


Annual Report 1994-95
ISSN 0970 2490
CODEN ARRIEU

Publisher
Dr. M. R Sethuraj

Editorial Committee
Convener

Dr. K. Jayarathnam
Members

Dr. C. Kuruvilla Jacob

Dr. P.R. Suresh

Dr. R. Rajagopal

Mrs, Rajeswari Meenattoor
Mr. PK. Viswanathan
Secretary

Mr. Kurian K. Thomas
Cover

Transformed callus of H. brasiliensis with marker gene
and Biolistic Particle Delivery System (Gene gun) used
for genetic transformation.

Phctegraph

Mr. K. P. Sreerenganathan

December 1996

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, processing aspects
and product development. The steady growth of the
RRII in its scientific worth and research contributions
has won it the recognition as one of the International
Centres of Excellence on NR research

Location

The RRII is located on a hillock 8 km east of
Kottayam town in Kerala Slate and is easily accessible
by road. Kottayam is connected to all major cities in
the country by rail. The nearest airport is al Cochin,
70 km north. Hie capital of the state is Trivandrum,
160 km south where there is an international airport
The distance to New Delhi, the capital of the country,
is 2950 km

Functions

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

Organ isation

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

Continued on inside back cover
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THE RUBBER BOARD

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

Organisation

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

Chairman

). Lalithambika, 1AS

Rubber Research Institute of India
Dr. M. R. Selhuraj

Director

Rubber Production Department
Dr. AK. Krishnakumar

Rubber Production Commissioner
Administration Department
George Jacob

Secretary

Processing & Product
Department

Dr. E. V. Thomas

Director

Development

Finance & Accounts Department
S. Rajasekharan Pillai

Director

Training Department

Dr. A. O. N. Panikkar
Director
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DIRECTOR'S REVIEW

At times success causes concern. The
outstanding clone, RRII 105,
the Rubber Research

evolved by
Institute of India
(RRII) issuch an example. This clone under
the traditional rubber growing tracts in
India has a productivity potential of 300-
500 kg/ha/annum, over and above the other
existing high yielding clones. The planters
therefore prefer to plant RR11 105 only and
this has resulted in a situation that there are
more than 2,50000 ha under RRII 105 in
the state of Kerala alone. Such monoclonal
planting is causing concern. Though the
Institute has recommended blending of
clones, that

recommendation mainly because there are

farmers did not follow
very few alternative clones which can
match the yield potential of RR11 105. The
RRII has therefore, given top priority in
evolving and releasing high yielding clones
with equivalent or higher yield potential.
About 12 such hybrid clones have been
selected and in order to shorten the lag
period for commercialisation the Institute
has taken the initiative to introduce these

experimental clones (described as RRII-EX
clones)for large scale on-farm trials. Stress
tolerance is going to be one of the most
important attributes for the success of
future plantations as the new areas for
extension of cultivation lie in the non-
traditioiuil regions of India. Naturally,
breeding and selection for stress tolerance
have been given due priorities
strategies. The 1981

wild germplasm is

in our
IRRDB collection of
being screened for
desirable traits such as disease tolerance
and stress tolerance. A genome analysis
that

identification of genotypes for different

laboratory is being set up so
desirable characteristics can be confirmed
at molecular level. The same technique is
being utilisedfor measuring genetic distance
between pmrent clones and to detect genes
linked to disease resistance and to help plan
Another
interesting development is perfection of a

hybridisation programmes.

protocol for generation of plants from
protoplast. This has been achieved in

collaboration with the University of



Nottingham, UK. The Institute has also
made a beginning in the standardisation of
techniques for production of transgenic
rubber plants with desirable genes.

RRIl is coordinating an international
programme on Tapping Panel Dryness. It
is becoming increasingly evident that the
TPD syndrome is the cumulative effect of
different kinds ofbiological stress including
the stress induced by exploitation. Attempts
are being made to compute ratios between
stress-driven free radicals generated and
levels of scavenging enzyme systems. It is
also becoming evident that one of the early
biochemical casualties in the development
of this syndrome
metabolism.

is cellular energy

Attempts have also been made to
develop crop weather models with an
objective of using it as a predictive model
for areas ivith varying degrees ofstress. The

Institute has developed certain models in
collaboration with the Wageningen
Agricultural University, The Netherlands.

Through prioritisation ofprogrammes
in recycling of used products and in
technological improvement to enhance the
service life of rubber products, attempts
are being made to narrow down the gap
between production and consumption of
natural rubber. Although
been practised in the rubber industry in

recycling has

India on afairly large scale, there is enough
scope for improvement in the. quality of
The Institute,
therefore, is now giving greater emphasis
on these aspects.

recycled rubber products.

The Institute's priorities are thus
oriented to address the emerging challenges
the Indian rubber industry now encounters
the liberalised market

under new

economy.



The Agronomy and Soils Division is
engaged in investigations on the nutritional
requirements of high yielding clones of
rubber at various stages of growth in the
differentagroclimaticregionsin South India.
Other thrust areas of investigation include
irrigation and water requirement, soil and
water conservation, density of planting,
intercropping and weed management of
rubber at various stages of growth in
different agroclimatic situations. Research
work on forms and methods of fertilizer
application, physicochemical properties of
rubber growing soils and standardization
of analytical methods were in progress.
Work on Diagnosis and Recommendation
Integrated System (DRIS) was in progress
with a view to use it as a tool to help in
discriminatory fertilizer recommendations.
The service of discriminatory fertilizer
recommendation was continued for large
estates and small holdings for which the
facilities available at the central laboratory
at RRII were also utilized apart from the
eightregional/satellite laboratories and four
mobile soil testing laboratories.

1. Nutritional
phase)

studies (immature

The experiment to assess the fertilizer
requirement of clone RRII 105 at Kodumon
Estate was in progress. Treatments were
imposed and growth observationsrecorded
No significant difference among the differ-
entfertilizer treatments was noticed forgirth
of the trees during the period. The same trial
on clone RRIl 105 at TR & T Estate,
Mundakayam was discontinued due to
heavy incidence of pink disease.

The two experiments at RRIl Farm
and Koney Estate are being continued.
Treatments were imposed and growth
observations recorded. The data on girth
(1995) and girth increment (1991-95) for the
experimentat RRII Farm (Table - Ag.1)show
significant clonal differences. Clone RRII
118 recorded maximum girth which was
significantly higher than clones RRII 5 and
PB 217, but was on par with clone PB 260.
Clone PB 260 was also superior to PB 217.
But neither the main effect of fertilizer nor
the interaction effect was significant for



Table- Ag I. Clonal difference in girth (1995) and
girth increment (1991-95)

Clone Girth (cm)  Girth increment (cm)
RRII 5 45,76 34.68
RRII 118 49.01 36.33
PB 217 43-50 3181
PB 260 46.83 35.10
SE 072 089
cp 250 2.90

girth. In the case of girth increment the
clones RRII 118, PB 260 and RRII 5 were
found to be on par and statistically superior
to the clone PB 217.

In the case ofthe experimentat Koney
Estate, fertilizer treatments were imposed
and growth observationsrecorded. The data
ongirth (1995) are presented in Table - Ag.2.

Table - Ag. 2. Clonal differences in girth (February

Clone Girth(cm)
RRII 5 48.08
RRII 105 48.16
RRII 203 55.62
RRII 208 4733
RRII 300 44.45
RRII 308 43.69
PCK 1 41.78
PCK 2 4632
PB 311 48.89
RRIC 100 57.39
SE 115
cb 3.68

Significant clonal differences were
noticed for girth. Clones RRIC 100 and RRII
203 are more vigorous in growth than all
other clones. However, clonal difference in
themanurial requirementwasnotindicated.

2. Nutritional studies (mature phase)
21 Clonal/Regional requirement

The experiment with clone RRII 105,
located at Vaniampara Estate is being
continued. Monthly yield recording and
annual growth recording were undertaken.
The data on mean yield and girth, recorded
during 1994 , presented in Table - Ag. 3.
The effect of N alone was significant.

Table - Ag.3. Effect of nitrogen on mean girth and

yield (1994)
N (kg/ha) Girth (cm)  Yield (g/tree/tap)
0 63.48 49.09
20 66.63 60.30
40 65.98 55.71
SE 0.87 2.23
cD 254 6.55

Application of N at 20 kg level was
found to be beneficial for increasing girth.
In the case of yield, there was response to
N application and 20 kg level was found
to be sufficient.

22 Micronutrient experiments

A field experiment was laid out at
Cheruvally Estate (Erumely), onclone RRIM
600 to find out the effect of Boracol
BSF-A, a micronutrient mixture containing
Fe, Zn, Cu, Mo and Bon the yield of rubber.
Graded doses of Boracol at 50,100,150 and
200 g/tree were compared with no Boracol
as control. The data on yield indicated that
the effect of Boracol was not significant.

3. Density of planting, growth and yield

The experiment at Shaliacary Estate,
Punalur, was discontinued due to heavy
wind damage in the area. A new experiment
on density of planting was started at CES,
Chethackal with the treatments, as given in



Table - Ag. 4. Density of planting at CES, Chcthackal,
(1995, RRII 105)

Density Spacing (m)
(trees/ha)

Main plots
sl 420 49 x 4,9
s2 479 46 x 4.6
s3 549 43 x 43
s4 638 4.0 x 4.0
S5 749 37 x37

Sub-plots

M- Manuring oniper area basis at recommended dose

M- Manuring on perplant basis at recommended dose

Table - Ag. 4. The area was planted in 1994
with clone RRII 105. The experiment is in
progress

4. Irrigation and moisture

management
4.1 Response to irrigation

The experiment at Manjoor Estate, in
mature rubber has been discontinued be-
cause of irregular tapping in the area.

4.2 Effect of irrigation on growth

A field trial was started at Shaliacary
Estate to study the effect of different levels
of irrigation on the growth of rubber. Dif-
ferent levels of irrigation are being com-
pared with no irrigation as control (Table
- Ag. 5). The data on girth (1994) and girth
increment (December '92 to March '94) were
statistically analysed. The experiment indi-
cated response to irrigation in the case of
girth and girth increment but there was no
significant difference between the various
levels of irrgation.

43 Water requirement of rubber

(lysimeter technique)

immature

Rubber was planted in one lysimeter
during July, 1991 and monitoring of water

Table - Ag. 5. Effect of irrigation on growth

Irrigation Girth (cm)  Girth increment (cm)
25% of ET 26.93 20.25
50% of ET 27.40 2081
75% of ET 27.80 21.14
100% of ET 2850 21.48
No irrigation 24.00 17.95
SE 153 124
CcD 2.35 191

balance was continuously done. The mean
evapotranspiration during December 1993
to April 1994 was found to be 5.23 mm per
day.

4.4. Effect of silt pits

The field trial to study the effect of
different intensities of silt pits on soil and
moisture conservation was continued. The
data on soil moisture at two depths during
summer months are presented in Table -
Ag. 6.

Itis seen thatsilt pits with or without
saw dust have significantly improved the
soil moisture status at both 0-15 and 15-30
cm depths.

Table - Ag. 6. Mean soil moisture (per cent)

Treatments, Depth (cm)

Pits/block  + stiw dust/pit  0-15 15-30
100 17.36 20.43
150 1956 21.20
200 2027 24.49
100 5 kg 2034 23.44
150 5 kg 2033 21.93
200 5 kg 21.46 24.63
No pits 12.72 1458
SE 0.93 132
CD (P = 0.05) 2.93 417



Table » Ag. 7. Sill deposited during one year period

Treatments silt deposited
slit pits  + saw dust (kg/pit) (tonnes/halyear)
100 26.98 768
150 2556 383
200 2401 4.80
100 5 kg 2753 2.75
150 5 kg 25.74 3.86
200 5 kg 2408 482
SE 0.246
co 0774

The silt deposited per pitduring one
year period ending 1994 October was re-
corded (Table - Ag. 7). An average of 3.83
to 4.81 tonnes of silt per ha per year was
collected in the pits.

5. Weed management
51 Chemical and cultural control

Pre-emergence application of
Diuron at2.5 kg a.i. per hacontrolled weeds
in a nursery effectively for a period of 120
days and was significantly superior to
the lowerdoses tried. Pre-emergence appli-
cation of Diuron at 2.5 kg per ha a.i.
followed by a second application of the
herbicide at 1.0 kg a.i. per ha after two
months, controlled weeds effectively and
reduced the total weeding costs per hectare
of nursery area with a cost savings of
55.8
(Table - Ag. 8)

Table - Ag. 8. Cost per hectare of manual/chemical \ ,

Treatments _—
Manual weeding
Manual weeding 9960.00

Chemical weeding* 1120.00

«25 kg pr»™ ,,,ge, « applications ¢ 10 kK post em.rg™ . [~

6. Intercropping in rubber
6,1 Mature rubber (CES, Chethackal)

Thetwo varities ofcoffee (Coffeaarabicii
var. cauveri and Coffea canophora - robusta)
planted in the interrows of rubber trees
continues to give satisfactory yield. The
data on yield of rubber are presented in
Table - Ag. 9

Table - Ag. 9. Effect of intercrops on yield of rubber

(1994-95)
Intercrops Yield (g/tree/tap)
Rubber + single row robusta coffee  36.93
Rubber + single row cauveri coffee 40.68
Rubber + double row cauveri coffee  44.99
Rubber alone 34.53
SE 2.70

The growing of intercrops did not
significantly affect yield of rubber.

7. Formsand methodsof fertilizer ap-
plication
71 Use of controlled release fertilizers

The field experiment on immature
rubber at CES, Chethackal is being contin-
ued. Soil samples were drawn from 0-30 cm
depth at intervals of 1, 5, 15, 30, 60 and 90
days after application of fertilizer and dif-
ferent fractions of N were estimated in fresh
samples. The recovery of No, - N in ppm
from different treatments is subjected to

per cent over that of manual wggdidttal analysis (Table- Ag.10). The release

of NO, - N was comparatively faster in the

ecding in seedling nursery

Cost (Rs/ha)
Herbicide Spraying
9960.00

4405.00

1T



Table - Ag. 10. Effect of controlled release N fertilizer on the release pattern of No,-N (ppm)

Treatment Period after treatment imposition (days) Mean
1 5 15 30 60 90
Urea(standard practice) 2000 32.60 58.67 33.00 1200 1000  27.83
NPK Mg pellet, 100% 733 1133 20.33 28.33 4133 4933 26.33
NPK Mg pellet, 75% 6-80 13.30 1633 2500 4067 4330  24.25
Nimin coated urea, 100% 11.67 2767 44.67 5167 8.66 9.00  25.56
Nimin coated urea, 75% 1333 18.33 41.66 48.66 1333 1033 24.28
Neem cake mixed urea, 75% 966 29.33 56.00 40.67 1000 1400 26,61
Control (No manure) 6.67 7.33 7,00 7.67 8.00 9.00 761
Mean 1079 20.00 34.95 3357 1919 20.76
CD (P=0.05) for fertilizers3.5S; for stages 3.87; Fertilizers x stages 9.8
standard practicewhere ureawasuntreated.  lysed (Table-Ag. 11). Though the girth

The No3- N concentration increased pro-
gressively upto the 90th day in the case of
nimin coated urea and neem cake mixed
urea and only upto 15th day in the case
of untreated urea.

The data on mean girth recorded
during February, 1995(18 months after the
treatment imposition) was statistically ana-

Table-Ag. 11, Effect of controlled release fertilizer on
diameter (February 1995)

Treatments Mean diameter (cm)
Urea 454
NPK Mg pellets, 100% 4.85
NPK Mg pellets, 75% 5.00
Nimin coated urea, 100% 465
Nimin coated urea, 75% 474
Neem cake mixed urea, 75% 473
Control (No manure) 4.02
SE 014
CD (P = 0.05) 043

recorded for NPK Mg pellet treated plots
were numerically superior, it was on par
with all other treatments except control.

Another field experiment on control-
led release of fertilizers was started during
1994 at Kuzhimattom, in a small holders’
estate on immature rubber. The treatment
details are given below.

Tj - 10:10:4:1.5 NPK Mg as urea, MRP,
MOP and MgS04 at the standard
recommended dosage

T2- 75%oftherecommended dosage NPK
Mg pellets; single application.

T3- T, in two splits

T, - 50% of the recommended dosage as
NPK Mg pellets; single application

T.- T4in two splits.

To- 10:10:4:1.5 NPK Mg as nimin coated

urea, MRP, MOP and MgSO* at the
standard recommended dosage in two
splits.



75% of Tt with respect to nitrogen
aloneasnimin coated urea,and MRP,
MOPand MgS04asinT, in two splits.

10:10:4:1.5 NPK Mg as neem cake
mixed urea, MRP, MOP and MgSC)4
atthestandard recommended dosage
in two splits.

75% of T8 with respect to N alone as
neem cake mixed urea and MRP,
MOP and MgSO01lasin Tsin two splits.

T - No fertilizer control.

The treatments were imposed. Soil
and leaf sample collection for analysis and
girth recording are undertaken periodoically.

7.2 Effectofwatersolublcand waterinsoluble forms
of phosphate fertilizers on growth

The experiment started in 1989 at
Kinalurand Vaniampara Estates toevaluate
the efficiency of Mussoirie Rock Phosphate,
SuperPhosphateand Ammophosongrow th
of rubber is being continued. Data on girth
increment for the period 1989 to 1995 is

Table - Ag, 12. Girth increment (cm)

Treatments Vaniampara  Kinalur
(Dose/ha) Estate Estate
40 kg P,Os (as RP)

+40 kg N (as AS) 3505 40.44
40 kg P p5 (as RP)

+40 kg N (as urea) 3375 38.77
40 kg P.0?

+40 kg N (as AP) 3520 38.09
40 kg pp 5 (as SSP)

+40 kg N (as AS) 3433 3717
40 kg P,Os (as SSP)

+40 kg N (as urea) 3390 4219
SE 1.88 325

AP - Afmogium phosphale{2a;20), AS-Ammonium

RP"

presented in Table - Ag. 12. No significant

difference was observed between water

soluble and insoluble forms of P - fertilizers

in both locations.

73 Comparative evaluation of rock phosphates (in-
cubation study)

An incubation study was conducted
to evaluate the effectiveness of different
indigenous rock phosphates in terms of
phosphorus availability. Samples were
drawn at intervals of 15, 30, 45, 60, 75 and
90 days of incubation and the available P
status was estimated using Bray - Il reagent.
Phosphorus availability from different in-
digenous sources at different intervals are
furnished in Table - Ag. 13.

The results indicated that during 15
days of incubation, Tunisia followed by
MRP registered the highest P availability
while MRP had the lowest value after 75
days. The reason for low availability of P
in MRP treated sample after 75 days of
incubation, was attributed to the fixation of
easily released P into non-available forms.

Table - Ag. 13. Available P (mg P/100 g soil) esti-
mated after 15 and 75 days of incubation

L 2 .

Mean
MRP 107 153 21 157
(0.01) 017 (1o7)  (041)
Rajphos 0.60 113 187 1.20
(0.67) @17 (e (117)
Tunisiaphos 0.77 153 157 162
(0.70) (L1 (153)  (113)
Control 003
(o.1Bf
CD (P - 0.05) for comparison of sources = 0.11(0.10)
CD (P = 0.06) for source levels .. 0.18 (0.18)

Figures in parenthesescorrespond to values for 75 days



7.4 Comparative evaluation of Maton
Phosphate

Rock

A field experiment was initiated in
collaboration with M /s Hindustan Zinc Ltd
during 1994 in Malankara Estate,
Thodupuzha on clone RRII 105 to find out
the efficiency of Maton Rock Phosphate and
partially acidulated Maton Rock Phosphate
on growth of rubber. Graded dosesof Maton
and partially acidulated Maton Rock Phos-
phate are being compared with Mussorie
Rock Phosphate. Treatments were imposed
and girth recorded periodically.

7.5 Comparison of differentsources of P

The field study to evaluate the effec-
tiveness of bowl sludge, a waste product
from latex centrifuge factory, is being con-
tinued at TR & T Estate, Mundakayam. Girth
incrementdata for the period 1989-94 (Table
- Ag. 14) indicate that bowl sludge is on par
with Super Phosphate and Mussoorie Rock
Phosphate in increasing girth of plants.

The P status of soil samples, collected
from all the plots (Table - Ag. 15) indicates
that available P is significantly higher in
MRP and bowl sludge applied plots.

A block study was also started at
CES, Chethackal in 1994 to compare the
efficiency of bowl sludge with MRP as
phosphate ferti-lizer for mature rubber.
Dry rubber content and block yield were
recorded periodically.

Table - Ag. 14. Effect of different sources of P on girth
increment

Treatments Girth increment (cm)

Super Phosphate 41.08
Mussoorie Rock Phosphate 41.95
Bowl sludge 4234
Control 37.76
cp 327

Table - Ag. 15. Available P status of soil

Treatments Available P (mg/l00g)

Super Phosphate 0.48
Mussoorie Rock Phosphate 0.90
Bowl sludge 150
Control 021
CD (P = 0.05) 0,54

7.6 Root activity studies using P.; on mature rubber

A project was initiated in collabora-
tion with Radio Tracer Laboratory, Kerala
Agricultural University, Thrissur to study
the root activity pattern of mature rubber
trees using PRas a tracer. The experiments
involve trials to standardise dose of radio
labelling, sampling procedures, study of
active root zones and seasonal changes in
root activity pattern. The preliminary ex-
periments were completed and data inter-
preted.

7.7 Potassium nutrition

The field experiment on mature rub-
ber of clone RRIM 600 with seven levels of
KjO, designed in randomised block design
with 3 replications was continued for the
fourth year also. Treatments were incorpo-
rated in two split doses and the measure-
ments of volume of latex and dry rubber
content were recorded at intervals. During
this year, numerically high values for vol-
ume of latex and dry rubber yield were
recorded for 45 kg K,Operha level followed
by 60 kg K,0 per ha level (Table - Ag. 16).

Soil arid leaf samples were collected
and analysed forthe nutrientstatus. The soil
samples were analysed for the available K
status with 3 extractant viz. Morgan, am-
monium acetate and Mehlich - 1. The avail-
able K estimated by all the 3 methods
correlated positively with the water soluble
+ exchangeable K fraction, leaf K concen-



Table - Ag- 16. Influence of K on dry rubber yield
Dry rubber yield

Treatments
(kg K.O/ha) (g/tree/tap)
0 3952
15 43.10
30 47.40
45 54.10
60 49.60
75 47.60
%0 44.40
CD (P= 05) 11.00

tration and levels of fertilizer K. The water
soluble + exchangeable K fraction contrib-
uted less than 10 per cent of the total K and
this fraction alone was influenced by fer-
tilizer K application. Similary the fixed K
status was also very low (less than 10 per
cent of the total K) indicating tine low K
fixation in the rubber growing laterite or
lateritic soils.

7.8  Effect of liming on nutrien! uplake, biomass

production and nodulation in Puerariu
phaseoloides

A pot culture study in completely
randomised block design with six replica-
tion was conducted to study the effect of
liming and the consequent changes in soil
pH, on the availability of nutrients and on
the biomass production and nodulation of

Table - Ag. 18. Effect of liming on soil p* and available

Treatments PH Organic
(lime requirement %) carbon(%)
2.78
272
269
7.05 253
CD(P=Q.Q5) 0.15

the cover crop Puemria phaseoloides . The dry
matter yield, nutrient availability and nu-
trient uptake were estimated (Table - Ag.
17and 18) for treatments with five different
levels of lime. Liming was found to have
significant positive effect on increasing dry
weight and on availability of P, K and Mg.

8. Physico-chemical properties of

rubber growing soils
8.1 Effcct of continuous cultivation on soil properties

The investigation was initiated to
assess the change in soil properties of
monocropped rubber plantation in the third
cycle of planting and to have an appraisal
of nutrient status of soil in each planting
cycle.

The study was conducted selecting
soil profiles from rubber plantation and

Table - Ag. 17. Effect of liming on dry matter yield

Treatments Dry wt (g)
(lime requi-
rement, %)  Shoot Root Total
0 19.75 419 2394
25 1968 4.03 2371
50 20.26 438 24.64
7% 20.88 4.87 25.75
100 25.05 6.02 31.07
[} 2.96 0.97 339
nutrients
Available nutrients (mg/100 gni soil)
442 6.66 2454
5.58 6.71 86.87
583 111.08 210
533 7.28 155.45 2.40
633 937 191.37 256
083

15.14



adjacent natural forests of Nilambur,
Chemoni, Vithura and Mundakayam. Soil
samples were collected horizonwise and
analysed for total N. Total N content in one
meter depth of rubber estates in the four
locations were 19,18,16,13 megagram per
hectare (M g/ha) while in forestsoilnitrogen
in one meter profile in the four locations
were 27, 30, 19, 15 Mg per ha (Table - Ag.
19). The percentage reduction in total N
contentasaresultofrubbercultivation were
30, 40, 12 and 14 in the four locations.

82  Study on the sub-soil acidity and aluminium
toxicity in rubber growing soilsand itsameliora-
tion using phosphogypsum

The experiment isenvisaged to study
the extentofaluminium toxicity in sub soil
layers oftherubbergrow ingtractsin relation
totherootgrowth ofrubberplants. Attempts
were made to ameliorate the toxic levels of
A in subsoil layers using surface applied
amendments. An experiment conducted to
study the redistribution of exchangeable A
and Ca as a consequence of lime (CaC03)
and phosphogypsum using soil columns in
PVC pipes, revealed that thesurface applied
phosphogypsum significantly reduced
exchangeable A concentration as compared
to lime. The results indicate that
phosphogypsum provide better distribu-
tion of applied Ca in the profile.

9. DRIS approach for interpretation
of foliar analytical values

The data bank of leaf analytical
values were expanded by collecting and
including the analytical values for the
period 1991-94, available in the advisory
services register. For including micronu-
trients also in the diagnosis, some samples
were also analysed for the elements Fe, Mn,
Zn, and Cu.

10. Standardisation
methods

of analytical

10.1 Seasonal variation in leaf nutrient status

Objective of the study was to find out
the seasonal variation of leaf N, P, K, Ca
and Mgcontentofmature treesofclone RRII
105 in Kottayam region. Thirty mature trees
of twelve years of age and 20 trees of 10
yearsofage were selected for the study. Low
- shade leaf samples of each tree were
collected at 30-35 days interval from April
to January and analysed for N, P, K, Ca
and Mg. Mean values of each nutrient for
each month were found outand correlations
worked out.

102 Developmentofa rapid tissue testing method

A series of experiments were started
todevelop arapid tissue testing method for
use in advisory services.

11. Soil survey and
mapping of soils

classification

A survey was initiated in collabora-
tion with soil survey unit of Department of
Agriculture, Governmentof Kerala, with the
objectivesofidentification, classification and
mapping of soils under Hevea in Kottayam
district. Profiles were excavated at different
sites spread over different taluks and
morphology was studied in each profile.
Soil samples were collected and chemical
characterization is in progress.

12. Collaborative studies

The Division collaborates with other
divisions in the project on TPD to identify
the role of nutrition on the incidence of this
disorder. Samples of soil, leaf and latex
collected from normal as well as TPD af-
fected plants were analysed. Directrelation-
ship between TPD incidence and tree nu-
trition could not be established from the
limited data generated.



Table AK 19, Total N content in 100 era profile of four rubber plantations and nearby virgin forests

Depth BD

(on) (Mgm

Nilambur

0-19 124

19-35 126

35-57 188

57-100 188

Total

Chemoni

014 127

14-24 1.86

24-38 168

38-52 175

52-76 1.80

76-100 175

Total

Vithura

0-26 108

26-51 129

51-76 131

76-100 145

80-100

Total

Mundakayar

0-9 1.00
110
120
1.40.

73-100 140

Rubber

Total N
(%>

0.07

Total N
(Mg/ha)

16.43

Depth
(cm)

64-100

DD
(Mgm?)

Forest

Total N
(%)

0.08

Total N
(Mg/ha)

30.47

15.00



13. Advisory work

Analysis of 7700 soil and 1220 leaf
samples were conducted in regional labo-
ratories for offering discriminatory fertilizer
recommendation. In the Central Laboratory
at RRII, 830 leaf and 1390 soil samples were
analysed and fertilizer recommendation
offered.

14. Sustainable agriculture

Observational trials on the effect of
biofertilizers on the growth and yield ofboth
immature and mature rubber plantations
were undertaken. The growth and yield of
rubber trees which were applied with
biofertilizers are comparable with the stand-
ard estate practice. Population of microbes
w'ere assessed at periodical intervals and it
was found that the population of bacteria
and phosphate solublizers increased due to
biofertilizerapplication, population of fungi
and actiomycetus were found to be reduced
compared to pre-treatment levels.

The establishment of sustainable ag-
riculture model farm at CES, Chethackal is
in progress. Intercrops such as pineapple
and banana have started yielding.

15. Studies on nutrient management
15.1 Litter and floor dynamics

An experiment was started during
1994at CES, Chethackal to study the dy-
namics of leaf litter and weeds in nature
rubberplantations. Microplots weremarked
during January in a 13 year old RRII 105
area. The leaves fallen during wintering was
allowed to deposit in the microplots. When
wintering was over, the surface of the
microplots were covered with plastic net

Table - Ag. 20. Dry weight and nutrients released
from leaf litter (kg/ha)

Dry weight (1994) Nutrient
Feb. Nov. released

Leaf litter (RRII 105) 3998.40  140.00

NPK content in leaf litter

N (1.669%) 66.37 232 6405

P (0.05%) 1.99 0.07 1.92

K (0.54%) 2159 076 2083

Quantity of leaf litter disintegrated : 3858.411 kg/lui

Percentage of disintegration 96.50

to prevent further addition of leaves. The
weight of the fresh leaf litter was assessed
and the contents of N, P, K were determi-
ned every month till November 1994 from
all the 15 microplots maintained. The quan-
tity of litter disintegrated during the
10 months period (February - November)
and the quantities of N, P and K released
from the litters are given in Table - Ag.
20 and 21.

Table-Ag.21 Dry weightand nutrients released
from weed (kg/ha)

Dry weight (1994)  Nutrient
Feb. July released

Quantity of weed

biomass 632.20 1730

NPK content of weeds

N (2.87%) 18.14 050  17.64

P (0.16%) 101 0.03 0.98

K (2.19 %) 1384 038 1346

Quantity of weed mass disintegrated . 614.70 kg/ha

Percentage of disintegration of weeds : 97.00



1. Somatic embryogenesis

Thisprocess isenvisaged to serve two
purposes: 1) As a pathway for the devel-
opment of genetic transformation experi-
ments. 2) Possible use as an alternate path-
way for larger in vitro plant production.
Several explant sources are being tried to
ascertain effectiveness and nucellar tissue
proved tobethe mostpreferable. Thenucellar
callus has many features. The embryo origi-
nate from single cells. The ability for
embryogenesis ismaintained during several
subculturing; but the number of embryos
perunittissue mass diminshesoveraperiod
of time; especially after one year. Recently
this embryogenesis system has been put to
use for developing other systems, in par-
ticular, genetic transformation studies.

2. Shoot-tip/meristem culture

Shoot-tip cultures are initiated from
explantsoriginated from matureclonal trees.
Commercial clones representing category 1,
Iland Hlwere tried and the in vitro response
toshootdevelopmentaswellas rhizogenesis
varied drastically from clone to clone. Over
fourhundred plants were generated and are
maintained for furthergrowth priorto trans-
planting in the field. It has been observed

that in vitro plants having three or four
whorls of leaves survived better in the field
with lower rates of mortality; hence holding
longer under greenhouse conditions/shade
house may be one of the ways to reduce
mortality of vitro plants.

3. Genome analysis
DNA fingerprint analysis in Hevea germplasm

Identification of DNA markers for
various traits were attempted through Ran-
dom Amplified Polymorphic DNA (RAPD).
The RAPD profiles generated from isolated
DNA samples were evaluated. Methods
were standardised for the isolation of good
quality DNA and to get complete digestion
with various restriction enzymes. Work is
underway to prepare a partial genomic
library. The final objectives are 1) identifi-
cation of the entire gene and gene products
of the DNA markers identified 2) develop-
ment of DNA based diagnostics for various
traits and 3) identification of repeated se-
quences and development of microsatellite
based primers for DNA fingerprinting to
study the genetic relatedness between
cultivars and wild species.



The major thrust area of the Botany
Division is the genetic improvement
through hybridization and ortet selection.
Priority has also been given for evaluation
of clones having better performance with
respect to yield/secondary characters than
RRII 105. Investigations on propagation,
anatomy and cytogenetics are also in
progress.

1. Evolving high yielding clones for
traditional area
1.1 Hybridization and clonal selection
Observations on growth parameters
and yield were recorded from a total of 25
small scale trials of hybrid clones in dif-
ferent stages of evaluation. Monthly yield
recording and periodical recording of total
volume, DRC and plugging index were
continued in the 1985 small scale trials of
hybrid clones. Eight clones, which were
identified as potential high yielders in the
first year of tapping, continued to show
comparable or higher yield than that of
RRII 105 over the firsttwo years of tapping.
Heterosis ranged from 4 to 40% (Table -
Bot. 1).

Table Bot. 1 Mean yield and standard heterosis of
eight clones during the first two years of tapping

Clones Mean yield Standard
(g/tree/tap) heterosis (%)

82/2 58.81

82/14 84.14 40.06
82/17 63.40 5.90
82/21 58.71

82/22 78.69 3150
82/29 80.20 34.40
82/30 64.19 7.30

RRII 105 59.84

A total of 141 hybrid clones ofthe 1990
small scale trials were subjected to test
tapping at the age of 52 month's after
assessing the girth. Data revealed highly
significant clonal differences for both girth
and juvenile yield. In one small scale of
11 hybrid clones of 1990 with RRII 105 as
control, the latter recorded 99 g/tree/10
tappings, whereas clones 29, 118, and 480
recorded 112, 127 and 132 g respectively.
Similarly in another trial of30 hybrid clones
and six parents, nine clones recorded com-
paratively higher yield than RRII 105 at 52
months. Among ten other hybrid clones
resultant of 1988 hybridization programme
(1992 small scale trial), four clones viz., 15,
22, 61 and 69 recorded high juvenile yield
of 28.30, 18.78, 13.42 and 14.93 g per tree
per 10 tapping at two years' growth in
comparison to 9.57 g for RRIl 105. A new
small scale trial was laid out with 16 hybrid
clones of 1989 hybridization programme
alongwith RRII 105employingarandomized
block design with three replications. During
1993-95, a total of 11,797 hand pollinations
in 22 cross combinations of 17 parent clones
selected on the basis of yield and yield
components were attempted and the details
on pollination and fruit set during 1993 are
furnished in Table - Bot. 2. During the
following season of 1995, 5449 crosses in-
volving 10 parent clones were attempted.

1.2 Ortet selection

Experiments on ortet selection were
inprogress. Thesmallscale trial with 21 ortet
clones at Cheruvally Estate, revealed highly
significant clonal differences in girth, bark
thickness, total volume, DRCand dry rubber
yield at 60 months growth. Four clones



Table Bot. 2. Pollination and fruit set (1931

Cross combination fonani Fruit et ()
RRIlI 105 x RRIC 104 403 05
RRII 105 x PB 235 246 122
RRII 105 x RRIC 52 366 7.38
RRII 105 x MT 99/9

RRIM 600 x RRIl 118 453 13.25
RRIM 600 x RRIl 104 496 11.09
RRIM 600 x RRIC 52 240 545
PB 217 x AVT 73 519 1.16
PB 217 x PB 5/51 598

PB 217 x PR 107 138 0.72
PB 217 x PB 260

PB 242 x AVT 73 327 153
PB 242 x RRIl 105 294 0.68
PB 242 x PB 235 289

PB 252 x AVT 73 261 2,30
GT1 x PB 5/51 153 588
PB 5/51x RRII 105 20 1083
Total 5278 413

recorded an average yield of 29.00, 87.00
29.75, 31.83 and 31.11 g/tree/10 lappings
in comparison with 18 g for RRIl 105.

In the small scale trials of 47 ortet
clones laid out in 1991 at Koney Estate, 28
clonesexhibited better growth than RRII 105
and 20 clones showed better growth than
GT 1 during the 4th year after planting.

A smallscale trial comprising 25 ortet
clones was laid out at CES, Chethackal with
suitable statistical design. Fourteen ortets
collected from various small hodlings were
multiplied and established in polybae
nursery for laying out a trial.

From a total of 165 mother trees
identified from Kaliyar Estate, 53 trees were

selected for multiplication based on yield,
DRC and other secondary characters.

A seedling tree near Iritty reported
to be a high yielder and disease tolerant,
was subjected to detailed observations.

13 Special techniques in breeding

Regular observations on yield and
other secondary characters were continued
in all the field experiments of polyploid
population and the clones developed from
seed irradiation. During the eighth year of
tapping from the trial on irradiated mate-
rials (1977) RRII 51 recorded a mean yield
of 70.06 g/tree/tap, whereas RRIl 105 re-
corded 60.60. Annual girth recording was
continued from the two trials laid outin 1985
and 1992. The selected trees from the trial
on irradiated materials (1985) were sub-
jected to yield monitoring on a monthly
basis.

2. Evaluation of clones
21 Large scale trials

In the Sri Lankan clone trial laid out
in 1976, monthly yield recording and pe-
riodical recording of secondary characters
were carried out. In the mixed clone trial
laid out in 1981, recording of secondary
charactersand fortnightly recording ofyield
were carried out. In the 1989 large scale trial
comprising 14 experimental clones at
Nettana, testtapping was carried outduring
1994at the age of 5 years. Among the 14
clones, PCK 2 and PI3 255 recorded the
highest yield of 12.37 and 12.36 g/tree/tap
followed by RRII 300 and KRS 163 (10.85,
10.45 and 10.33 g/tree/tap respectively).
SCATC 93-114 recorded the lowest yield of
2 gltree/tap. A large scale trial comprising
11 clones was laid out at Arasu Rubber
Corporation.

During the 14th year oftapping in the
clonetrial laid outin 1973, RRI1 206 recorded



the highest yield (9157 g/tree/tap) fol-
lowed by RRII 203 (90.01 g) and RRII 208
(84.08 g). The control clone PR 107 recorded
only 51.56g,

Monthly assessment of growth pa-
rameters was continued in the two
multidisciplinary evaluation trials of 13
clones each in RRII. In trial 1, mean annual
girth increment over a period of first three
years of growth ranged from 6.94 to 10.02
cm with the highest in RRII 118, followed
by RRII 5, RRII 208, RRII 300 and the lowest
in SCATC 93-114 followed by PCK 1 (Table
- Bot. 3). Mean summer girth increment
which reflects the response of clones to
drought condition over the first three years
was the highestin the Chinese wind tolerant
clone Haiken 1, followed by SCATC 93-114,
RRI1 118, RRI1 300 and RRII 208 (Table - Bot.
3). Among 13 clones in trial II, clones PB
314, RRII 105, PB 280, PB 312 and PB 255

Table - Bot. 3 Growth during the first three years

Mean girth increment(cm)

Clones
Annual Summer

RRII 5 8.84 2.02
RRII 105 8.20 201
RRII 118 10.02 222
RRII 208 8.66 214
RRII 300 8.64 2,21
RRII 308 8.42 194
RRIM 600 7.84 2.09
RRIM 703 8.07 2.06
PCK 1 7.79 1.96
PCK 2 8.47 193
SCATC 88-13 8.14 194
SCATC 93-114 6.94 2.24
Haiken 1 8.06 2.26
Mean 831 2,08
CcD 0.59 0.20

recorded comparable juvenile yield 0f22.48,
22.41,21.53,20.89 and 20.73 g/ tree/tap over
two seasons in 1993 and 1994 (4th and 5th
year of tapping). The data revealed highly
significant clonal differences.

Recording of yield, girth and second-
ary characters of nine RRIIl clones and
GT 1 in 1978 clone trial at the CES was
continued. Annual mean yield over the first
three years was the highest for RRII 351
(44.32 gltree/tap) followed by RRII 350
(38.25 g/tree/tap) whereas the yield for the
controlGT 1was29.16g/tree/tap. Yield and
secondarycharactersofseven popularclones
in 1979 clone trial atCES were also recorded.
Mean yield over the first five years showed
that RRII 105 was the highest yielder (76.56
gltree/tap).

2.2 On-farm evaluation

A block trial comprising 13 clones
were raised at Arasu Rubber Coporation,
Keeriparai. Inalmostall the block trials, RRII
105 continued to record the highest yield.

Yield data for three years from the
block trial at Ceasermudy Estate,
Kanjirapally, showed that RRII 105 was the
highest yielder followed by RRII 5, RRII 208
and RRII 300.

RRIlI 105 continued to record the
highest yield in the experiment laid out at
Malankara Estate. Mean yield over the fifth
to the tenth year revealed that RRII 105 is
the highest yielder followed by GT 1 and
RRIC 102. In another block trial of 12 clones
at Chithelvetty Estate, RRIl 1 recorded the
highestmeanyield (1400kg/halyr) followed
by PB 260 and RRII 105 during the second
year of tapping. In the 1983 block trial at
Myladi, RRIl 105 recorded the highest yield
followed by PB 235 at the fourth year of
tapping. Among eight clones at Manikkal
Estate, RRII 105 recorded the highest yield
during the second year of tapping. A block



trial of eight clones was laid out at
Sasthamkotta, Kollam District.

3. Performance of clonal composites

3.1 Multiclone blends in comparison to monoclone

population of RRII 105

The trials laid out at CES, Chethackal
and atRES, Nagrakattaduring 1992-93 were
maintained properly. Field planting of an
experiment on multiclone planting was
carried out at Arasu Rubber Corporation,
Keeripparai, Kanyakumari Dist,TamilNadu
during 1994 season. Eightblocks, with three
clone combinations in each block, in the
proportion 0f50,35 and 15 per cent respec-
tively of clones recommended in category
I, Il aand Il b were planted. The clones
selected were RRII 105, PB 235, PB 28/59,
PCK 1, PCK 2, PB 311 and RRII 5.

4. Polycross progeny evaluation

Casualty enumeration and gap filling
were carried out in the field trial on evalu-
ation of progenies of prepotentclones. Plant
protection measures against shoot-rot were
carried out and proper maintenance was
done.

5. Breeding clones for combining
compact canopy and good yield

One year old seedlings having differ-
entcanopy architecture, dwarf, semi-dwarf,
intermediate and normal, were subjected
to detailed investigations of growth param-
eters of root and shoot systems. Incorporat-
mg the selected plants having compact
canopy and high vigour, two field experi-
ments were laid out at CES, Chethackal.
Selfing was attempted in the genetic variant.
Growth parameters were recorded from the
observational trial (1988) on the progenies
of genetic variant. Compared to the control
RRII 105 (44.72 cm), the normal types (47.53
cm) recorded more vigour in terms of girth.

6. Breeding for drought tolerance

Seedlingsresultantofcrossesbhetween
parentclonesselected on the basisofdrought
tolerance attributes are being maintained in
the nursery. An account of the crosses
undertaken is given in Table - Bot. 4.

Table- Bot.4. Crosses forevolvingclones with drought
tolerance (1993)

Cross combination No. of Final
pollinations  fruit sc2t(%)

RRII 105 x PB 86 286 6.29

RRIl 105 x RRIM 703 405 765

RRII 105 x AVT 73 470 1,70

RRII 105 x RRII 208

RRII 105 x PB 260

RRIl 105 x RRIM 600 590 0.17

Ch 2 x PB 217 720 0.14

Ch 2 x PB 86 390

Total 2861 3.19

Periodical observations on girth and
girth increment of 10 popular clones were
recorded and the summer girth increment
index was worked out. The clones were
statistically on par with respect to that
attribute. Clone PB 311 showed the highest
summer girth index of 64.62 per cent.

7. Breeding for disease resistance
7.1 Screening clones for powdery mildew resistance

Casualties were supplied in the field
experiment on screening clones for mildew
resistance of 20 selected clones. Inoculum
potential during the period under report
was not sufficient for assessment of the
clones for their reaction to powdery mildew
under field conditions.



8. Evaluation of popular clones conformity with the findings in the early
phase. Highly significantearly versus mature
association was observed for dry rubber

Yield data collected from eight popu-  yield (r=0.9098), total volume of latex per
lar clones planted on commercial scale in  tap (r= 0.7584), plugging index (r=0.7070),
differentestates have revealed that RRII 105 no. of latex vessel rows (r= 0.6886), bark
was the highest yielder followed by PB 28/ thickness (r=0.6404), girth at opening
59, PB 260 and PB 217. There was wide (r=0.5610) and rate of latex flow (r= 0.5434).
variation in the performance of most of the In this cross five hybrid clones which were
clones from region to region. identified as having betterpotential foryield
9. Estimation of genetic parameters in the early phase continued to exhibit the

same trend in the mature phase too.

8.1 Commercial evaluation of clones

9.1 Genctic studies

9.1.2 Genetic analysis of hybrid progenies
9.1.1 Variability, correlation and heterosis for yield . . .

and yield components The trial laid out during 1993 was

. maintained properly and gap filling was
An evaluation of the performance of carried out properly gaap 9

23 hybrid clones, resultant of a cross of RRII |
105 x RRIC 100 during the first year of Estimation of <)mbining ability for parental
tapping in the mature phase, in comparison selection
to early performance during 54 months after One round oftesttapping was carried

field planting revealed significant clonal outinthe 1990 parentprogeny trial at HBSS,
variation for yield and yield atributes like  Nettana at the fourth year from planting.
rate of latex flow, total volume of latex per ~ Among the parental clones RRIl 105and GT
tap,plugging index, girthatopening,number 1 recorded the highestyield of 70 g per tree
of latex vessel rows and bark thickness per 10 tappings, whereas IAN 45-873 re-
(Table - Bot. 5). Significant correlation corded the lowest yield of 16 g. Among
observed between yield and the above traits  the progenies, those of GT 1 recorded the
except girth and bark thickness was also in  highestyield of 62 g per tree per 10 tappings

Table - Bot. 5 Genetic parameters for yield and yield attributes of 23 hybrid clones

Herilability cv Gev PcV
Characters Early  Mature Early Mature Early Mature Early Mature
Yield 67.69 7184 4154 4355 3456 3750 4192 4424
Girth at opening 3477 6.05 8.83 8.12 5.19 201 8.80 8.17
Girth increment
on tapping 55.00  43.44 2634 53.25 18.99 3533 25.25 60.37
Total volume of
latex per tap 33.00  68.09 74.79 45.47 42.71 37.36 76.63 4528
Rate of latex flow 60.26 7133 48.28 3528 37.67 30.02 48.53 3555
Number of latex vessels 37.00  51.85 27.89 2956 17.03 21.07 29.04 29.74
Bark thickness 37.00 5016 8.13 9.85 4.24 7.04 6.% 9.95

Plugging index 56.00 57.79 49.20 29.43 36.82 2252 49.29 29.62



whereas progenies of Tjir 1 recorded the
lowest yield of 13 g per tree.

10.Cytogenetic investigations

Detailed karyomorphological analy-
sis of four clones of Hevea brasiliensis (RRII
105, PCK 1, RRIM 703 and KRS 163) were
carried out.

Palynological investigations on dip-
loid and induced tetraploid clones of RRII
116 and PR 107 have been done. Pollen
grains of diploid were observed to be 3
zonocolporate. Pollen sterility and size
considerably increased in the tetraploids.
The tetraploid showed 3zonocolporate and
4 zonocolporate pollen grains in addition
to very small ones. Diploid PR 107 showed
4.95 per cent pollen sterility sterility in
contrast to 16.06 per cent observed in the
tetraploid. RRII 116 recorded a pollen ste-
rility of 3.56 per cent whereas tetraploid
recorded 26.00per cent. There wasgreat size
difference in the pollen grains of the diploid
and tetraploid clones (Table - Bot. 6).

Table - Bot. 6 Equatorial and polar diameter of pollen-
rains

Equatorial diameter Polar diameter

Cytotype (Hm) (Um)
Mean + SE Mean + SE
RRII 116 (2x)  37.00 + 0.28 28.69 + 0.32
(325 - 40.0) (275 - 375)
RRII 116 (4x)  46.81 + 059 38.06 + 0.39
(375 - 52.9) (325 - 425)
PR 107 (2x) 39.72 £ 0.27 30.88 + 031
(375 - 425) (275 - 35.0)
PR 107 (4%) 4584 + 055 36.72 + 0.38
(375 - 525) (325 - 42.75)
SE 051 035
c.D 158 109

(Values indicate the range in parenthesis)

11. Floral biology and fruit set

Two popular clones RRIlI 105, RRII
118 were selected and hand pollinations
were attempted to elucidate the causes of
low fruit set in H. brasiliensis.

112 Studies on bark renewal

Tostudy the extent of bark regenera-
tion, five popularclones (RRII 105, RRII 203,
RRII 300, RRII 308 and GT 1) were selected
and periodic increment on bark thickness
were recorded up to 66 months. Statistical
analysis showed that there is no significant
difference between clones in the extent of
bark regeneration.

12. Bark anatomical investigations

12.1 Variability, correlations and path coefficient
analysis foryield in relation to anatomical char-
acters with emphasis to TPD, diseases and
drought tolerance

For the second set of TPD affected
trees grafted with normal bark, centpercent
successwas obtained. Ontappingsix months
after grafting, normal latex flow was ob-
served from the grafted bark. Compared to
TPD affected bark, underrest, newly grafted
bark was better for cambial activity and
proportion ofsoft bast region. As nearly six
month's tapping (alternate daily) was over,
extension of TPD to the inner bark was
observed. The condition of grafted region
was comparatively better compared to the
affected bark retained.

Bark anatomical characters of 25
popular clones (at the age of three years)
have been recorded. The data are being
processed.

12)  Evaluation ofclonesforbark anatom ical compo-
Barkanatomical charactersof40clones

have been recorded. The data are being
summarised.



13. Wood anatomical investigations

A preliminary study was conducted
to elucidate the effect of ethrel stimulation
on quality of rubber wood. The stimulant
was applied on selected trees of RRII 105
for 3*/ 2years. Anatomical studies on wood
samples collected are in progress.

14. Studies on propagation

The field experiments laid out were
maintained properly and growth param-
eters recorded. Experiment on bench graft-
ing was also continued. A new field experi-
ment was initiated at Central Nursery,
Karikkattoor to study the effect of delayed
opening and pulling out on bud take and
establishment of green budded plants.
Another experiment on sprouting and root-
ing pattern of budded stumps is in progress.

15. Genetic basis of
relationship

stock-scion

151 Performance of certain modern clones on
different root systems

Recording of data on monthly yield,
annual girth and secondary characters was
continued. Mean yield in own versus(vs.)
assorted stock-scion combination is furnished
in Table - Bot. 7. The values are in general
higher in own stocks in comparison to
assorted stocks. However, a *t test revealed
that the difference between own and as-
sorted stock -scion combinations is not sig-
nificant.

Table - Bot. 7. Mean yield over first two years in own

vs. assorted stock scion combinations

Scion Yield fe/trtc/tap)
Oown Assorted

RRII 105 56.71 56.02
RRII 118 2933 29.12
RRII 203 3931 3635
RRII 208 43.12 40.62
GT 1 29.87 27.59
Gl1 3157 31.89
RRIM 600 35.27 26.41
Mean 37.88 35.46
SE 3.68 3.95

16. Studies on early evaluation
16.1.1 Juvenile Vs. mature performance

Data on girth and juvenile yield by
test tapping at an age of two years indicate
that among each group, juvenile yield in
general is related to girth (Table - Bot. 8).
High yielders in general, recorded high
juvenile yield.

Table Bot. 8. Data on girth and juvenile yield at two
years’ growth

Yield™
Clones Girth(cm) (g/tree/10 tap)
RRII 105 10.09 957
PB 235 1451 19.05
PB 260 14,87 1207
RRIM 600 11.70 6.04
PB 217 1354 9.47
GT 1 10.97 6.89
PB 5/51 12.96 139
RRII 38 1011 1.38
Mean 1213 791
cD 4.38 9,80

=* Significant at 1% level.



The Germplasm Division continued
activites related to the introduction, collec-
tion, conservation, characterisation and
evaluation of Hevea germplasm.

1. Introduction, collection and con-
servation of germplasm
11 Wickham materials from secondary diversity
centres
The collection of older and elite
cultivars of indigenous and exotic origin,
being conserved in the budwood nursery
at RRII, was properly maintained.

12 Wild germplasm

The 4709 wild accessions introduced
from Brazil, were properly maintained in
thesource bush nurseriesatCES, Chethackal.

2. Evaluation of germplasm
21 Conservation gardens

Recording of annual girth and
monthly yield were stopped in Garden 1due
to the large number of vacancies as a result
ofwind damage over theyears. The remain-
ing trees were maintained for conservation
and breeding purpose. Monthly yield and
annual girth were recorded from Garden
Il. Data collected from 35 clones in the
garden for genetic divergence studies, are
being processed for statistical analysis.
Monthly girth and yield are being recorded
from Garden Ill. Flower and seed morphol-
ogy studies were initiated in a few clones.
Quarterly girth data were collected from the
5 IRCA clones in Garden IV.

Anew garden (Garden V)comprising
20clones ofsecondary diversity origin, was

established ina RBD with three replications
with plot size of 5 trees.
22 Nursery evaluation, juvenile characterisation
and cataloguing

Laboratory screening for Phytophthora
resistance was initiated in the source bush
nurseries in collaboration with the Pathol-
ogy Division, and the work is being con-
tinued.

From the various preliminary studies
conducted so far, 100 genotypes were se-
lected for further evaluation, based on yield,
girth, bark thickness and number of latex
vessels.

23 Field evaluation of Brazilian germplasm

Afterpreliminary evaluation,40geno-
types were selected from field trial 1990,
based on girth and these materials were
supplied for the hot spot screening under
the World Bank Project.

Quarterly girth observations were
recorded from the 143 wild accessions
planted in 1992. Test tapping on these
accessions was also carried out. Of the 50
ortets planted in five trials in 1992, one trial
consisting of 10 genotypes, was dropped
due to high vacancy caused by poor soil
depth.

Nineortets and control RRI1 105 were
planted in RBD with three replications and
plot size of 9, in July 1994. Another set of
72 wild accessions were also planted during
the current year in three trials, adopting
a simple lattice design with 24 genotypes
and one control (RRII 105) each and half
yearly data on growth parameters were
recorded.



The Mycology and Plant Pathology
Division carried out both basic and applied
research on various diseases and pests of
rubber and their control measures. Studies
were also undertaken to augment nutrient
status of rubber growing soils by inocu-
lation with microorganisms and on waste
utilization for economic purposes and to
prevent pollution. Screening of germplasm
collections for abnormal leaf fall disease
resistance and investigation on the effect of
weather condition on powdery mildew
disease are other areas of research initiated.

The scientists and staff of Mycology
and Plant Pathology Division actively took
part in organising the Symposium on Dis-
eases of Hevea conducted by IRRDB on 21st
and 22nd November 1994 at Cochin.

1. Abnormal leaf fall disease

Duetoprolonged monsoon, incidence
ofabnormal leaf fall disease was very severe

during the period. Susceptible clones like
RRIM 600, PB 86 and PB 235 registered
severe leaf fall in the traditional rubber
growingareas. Inanevaluationofthe disease
in clone RRII 105 at Kumarankudy Estate,
Punalur, 38 per cent leaf fall was recorded.

The trials to evaluate oil based
mancozeb was continued during the season.
Mancozeb 70 per cent powder formulation
atadosage of 3.36 kg. a.i. per hagave higher
leaf retention when sprayed using micron
sprayerin clone PB 235and wason par with
the currently recommended level of copper
oxychloride (4.5kg a.i. perha). Combination
products of Mancozeb and copper oxych-
loride as well as liquid formulation of Man-
cozeb were not as effective (Table -Path. 1)

In aerial spraying block trials using
oil based Mancozeb, the leaf retention was
much higher when compared to that in
copper oxychloride sprayed area. While in

Table - Path. 1. Com parison of the effectof micron spraying of Mancozeb formulations with copper oxychloride

Treatments Formulation
Mancozeb 70% powder
Mancozeb 70% powder
Mancozeb 50% + COC 15% powder
Mancozeb 50% + COC 15% powder
Mancozeb 26% + COC 10% liquid
Mancozeb 26% + COC 10% liquid
COC 56% powder
coc 56% powder
coc 56% powder
Unsprayed -

CD (P= 0.05)

Dosage Leaf retention

(ai. kg/ha)
2.24 36.03 (36.76)
336 58.87 (50.03)
224 44.29 (41.72)
336 38.96 (3856)
3.36 42.04 (40.30)
465 47.72 (48.66)
2.24 38.82 (38.52)
336 46.10 (42.75)
450

5559 (48.20)
. 20.72 (26.89)

777



the block micron spraying trial copper
oxychloride was found to be better (Table
- Path. 2),

Based on this observation, a field trial
was conducted at Palapilly region on clone
RRIM 600 to study the effect of Bordeaux

Table-Path. 2. Effectof Mancozeb in the control of abnormal leaf fall disease in block trials in clone RRIM 600
Micron spraying Aerial spraying
Treatments Formulation Dosages Leaf Dosages Leaf
(kg/ha) retention (%)  (kg/ha) retention (%)
Mancozeb 70% powder 5.00 4539 5.00 92.72
Mancozeb 50% + COC 15% powder 5.00 43.33 5.00 78.50
Mancozeb 26% + COC 10% liquid 5.00 27.05
coc 56% powder 8.00 6257 5.00 1951

Two new spray oils, one manufac-
tured by M /s Indian Oil Corporation and
the other by M /s Cochin Refineries Ltd.
were field tested. Although these oils gave
satisfactoryperformancein low rainfall areas,
it w'as not so in high rainfall areas. The
approval was therefore deferred and further
testing will be taken up.

The experiment to assess yield loss
due to abnormal leaf fall disease in clones
RRIM 600, RRII 105, GT 1and RRII 118 was
continued. The crop loss recorded in these
clones were 55.10, 3.26, 5.55 and 17.02 per
cent respectively. A new experiment to
evaluate crop loss in relation to the dosage
of COC used in clone RRII 105 (block trial)
has been initiated. The pretreatment yield
isbeing recorded ina 1976replanting, planted
with RRII 105 in Palappilly area of Trissur
district.

2. High volume spraying

In order to improve tine efficacy of
Bordeaux mixture 1percent and 2 per cent
spray oil were added to 1percentBordeaux
mixture in the laboratory using various
emulsifiers. It was found that 1 per cent
and 2 per cent oil in Bordeaux mixture did
not cause any toxicity on sprayed leaves.

mixture and oil combinations to control
abnormal leaf fall disease. The treatments
included were 1 per cent Bordeaux mixture
+ 1percentoil, 1percent Bordeaux mixture
+ 2 per cent oil and 1 per cent Bordeaux
mixture alone.

The effect of these treatments on leaf
retention is presented in Table-Path. 3.
Bordeaux mixture without and with 1 per
centoilshowed bettercontrol than that with
2 per cent oil
3. Evaluation of panel protectants/
wound dressing compounds

An experiment was carried out to
evaluate fungicides for the control of black
stripe disease in the susceptible clone RRIM
600 at Lahai Estate which is a hot spot for
this disease. The results of the trial are

Table Path. 3 Effect of Bordeaux mixture and spray oil
on abnormal leaf fall disease

Trealmt'nl* Leaf retention
1% Bordeaux mixture + 1% oil 58.00
1% Bordeaux mixture + 2% oil 52.00
Bordeaux mixture alone 56.00



presented in Table-Path. 4. Mancozeb
(0.0375% a.i. and Phosphorous acid (0.08%
a.i) were found to be effective. These
fungicides were recommended for use in
rubber plantations.

Table Path. 4 Control of black stripe disease

Treatments Dosage  Disease

(% ai) index (%)
Mancozeb (Indofil M 45) 0.75 9.89
Mancozeb (Indofil M 45) 0375 10.67
Phosphorous acid (Akomin 20) 0.08 1456
Metalaxyl (Apron 35) 0.035 18.78
Phosphorous acid (Phosget 40) 0.08 13.78
Phosphorous acid (Phosjet 40) 0.16 15.89
MEMC (Emisan 6) 0.015 19.89
CD (P=0.05) NS

Mean of three replicates each of 1 block (400 trees)

4. Pink disease

A field experiment was initiated on
3 year old RRII 105 plants at Mundakayam
for pink disease control using Bordeaux
paste, Bordeaux paste with 10 per cent
mineral oil, Bordeaux paste with 2 per cent
zinc sulphate, Validacin 2 per cent and
Caiixin 1 per cent. The treatments were
imposed at cobweb stage of the disease and
the percentage recovery of plants was re-
corded. The results are presented in Table
- Path. 5. Bordeaux paste with 2 per cent
zincsulphate showed numerical superiority

Table - Path. 5. Pink disease control by Bordeaux
paste and systemic fungicides

Treatments Recovery of plants %

Bordeaux paste 52.0
Bordeaux paste +10% oil 52.0
Bordeaux paste +2% zinc sulphate  56.0
Validacin 2% 44.0
Tridemorph (Caiixin) 1% 440

over other treatments. The systemic
fungicides were inferior to Bordeaux mix-
ture.

Studies on various aspects of pink
disease incidence in RRII 105 indicate that
theincidence varies indifferent places. Plants
showing more girth are found to be more
prone to pink disease. In the case of steep
terrains the plants in the lower halfshowed
enhanced girthing and higher pink disease
incidence. The number of branches and
branching pattern in the case of RRIlI 105
favour the incidence of pink disease. Pink
disease appeared in the middle of June in
3 yearold plants while only by late July in
2 year old plants.

A field experiment to study the effect
of prophylactic application ofbiofungicides
from wood waste,controlled wounding and
cultural operations on pink disease control
revealed that prophylactic Bordeaux paste
application was superior followed by lime
washingwith 1percentcoppersulphate and
lime washing alone. The girth of plants
under controlled wounding and scrubbing
was higher compared to other treatments.

5. Shootrotdisease

The experiment to control shoot rot
disease using various systemic fungicides
was continued at 2 locations viz. Palapilly
and Mundakayam. The treatments, dosage
and the mean disease index are furnished
in Table-Path.6.

6. Powdery mildew disease

An experiment to evaluate new sys-
temic and nonsytemic fungicide formula-
tions for powdery mildew disease control
in thenursery was carried out at Cheruvally
Estate. The results are presented in Table-
Path. 7. Among the fungicides tested,
Penconazole (0.05%) Hexaconazole (0.01%)
and an emulsifiable concentrate of sulphur



Table-Path. 6. Control of shoot rot disease using sys-
temic fungicides

Mean disease

index (%)
Dosage

MundakayamPalapilly

Treatments

Phosphorous add ~ 2ml/l 186 150
(Akomin)

Phosphorous acid

(Akomin) amut 127 220
Phosphorous acid ~ 8ml/I 8.7 18.0
(Akomin)

Phosphorous acid

(Phosjet) 1min 16.0 10.0
Phosphorous acid ~ 2mU/l 186 120
(Phosjet)

Phosphorous acid

(Phosjet) amin 127 17.0
Fosetyl-Al (Aliette) 2g/1 193 200
Metalaxyl MZ

(Ridomil Mz) Vi 103 200
Bordeaux mixture 1% 8.7 15.0
SE 279

CD(P = 0.05) 5.90 NS

Table - Path. 7. Control of powdery mildew disease

Treatments Dosage  Disease
(% ai) index (%)
Hexaconazole (Contaf 5 EC) 002 3650 ab
Hexaconazole (Contaf 5 EC) 001 36.90 ab
Penconazole (Topas 10 EC) 005  33.90a
Carbendazim (Jeyvistin 50 WP) 005  40.50 be

Carbendazim (jeyvistin 50 WP) 4+

Sulphur (Sul/ex 80 WP) 0.025 + 0.10 45.30 cd

Sulphur (Sulfex 80 WP) 0.20 46.10 d
Sulphur (Microsul 52 EC) 0.20 36.10 ab
Control (water sprayed) - 54.90 e

Mean af tour replicates. Values followed by same
alphabet are not significantly different (P=0.05) accord-
ing to DNMRT.

(0.20%) were found to be effective in reduc-
ing disease intensity.

7. Minor leaf spot disease

Five fungicides were tested in the
field for their efficacy in controlling
Gloeosporium leafspot disease, with weekly
and fortnightly applications. Statisticalanaly-
sis of the disease index showed that Indofil
M 45 (0.2%) Ridomil Mz (0.2%) and Bavistin
(0.05%) were effective in controlling the
disease and were on par with 1 per cent
Bordeaux mixture when applied at weekly
intervals. Weekly application of these
fungicides was found to be significantly
superior to fortnightly application as seen
in Table-Path. 8.

8. Biological control

In vitro antagonism of Trichoderma
spp. was observed for Phytophthora meadii
causing abnormal leaf fall. Attempts were
made to test the capability of tineantagonists
to cause lysis of oospores of the pathogen.
A higher percentage of lysis of the oospores
were observed when burried in sterile soil
pre-inoculated with the antagonist (Table-
Path.9). Penetration of oospores by hyphae
of the antagonist was also evident.

Trichoderma spp. inhibited the growth
of two pathogens Pythium seleroteichum and
Botryodiplodia Ihcobromae which caused collar
and rootdiseasesin nursery seedlings when
tested in vitro. Attempts were also made
to mass multiply the antagonists on rubber
wood saw dust. The technique has to be
further perfected.

9. High pressure injection for wood
preservation

The pressureinjectionequipments for
injecting trees before felling was remodelled
and the time for injection could be reduced
to 15 min. Furniture made out of copper



Table - Path. 8. Effect of fungicides in Glorosporium
Treatments
Indofil M 45 (0.2%)
Bavistin (0.05%)
Calixin (0.1%)
Bordeaux mixture (1%)
Ridomil Mz (0.2%)
Indofil M 45 (0.05)
Bavistin (0.05%)
Calixin (0.1%)
Bordeaux mixture (1%)
Ridomil Mz (0.2%)

CD (P = 0.05)

leaf disease control

Application 9% Disease index
Weekly 34.55 (35.90)
Weekly 43.11 (41.02)
Weeklv 72.22 (58.24)
Weekly 31.78 (24.29)
Weekly 30.00 (32.87)
Fortnightly 56.89 (49.02)
Fortnightly 5144 (45.83)
Fortnightly 79.44 (63.06)
Fortnightly 43.66 (41.31)
Fortnighly 60.00 (50.86)

7.67

Figures in parentheses indicate are sine transformed values; CD is for transformed values

Table - Path. 9. Effect of Trichoderma spp. on lysis of
oospores of Phytophthora meadii

Treatments No observed  No. lysed % lysed
P. meadii +

Trichodcrma  spp 86 56 65.11
P. meadii 153 3 1.96

sulphateinjected wooden plankswerefound
to be free from insect and fungal attack even
after 7.5 years. Extracts from wood waste
of Rubber, Mahogony, Teak, Anjily, Jack,
Rose wood and Entrolobium were tested
against Botryodiplodia iheobromae culture.
The percentage of growth inhibition was
more in rose wood extract (Table-Path.IQ).
Thirty year old rubber trees were pressure
injected each with four litres of extracts
prepared from 800g. of wood waste of Rose
wood, Teak wood, Jack wood, Anjili wood,
Leucenia wood and Mahogany wood. Cop-
persulphate solution was used forcompari-
son. The trees were felled and planks made
for further studies.

Third generation budded plants of

Table - Path. 10. Percentage growth inhibition of
Botryodiploidia theabromae on different
growth media

Growth media Mean diame-  Percentage
(Wood extracts from) trical of growth
growth (cm)  inhibition
Rubber 7.68 0.00
Mahogony 3.20 63.14
Teak 176 83.33
Aniily 1.05 9435
Jackwood 1.90 81.78
Rosewood 0.60 100.00
Enterolobium 1.42 8821
SE 006
CD (P = 005) 0.16

mutant plants induced by streptomycin
sulphate were maintained and observation
on disease incidence and growth were
recorded.

10. Host parasite inter-relationship

To study the role of nitrogenous
fertilizeron the incidence of Corymspora leaf



spot disease, a field trial was initiated at
Central Nursery, Karikkattoor with differ-
ent levels of Nitrogen including the recom-
mended dose.

In intro studies on toxin production
by Corynespora cassiicola was attempted. The
fungus was allowed to grow in potato
dextrose broth, rubber leaf extractbroth and
Czapek's broth media. Filter sterilized cul-
ture filtrate was extracted with diethyl ether
and the residue of the ether extract was
assayed for its toxicity against a test bac-
terium, Bacillus subtilis. Sterilized paper
discs impregnated with the extracted resi-
due were placed in Bacillus subtilis seeded
nutrientagar plates and the inhibition zone
wasobserved after24hours. Filtersterilized
culture filteratewhenplaced onyoung rubber
leaves under laboratory conditions caused
disease symptoms on the 4th day similar
to that in natural incidence.

In vitro studies on the production of
hydrolytic enzymes by Corynesporacassiicola
under the influence of different levels of
nitrogen were carried out. Increased nitro-
gen level in the medium enhanced the
production of hydrolytic enzymes espe-
cially cellulolytic enzymes.

11. Rootdisease

A field trial on brown root disease
control was started at Manikal estate,
Mundakayam. The fungicides Calixin (2
dozes) ie. 12.5 and 6.25 ml. Tilt 20 ml and
Thiride 20 g, Emisan 5g were used in 2 litres
of water for each tree. Each treatment has
4 replications. -The treatments are repeated
once in 4 months and observations on the
treated plants recorded every month. Two
rounds of fungicide treatments have been
done.

12. Multidisciplinary evaluation of
clones

The incidence of powdery mildew in

two different trials at RRIl experiment sta-
tion wasrecorded. Certain clones registered
ahigherincidence of Colletotrichuni leafspot
disease.

13. Screening of germplasm material/
HP seedlings

A total of 336 genotypes were sub-
jected to preliminary screening for resist-
ance against Phytophthora meadii using
artificial inoculation technique.

14. Crown budding experiment

Yield recording from the experimen-
tal area at Thodupuzha, where the clone
PB 311 was crown budded with resistant
clones RRII 33 and Fx 516, was carried out.
The intensity of abnormal leaf fall disease
and powdery mildew disease in the three
crow'ns viz. PB 311, RRII 33 and Fx 516 was
assessed. The percentage leaf retention in
PB 311, RRII 33 and FX 516 was 50, 90 and
85 respectively.

15. Microbiology of leguminous cover
crops

A pot culture study was conducted
tofind outtheeffectofhumicacid and lignite
duston nodulation and biomass production
of Pueraria phaseoloides. Humic acid at Ig,
15 g and 2 g and lignite 5 g were mixed
with 500 g soil and Bradyrhizobiurn inocu-
lated seeds were sow'n. After 40 days the
plants were analysed for various param-
eters. Nodulation and biomass production
were more in humic acid treated soil.
Maximum beneficial effect was recorded at
2 g humic acid level. Table-Padi. 11.

The field experiment on the dual
inoculation of P. phaseoloides with
Bradyrhizobium sp and Beijerinckia sp was
continued. Soil samples were collected from
plots under different treatments for chemi-
cal analysis.



Table - Path. 11. Effect of lignite and humic acid on
nodulation and biomass of P. phaseoloides

Treatments Nodule  Nodule  Biomass
number  weight(mg)  (g)

Lignite

(59/500 g soil) 1 18 71

Humic acid

(1g/500 g soil) 12 119 7.3

Humic acid

(1.5 g/ 500 g soil) 23 128 8.0

Humic acid

(29/500 g soil) 28 137 85

Control 9 86 59

The acid tolerantspecies of Azotobacter
was inoculated in pots planted with rubber
seedlings. The population of the bacteria in
rhizosphere soil was estimated and is
presented in Table - Path. 12,

Table - Path -12. Azotobacter sp population in soil

n Soil
(x 103 cfulg)

Rhizosphere
(x10s cfulg)

15 120 32
30 140 a7
5 114 50
60 117 46

16. Mushroom culture

Investigation on the possiblity of
shitake mushroom cultivation on rubber
wood saw dust was carried out. Tine fungi
first produce white encrustation on the
surface of mushroom beds which turns into
black mass in two months. Upon watering
the white growth again appeared on the
surface. However, no sporocarp was pro-
duced.

17. Pollution studies

Liquid wastes of rubber processing
factories containing varying quantities of
biodegradable organic compounds were
found to be a good source for biogas pro-

duction. Effluents from ribbed smoked sheets
processing, crumb processing and latex
centrifuge factories were tested in combi-
nation with crumb factory solid wastes, saw
dust, predigested saw dust (mushroom
compost) and cowdung for biogas produc-
tion. Incorporation of predigested sawdust
with the effluents registered high level of
biogas production, degradation of solids as
well as microbial and hydrolytic enzyme
activities. Among the three liquid wastes,
sheet serum in combination with various
solid wastes produced more biogas with
more methane content. Corresponding to
this, favourable changes in total solids,
microbial and enzyme activities were also
observed.

18. Rhizosphere studies

The effect of coinoculation of an iso-
late of VAM (Glomus sp) and the nitrogen
fixing bacteria - Azotobacter sp Beijerinckia
spor phosphate solubilising bacteria on the
growth of Pueraria phaseoloides plants was
studied in pot culture. The rhizosphere
population of various groups of micro-or-
ganisms and plant growth characters were
recorded and given inthe Table-Path. 13and
14. The coinoculation of VAM with various
groups ofbacteriawas found to favour plant
growth in comparison to inoculation with
these organisms individually.

Anotherexperimenttostudy the effect
of different fungicides and insecticides on
VAM colonisationonrootofP.phaseoloides.
was initiated.

Field trial to study the effect of
phosphobacterial inoculation on rubberseed-
lings at four different levels of rock phos-
phate was repeated at Central Nursery,
Karikatoor. Periodic girth and height meas-
urements show positive effect of
phosphobacterial inoculation.



Table - Path. 13. Effect of mycorrhizal and bacterial inoculation on rhizosphcre microbial population of
P. phaseoloides (per g soil)

Aciiono- Azoto- Beijerin- Phospho-

Treatment; Bacteria  Fungi mycete bacter ckia bacteria

x 10 x 10" x 10% X 10% x 103 x 10"
No bacteraia +
No ihyeofrhizae 56 3 2 4 42
Mycorrhizae alone 86 52 20 8 53
Azotobacter sp alone 7 45 2 86 5 71
Beijermckia sp. alone 64 a 2 - 5 54
Phosphobacteria alone 95 49 19 0 120
Azotobacter sp +
mycorrhizae 112 68 2 108 6 82
Beijerinckia sp +
mycorrhizae 9 63 3 - 7 64
Phosphobacteria +
mycorrhizae 125 74 20 — 19 143
C D (P =005 6.78 63 56 41 433

Table - Patlx. 14 Effect of mycorrhizae and bacterial inoculation on growth of P. phaseoloides

Treatments Shoot Shoot Root Root Nodule Nodule
length (cm) Weight ()  length (cm)  weight (g) No weight (g)
No bacteria +
No mycorrhizae 42 7.2 17 4 64 35
Mycorrhizae alone m 223 22 8.9 115 1.42
Azotobacter sp alone 80 153 20 79 126 162
Beijermckia sp alone 88 18 23 9.0 134 173
Phosphobacteria alone 124 247 24 10.6 130 167
Azotobacter sp +
mycorrhizae 118 26.1 26 12.07 150 184
Beijermckia sp + mycorrhizae 133 28.2 26 11.63 158 18
Phosphobacteria *
mycorrhizae 159 329 30 15.2 165 192
CD (P=0.05) 6.36 0.78 245 0.65 5.28 0.11

19. Biological control of white grubs o _
biological and chemical treatments proved

Comparative evaluation ofbiological ~to be effective (Til.L rath, r.i Apr.li, .iliun
and chemical management of white grubs oftheentomopathogui,Bam i ilvvn luiirtn
infesting rubberseedlings revealed thal the wtothem osteffective treatmentinivdunin;



Table - Path. 15.Comparative evaluation of biological and insecticidal formulations for the management of

Holotrichia serrata.

Treatments Dose’ (kg/ha)

Beauveria brongnwrtii 1 x 1CT =
Landrin 15 G 2
Isofenphos 5 G 2
Phorate 10 G 25
Carbaryl + Lindane 25
(Sevidol 4:4 G)

HCH 10 D 100

Untreated check .
C.D. (P=0.05)

* For insecticides;
= Spores/g of soil;

the white grub damage followed by Landrin
15 C, Isofenphos 5 G, Phorate 10 G, Sevidol
4:4 G and HCH 10D in descending order
of merit.

20. Vertebrate and non-insect pests

Rat burrows in an area of 0.5 ha of
rubber nursery were treated with
bromadiolone (Roban) baits at 0.005% con-
centration. Thecontrol ofrodentpopulation,
estimated on the basis of the number of live
burrows of respective species, showed
96.47% success (Table - Path. 16).

Mean percentage

of plant damage population/
per plot = 30 cm*
435 (12.01) 0.00
1095 (18.82) 0.05
1152 (19.15) 005
13.66 (2150) 0.10
1435 (22.04) 015
18.60(25.58) 0.25
62.00(52.00) 2.00
8.07)

** Mean for four replications at eleven months after treatment.
Figures in parenthesis represent angular values

21. Beekeeping in rubber plantations

Studies on the introduction and
managementofEuropean bees, Apismellifera
was initiated. Five colonies of Apis mellifera
weremultiplied into tencoloniesat RRII and
the brood rearing is on the increase in all
colonies. European honey bees were fre-
quently attacked by wasps and birds.

22. Minor pests

Severe incidence of Mucuna leai-
eating caterpillar Tiracola plagiata was ef-
fectively controlled by the application of
BHC 50 WP at 2 per cent concentration in

Table - Path -16. Efficacy of roban in controlling rat pests in nurseries

Burrow counting  Total
period burrows
Pre-control 85
Post-control 3
Control (%) 96.47

Rodent species

Bandicota ISandicata Ratlin
bengalensis indica meltada
52 2
|
98.08 95.24 91 67



the plantations of Arasn Rubber Corpora-
tion, Kanyakumari district.

Termites are found to build earthen
galleries on the trunk of trees and remove
the corky layers of the trunk region. An
experiment was laid out at Desamangalam
Estate, Trissur district forcontrol of termites
infesting rubber trees. There were 7 treat-
ments viz. BHC 0.2%, and 0.4%,
Chlorpyriphos 0.2% and 0.4%, Fenvalerate
0.02% and 0.04% and control with three
replications. The treatments were imposed
by drenching the insecticidal solutions at the
base of trees. The final observations are yet
to be recorded.

It was observed that the habit of
feedingon the tender leaves of rubber plants
by slugs is on the increase. Three to four
repeated applications of Bordeaux paste on
the trunk of plant at an interval of 45 to 60
days deterred the slugs and snails from
attacking the plants. Other host plants of
slugs and snails identified in rubber grow-
ing areas are Tectona grandis, Clerodendron,
Anfractnosum, Glycosmis pentaphyUa,
Mangifera iitdica, Artocarpus integrifolia, A.
hirsuta, Piper nigrum, Diascorea sp.
Amorphciplialus sp. Colocasia sp. Ailanthus
sp. Ipomoea batata, Musa sp. Capsicum sp.
Solatium melongena, Abelmoschus esculentus,
Carica papaya, Pueraria phaseoloides, Tabemae
montane, Melastoma sp. and Macaranga sp.

The slugs and snails breed during
June, July, Augustand Septemberand infest
rubber plants mainly from September on-
wards.

23. Nematodes

A field trial to find out the effect of
different granular insecticides on the con-

trol of nematode infestation and its effect
on the growth characteristics of rubber
seedlings was conducted. The experiment
was laid out in a completely randomised
design with fourreplications. The treatment
included Phorate, Carbofuran, Aldicarb
and Sevidol at the rate of 6 kg per ha.
The results showed thatamong the different
granular insecticides used, Carbofuran at
the rate of 6 kg per ha is effective for the
control of nematode infestation in rubber
seedlings.

Studies on the spatial distribution of
nematodes in rubber plantation revealed
that the density of both the parasitic and
non-parasitic nematodes varied according
to the depth of the soil and distance from
the base of the plant.

24. Rubber wood preservation

Different combinations of antifu-
ngal compounds such as borax, boric acid
and Sodium pentachlorophinate, Phosp-
hamidon and Oxycarboxin, Monocrotophos
and Oxycarboxin were tested for the control
of sapstain fungus on rubber wood. The
growth of Fusarium sp. Aspergillus sp.
Trichoderma sp and Penicillium sp. was
significantly less in most of the treatments.
Insect borers were effectively controlled by
borax + boric acid + NaPCP, Dimethoate +
Oxycarboxin, Dimethoate + Tridemorph and
copper sulphate + borax.

Diffusion treatment of rubber wood
planks with sodium pentachlorophenate in
combination with either zinc sulphate or
copper sulphate was found to be very ef-
fective for the prevention of fungal and
insect attack.



The Physiology and Exploitation
Division continued research on biochemis-
try,crop physiology, stress physiology, water
management, stock-scion interaction, ex-
ploitation, tapping panel dryness (TPD),
introduction of medicinal plants for
intercropping etc. in addition to the routine
assignments on testing of materials, train-
ing, advisory work and other extension
activities. Onfarm trials on CUT were ex-
tended to more holdings.

1. Physiological and biochemical
parameters for early prediction of
yield

11 Protein profiles of lutoid membrane and
C-serum

The objective of this study was to
identify key proteins in the latex and relate
the same to the yield potential of a given
clone. Determination ofthe amountsand the
molecular weight of C-serum and lutoid
membrane polypeptides were done in high
and low yielding clones of Hevea using
standard biochemical techniques. Theclones

included in this study were Ch 4, PIIB 84,

Ch 29 and Tjir 1 (low yielders) and RRII

105, PB 235, PB 217 and PB 215 (high

yielders). In general, the high yielders

showed presenceofadditional polypeptides
in the lutoid membrane.

2. Biochemical parameters for early
evaluation of drought tolerance

2.1 Studies on heat shock proteins

The objective of this study was to
examine the response of Hevea leaf tissue
to high temperature and low tissue water
potential in terms of expression of any heat

shock protein (s) that can be related to the
stress tolerance of a clone. Heat shock re-
sponse of three clones, viz. RRIl 105, GT 1
and RRIM 600 were studied at different
temperatures and time intervals. Proteins
were extracted from leaf discs after subject-
ing them to the stress conditions and
polypeptide profiles were recorded. The
results are inconclusive.

2.2 Studies on cell membrane stability

In continuation of the earlier experi-
ments on cell membrane stability, a modi-
fied method was tried with the leaves
collected from different clones. In one ex-
periment, the leafdiscs from clone RRII 105
preheated in a plant osmoticum-
polyethylene glycol (PEG 6000) solution,
were subjected to heat shock(45cC for 1 hr)
before measuring the electrolyte leakage.
Both the stresses were applied separately
as well as together. Combined effect of the
two stresses on membrane stability was
much greater than the individual effect of
PEG alone (Table - Phy. 1). However, heat
alone caused 38.5% injury.

Table - Phy. | Mean per cent injury to KRI1 105 leaf

discs
PEC Per cent injury % increase
Treatment (%) PEC PEG+heat over heat
40 22 40.2 4.7
50 4.3 448 16.7
60 143 54.0 40.6
70 22.6 59.8 55.7
80 33.1 59.5 541>

Inanotherexperiment leafdiscs from
clones RRII 105, RRIM 600, SCATC 88/113,
Haiken 1land PB 260 were first immersed



in PEG solution, and then treated in hot
water to measure the stress tolerance. Per-
cent injury is given in Table - Phy.2.

Table - Phy. 2. Percentinjuryin Hevea duringsingle
and multiple stress treatments

Clone Temp. (°C) PEG(%) PEC + heat
RRII 105 353 233 62.3
RRIM (>00 215 2(38 496
SCATC 88/114 34.0 26.2 69.7
Haiken 1 18.6 219 47.2
PB 260 20.2 20.4 37.2
CD(P=0.G5) 3.05 NS 4.47

Significant differences among clones
indicate that SCATC 88/113 and RRII 105
are susceptible to drought and temperature
stresses, whereas clones like RRIM 600,
Haiken 1and PB 260 are tolerantto drought
and temperature. Further studies are re-
quired to relate membrane stability of a
clone with itsperformance in the field under
stress conditions.

3. Environmental paramterson yield
and major yield components
31 Interaction of the environment with yield
components

The yield and major yield compo-
nents viz. initial flow rate (F), dry rubber
content (Cr) and plugging index (P) were
recorded in 12 clones at monthly intervals
at Central Experiment Station, Chethackal.
Highest mean annual yield was observed
in clone RRII 105. The correlation and path
analysis were worked out foryield and yield
componentswithenvironmental parameters
viz. maximum temperature (Tmax) and soil
moisture content (SM). Initial flow rate
showed a significant positive correlation
while P showed anegative correlation with
yield. Path analysis reveals that P has a
direct negative effect on yield, whereas F
and Cr have a direct positive effect. Soil

moisture has a negative effect on P, and
Tmax influences P through SM. In addition
to that, Tmax has a direct effect on Cr.

3.2 Environmental impact on latex composition

Latex diagnosis parameters like P, Cr,
total solids content (TSC), thiol, inorganic
phosphate and sucrose were analysed in
wet season (July) and dry season (February)
for six clones. It is observed that Cr, TSC
and thiols are higher in dry season com-
pared to wet season. This study is being
continued.

4. Physiology of rooting and stock-
scion interaction

41 Rooting in air-layere

To study the physiology of rooting
in different clones of Hevea, air-layering
technique usingsphagnum mosswas stand-
ardised. The results of a perliminary study
using different rooting media in three Hevea

Table - Phy. 3. Effect of rooting media on rooting
percent of air-layers

Rooting (%)

Clone Spha-  Soil  Coconut Coconut
gnum husk husk+ soil
moss

RRIM 600 86.6 0 0 6.7

RRII 105 333 0 0 0

GT 1 66.7 0 0 0

clones are shown in Table - Phy. 3. This
technique is being carried out in different
clones with and without root promoting
hormones to assess the rooting ability of the
clones. Preliminary studies on biochemical
characteristics of rooting in hard to root and
easy to root cultivars were also carried out.
Air-layering was done in one, two and three
year old plants of different clones to study
tine effect of age on rooting.



4.2 Root stock-scion interaction

42.1. Studies on photosynlhctic variability in

polyclonal seedlings

Eighteen month old polyclonal seed-
lings of Hevea were used for study ofcarbon
dioxide exchange rate (CER) per unit leaf
area, growth ancl leaf traits such as length,
breadth and number per plant. The mean
and range of the above parameters are
presented in Table - Phy. 4.

Table - Phy. 4. Mean, range and covariance in CER
and leaf traits and seedling girth in
polyclonal seedlings

Variables

Mean SE  CV(%) Range
CER (n mol m-s") 88 0.26 25 4.1-143
Leaf area (cm3 1112 433 33 53-252
Leaf length (cm) 223 0.44 17 16-38
Leaf width (cm) 76 0.16 17 49-12.3
SLW (mg cm-2 6.2 0.08 1 4.3-85
No. of leaves 43.0 208 4 15-99
Total leaf area
per plant (dm2) 135.7 6.82 38 51-299
Girth (cm) 3.75 0.08 18 2-2-47

Carbon dioxide exchange rate ranged
from 4 to 14 nmol m 2s . Similarly all the
other parameters studied showed consider-
able variation between the seedlings. Exist-
ence of such huge variability offers the
potential for genetic exploitation of desir-
able traits. The frequency distribution of the
population for CER showed that majority
of the seedlings had a CER close to the mean
CER of the population with only a few
individuals having CER values in the ex-
treme ranges.

The correlation among the above
mentioned parametersareworked out(Table
- Phv. 5). Carbon dioxide exchange rate
showed a negative correlation with single
leaf area, leaf breadth and length. Leaf
number per plant exhibited negative corre-
lation with leaf size. Specific leaf weight is
positively correlated with CER. Total leaf
areaper plantshowed a significant positive
correlation with girth of plants. Totalcarbon
dioxide fixed by the plants (calculated from
CER perunitleafareaand the total leafarea
per plant) also showed positive association
with girth of the plants.

Table - Phy. 5. Correlation coefficient of CER with leaf traits and girth

Leaf Leaf Leaf
length
CER -0.43 -0.35 -0.48
Leaf area 0.88 0.88
Leaf length 0.72
Leaf width
SLW

No. of leaves

Total leaf area

No. of Total Girth

SLwW leas’es leaf area
0.25 0.18 -0.20 -0.22
01 -0.38 0.33 0.37
-0.08 -0.38 0.25 0.22
0.06 0.28 -0-38 0.41
-0.09 -0.12 -0.04
0.71 0.22



4.2.2.Budgrafling of modem clones on genetically
indentical root stocks produced by air- layering
Rooted air-layers of different clones
have been planted in polybags for further
studies on root stock-scion interactions.
Genetic homogenity is guaranteed in air
layers and therefore variability in the root
stock material is removed. On these geneti-
callyidenticalair-layers,a few'modem clones
will be budgrafted for future studies on root
stock-scion interations.

5. Multidisciplinary studies on tap-
ping panel dryness (TPD) syn-
drome

51  Lipid composition of latex in reltion to TPD

Latex samples were collected from
normal and partially dry trees and different
lipids in the bottom fraction and rubber
cream were estimated. Preliminary analysis
of the data show that the content of total
lipids, phospholipids and sterols in the
bottom fraction are low in the partially dry
trees compared with the normal trees
whereas the content of triglycerides show's
an opposite trend. The above parameters in
the rubber cream are low in the partially
dry trees compared with the normal trees.

5.2 Latex physiology and biochemistry

As part of the IRRDB programme on

TPD, a case study for monitoring changes

in physiological and biochemical param-

eters associated with incidence of TPD was
initiated in a new location.

To monitor changes in physiological
and biochemical parameters in individual
trees inamonoclonal population at periodic
intervals and to relate such changes with
the onset of TPD syndrome, this study was
started in October 1994. Fifty trees of RRII
105 have been monitored for five months.
Thiols, sucrose and inorganic phosphorus
were determined in the latex at fortnightly
intervals. Superoxide dismutase assay was

done in latex of sixteen trees at an interval
of 30 days. This study is being continued.

6. Medicinal plants in mature rubber
plantations

6.1 Biomass yield of medicinal plants

The field experiment laid out during
June 1992 with three species of medicinal
plants viz. Strobilanthes hamianus. Adhatoda
vasica and Plumbago rosea was continued.
Economic yields of these species recorded
at 24 and 30 months after planting are
presented in Table - Phy. 6.
Tabic - Phy. 6. Yield of medicinal plants grown in
mature rubber plantation
Yield (kg/ha)

Species  Spacing
cm x cm  at 24 months  at30 months
Strobilanthes haenianus

FI 45x45 521 95

F2  45x45 41 83
Adhatoda vasica

FI 37.5x30 19 29

F2 375 x 30 23 33
Plumbago rosea

FI 375 x 30 15 15

F2 375 x 30 14 14

FI =30 kg N/ha  F2 = 60 kg N/ha

7. Exploitation system and yield

In the large scale trial on the clone
RRIl 105, the 1/3S cut continues to give
higher yield with alternate day's tapping,
higeneral 1/3 Sisgiving encouraging resu It.
Weekly tapping with 5% ETalso gives good
yield, with less labour engagement.

The trial started in 1985 in clone RRII
105 at CES was continued. The yield from
the double cut system (2x7~S it d/2 6d/
7 (t,t) was higher than that in other systems



during the year 1994-95. Two of the trees
under daily tapping continue to give good
yield and have no TPD even in the fifth year
of tapping.

Studies on the effect of different
exploitation systems on yield and growth
in the clone RRII 118 were continued.

The trial on the effect of different rest
period on yield and TPD was continued.
Rest seems to be beneficial in giving more
yield whencompared tocontinuously tapped
trees. Girthing was also better in the trees
given tapping rest for one, two or three
months.

In the yield cum exploitation trial at
Karnataka, girth data was processed and
accordingly opening of the trees was post-
poned.

7. Tapping system for small growers

Inspite of the adverse effects of
daily tapping, over 40 per cent of small

growers in India follow daily tapping due
to soc conomic reasons. The study for
identifying tapping system forsuch growers
was continued. Girth increment was the
highest under 1/3S d/1 6d/7 in the trial on
the clone RRII 203. The dry rubber con-
tent of latex from these trees were com-
parable to 1/2S d/2 6d/7 trees inspite of
daily tapping. It is proposed to extend the
study on this tapping system to clone
RRII 105.

8. Controlled upward Tapping
(CUT)

The large scale trial was continued.
Trees tapped on 1/3S t JVzS d/2 6d/7
continued to give betteryield. On-farm trials
on CUT were further extended to more
holdings. '/4 S T, 1/2S d/2 6d/7 (change
over system) during non-rainy and rainy
seasons, respectively is ideal for small and
medium growers.

RUBBER CHEMISTRY,PHYSICS AND TECHNOLOGY DIVISION

The Division continued to work on
primary processing, chemical modification,
rubber technology and product develop-
ment.

1. Solardrier forsheetrubber

For solar assisted drying of sheet
rubber, asolarheatcollectorof4m2area was
fabricated and attached to the smoke drier
having a capacity of 96 sheets. Evaluation
of the performance of the drier under dif-
ferent climatic conditions and loadings, is
in progress.

2. Sun drying of sheet rubber

Due to non-availability of smoke

houses, sheet rubber prepared by many of
the small rubber growers is dried in open
sun. Sun drying is not hazardous when the
moisture content in the sheet rubber is high.
But as the drying proceeds, the UV rays in
sun light can affect the properties of sheet
rubberadversely. Hence, asystematic study
has been taken up, to evaluate the effect of
sun drying on quality and properties of
sheet rubber. Sheets were prepared and
dried undersun using trolleys. Itwasnoted
that 7-8 days are required for complete
drying of sheet when the sunshine hours
were maximum, but the portion of rubber
in contact with the reaper on the trolley
becomes sticky.



3. Epoxidation of natural rubber

In order to improve the plasticity
retention index (PRI) of epoxidised natural
rubber (ENR) different combinations of
antioxidants were tried. Combined use of
styrenated phenol (Antioxidant SP) and
mercaptobenzimidazole (Antioxidant MBI)
in the range 0.1 to 0.25 phr gave high PRI
values (85 to 98). However, combined use
of 2, 2, 4- trimethvl 1,2 - dihydroquinoline
(Antioxidant HS) and MBI in the range 0.05
to 0.25 phr each, gave PRI values greater
than 100 in all cases.

4. Studies on prevulcanization of latex

Sulphurprevulcanization of NR latex
was conducted at 60, 70, 80 and 90°C for
differentperiods. Hie extentofcrosslinking,
tensile properties, water absorption, and
stress relaxation characteristics of the films
were determined. The volume fraction of
rubber (Vr), which isa measure of crosslink
density of the films, showed maximum
valuewhen prevulcanization wasconducted
at 80°C for 2h or 90°C for Ih. At each
temperature tensile strength and elongation
at break decreased as the heating period
increased, whereas modulus increased till
maximum corsslinking was obtained, there-
after a decrease was observed. Water ab-
sorption was rapid and the rate of stress
relaxation slightly increased when the ex-
tent of prevulcanization increased.

5. Comparative evaluation of differ-
ent forms of NR

The work has been completed and the
data analysed statistically. Sheet rubber
showed comparable consistency with that
of ISNR 20 in raw rubber and vulcanizate
properties. The vulcanizate properties were
better for sheet rubber except heat build-
up characteristics. Sheet rubber showed su-
periority over ISNR 20 and crepe rubber

in raw rubber properties except volatile
matter. Significant differences were not ob-
served among ISNR 20, processed in the
estate sector and non-estate sector.

6. Short sisal fibre-natural rubber

composites

Modification of the mould forprepar-
ing a timer belt was completed. Using this
mould belts were fabricated from shortsisal
fibre - natural rubber composite. The
performance of these belts in actual use is
being evaluated.

7. Rubbermodified slow release fer-
tilizers

Conditions for preparing rubber
modified urea using different forms of
natural rubber were standardised. Evalua-
tion of nitrogen release characteristics of the
sample in soil is in progress.

8. Rubber blends

In order to assess the feasibility of
ENRG50asasubstitute fornatural and nitrile
rubber in rice dehusking rolls, silica filled
vulcanizates of NR, ENR 50 and NBR were
compared for physical properties, ageing
and rice bran oil resistance. NBR showed
a slight superiority over NR and ENR 50
in most of the properties studied.

9. Blends of different forms of NR

Different forms of NR such as skim,
superior processing and epoxidised rubber
are used in rubber products with specific
objectives. Often, these are used in blends
with other forms of rubber to overcome
processing or technological constraints. A
study has been initiated to find out the effect
of blending of these rubbers with suitable
conventional gradesofnatural rubber. Blends
of skim rubber and ISNR 20 at different
proportions were prepared. The raw rubber



properties, cure and scorch characteristics
of ACS-1compoundsand vulcanizate prop-
erties of black filled (HAF) mixes were
studied. The water absorption and damping
characteristics were also evaluated. The
blends were found to have high hardness
and stiffness.

10. Molecular breakdown of different
forms of NR

Elastomers undergo molecular chain
scission during mastication and this behav-
iour varies with different rubbers. The
optimum energy formastication and mixing
is an important parameter, as far as
processability isconcerned. Hence, astudy
has been initiated to develop an index for

breakdown behaviour fordifferent forms of
natural rubber. Different forms of natural
rubber such as sheet, crepe, ISNR, ENR and
superior processing rubber were used for
evaluating the breakdown index.

11. Production and application of rub-
berised bitumen

For the preparation of rubberised
bitumen a definite proportion of micro
crumb (obtained from waste vulcanized
rubber) was directly added to bitumen at
160°C and kept at this temperature for
different periods. The properties of rubber-
ised bitumen thus obtained are being ana-
lysed for different parameters.

AGRICULTURAL ECONOMICS DIVISION

The agricultural Economics Division
isprimarily concerned with studies relating
to economic aspects of natural rubber cul-
tivation, processing, marketingand end uses.
Studies on different aspects of ancillary
sourcesofincome and by-products are other
important areas of research. Inter-divLsionai
collaborative projects are also undertaken.

1. Commercial evaluation ofplanting
materials

This is a continuous study under-
taken by the division since 1974 to generate
information on the commercial yield of
prominent planting materials. The third
report of the study was published in 1990
and the fourth is under preparation. A
database isbeing constructed covering details
on tapping system, density of planting,
clonal, regional and seasonal differences in
yield in terms of latex and field coagulum.

The database includes field level informa-
tion of 45 large estates for a period of 27
years (1966-1994).

2. Evaluationofthe insurance scheme
for rubber plantations in the con-
text of natural damage

The scheme during its first five year
period of operation was evaluated on the
basis ofthe estimated natural damage, loss/
solvency ratios and cost-benefit analysis.
Theextent ofnatural damage was estimated
on the basis of a field survey confined to
the estate sector covering 47 units. The
average extent of natural damage reported
was 0.96 per cent out of whicfi 66 per cent
was accounted for by wind and 24 per cent
by fire. The study identified the inherent
rigidities of the scheme from the point of
view of the growers. The major drawbacks
of the scheme were provisions relating to



the non-indemnifiable limits for the imma-
tureand mature phasesaswell asthesystem
of event based payment of compensation.
Based on the findings, suitable modifica-
tions in the provisions of the scheme were
also suggested.

3. Time-series analysis of foreign
trade in rubber products

The study covering the period from
1971-/2 to 1992-93 showed tiiat the present
pattern of the exports is virtually an exten-
sion of the existing industrial structure. The
structure of Indian rubber goods manufac-
turing sector is dominated by dry rubber
products which accounts for around 85 per
cent of the gross rubber consumption. The
balance of trade had been favourable
throughout the period and amounted to Rs.
495.48croresduring the terminal year, 1992-
93. In the post GATT scenario, the analysis
indicated the necessity to reorientthe export
policy with due emphasis on latex based
products to cater to both domestic and
export markets.

4. Marketsurveyon medicinal plants

A trial undertaken by the Plant
Physiology Division of RRII in 1987 indi-
cated the technical feasibility of growing six
medicinal plants as intercrops in mature
rubber plantations. A follow-up study was
conducted by the Division to assess the
market potential ofthese plants, on the basis
of a field survey covering 75 randomly
selected ayurvedicdrugmanufacturing units
and leading dealers. The area required to
meet the present demand is only 518 ha of
rubber plantations and a major part of
demand of certain species is met from
natural sources. Recognising the narrow-
ness of the market, the study suggested buy-
back agreements between growers and
consumers before recommending
intercropping on a commercial basis.

5. Ancillary products

Theavailability ofrubberwood during
1994-95 was estimated to be 1376 thousand
m3ofwhich 826 thousand m 'vvasstem wood
and sawn timber suitable for treatment
amounted to 288 thousand m | The branch
wood was entirely used by the households
and small scale factories as firewood. The
pattern of industrial use of stem wood Ls
given in Table - Age. 1. The share of rubber
wood consumed by plywood and treatment

Table - Age. 1. Pattern of rubber wood consumption

End uses Consumption Relative share
('000 nr) (%)

Packing case 447 54.1
safety match 78 9.4
Plywood 198 24.0
Treated wood 87 10.5
Others 16 2.0
Total 826 100.00

units showed significant increase at the
expense of safety matches and packing case
sector. A study conducted by the Division
on the role of rubber wood sector in India
in the conservation of environment esti-
mated that full utilisation of the economi-
cally available rubber wood can conserve
19000 ha of natural rain forests on an annual
basis. The rapid rise in the price of natural
rubber during the later months of 1994-95
affected the replanting schedulesofgrowers
and reduced the marketavailability ofrubber
wood. Thenetresultwasasignificantincrease
in die price of rubber wood to the extent
of more than 35 per cent.

The estimated production of rubber
seed oil and cake during 1994-95 was 3800
MT and 7050 MT respectively. The inferior
quality soap manufacturing units were the
main consumers of rubber seed oil. The
estimated productionofrubberhoney during



1994-95 was 900 MT. The share of rubber
honey from colonies of newly introduced
Apis mellifera popularly known as European
bees increased significantly.

6. Otherstudies
Acollaborative projectwith the RCPT

Division to study the comparative perform-
ance of different forms of NR also has been
completed. Other research projects include
studieson theoperational efficiencyofrubber
plantations, input subsidy and adoption of
modem technology forprimary rubberwood
processing industries.

CENTRAL EXPERIMENT STATION, CHETHACKAL, KERALA

The Central ExperimentStation of the
Rubber Reserach Institute of India at
Chethackal, Ranni in Pathanamthitta Dis-
tricthas an area of 254.80 ha. Long-term field

Table-Ces. 1 Rainfall

Month Rainfall (mm)
1994

April 1940
May 1675
June 4975
July 640.0
August 464.7
September 1986
October 649.7
November 2216
December 263
1995

January 62.4
February 69.6
March 53.7
Total 32456

experiments dealing with clone evaluation,
exploitation studies, screening of Brazilian
germplasm, pests and diseases,
intercropping of medicinal and other cash
crops have been laid out in this station by
the Botany, Germplasm, Physiology, Pathol-
ogy and Agronomy Divisions. Over 4000
genotypes of wild Brazilian germplasm and
122 clones of Wickham materials have been
established and maintained in the station
for evaluation.

During 1994-95, an area of about 15
ha was planted for different experimental
purposes. The total crop production during
the period was 151.85 t. The total rainfall
during the period under report was 3245.6
mm (Table - Ces. 1).

There were 213 permanent; workers
and 204 casual workers on rolls, during the
priod. The total mandays engaged for dif-
ferent operations in the station during 1994-
95 were 71697.



the non-indemnifiable limits for the imma-
tureand mature phases as weli as the system
of event based payment ol compensation.
Based on the findings, suitable modifica-
tions in the provisions of the scheme were
also suggested-

3. Time-series analysis of foreign

trade in rubber products

The study covering the period from
1971-72 to 1992-93 showed that the present
pattern of the exports is virtually an exten-
sion of the existing industrial structure. The
structure of Indian rubber goods manufac-
turing sector is dominated by dry rubber
products which accounts for around 85 per
cent of the gross rubber consumption. The
balance of trade had been favourable
throughout the period and amounted to Rs.
495.48 croresduring theterminal year,
93. In the post GATT scenario, the analysis
indicated the necessity toreorient the export
policy with due emphasis on latex based
products to cater to both domestic and
export markets.

4. Marketsurveyon medicinal plants

A trial undertaken by the Plant
Physiology Division of RRIIl in 1987 indi-
cated the technical feasibility of growing six
medicinal plants as intercrops in mature
rubber plantations. A follow-up study was
conducted by the Division to assess the
marketpotential ofthese plants, on the basis
of a field survey covering 75 randomly
selected ayurvedicdrug manufacturing units
and leading dealers. The area required to
meet the present demand is only 518 ha of
rubber plantations and a major part of
demand of certain species is met from
natural sources. Recognising the narrow-
ness ofthe market, the study suggested buy-
back agreements between growers and
consumers before recommending
intercropping on a commercial basis.

5. Ancillary products

Theavailabilitv ofrubberwood during
1994-95 was estimated to be 1376 thousand
m’ofwhich 826 thousand m 'wasstem wood
and sawn timber suitable for treatment
amounted to 288 thousand m . The branch
wood was entirely used by the households
and small scale factories as firewood. The
pattern of industrial use of stem wood is
given in Table - Age. 1. The share of rubber
wood consumed by plywood and treatment

Relative share

Consumption

End uses (000 r:fﬂ %)
Packing case 447 541
Safety match 78 94
Plywood 108 240
18%%ed wood 87 105
Others 16 20
Total 826 100.00

units showed significant increase at the
expense of safety matches and packing case
sector. A study conducted by the Division
on the role of rubber wood sector in India
in the conservation of environment esti-
mated that full utilisation of the economi-
cally available rubber wood can conserve
19000 ha of natural rain forestson an annual
basis. The rapid rise in the price of natural
rubber during the later months of 1994-95
affected the replanting schedules ofgrowers
and reduced the marketavailability ofrubber
wood.Thenetresultwasasignificantincrease
in the price of rubber wood to the extent
of more than 35 per cent.

The estimated production of rubber
seed oil and cake during 1994-95 was 3800
MT and 7050 MT respectively. The inferior
quality soap manufacturing units were the
main consumers of rubber seed oil. The
estimated productionofrubberhoney during



1994-95 was 900 MT. The share of rubber
honey from colonies of newly introduced
Apis mellifera popularly known as European
bees increased significantly.

6. Other studies

Acollaborative projectwith the RCPT

CENTRAL EXPERIMENT STATI

The Central Experiment Station of the
Rubber Reserach Institute of India at
Chethackal, Ranni in Pathanamthitta Dis-
tricthas an areaof254.80ha. Long-term field

Table - Ces. 1. Rainfall,

Month Rainfall (mm)
1994

April 194.0
May 1675
June 4975
July 640.0
August 464.7
September 198.6
October 649.7
November 2216
December 26.3
1995

January 62.4
February 69.6
March 53.7
Total 32456

Division to study the comparative perform-
ance of different forms of NR also has been
completed. Other research projects include
studieson theoperational efficiency ofrubber
plantations, input subsidy and adoption of
modem technology forprimary rubber wood
processing industries.

ON,CHETHACKAL, KERALA

experiments dealing with clone evaluation,
exploitation studies, screening of Brazilian
germplasm, pests and diseases,
intercropping of medicinal and other cash
crops have been laid out in this station by
theBotany, Germplasm,Physiology,Pathol-
ogy and Agronomy Divisions. Over 4000
genotypes of wild Brazilian germplasm and
122 clones of Wickham materials have been
established and maintained in the station
for evaluation.

During 1994-95, an area of about 15
ha was planted for different experimental
purposes. The total crop production during
the period was 151.85 t. The total rainfall
during the period under report was 3245.6
mm (Table - Ces. 1).

There were 213 permanent workers
and 204 casual workers on rolls, during the
priod. The total mandays engaged for dif-
ferent operations in the station during 1994-
95 were 71697.



the non-mdemmfiable limits for the imma-
ture and mature phasesas well as the system
of event based payment of compensation.
Bast'd on the findings, suitable modifica-
tions in the provisions of the scheme were
also suggested.

3. Time-series analysis of foreign
trade in rubber products

The study covering the period from
1971-72 to 1992-93 showed that the present
pattern of the exports is virtually an exten-
sion of the existing industrial structure. The
structure of Indian rubber goods manufac-
turing sector is dominated by dry rubber
products which accounts for around 85 per
cent of the gross rubber consumption. The
balance of trade had been favourable
throughoutthe period and amounted to Rs.
495.48 croresduring the terminal year,
93. In the post GATT scenario, the analysis
indicated the necessity to reorientthe export
policy with due emphasis on latex based
products to cater to both domestic and
export markets.

4. Marketsurvey on medicinal plants

A trial undertaken by the Plant
Physiology Division of RRII in 1987 indi-
cated the technical feasibility of growing six
medicinal plants as intercrops in mature
rubber plantations. A follow-up study was
conducted by the Division to assess the
market potential of these plants, on the basis
of a field survey covering 75 randomly
selected ayurvedicdrug manufacturing units
and leadjng dealers. The area required to
meet the present demand is only 518 ha of
rubber plantations and a major part of
demand of certain species is met from
natural sources. Recognising the narrow-
nessofthe market, the study suggested buy-
back agreements between growers and
consumers before recommending
intercropping on a commercial basis.

5. Ancillary products

Theavallability ofrubber wood during
1094-Q5 was estimated to be 1376 thousand
m'ofwhich 826 thousand m *was stem wood
and sawn timber suitable tor treatment
amounted to 2S8 thousand m . The branch
wood was entirely used by the households
and small scale factories as firewood. The
oattem of industrial use of stem wood rs
given in Table - Age. 1. The share of rubber
wood consumed by plywood and treatment

Table - Age. 1. Pattern of rubber wood consumption

Consumption Relative share

End uses (000 my) %)
Packing case 447 541
Safety match 78 94
Plywood 198 24.0
18%ted wood 87 105
Others 16 20
Total 826 100.00

units showed significant increase at the
expense of safety matches and packing case
sector. A study conducted by the Division
on the role of rubber wood sector in India
in the conservation of environment esti-
mated that full utilisation of the economi-
cally available rubber wood can conserve
19000 ha of natural rain forests on an annual
basis. The rapid rise in the price of natural
rubber during the later months of 1994-95
affected the replanting schedules ofgrowers
and reduced the marketavailability of rubber
wood.Thenetresultwasasignificantincrease
in the price of rubber wrood to the extent
of more than 35 per cent.

The estimated production of rubber
seed oil and cake during 1994-95 was 3800
MT and 7050 MT respectively. The inferior
quality soap manufacturing units were the
main consumers of rubber seed oil. The
estimated productionofrubberhoneyduring



1994-95 was 900 MT. The share of rubber ~ Division to study the comparative perform-

honey from colonies of newly introduced  ance of different forms of NR also has been

Apis mellifera popularly known as European ~ cOmpleted. Other research projects include

bees increased significantly. studiesonthe operational efficiency of rubber

plantations, input subsidy and adoption of

6. Other studies moderntechnology forprimary rubberwood
A collaborative project with theRCPT ~ Processing industries.

CENTRAL EXPERIMENT STATION, CHETHACKAL, KERALA

The Central Experiment Station ofthe ~ experiments dealing with clone evaluation,
Rubber Reserach Institute of India at exploitation studies, screening of Brazilian

Chethackal, Ranni in Pathanamthitta Dis- germplasm, pests and diseases,
tricthas an area of 254.80 ha. Long-term field ~ intercropping of medicinal and other cash

crops have been laid out in this station by
Table-Ces. LRainfall the Botany, Germplasm, Physiology, Pathol-
Month Rainfall (mm) ogy and Agronomy Divisions. Over 4000
1994

genotypes of wild Brazilian germplasm and
" 194.0 122 clones of Wickham materials have been
Apri ’ established and maintained in the station

May 675 for evaluation.
June 4978 During 1994-95, an area of about 15
July 640.0 ha was planted for different experimental
August 464.7 purposes. The total crop production during
September 1086 the ‘period wa§ 151.85 t. The total rainfall
during the period under report was 3245.6
October 6497 mm (Table - Ces. 1).
November 218 There were 213 permanent workers
December 263 and 204 casual workers on rolls, during the
1995 priod. The total mandays engaged for dif-
62.4 ferentoperations in the station during 1994-
January
95 were 71697.
February 69.6
March 537

Total 32456



The thrust areas of research at the
Regional Research Station, Assam were
multidisciplinary evaluation of clones, as-
sessment of nutritional requirements under
different fertility status of soil, diseases and
pest management.

1. Multidisciplinary evaluation of
clones

The girth of the trees recorded in this
trial indicated maximum growth for RRIM
600 (56.68 cm) followed by RRII 118 (56.04
cm). The mean yield recorded from this trial
which was opened for tapping in 1993 is
given below. While RRIM 600 recorded die
highest yield, the DRC was higher in

In the 1986 trial, girth was maximum
for clone RRIC 102 (57.07 cm) followed by
RRII 118 (56.56 cm). In this trial, four clones
have been opened for tapping and the

Table - Nea 1. Yield performance of different clones

cone (g/l\r(;l/c:ap) DRS

RRII 105 24-58 26.22
RRII 118 24.37 26.14
RRII 203 19.22 24.00
RRIM 600 29.70 26.32
RRIM 605 19.69 22.29
PB 86 22.05 23.06
PB 235 25.45 24.96
PB 5/51 26.73 26.17
CL 1 21.93 2321
GT 1 24.83 26.62

remaining arescheduled foropening during
next year.

2. Nutritional studies (immature
phase)

The cumulative girth data generated
from the trials laid out at Mendipather in
1987 and at Nayekgaon in 1986 indicate a
positive response for the highest doses of
nitrogen (60 kg/ha).

3. Interaction between K and Mg

Girth data obtained from the experi-
ment laid out in Sorutari Research Farm
indicated that thecombination ofthe highest
dose of magnesium (15 kg/ha) with no
potassium and the highest dose of potas-
sium (40 kg./ha) with no magnesium gave
higher girth increment. Similar observa-
tions were recorded from the trial at
Nayekgaon.

4. Rock phosphate and Super phos-
phate as sources of P for young
rubber

The cumulative data on girth ob-
tained from the trials at Sorutari Research
Farm and at Nayekgaon Rubber Estate
showed higher girth increment in the case
ofyoung rubber plants which received rock
phosphate.

5. Survey of diseases and pests

Pestsand diseasessurvey was carried
outin47locationsin Assam, Meghalayaand
Tripura and the damages caused by them
were assessed by visual scoring.

Powdery mildew disease caused by
Oidium heveae was the predominant disease



noticed on tender leaves in all stages of
growth of rubber plants In all the locations
surveyed. High disease intensity was noti-
ced at Chandrapur, Panbari, Topatoli,
Ouguri, Taranagar and Madhuban Rubber
estates causing repeated massive premature
defoliation and die-back of twigs and
branches. Flowers were also infected.
Colletotrichum gloesosporiodes was
noticed on tender leaves during June to
September in all the plantations surveyed.
High intensity of this disease was noticed
widely in nursery plants and in young plan-
tations. Pod rot caused by C. gloeosporioides
was also noticed in some plantations of
Assam, Meghalaya and Tripura. Leafblight
caused by Pericottia heveae was noticed in
nurseries and young plantations.

Incidence of brown root rot disease
caused by Phellinus noxius was found in
some plantations at Topatoli, Panbari,
Chandrapur and Ouguri in  Assam and
Byrnihat in Meghalaya.

Mild infestation oftermites, slugsand
snails were also observed in some planta-
tions of Assam and Meghalaya. Scale insect
Saissetia nigra infestation was noticed in
nursery plants by the end of April to August.
Subsequently entomogenous fungus
Hypacrelia reineckiana controlled the insect
population naturally.

6. Isolation, identification and main-
tenance of pathogens

Routine isolation of fungal pathogens
was made from various diseased samples
of Hevea plants collected from different
locations and identified locally. Thirty five
fungal isolates associated with various
diseases were maintained as stock cultures
for further studies.

7. Control of powdery mildew

In the trial on economic feasibility of

sulphur dusting initiated at Sorutari Re-
search Farm, the requirement of sulphur
powderperhectare perround wascompara-
tively higher than that in the traditional
areas. The incidence of Oidium leaf disease
was below 10% when assessed after five
rounds of dusting.

8. Control of Oidium leaf disease us-
ing zinc

A trial for control of Oidium leaf
disease using zinc was initiated in seedling
nursery at Sorutari Research Farm. Among
the treatments three monthly spraying of
Chelazin liquid and sulphur dustcontrolled
Oidium more effectively when compared to
Bavistin wettable sulphur and chelazin
powder.

9. Performance of polyclonal
materials.

More them fifty polyclonal seedlings
have been opened for tapping. The yield
recorded indicate thatsome of the polyclonal
seedlings perform better than the budded
plants of similar age belonging to different
clones.

10. Introduction and evaluation of
germplasm

The Brasilian germplasm materials
weremaintained properly in the germplasm
nurseriesat the experiment farm at Sorutari.
Amost all of the 650 Brasilian germplasm
materials were test tapped at 35 cm height
during July to August, 1994. Visual scoring
has been done and best performing
germpiasms were identified.

11. Influence of stocks on scion per-
formance

Seedlings were classified, uniformly
budded with the clone RRIM 600 and trans-



planted to field. The height, no. of whorls,
no. of leaves and total leaf area of the
transplanted plants were recorded periodi-
cally.

Another set of one and two year old
seedlings (40 nos each) were budded and
kept ready for transplanting to repeat the
experiment.

REGIONAL RESEARCH STATION, AGARTALA, TRIPURA

The Regional Research Station,
Tripura, situated at the Rubber Board
Complex at Bhalukia Tilla, Agartala has
been equipped to undertake research work
in the disciplines of Agronomy/Soils, Plant
Physiology and Plant Breeding. The station
has a small library, a mobile tissue testing
laboratory and a well equipped
meterorological oservatory. The research
farm at Mohanpur has an area of 84.83 ha
with 29 tapping blocks and a nursery.

1. Nutritional studies
11 Mature phase

This fertilizer trial is laid out with
clone RRIM 600 in a 3 factorial design. The
treatments consists of 3 levels of N (0,30,60
kg/ha); P(0, 30, 60 kg/ha) and K (0,20,40
kg/ha). The mean yield recorded during
the year is presented in Table - Net.l
Table- Net 1 Average yield at different levels

Levels of Nutrients

0 1 2
N 35.87 37.16 39.08
3368 39.42 38.96
35.94 36.98 39.19

1.2 Immature phase (polybag plants)

The trial was started with a view to
study the response of Hevea plants to higher

dosages of nutrients. The mean girth and
girth increment for the year '94-95 is shown
in Table - Net. 2.

Table -Net. 2. Mean grith and girth increment

(1994-95)

Treatments Mean girth (cm) Girthincrement(cm)

Aug. 94 Feb. '95 (% increase)
T, 30:30:30 4860 5000 140
T, 30:30 (15) :30 4918 5044 1.26
T, 60:60:60 5134 5274 142
T. 60:60 (30) 160 5118 5246 128
5 90:90:90 4880  50.94 214
T, 90:90 (45) 190 5061  51.96 135

Water soluble form of phosphorus in parentheses

2. Density-cum -nutritional trial

This trial comprises two clones
(RRII 105 and RRII 118) laid out in three
densities (D, :420, D3606 and D, :824 points/
ha) and three levels of NPK (M :40:40:20,
M260:60:30and M3:80:80:40). The girth data
recorded revealed that plants under the
lowestdensity attained the highest absolute
girth. However, the plants under the lowest
density experienced more wind damage.
The dosage 60N : 60P :30K was optimum
for the attainment of maximum girth under
the lowest density. A devastating storm
affected the trial in April, 1994 and almost
30 per cent plants were destroyed.



3. Forms and placement fertilizers
3.1 Phosphatic fertilizers (immature phase)

This trial is being conducted to com-
pare the efficiency of different sources of
phospatic fertilizers in rubber. The clone
used is RRIM 600. The trial was opened
for tapping in 1994 but since excessive late
dripping was noticed tapping had to be
abruptly stopped during winter.

3.2 Mode of fertilizer application <Nand P)

It was observed that a combination
of ammonium sulphate and single super
Phosphate applied as band continued to
give the highest girth 35.04 cm. However,
a combination of ammonium sulphate and
rock phosphate applied as band was found
to provide maximum girth increment (13.98
cm) during the year. Among all the place-
ment treatments the band application was
found to favour girth increment the most.
4. Agro-ecological and socio-

economic impacts
41 Litter fall, accumulation and decomposition

This trial commenced during Febru-
ary 1993 with the objectives (a) quantifica-
tion of total litter fall in the mature phase
(b) to study the rate of decomposition of the
litter (c) to analyse the nutrient content of

Table- Net. 3. Litter fall

Total litter ~ Mean litter ~ Annual
fall standing  decay
(halyear)  crop (kg/ha) constant
Leaves 4966.0 170.30 192
Twigs 1017.8 47.18 4.06
Petioles 960.6 30.02 3.20
Total 7844.0 247.38 317

the litter and (d) to assess the total litter.
From the data collected during the period
under report, the inferences drawn are
pesented in Table Net. 3.

5. Clone trial
5.1 Clone trial (1979)

Theyield data on BO 1 panel showed
the following hierarchy in yield : PB 235,
RRIM 600, RRII 105, RRIM 703 and RRI11203.
Basd on an index combining yield and
stability, RRIM 703 was observed to be the
most stable among the clones.

5.2 & 5.3 Clone trials (1987 a and b)

These trials for evaluation of
multidisciplinary aspects and stress toler-
ance were summarily abandoned due to
extensive damages caused by high velocity
winds.

6. Breeding and selection
6.1 Half-sib progeny evaluation

This trial was laid out to identify
useful recombinants on open pollination
and for evaluating their own progenies.
Fort}' nine recombinants along with fifteen
female parents were laid in a trial following
two dimenstional lattice design. The mor-
phological characters of the candidates were
recorded.

6.2 Full-sib progeny evaluation

Twenty seven cross combinations
from hand pollination programme (1991,
1992 and 1993) were multiplied for evalu-
ation in comparison with parents. These
genotypes are from crosses involving six
clonesviz. PB86, SCARC 88/13, G11, RRIM
600, RRI1208and RRII 105. The comparative
trial for evaluation will be laid out during
1995.

6.3 Evaluation of polyclonal seedlings

The trial was initiated during 1987.
104seedlings, which attained tappable girth
were opened and yield evaluation is being
done on the basis of dry rubber from in-
dividual trees.



7. Germplasm conservation, evalua-
tion and maintenance

As man) as 366 clones from Amazo-
nian collection (rRRDB, 1981) are being
maintained. On the basis of girth data, 104
genotypes were selected for multiplication
and evaluation. Ofthese, 81 genotypes were
brought under a comparative trial for yield
evalution with RRIM 600 as control.

8. Effect of low temperature on growth
Data on photosynthesis wasrecorded
for 15 clones in immature phase during

September 1994 to March 1995. A prelimi-
nary analysis showed that net photosynthe-
sis rate has definite positive relationship
with transpiration.

9. Effect of low temperature
on yield

Ten clones were selected forintensive
studies on the effect of low temperature on
yield and yield components. Data on plug-
ging index, total volume of latex, dry rubber
content, sucrose and inorganic phosphorus
were recorded every week. Data are being
analyzed.

REGIONAL RESEARCH STATION, TURA, MEGHALAYA

The Regional Research Station, Tura,
concentrated on various projects in relation
to evaluation of high yielding and disease
resistant clones which will be suitable for
Garo Hills conditions.

1. Field experiments at Ganolgre
11 Multidisciplinary evaluation of clones

On the basis of girth recorded in ten
clones from 1985 trial, RRII 203 (54.77 cm),
PB 235 (54.45¢cm), RRIM 600 (54.06 ¢cm) and
RRII 118 (53.86 c¢cm)' have attained maxi-
mum girth while G1 1 (45.67 cm) and PB
5/51 (43.58 cm) showed minimum growth.
On the other hand, in the 1986 clone trial,
RRIC 105 (54.68 cm), PB 311 (49.02 cm) and
RRI1208 (48.81 cm) showed maximum girth
and the minimum girth was recorded in
clones RRII 5 (40.22 cm) and PCK 1 (37.85
cm).

1.2 Performance of polyclonal seedlings

Thepolyclonal seedlingswere planted
during 1990 to evaluate their performance
in comparison to other high yielding clones.

It has been observed that these seedlings
have attained an average girth of 12.58 cm.
Generally, growth of these seedlings are
satisfactory.

13 Rubber based cropping system

The growth performance of rubber
(RRIM 600) and tea were better than orange
under this trial. Hie yield of green tea
leaves was encouraging and during the year
509 kg of green tea leaves were harvested.

14 Block plantation

RRIM 600 has been planted in two
differenthillocksasablockplantation. These
plants have attained an averge girth of
40.85 cm.

2. Field experiments at Darechkgre
21 Multidisciplinary evaluation of clones

Due to high elevation, all clones
pla-nted in this trial were adversely affected

and only 45 plantsare suriving. Theseplants
show retarded growth.



2.2 Intercropping with perennial crops

Under this trial only tea and orange
aresurviving. During the yearorange plants
weredamagedby elephantswhile thegrowth
of tea is good. Rubber did not grow at this
elevation (1100 MSL).

3. Experimentsin plant pathology

3.1 Plantdiseases

No serious outbreak of any rubber
disease was recorded during the period,
except incidence of Outturn heveae during
1994, The disease was controlled to a
considerable extent by dusting sulphur in
time.

32 Mushroom culture

Pure culture of mushroom of the
species PImrolusflabellatus, P. sajor caju and
P. ostreatus were maintained. The spawn
of edible mushrooms were prepared and
distributed.

3.3  Microbiological studies

The fungi isolated from forest soils
included Pencillium spp., Cephalosporium
coremioides, Cladosporium harbarum,
Aspergillus spp. and yeasts. There was
quantitative variation in the strate between
the soils from different forests.

3.4 Litter decomposition

Thisstudy showed thatundernatural
conditions the rubber leaf litter decomposes
quite readily and the plant remains after 7
months was found to be only 20.3 per cent.
The soil microflora, which accelerates de-
composition, were isolated.
4. Research programmes in plant

physiology

4.1 Effectof wintering

The minimum temperature during
the winter period was 4.5°C. All the clones

included in the trial showed negligible girth
increment during winter due to adverse
effect of low temperature. All the clones
defoliated in January/February and
refoliated in March.

42 Effectof differentaspects of slope

The plants (RRIM 600) growing on
lower side of West - South West aspect of
slope has attained 44.61 cm girth while on
Nortli East aspect it was only 40.76 cm.
Plants grown on the upper side of slope
showed 39.39 cm and 38.66 cm girth respec-
tively. Soilmoisture content was also higher
in SSW slope than in the latter.

43 Bud sprouting in polyhouse

To find out the sprouting percentage
of budded stumps in polybags inside and
outside the polyhouse during winter season
at 600 m elevation, an experiment has been
laid out and 100 nos of budded stumps of
RRIM 600 has been planted in each month
during Nov., Dec., Jan and Feb. months in
and outside the polyhouse. Plants kept
inside the polyhouse always showed more
than 50 per cent sprouting while those
outside showed less than 15per centsprout-
ing during winter period. The growth of
plants werealsobetter inside the polyhouse.

4.4 Physiological evaluation of clones

Clonal variation in girth increment
during different seasons among the ten
clones of Hevea has been observed. All the
clonesshowed higher girthincrementduring
rainy season than during dry and winter
season. PB 235 showed higher girthing
during all seasons followed by RRIM 600
and RRII 203. Girthing was less in PB 5/
51, G1 1and GT 1 in all the seasons. A
negative correlation was observed between
girth and stomatal conductance and also
between girth and transpiration rate in 10
clones of Hevea while a positive correlation



existed between girth and leaf temperature
of these clones.
45 Evaluation of yield

The study was started in November
1994 using the trees in the 1985 clone trial
to find out the yield variation among the
clones under high elevation condition in
West Garo Hills of Meghalaya. Only three
clones (RRIM 600, PB 235and RR11203) have
attained tappable girth. Tapping wasstarted
on 1/2s d/2 system. Higher DRC and
plugging index were observed in die clone
PB 235.

5. Experiments in agronomy
51 Intercropping

Theaveragegirth oftheclone RRI1105,
intercropped with cover crops, banana and

pineapple, has attained 35.6 cm 30.6 cm and
28.9cm respectively- During the year, a total
of 2589 nos. of pineapple fruits and 124
bunches of banana were harvested. Al-
though, cyclones affected bananas the rub-
bertrees were not damaged in intercropped
area. Rabbit rearing as an alternate source
of income during die immature phase of
rubber by feeding them with only Pueraia
cover crop was not quite successful.

52 Weed control

Tocontrol thenoxious weed, Imperata
cyl'mdricain the rubberplantations, chemical
weedicides glyphosate and paraquet
(Gramaxone) were tried at different con-
centrations. The preliminary results indi-
cated that use of glyphosate was more
effective as comapred to paraquet.

REGIONAL RESEARCH STATION, KOLASIB, MIZORAM

This trial was started in the year 1985
with 10 clones. The average girth of the
different clones are presented in Table -
Nez.|

Table-Nc2. 1 Growth of different clones

Clones Mean girth (cm)
RRII 105 53.30
RRII 118 62.33
RRII 203 58.84
RRIM 600 61.86
RRIM 605 59.20
PB 86 48.00
PB 235 6333
PB 5/51 54.40
Gl 1 52.25
GT 1 54.98

Theclones PB235, RRII 118and RRIM
600 recorded higher girth. Hie trees will
be opened for tapping during next year.

2. Polyclonal seed garden

A polyclonal seed garden was estab-
lished in 1988-89 with seven different
clones namely RRIl 105, RRIl 118,SCATC
93-114, RRIM 600, RRII 300, GT 1 and PB
235. The clone SCATC 93-114 recorded the
highest girth of (45.72, 44.63 and 44.88 cm)
at the foot hill, Mid hill and Hill top respec-
tively.

3 Influence of physiographicfeatures

on growth

The trial was started inl987 to study
the influence of physiographic features on
growth of Hevea with RRII 105. It has been
observed thatthe rubber plants in the eastern
slopeshave thehighestabsolutegirth (Table



Table-Nez.2 Effcct of aspect of slope on girth
Aspect

Girth (cm)
North 25.80
South 28.91
East 31.04
West 3004

4. Weed management

It was observed that glyphosate (5 1/
ha) followed by Gramaxone (4.5 1/ha) at
50 per cent weed regeneration as blanket/
spot application was the most economic
schedule and was superior to manual weed
control.

5. Nutritional trial

This trial was started in 1992 in RBD
design with six treatments and four repli-
cations using clone. It was observed that
treatment with NPK in two splits gave the

REGIONAL RESEARCH STATION,.

At Regional Research Station
Nagrakatta, West Bengal, different trials are
in progress to study the nutritional require-
ment of Hevea and identify the best fertilizer
application schedule, evaluation of clones,
performance of different clone blends and
exploitation systems. Thestation hasasmall
area under nursery.

1. Nutritional studies

In the trial initiated in 1989 among
different levels of nitrogen, significantly
higher girth (41.1 cm) was recorded at 60
kg N per ha which is on par with 40 and
20 kg. N per ha (Table-Neb. 1). Similarly
application of 40 kg K p per ha recorded

highest absolute girth, plant height and
branching height followed by the treatment
50:50:25 in two splits.

6. Establishmentof cover crop

Ithas been observed in this trial that
treatmentwith sowing covercrop in patches
showed the highest number of nodules per
plant and covered maximum area. How-
ever, the highest girth and plant height for
rubberwasnoticed in treatmentwherecover
crop was sown in single strip.

7. Studies on low input
agrotechnology

Of the three on - farm trials initiated
during 1994 two were abandoned due to
non-cooperation of farmers. In the third
trial, a total 943 polyclonal stumps were
planted of which 694 plants survived. The
effectoftimeofplantingandsizeofpolybags
and planting pits will be evaluated in this
trial.

NAGRAKATTA, WEST BENGAL

signficantly higher girth. Phosphorus ap-
plication did not significantly favour girth
increment. Nutrient interaction effect was
found tobe non-significant. Averageannual
girth increment (Dec. '93 to Dec. '94) due
to fertilizer application ranges between 7.6
cm to 83 cm.

To study the nutrient use efficiency
of rubber in Dooars, an experiment was laid
out in RBD with 4 replications in 1993 with
five different schedules of fertilizer appli-
cation to identify the fertilizer application
schedule for maximum nutrient use effi-
ciency and growth The annual increment
ingirth washigherin threesplitapplications



Tabte-Neb. 1 Effectof different levels of N,P,K. on

girth
Treatment Girth (cm) ~ Girth increment (cm)
No 388 82
N20 402 8.0
N4U 405 76
N60 411 79
SEM f 067
CD (P = 0.05) 131
PO 399 78
P20 40.1 79
P40 40.4 80
SEM + 056
CD (P = 0.05) NS
KG 394 7.7
K20 40.2 78
K40 40.9 83
SEM + 0.58
CD (P = 005) 113 Interaction : NS

(33.3% each) of fertilizer whereas increment
in heightwas more in two splitapplications
(50% each).

2. Multidisciplinary evaluation of
clones
21 Clone trial (1990)
In one trial significantly higher girth
was recorded for clone RRII 118 (37.0 cm)

which was on par with clones RRI1 203, RRII
300 and PB 311. In the other clone trial no

significant difference in girth was observed
among different clones.
2.2 Clone trial (1991)

Maximum girth was recorded in RRIC
102 (20.9 cm) PB 310 (20.8 cm) and RRIM
600 (20.8 cm). Girth incrementper year was
6.0 to 8.7 cm in the different clones in this
trial.
2.3 Clone trial (1993)

In the experiment laid out at Dooars
during 1993 maximum girth was recorded
in RRIM 600 (9.4 cm) followed by RRII 105
(8.8 cm). In the case of height, maximum
was recorded in RRIM 600 (321.1 cm) fol-
lowed by RRIl 105 (281.5 cm).

3. Exploitation system

The trial with clone RRIM 600, laid
out in the year 1991 aims at identification
ofthebestsystem ofexploitation under local
condtions. The plants are maintained well
in the trial.

4. Clone blend

This trial was laid out in 1992-93 to
study the performance of different clone
blends in comparison to monoclonal popu-
lation of RRII 105. Planting in the trial has
been completed.

5. Block planting

The three clones viz. RRII 105, RRIM
600 and RRII 300 planted as block planting
in the year 1993 to study their performance
in West Bengal are being maintained.



The Regional Research Station,
Dapchari, Maharashtra, concentrated re-
search activities on irrigation, plant physi-
ology, clone evaluation and related fields.

1. Irrigation systems

Irrigation experiment in clone RRII
105 was continued. Plants with basin ir-
rigation treatment recorded compartively
highergirth than plants with drip irrigation
(Table - Dap.l). The control plants showed

Table - Dap.l. Effect of irrigation on growth

Treatments Mean grith Girth increment
(cm) (cm)
March 1995 April 94 - Mar. 95

T1 control

(No irrigation) 39.15 3.49

T2 100 ETc, Basin 5255 3.00

T3 0.75 ETc, Basin 5234 261

T4 0.50 ETc, Basin  50.15 3.46

T5 0.75 ETc, Drip 49.34 341

T6 0.50 ETc, Drip 49.78 477

T7 0.25 ETc, Drip 46.50 3.%

SE + 157 0.53

CD (P=0.05) 2.42 115

significantly less growth compared to that
of all irrigation treatments. Plants under
1.00,0.75 and 0.5 ETc levels of irrigation
treatments were opened for tapping May
1994 whereas those under 0.25 ETc and
control plots have not attained tappable
girth. This revealed that irrigation reduced
the immaturity period. The mean annual

girth increment was found to be lower in
tappable plants of irrigation treatment than
thecontrol (unirrigated and immature) which
indicated that exploiation had profound
impact on growth of plants.

2. Effect of irrigation on yield and
yield components

Hose irrigation treatmentwas contin-
ued in which both RRII 105 and RRII 118
clones were treated with three levels viz.,
1.00,0.75 and 0.50 ETc. Among the two
clones, RRII 118 was found to be vigorous
and its growth response to irrigation was
also better than RRII 105 (Table-Dap.2).
However, when the yield potential was
compared, RRII 105recorded high perform-
ance in all irrigation tretatments.

Table - Dap.2 Effect of irrigation on growth and yield

Treatments  Mean girth (cm) Mean dry rubber
yield

March 1995 (g/tree/tap)

RRII 105 RRII 118 RRII 105 RRII 118
TO Control 4603 49.70 2900 2315
T1 (100 ETc) 55.08 6181 4267 30.30
T2 (075 ETc)  53.66 6412 37.15 3208
T3 (0.50 ETc) 5287  54.82 3950 24.04
SE+ 413 413 5E+ 3.7
CD (F=0.Q5)  10.11CD (P=0.05)  9.71
SEx 127 set 120
CD (P=0.05**  2.93CD (P=0.05) 277

«for irrigation treatment ** for clones



The Regional Research Station at
Dhenkanal, Orissa continued investigations
on agromanagement techniques and done
evaluadon for the drought prone areas in
Central Orissa.

1. Experimental planting

In this clone trial planted in 1987
maximum girth was recorded in clone
RRIM 600. Clone RRII 105 showed the
lowest girth among the three clones (Table
Ori. 1).

Table - Ori. 1. Mean girth of three clones

Clone Girth (cm)
RRII 105 321
RRIM 600 359
GT1 344

2. Polyclonal seedlings

Monitoring of growth was continued
in polyclonal plants. The growth of
polyclonal plants were satisfactory.

3. Clone evaluation (1990)

Observations on growth were re-
corded in 10 clones. Clone RRIM 600 and
SCATC 93/114 continued to record higher
girth (Table - Ori. 2)

Table-Ori. 2. Growth of 10 clones

Clone Girth (cm)
RRIM 600 239
RRIM 701 20.1
RRII 300 203
RRII 208 220
RRII 5§ 21.6
PB 310 225
SCATC 88/113 201
SCATC 93/114 23.7
Haiken 1 213
PCK 1 196

4. Clone evaluation (1991)

Growth measurements of 9 clones
and polyclonalplantswererecorded. Higher
girth was recorded in clone GT 1(17.1 cm)
and RRIM 600 (16.5cm) and the lowest PCK
2 (12.8 cm).

REGIONAL RSEARCH STATION, SUKMA, MADHYA PRADESH

The Regional Research Station estab-
lished at Sukma, Bastar Dist., Madhya
Pradesh continued its research activities.
The station has a small area under seedling,
budwood and polybag nursery.

Field experiments were laid out in
1993-94. Although casualties had occurred
in tineinitial stages the vacancies were filled.

1. Nutritional trial

This trial was laid out in RBD with
4 doses of nitrogen and 5 replications. Hie

clone used was RRIJ 105. This experiment
aims at finding out the optimum dose of
N requirement for rubber in Bastar region.

2. Influence of cultural operations
and soil properties on growth

The trial was started in 1993 to study
the influence of different cultural opera-
tions. The addition of farmyard manure,
biofertilizer and interculturing had given
uniform plant growth with no casualty in
the initial stages.



The Regional Research Station,
Padiyoor was started during the year. An
area of 40 ha was procured for establishing

the station. A seedling nursery was set up.
Location specific field trials are being
programmed.

HEVEA BREEDING SUB-STATION, NETTANA, KARNATAKA

The following field trials were in
progress at the Hevea Breeding Sub-station
located at Nettana, D. K. district of
Karnataka State.

1. Trial on growth, yield and exploi-
tation systems

The two field trials with five clones
each, established during 1987 and another
in 1988, were maintained. In the 1987 trial
mean girth varied from 49.45 cm (PB 235)

Table-Kar. 1. Variation in girth of ortet clones

Trial 1
Clone sirth (em) Clone
034 29.81
050 23.10 C 3/10
047 26.53 014
015 2371 016
T2 26.71 038
043 22.60 040
cl2 2157 C151
041 2891 c9
017 30.03 054
019 18.06 037
045 25.88 053
Cc 712 23.52 T
C 42 31.23 023
044 2455 022
046 24.44 C 150
012 20.70 PO
c70 24.63 057
GT 1 27.00 GT 1
RRIM 600 2177 RRIM 600
RRII 105 25.29 RRII 105
General mean 2530
Variance ratio 4.56*

Significant at P = 0.05

Trial 1l

to 40.61 cm (RRII 300) with a general mean
of 45.00 cm. In the 1988 trial, mean girth
varied from 41.23 cm (RRII 118) to 32.59 cm
(RR1C 36) and the general mean was 35.71
cm.

2. Evaluation of ortet clones

Quarterly girth measurements were
taken from the trial. Two rounds of yield
recordings were carried out and data on
yield components were taken.

Trial 1l

Girth (cm) Clone Girth (cm)

039A 2851
16.85 C152 21.92
2266 055 2854
2348 cl4o 29.80
24.66 026 2455
2567 056 25-28
2651 064 24.50
17.16 011 2258
27.20 C32 23.67
23.83 049 23.82
23.69 030 2539
29.14 Cé 2137
2358 c 10/9 23.90
2122 051 24.43
27.03 GT1 26.30
26.05 RRIM 6000 22.19
20.10 RR1) 105 25.34
26.07
22.28
24.06
23.84 24.83
4.54" 1.79*



Data on girth and plant height of 48
ortet clones planted in three trials in
randomised block design with 3replications
and clones RRII 105, RRIM 600 and GT 1,
as controls, were statistically analysed. The
height of the 5 year old plants did not show
significant variation, but clonal variation
was evident for girth (Table - Kar 1). Sev-
enteen clones showed greater girth than the
vigorous control GT 1.

3. Clone trials

Three clone trials were maintained
with excellent establishment of cover crops
(Puerana and Mucuna). In the 1989 mixed
clone trial, quarterly girth measurements
were recorded. Of the 14 clones in the trial,
RRII 203 recorded the highest girth (38.93
cm)while Haiken 1recorded the lowestgirth
(25.19 cm). One round of test tap yield was
collected.

In the 1990 trial quarterly girth
measurements were recorded. The 1991
clonal trial was also maintained properly
with minimum casualties. Quarterly
recording of girth was made in this trial
also.

4, Estimation of genetic parameters

The trial was properly maintained

Three rounds of girth recording and one
round of test tap yield were recorded from
this trial.
5. Polyclonal garden

For establishing a polyclonal garden
using 9 component clones, 4750 budgrafted
plants were raised in polybags and main-
tained. Planting materials for a block trial
was also raised.

6. On-farm trials

One trial established inaprivate hold-
ing with 6 clones were maintained. Annual
girth recording was done.

For laying out a collaborative block
trial at the Sullia Rubber Division of the
Karnataka Forest Development Corpora-
tion., ten modern clones were raised in
polybags and maintained at the planting
site.

7. General

During 1994, the station received a
total rainfall 0f 5484.1 mm with the highest
rainfall during the month of July (1799.5
mm) and August (1190.6 mm). The maxi-
mum temperature recorded was 40°C in
March and minimum during January with
8.8°C.

HEVEA BREEDING SUB-STATION, PARALIAR, TAMILNADU

Hevea Breeding Sub-Station,
Kanyakumari concentrated on hybridisa-
tion work. «

1. Breeding orchards

The breeding orchards established in
1987 and 1988 were maintained well.
W intering pattern and floral biology of ail
the clones of Breeding Orchard 1 (26 clones)
were studied and characterisation of floral
biology of clones of Breeding Orchard Il (25
clones) is in progress.

2. Hand pollination

Atotal 0f6906 hand pollinations were
attempted. The parents used included
Tjir 1, PB 260, RRIM 703, RRIM 701,
RRII 5, PB 260, PB 311, GI 1 and PCK I

3. Stability analysis of clones

The trial was maintained well and
observations were recorded on growth pa-
rameters such as girth, height, no of whorls



of leaves, canopy height and breadth and
angle of branching.

4. Evaluation of rootstocks for toler-
ance to stress

A nursery was raised with seeds
collected from polyclonal seed gardens,
ordinary out-crossed seedling trees and
monoclonal seeds of different clones for
evaluation under artificially created soil
moisture stress and high water table.

5. Ortetselection

Potential mother trees have been
selected from rubber holdings with
polyclonal seedling population and are
under conservation. A nursery was raised
with polyclonal seeds and the seedlings are
being evaluated.

6. On-farm trials

Three on-farm trials were initiated at
Keeriparai Division of Arasu Rubber Cor-
poration. Eighteen modem clones are being
evaluated under the agro-climatic condi-
tions of Kanyakumari region.

7. General

A field laboratory has been estab-
lished adjacent to the office at
Thadikarankonam for conducting studies
on floral biology and Cytogenetics of Hevea
clones. Agro-meteorological observatory
was maintained and observations were
recorded. The station receives a total rainfall
of 2407 mm. The lowest monthly mean
minimum temperature of 21.57°C was re-
corded during the month of December, 1994
and the highest mean maximum tempera-
ture of 36.05°C was recorded during the
month of March 1995.

AGROMETEOROLOGY UNIT

1. Weather atvarious stations

The general weather conditions
during 1994 at RRIl and seven of the
associated observatories are summarised in
Table - Agromet. 1. The highest amount of
rainfall was received in Nettana (5484 mm)
and the lowest at Agartala. In Dapchari,
maximum rainfall was concentrated during
South-West monsoon contributing 99 per
cent of the annual. The highest mean
maximum temperature of 37.3°C was re-
corded at Dapchari during the month of
April.  The highest mean minimum of
26.4°C was observed in April at Nettana
against the lowest minimum of 10.7°C in
January at Agartala.

2. Agroclimatic aspects of rubbercul-
tivation

Two automatic weatherstations were
installed at RRII, one inside the immature
rubber plantation and the other in the
observatory. Weather parameters sampled
include temperature, relative humidity, wind
speed, direction, radiation, surface wetness
and rainfall. Steps have been initiated to
develop suitable softwares to process the
data generated by the automatic weather
station.

On preliminary analysis, it was ob-
served that there exists a temperature dif-
ference 0f 0.1°C - 0.5°C between the canopy
and that of the observatory. As expected.






temperature always remained low inside
the canopy but the difference was only
marginal. Relative humidity was found
more (1-4%) inside the canopy at all hours
of die day except from 11.00 to 18.00 hours.
This is probably because of the small scale
advection from theirrigated areassurround-
ing the observatory.

3. Crop weather relations

A field trial was conducted at CES,

Chethackal to study the influence of wea-
thercomponents which favour the incidence
and spread of powdery mildew disease of
rubber.

A preliminary study was conducted
to observe the influence of weather on the
soil moisture status and its influence on
summer defoliation of Hevea.

LIBRARY AND DOCUMENTATION CENTRE

The documentation centre continued
its important role of communication and
disseminating infofnation on natural rubber
through its library, information services and
publications

During the year 1994-'95, 173 books
were added to the library making the t<&]
collection 20838. Three hundred books were
donated by Mrs. K G Unnithan in memory
of her husband, late Mr. K.G. Unnithan,
General Manager and Technologist,
Trivandrum Rubber Works. The library
subscribed to 155 journals and 8 dailies.
Ninety eight journals were received either
as gift or exchange.

The library provided documentation
service to the scientists and other research
workers. Three issues of Documentation List,
5numbers of Rubber Alert, 135 issues of SDI
bulletin and 2 issues of List of New Additions
were compiled and distributed. As part of
information dissemination, 95 scientific
articles were sent to different institutions /
scientists. Around 1.5 lakh photocopies of
information materials were made by the

reprographic section. During the current
year, 11,600 documents were indexed.

A bibliography listing 546 selected
scientific and technical contributions from
Rubber Research Institute of India and the
Rubber Board was published under the title
"Natural Rubber - Bibliography (Volume 2).
The list of holdings of 437 scientific serials
were updated for incorporation in the re-
vised edition of National Union Catalogue of
Scientific serials in India Reioan to be published
byIndian National ScientificDocumentation
Centre, New Delhi.

The library actively participated in
the sales promotion of Indian Journal of
Natural Rubber Research and the books Rubber
Wood and Plantand soil Analysis. The library
also distributed the Annual Report of RRII.

The library facilities were also ex-
tended to planters, manufacturers and oth-
ersconnected with natural rubber industry.
Research scholars and students from uni-
versities and colleges also utilised these
services.



Head of Account Expenditure

Non Plan
General charges 214.05
Schemes 10.82
Projects-CES 7297
Department of Training 3.50
Total Non Plan 301.34
Plan
General charges 41.00
Schemes 115.16
NERDS Research Component 62.18
Total Plan 218.34

World Bank Project
Schemes 45.68
GRAND TOTAL 565.36
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Research divisions and functions

The major research divisions are Agronomy
and Soils; Biolechnoloy; Botany; Germplasm; Mycology
and Plant gy; Plant Physiology and itati
Rubber Chemistry. Physics and Technology and
Agricultural Economics.

The thrust areas of research of the Agronomy
and Soils Division are investigations of the nutritional
requriements of rubber, irrigation, intercropping,
cover crop management, weed control and the study
of the rubber growing soils. Development of tissue
culture and anther culture systems for propagation
and crop improvement of Heveu are the important
areas in which the Biotechnology Division isengaged
The important fields of research of the Botany Division
are breeding, evaluation and selection of new clones,
propagation techniques, planting methods, anatomical
studiesand cytogenetic investi The P
Division is concentrating on the introduction,
conservation and evaluation of Hevea germplasm
The Mycology and Plant Pathology Division is engaged
in investigations on the diseases and pests of rubber
and associated cover crops and their control. The
Plant Physiology and Exploitation Division conducts
studies on identification of characteristics related to
yield, physiology of latex flow and yield stimulation
The Rubber Chemistry, Physics and Teclinology
Division concentrates on improvement in primary
processing of rubber, its chemical modification, rubber
product manufacture and quality control of processed
rubber. The Agricultural Economics Division
undertakes studies on economic aspects related to
rubber plantations.

The research supporting sections include
Library and Documentation, Instrumentation, and
Art/Photography. There is also a small experimental
farm of 33 ha at the headquarters of the RRII.

Central Experiment Station

The 225 ha Central Experiment Station at
chethackal (Ranni), 50 km away from Kottavam, 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 Regional Research
Complex for North East India with headquarters at
Guwanhati, having regional research stations at Agartala
in Tipura, Guwahati in Assam, Tura and Darechikgre
in Meghalaya and Kolasib in Mizoram. The RRII has

also setup regional research establishments at Dapchari
(Maharashtra), Kamakhyanagar (Orissa) Nagrakata
(West Bengal). Sukma (Madhya Pradesh), Paraliar
(Tamil Nadu) Nettana (Karnataka) and Padiyoor
(Kerala).

Regional laboratories have been established at
Thodupuzha, Calicut and Nagercoil each with a
mobile unit for soil and leaf analysis

Staff

The staff strength of RRII has been 426 during
the period under review. This inculdes 114 scientists
167scientificand technical personneland 145 personnel
employed in administration and other nontechnical
activities including unskilled staff.

National/International Collaboration.

The RRII is a member of the International
Rubber Research and Development Board (IRRDB), an
association of national organizations devoted to
research and development on natural rubber. The
Rubber Board is a member of the Association of
Natural Rubber Producing Countries (AN'RPC) and
the International Rubber Study Group (IRSG).

The RRIlhas research/academic linkages with
the Banaras Hindu University (Varanasi), Kerala
Agricultural University (Trichur), Kerala University
(Trivandrum), Mahathma Gandhi University
(Kottayam), Cochin University of Science and
Technology (Cochin), Indian Institute of Technology
(Kharagpur), National Chemical Laboratory (Pune)
and Indian Institute of Science (Bangalore)
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