 bed
H] 28 49.16 cdef
M32 50.83 bed

Clones followed by same letters are not significant-
lydifferent by DMRT at 0.05

Estimation of genetic parameters

1 |~s consists of 12 clones and their
. “sibprogenies planted during 1990 with

c"rleCtive of estimating genetic parame-
he girth data for both parents and their

f 6 bemg recorded * quarterly
(Y. ng the Parental clones, PB 235
termsnf  recorded highest growth in
(7472) ? 61276 girth loll°wed by RRII 118

P®rsroivth’ Th Tfir 1 <64'69 cm) Showed
® $E ul ProSen'es Of clone PB 235

°y thoseot cl. >nr KR1TtD1{3f(68'32

cmX The progenies of the clone IAN 873
(40.40 cm) recorded the lowest average girth.
5. Polycross garden

This consists of evaluation of nine prepo-

6. Composite clone trials

Under this, three clone evaluation experi-
ments commenced during 1991 have been
included. The firstexperimentcomprises of36
clones, while there are 13 clones each in the
other two experiments. GT 1 serves as the
common control. Besides, clones RRII 105and
RRIM 600 have also been included in all the
experiments. The control clone GT 1 recorded
an average girth of 4654,45.69 and 42.58 cm
respectively in the three experiments. The aver-
agegirth in the firstexperimentranged between
33.62 (Haiken 1) and 5339 cm (RRU 203).
In the second experiment, the average girth
ranged between 41.51 (PB5/139) and 48.81 cm
(RRU 118) while it ranged between 39.03
(AVROS 49) and 52.57 cm (HP 83/224) in the
third experiment.

7. Disease survey

Outbreak of leaf disease caused by Cory-
nespora cassiicola was observed during
1999 season. A survey on the disease spread
was carried out in South Canara, Udupi and
Coorg districts of Karnataka and Kasaragod
district of Kerala. The survey indicated that
the disease was comparatively severe (5-50%)
in Sullia, Guthigar, Subramanya, Shirady,
Puttur and Kadaba regions of South Canara
district. Almost similar intensity (5-60%)
was observed in adjoining areas of Adoor,
Delampady, Bandadka, Pody and Mulleria
of Kasaragod district of Kerala. It was
observed that the disease was more preva-
lent in clone RRIl 105, which is widely
planted in this region.

Experiments were conducted to evolve
chemical control of Corynespora leaf dis-
ease. Water dispersible, oil dispersible and
dust formulations of fungicides were tested



at Barva and Kumaradhara rubber planta-
tions of the Karnataka Forest Development
Corporation. Among the water dispersible
fungicides with high volume sprayer, man-
cozeb (0.2%) was found superior to carben-
dazim (0.02%), copper oxychloride (COC
0.125%)and Bordeaux mixture (1%). Among

oil-dispersible fungicides with micron

HEVEA BREEDING SUB-STATIO

Research programmes on floral biology,
hybridization, root trainer and clone evalu-
ation were continued. Systematic pruning
and pollarding of branches were also done
for the proper maintenance of plants in

breeding orchards.

1. Evolving high yielding clones

The hybrid progenies obtained by hand
pollination during 1996-97 were test-tapped
and 19 potential high yielderswere screened
for further evaluation. Tine hybrid seeds of
1997-98 hand pollination programme were
raised in aseedling nursery forpreliminary
evaluation. Hand pollinations incorporat-
ing different parental combinations were

?999_“99931.59“"9 the flowering season in

2. Clone evaluation

In the clone trial, PB 260 continued to
exhibitmaximum girth followed by RR1C 10"
Twelve clones of this trial hav'e attained
appable glrlh at the age of n

the'remaining three reached tappable girth

at the end of eighth year only.

Theexpenmentai treesinla”scale clone
trial (keenpara, -1994) were subjected to test-

kal ‘1‘?!9 recorded moprg \?iﬁd H\!anREl]'E'[ I“gf
3. Floral biology and fruit set

W intering pattern, floral biology and

ithes s . .
anthesis of 25 clones in Breeding Orchard n

sprayer, mancozeb (powder formulation)
gave better control, followed by mancozeb
(liquid formulation), COC and COC + man-
cozeb (mixed). Systemic dust fungicide,
hexaconazole (2.0%) dust, gave adequate
control over the Corymespora leaf disease,
as compared to carbendazim (1.5%) and
tridemorph (1.5%) dust.

TAMIL NADU

N, PARALIYAR,

werestudied during the flowering season in
1999. Wide variations were observed in
floral biology and anthesis ofdifferent clones.

Root trainer nursery for Hevea

Coiling of tap root is a serious handicap
of the conventional polybag plants. The
heavy and bulky polybags are inconvenient
for transport and field planting. Inorder to
overcome this, Hevea planting materials
were raised in specially designed containers
made of polypropylene.

Root trainer containers have 26-30 cm
height with tapering shape provided with
adrainage hole at the bottom. The tap root
undergoes aerial pruning near the hole at
the bottom and which helps to avoid
coiling of tap root. The inside wall of the
containers are provided with vertical ridg-
es which direct the lateral roots down-
wards and avoid circular growth within

he container. The compact containers
reduce labour required for the nursery and
held planting. 3

the Afif'ltld ~ haS bSen ™ ‘toted In Study
e field performance of root trainer-de-
j™ ' isc ' R

Honar poﬁ))'bad" pﬁ%ﬁ‘é’?'ﬁ%(e agqlm,e convegy

roots were noliced to grow * P

an v gorouSly on transplanting to the field

“ ~  nshavealsoi”ated that
he root trainer plants were quicker to
resume Prnwfk d-_ 1

planr 8°W+ * 1)16 fe,d than Hyt»S



LIBRARY AND DOCU

fl.e library continued its important role
Jlcommunicating and disseminating infor-
mationon natural rubber and allied subjects
juoligh its library collection, information
jarvices and publications.

1 Library resources development

During the year, 176 books were added
tothe stock of the library making the total
collection to 21849. The library subscribed
074 foreign journals and 60 Indian jour-
rels. About 60 other journals were also
received as gift/exchange.

2, Documentation services

Four issues of Documentation List,
four numbers of Rubber Alert and one
issue of List of New Additions were
compiled and distributed. As part of
selective dissemination of information,
photocopies of relevant articles related to
rubber research and industry were taken
and distributed to the officials of the
Board and RRIlI and 60 numbers of SDI
Bulletins were issued.

3 Information services

Sixty articles were sent to various librar-
ies/institutes as per request and also pro-

AGROMETEO
Weather at various stations

aE  menof0l°gical parameters recorded
dim- °I1 ons representing differentagro-
® T 810ns “ Prized in Table

fiwelocS ra‘nfall was received at all the
during the year 1998. Though

MENTATION CENTRE

cured 20 numbers of photocopies/reprints
of articles by inter-library loan services.

The bibliography holdings of 147 sci-
enhfic senate were sent to Indian National
bcientihc Documentation Centre (INSDOC)
New Delhi for incorporation into the
revised edition of National Union
Catalogue of Scientific Serials of India
(NUCSSD, 1998 edition.

4. Computerization activities

As part of the computerization activities
in the RLIND and RLCAT Databases, arti-
cles from journals, seminar papers, confer-
ence proceedings, etc. and details of books
purchased were added and updated. Infor-
mation on rubber and allied subjects was
retrieved from the above database.

The Centre also engaged in the sales
promotion of ‘Indian Journal of Natural
Rubber Research’, 'Rubber Wood : Produc-
tion and Utilization' and ' Plant and Soil
Analysis'.

Tine library facility were also extended to
die manufacturers and others related to nat-
ural rubber industry. Research scholars and
students from universities and colleges were
also allowed to utilize the library facilities.

ROLOGY UNIT

the amount of rainfall received was normal,
the distribution was different during the
year. Above normal rainfall was recorded
inalmostall the locations during September.
Dapchari recorded the highest of 906 mm.
Same trend was observed in October too.
Except for Paralivar, where northeast mon-
soon is more active, other locations also



(an  Feb Mar Apr May
LI
Rainfall (mm)
Dapchan 00 00 00 Oi 00
Nettana 00 00 22 512 %4
Kottayam 336 00 384 1153 1509
CES, Chethackal 196 6L0 2378 2117
Paraliyar 54 33 00 1388 1601
Maximum temperature PC)
Dapchari 04 314 350369 374
Xettana 44 30 3,6 375 BT
Kottayam B3 U5 BL /8 A2
CHS, Chethackal 345 356 373 360 343
Paraliyar 382 350 370 363 340
Minimum temperature «Q
Dapchari U9 156 184 237 270
Vettana Bl 178 203 214 217
Kottayam 217 238 243 153 256
CES, Chethackal 216 25 20
P_ﬂraliyﬂr » BL 234 219 :1 254
Relative humidity (%)
Dapchari
Vettana 69 65 66 73
Kottayam 68 69 69 74 78
CES, Chethackal 68 7 7 76 79
Paraliyar 68 67 66 4 2
Bright sunshine hours
Dapchari 2186 2701 3153317.0 3287
Netiana 2805 2615 20002684 2268
Kottayam 288 2612 28172606 200.7
CES, F:helhackal 281 438 28562534 2255
Paraliyar 1518 2355 26292188 2084

received fairamount of rainfall in Novem-
ber and December, which is not expected

Another interesting feature observed
during the year was the prevalence of high
maximum and minimum temperatures. At

MI, max,mum temperature observed was
-V C orabove for more than 10days durinz
summer which is no, usual. Highest mTx
mmum temperature ,38.5¢c, so f® reco X

the statlOn was on 6 April 1998.

aturelTThe T jySiSf t e m e r -
the dtalidn show€d Ttnft Te71-30

Total

rainfall

Jun Jul Aug Sep Oct Nov Dec annual
4034 7464 4286 9062 1928 30 0.0 26824
7728 14920 11576 780.3 4210 1828 17.3 49714
7382 5113 4027 5727 3909 67.4 OL1 31075
5035 6737 45L5 664.6 622.8 1700 991 38839
2493 1289 745 3085 602.6 3012 2183 22814
340 205 200 295 320 320 318
312 200 245 208 308 318 335
308 300 302 208 301 314 320
315 302 305 298 306 323 324
314 305 312 303 305 306 300
260 150 241 217 187 145
233 235 229 225 211 182
213 1
211
283 244 238 238 230 224 224
& 87 87 8 77
83 87 88 8 8 79
& 87 8 8 79 g
8 83 85 8 86 8
2M6 480 901 950 230.4 2490 267.3
706 683 660 983 14351715 207.0
il 2 206 1100 1349 178 ]lgn
U: J26 To0 1000 13091734 1511
1309 b5.8 1664 1205 1644 1742 121

3 mean maxirnum temperature of
*« <-during March, whereas it was 34.2°C

i ‘*Oovert*ieyears,agradual increase
in summer temperatures is observed.

2. studies on crop-weather relations
2-1 Epidemiological studies on Oidium heveae

* 7 * " t0 find outinfluence of mete,,r-
*g.,cal parameters on powdery mildew,

. ofmm o« *>*'«" do"-
til RBD design, for four years (1992



igtk both inclusive). The clones selected
1 PB217 PB 235, PB 255, PB 260, PB 280,
S PB 311, PB 312, PB 314, KRS 25,
KRS 128, KRS 163 and RRII 105.

The percentage of disease index (PDI)
for each year is correlated with the meteor-
ological parameters and the correlation is
given below:

PDivs XI 0.53* where Xl is the total
rainfall during January
and February

PDIvs X2 0.48* where X2 is the maxi-
mum of the monthly
averages of RH during
January and February

PDIvs X3 0.62**where X3 is the maxi-
mum of the monthly
averages of minimum
temperature

PDI vs X4 0.67-where X4 , the lota,
number of days with
sunshine hours less than

five during January and
February.

2.2 Latitudinal and altitudinal effect of the
biotic events of Hevea
Wi intering habit of Hevea from Nagercoil
to Nettana covering the traditional region
were observed forselected clones to find out
the latitudinal and altitudinal influence as
described by Hopkins Bioclimatic Law.

3. Agroclimatic classification of rub-
ber growing areas

Long-term weather data of different IMD
stations covering the state has been collected
and tabulated to develop agroclimatic indices
like effective rainfall, PET, water deficit, water
surplus etc. w'hich finally form the basis for
identifying different agroclimatic regions.

ANNUAL EXPENDITURE

Expenditure at a glance 1998-99

Head of Account
Non-plan
General charges
Schemes
Projects (CES)
Tolai

Plan

General charges

Schemes

NERDS Research Component
Total

AW orid Bank Project

Expenditure (Rs. in lakhs)

376.83

17.62
109.05
503.50

98.31
138.93
114.62
351.86

167.04

1022.40
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REGIONAL RESEARCH STATIONS

Central Experiment Station
RRII, Rubber Board, Chethackal
Thompikandom P.O., Ranni
Pathanamthitta - 689 676, Kerala.
Phone : 91 473 526130

Regional Research Station
RRII, Rubber Board

R.G. Baruah Road
Guwahati - 781 024
Assam.

Phone :91 361 452479

Regional Research Station

RRII, Rubber Board, Bhalukia Tilla
Kunjaban P.O., Agartala - 799 006
Tripura.

Phone :91 381 225287

Fax : 91 381 323149

Regional Research Station

RRII, Rubber Board, Tura - 794 001
Meghalaya.

Phone :91 3651 23965

Regional Research Station

RRII, Rubber Board, Kolasib - 796 081
Mizoram.

Phone : 91 3837 20357

Regional Research Station
RRII. Rubber Board
Grassmore, Nagrakatta
lalpaiguri - 735 225

West Bengal.

Phone : 91 3563 72316

Fax :91 481 578317 E-mail: rrii@vsnl.

Regional Research Station
RRII, Rubber Board
Dapchari - 401 610

Thane District, Maharashtra.
Phone : 91 2521 20071

Regional Research Station
RRII, Rubber Board
Dhenkanal - 759 001
Orissa.

Phone : 91 6762 34946

Regional Research Station
RRII, Rubber Board,
Sukma - 494 111

Bastar, Madhya Pradesh.
Phone : 91 778284 2301

Regional Research Station
RRII, Rubber Board
Padiyoor P.O.

Kannur - 670 703

Phone : 91 498 273003

Hevea Breeding Sub-station
RRII, Rubber Board

College Road, Kadaba - 574 221
D.K. District, Karnataka

Phone : 91 8251 60336

Hevea Breeding Sub-station
RRII, Rubber Board
Thadikarankonam P.O.
Kanyakumari - 629 851
Tamil Nadu.

Phone : 91 4652 89116
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Regional Soil Testing Laboratory
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Regional Soil Testing Laboratory
Rubber Board Regional Office
Thaliparamba - 670 141
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Regional Soil Testing Laboratory
Rubber Board, East Bazar
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Kerala.
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Kerala.
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Research divisions and functions

The major research divisions are Agronomy and
Soils; Biotechnology; Botany; Germplasm: Mycology
and Plant Pathology; Plant Physiology and Exploita-
tion; Rubber Chemistry, Physics and Technology and
Agricultural Economics

The thrust areas of research of the Agronomy and
Soils Division are investigations on the nutritional
requirements of rubber, irrigation, intercropping, cov-
er 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, anatomi-
cal studies and cytogenetic investigations. The Germ-
plasm Division is concentrating on the introduction,
conservation and evaluation of Hevea germplasm
The Mycology and Plant Pathology Division is en-
gaged in investigations on the diseases and pests of
rubber and associated cover crops and their control
The Plant Physiology and Exploitation Division con-
ducts studies on identification of characteristics relat-
ed to yield, physiology of latex flow and yield
stimulation. The Rubber Chemistry, Physics and Tech-
nology Division concentrates on improvement in
primary processing of rubber, its chemical modifica-
tion, rubber product manufacture and quality control
of processed rubber. The Agricultural
Division undertakes studies

Economics
on economic aspects
related to rubber plantations

The research supporting sections include Library
and Documentation, Instrumentation, Statistics, Compu-
ter am) Art/Photography. There is also a small expen-
mental farm of 33 ha at the headquarters of the RRII

Central Experiment Station

The 255 ha Central Experiment Station at Cheth-
ackal (Ranni), 51) km away from Kottayam, was started
in 1966. Field trials laid out by the research divisions
cover almost the entire area.

Regional Research Stations

The RRII has established a North-eastern Research
Complex with headquarters at Agartala, having re-
gional research stations at Agartala in Tripura, Guwa-
hali in Assam, Tura in Meghalaya and Kolasib in

Mizoram. The RRII has also set up regional research
establishments at Dapchari (Maharashtra), Dhenkanal
(Orissa), Nagrakatta (West Bengal), Sukma (Madhya
Pradesh), Paraliyar (Tamil Nadu), Nettana (Karnata-
ka) and Padiyoor (Kerala).

Regional soil testing laboratories have been estab-
lished at Mangalore, Thaliparambu, Kozhikode, Thris-
sur, Muvattupuzha, Pala, Kanjirapally. Adoor and
Nagercoil. Mobile units for soil and leaf analysis are
availableat the Kozhikode, M uvattupuzha and Nager-
coil laboratories, apart from that at the headquarters

National/International collaboration

The RRII is a member of the International Rubber
Research and Development Board (IRRDB), an associ-
ation of national organizations devoted to research
and developmenton natural rubber. The Rubber Board
is a member of the Association of Natural Rubber
Producing Countries (ANRPC) and the 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
(Kottavam), Cochin University of Science and
Technology (Kochi), Indian Agricultural Research
Institute (New Delhi), Indian Institute of Sciences
(Bangalore), Indian Institute of Technology (Kharag-
pur), National Chemical Laboratory (Pune), University
of Agricultural Sciences (Bangalore) and University of
Goa (Goa).

Publications

Books
Handbook of Natural Rubber Production in India
Rubber Wood : Production and Utilization
Plant and Soil Analysis

SeriaLs

Indian Journal of Natural Rubber Research
RRII Annual Report
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