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The Rubber Research Institute o f India (RRII), un­
der the Rubber Board (M inistry of C om m erce and In­
dustry, G overnm ent of India), had its inception in 1955. 
With a very m odest beginning, the RRII is now capable 
of handling m ost o f the problem s associated with natu­
ral rubber (NR) production technology, prim ary pro­
cessing and product developm ent. The steady growth 
o f the RRII in its scientific w orth and research contri­
butions has w on it the recognition as an International 
Centre of Excellence on N R research.

Location

Th e R R II is  lo cated  on a h illo ck  8 km  east of 
Kottayam town in Kerala State and is easily accessible 
by road. Kottayam  is connected to all m ajor cities in 
the country by rail. There are tw o International Air­
ports, one a t Thiruvananthapuram , 160 km south and 
another at Nedum bassery, 95 km north to R R 1J.

Functions

Undertaking, assisting and encouraging scientific, 
technological and econom ic research and dissem ina­
tion of knowledge to the NR industry are the statutory 
functions of the RRII.

O rganization

For the efficient discharge of its functions, the RRII 
has established m ajor research d ivisions and research 
supporting sections at its headquarters and regional re­
search establishments at appropriate locations where 
Hevea brasiliensis is com m ercially grown o r  is likely to 
be grown.
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THE RUBBER BOARD

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

Organization

The Chairman is the principal executive 
officer and exercises control over all depart­
ments of the Rubber Board. The Rubber Re­
search Institute of India (RRII) works under 
the administrative control of the Board, the
Director being the head of the institution. Be­
sides RRII, there are six departments under 
the Board viz., Administration, Rubber Pro­
duction, Processing & Product Development, 
Finance & Accounts, Training & Technical 
Consultancy and Licensing & Excise Duty.

Chairm an
Mr. S.M. Desalphine, IAS
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Dr. N.M. M athew 
Director

R ubb er Production D epartm ent
Dr. A.K. Krishnakum ar 
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Processing &  Product D evelopm ent
Mr. M.K. Balagopalan Nair 
Director

Finance & A ccounts D epartm ent
Mr. Abraham Chacko 
Director

Training &  Technical C onsultancy
Mr. K.S. Gopalakrishnan 
Director

Licensing & Excise D uty D epartm ent
Mr. T.P. Sivankutty Achari 
Director
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DIRECTOR'S REVIEW

Crop improvement research undertaken in 
the Rubber Research Institute of India (RRII) was 
instrumental in bringing the country to the 
forefront of major natural rubber (NR) producing 
countries. The release of the high yielding clone 
RRII 105 during 1980 was a significant 
breakthrough. Most of the clones found in the 
rubber plantations of the country were introduced 
by RRII through breeding, selection and/or 
evaluation. Moving with time, RRII has evolved 
the high yielding RRII 400 series clones and the 
five top ranking selections viz., RRII 414. RRII 417, 
RRII 422, RRII 429 and RRII 430 were included in 
category III of the planting material 
recommendations of the Rubber Board in 2001. 
All the clones except RRII 429 were upgraded to 
category II of the planting recommendations 
during the year under report. Evaluation of more 
clones in the pipeline has also made significant 
progress.

Field conservation of wild Hevea accessions 
was continued. Evaluation of wild germplasm for 
the identification of accessions having tolerance 
to drought and cold as well as screening them 
for tolerance to Phytophthora, Oidium and 
Corynespora were in progress. RAPD profiles of 
selected wild accessions showed high degree of 
polymorphism.

Transgenic plants integrated with superox­
ide dismutase gene were multiplied by bud graft­
ing. Experiments were continued to refine the 
methods for somatic embryogenesis and regen­
eration of healthy plantlets using immature in­
florescence and anther explants of clone RRII 105. 
The role of recombinant b-1,3- glucanase enzyme 
in controlling P h y top h th ora  m ea d ii was confirmed 
through in v itro  studies. The differentially ex­
pressed genes of healthy and tapping panel dry­
ness affected trees were identified through sup­
pression subtractive hybridization analyses. The 
rubber biosynthesis genes such as farnesyl 
diphosphate synthase, 3-hydroxy- 
3methylglutaryl Coenzyme A reductase-1 and 
rubber elongation factor were cloned.

Efforts to develop improved 
agromanagement techniques for rubber were con­
tinued. The major research areas were nutrient

management, soil and water conservation, inter­
cropping and cropping system experiments, nu­
tritional requirement of high yielding clones, zinc 
nutrition, sequential skipping of fertilizers and 
phosphorus nutrition. Availability of P and Ca in 
the soil had shown significant improvement by 
liming. Conservation pits positively contributed 
to the growth of rubber and in conserving soils. 
Experiments to study the effect of the density of 
planting on growth and yield of rubber were also 
in progress. Fertilizer recommendations on the 
basis of soil and leaf analysis were provided to 
both large estates and smallholdings. In Dapchari, 
basin irrigation system resulted in higher girth 
compared to drip system. Experiments at RRS, 
Nagrakatta on intercropping of rubber with tea 
showed enhanced growth for both tea and rub­
ber in the third and fourth years of planting re­
spectively.

Evaluation of crop loss due to abnormal leaf 
fall over a period of fourteen years showed large 
scale crop loss in the clone RRIM 600 (31.60%). 
The dosage of both copper oxychloride and Bor­
deaux mixture could be reduced when rubber 
seed oil was used as an additive in the spray fluid. 
Modifications in micron sprayer for improving 
its efficiency by raising the height of fungicide 
discharge were successful. Addition of vegetable 
oils to Bordeaux paste improved its efficacy and 
gave better recovery from pink disease. Arrow­
root extract was observed to give control of ter­
mites for a limited period. Honey production 
from rubber during the year was three times 
higher than that of last year due to favourable 
weather conditions during the refoliation period. 
Among the new clones, RRII 417 and 430 were 
observed to show low susceptibility to abnormal 
leaf fall disease. Oidium  and Phytophthora toler­
ant clones have been short-listed from the rub­
ber germplasm. In the survey on diseases of Hevea 
in the North East India, 10 clones showed higher 
degree of tolerance to powder)- mildew disease. 
Survey on Corynespora leaf fall disease carried out 
in Karnataka and North Malabar region indicated 
that even though RRII 105 is severely affected by 
the disease, the level of incidence has not reached 
alarming levels as a result of the interventions 
through disease control campaign.



Investigations on developing a technique 
tor early prediction of high yield using ATP con­
centration in latex progressed well. Experiments 
ivere initiated for the in vitro assessment of Hevea 
germplasm accession for their intrinsic drought 
tolerance potential. Wound induced production 
of ethylene and free radicals were high in low 
yielding clones and low in high yielding clones. 
The clones HP 53 and HP 92 were found rela­
tively tolerant to oxidative stress and the 
Dapchari selection DAP 34 was found relatively 
drought tolerant. The energy status as revealed 
from the total latex ATP content in d /3 system of 
tapping was found better than that in d/2 sys­
tem. In the field of exploitation technology, re­
search on low frequency tapping, reduced spiral 
cuts, crop loss due to rain, panel change, low fre­
quency CUT etc were in progress

In the rubber processing area, development 
of an easy method to cream and coagulate skim 
latex, application of formalin treatment of field 
coagulum for improving the quality of TSR and 
development of NR based nanocomposites using 
intercalated clays were the significant contribu­
tions. The concept of ENR as silica reinforcement 
modifier w-as further utilised in carbon/ silica 
mixed filler reinforced NR and SBR vulcanizates. 
The use of small quantities of PP and HDPE for 
improving the gum vulcanizate properties of NR 
yielded promising results. The other areas of 
work included use of NR-g-PMMA copolymers 
as compatibiliser for NR/PVC blends, 
deproteinisation of NR latex using papain and 
raw rubber properties of the pipeline clones. 
Advanced anaerobic technology for treating 
wastewater from rubber processing were de­
signed and tested. Rubber sheet processing ef­
fluent in combination with cow dung gave maxi­
mum gas production.

The project on the techno-economic

feasibility of latex-timber clones explored the 
various strategies for promoting such concepts 
in India. The trends in adoption of low frequency 
tapping system showed a growing convergence 
in the shift towards the system during the 2000s 
in the estate sector. Exploration of the possibility 
of enhancing the ancillary income of farmers 
through sustainable apiary in rubber plantations 
underscored its vast unexploited commercial 
potential. Studies on NR global trade and tariff 
policy in the post reforms phase highlighted the 
need for drawing appropriate guidelines for 
maximising the share of NR producing countries 
in the net value added. Market uncertainties were 
characterised in the domestic market by the exit 
of a large number of dealers as well as 
downgrading of farmer produce and in the labour 
market through a 60 per cent reduction in 
demand for labourers.

The Institute hosted the IRRDB International 
Workshop on Exploitation Technology to take stock 
of the latest trends in the field of exploitation of 
Hevea. A total of 21 technical papers were pre­
sented in the Workshop of which 11 were from 
RRII. There were 45 delegates of whom 15 were 
representatives of nine IRRDB member countries. 
Recommendations of the Workshop include steps 
towards transfer of the latest technologies to 
smallholders, exchange of the know-how of vari­
ous new methods among member countries and 
seeking international funding for multi-country 
projects.

Towards the dissemination of scientific in­
formation on NR, a combined volume of two is­
sues of the Indian journal o f  Natural Rubber Research 
was brought out. RRII published over 100 scien­
tific articles in addition to participation and pre­
sentation of papers in conferences. The library 
continued to serve the NR industry for its infor­
mation needs.



The Division carries out research on 
agrom anagem ent practices and develop­
ment of new technologies for profitable cul­
tivation of natural rubber. The major research 
areas are nutrient m anagem ent, soil and 
water conservation, intercropping and crop­
ping system, nutritional requirement of high 
yielding clones, zinc nutrition, sequential 
skipping of fertilizers and phosphorus nu­
trition studies. Detailed studies on organic P 
status, soil organic matter, quantification and 
assessm ent of N  fixation etc. were also taken 
up during the reporting year. Studies on 
rhizosphere biochemistry were initiated to 
understand the adaptive mechanisms at the 
rhizosphere for uptake of phosphorus and 
micro nutrients. Development of rubber in­
formation system for the traditional rubber 
grow in g  zo n e and d isea se  p red iction  
through remote sensing and G IS were initi­
ated. Experim ents on immature and mature 
rubber were initiated for modifications in 
field lay outs.

Fertilizer recommendations on the ba­
sis of soil and leaf sam ple analysis were pro- 
v id ed  both  to la rg e  e s ta tes  and 
smallholdings.

1. N utrient m anagem ent

1.1. N utritional studies

A nursery experiment w as conducted 
to study the effect of sulphur addition on 
release of phosphorus from rock phosphate 
and its effect on growth of rubber seedlings 
was observed after six months of imposing 
the treatments. N o significant differences 
were observed in the diameter of seedlings. 
The nursery experiment to evaluate the fer­
tilizer value of sludge indicated that in the 
plots applied with sludge from crumb rub­

ber factory, organic carbon and available Ca 
improved. A pot culture experiment was ini­
tiated to study N uptake pattern and N use 
efficiency by rubber seedlings.

The experiment to study the effect of 
advance applications of the fertilizer during 
the initial one to three years period in the 
planting pits, initiated in 2000 is being con­
tinued. Among the treatments, single appli­
cation of pit manure with three year dose in 
planting pits gave significantly higher girth 
and was comparable to standard practice.

The results from field experiment in 
mature rubber, initiated in 1989, to study the 
fertilizer requirement of clone RRII 105 indi­
cated no significant difference between treat­
ments with respect to girth and yield of 
plants. Experiments to explore the possibili­
ties of substitution of potassium fertilizer 
with sodium chloride in rubber plantations 
are in progress. In mature rubber, substitu­
tion of K with Na up to 50 per cent showed 
no difference in girth or dry rubber yield. In 
the nursery, for 25 and 50 per cent levels of 
required K application, an increase in K up­
take was noted up to 50 per cent Na applica­
tion. The total Na uptake increased with in­
creasing levels of Na application up to 50 per 
cent substitution.

Studies on clonal and seasonal varia­
tions in the nutrient content of latex in 13 
clones were continued.

1.2. Integrated nutrient m anagem ent

The experim ent initiated in 2001 to 
study the long term effect of inorganic and 
organic manures on growth and yield of rub­
ber and on the physico-chemical properties 
of soil was continued. Data on girth and girth
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increment revealed no significant difference 
between treatments. However, it was ob­
served that 25 % fertilizer + 75 % FYM gave 
numerically higher girth and consistent girth 
increment.

Experiment on comparison of soil or­
ganic matter under different ecosystems was 
continued. The concentration of nutrients 
and polyphenols in fresh and seven month 
old leaf samples o f rubber, Mucuna bracteata 
and Pueraria phaseoloides were compared. 
Carbon, N  and Ca were found highest in Mu­
cuna litter whereas, P and K content were 
highest in Pueraria litter. After seven months 
o f decay C, K, M g and polyphenols were 
decreased in all the three litters. In the case 
of N and Ca no trend was observed.

Experiments were initiated to assess the 
quality of N fixed by the cover crops P. 
phaseoloides and M . bracteata. A field experi­
ment was initiated to study the effect of cul­
tivation of P. phaseoloides and M. bracteata on 
P mobilization.

1.3. Forms and m ethods of fertilizer application

Experim ent to compare the different 
methods of fertilizer application in mature 
rubber was continued. Broadcasting in a 
patch at the center of four trees with and 
without forking, broadcasting in the narrow 
band in the inter-row area and pocket appli­
cation around the p lant basin were com ­
pared. No significant difference was noticed 
between treatments on girth increment and 
yield.

The experiments to study the response 
of rubber to graded levels of P application 
were continued. In Mooply Estate, Thrissur 
where the soil is rich in P, the effect of P ap­
plication was not significant on girth and 
yield. In Malanlcara Estate, with low P sta­

tus, there w as no significant difference in 
girth and leaf P content. However, signifi­
cant increase in soil P availability w as noticed 
by P application @  30 and 40 kg P2Os/ha.

2. Physical and chem ical properties o f  so ils

Soil sam ples from five locations vary­
ing in gravel content from 28 to 65 per cent 
were collected and relative nutrient content 
of soil w as assessed. O rganic phosphorus 
status in ten m ajor soil series in the tradi­
tional rubber growing tract w as estimated by 
ignition m ethod. Effectiveness o f different 
liming materials was com pared in a nursery 
experiment. Results indicated that the avail­
ability of P and Ca in the soil (0-15 cm ) were 
significantly improved by lim ing. O ne year 
after the application the pH  o f the soil was 
reverted back to initial pH. N utrient con­
centration in the leaves w as not influenced 
by liming.

The field experim ent (2002) to study the 
effect of pit size on growth and yield of rub­
ber rndicated no significant effect o f plant­
ing pits of various dim ensions. The soil sur - 
vey  data g en e ra te d  w as b e in g  fu rth er  
grouped and analysed statistically to gener- 
ate more information.

3. So il and w ater conservation

The experiment started in 1997 at TR&T 
Estate, M undakayam  to evaluate the effect 
o f conservation pits on soil and m oisture 
preservation and yield o f rubber is being 
continued. The quantity o f soil conserved in 
the pits increased from 3.13 to 7.75 t/ha when 
the num ber of pits w as increased from 100 
to 250 per ha. The girth increm ent w as sig­
nificantly higher for 250 pits per ha. Signifi­
cant difference w as not obtained for yield 
(Table A g.l)



Table Ag. 1. Effect o f density o f silt pits on growth 
and yield  of rubber

Treatment Yield Girth Soil deposited
(No. of (g/t/t) increment (cm) in the pits
pits/ha) 1998-2004 (t/ha)

0 48.0 8.7 0.0
100 52.0 10.3 3.1
150 54.0 11.7 4.2
200 56.0 11.9 5.1
250 58.0 13.8 7.8

SE 2.8 0.8 0.3
C D  (P=0.05) NS 2.4 0.9

The possibility of applying fertilizer for 
rubber in silt pits was studied in another field 
experiment. Significant difference was ob­
served for yield with respect to different 
treatments (Table Ag. 2).

Table Ag. 2. Effect o f pit application of fertilizers on 
growth and yield  of rubber

Treatment Girth Yield
(No. of pits/ha) increment (cm) (g/t/D

2001-2004 (2003 -  2004)

150 (S) 5.1 59.4
150 (P) 4.8 56.6
250(S) 5.3 64.9
250(P) 5.2 66.0
No pit &  standard practice 4.8 • 53.4
No pit & no fertilizer 4.2

SE 0.49 3.64
C D  (P=0.Q5) NS 10.71

S: Surface application P: Pit application

The treatments with 250 pits per ha re­
corded significantly higher yield compared 
to control plots. No significant difference 
w as noticed for girth increment.

Another field experim ent laid out in
2002 to study the long term effect of differ­
ent soil and water conservation practices on 
growth and yield of rubber is being contin­

ued.

4. D ensity of planting

Field experiment to study the effect of

density of planting with two fertilizer levels 
(M l & M2) on growth and yield of rubber 
was continued. The planting density ranged 
from 420 trees/ha (4.9 x 4.9 m) to 749 trees/ 
ha (3.7 x 3.7 m) and its effect on growth is 
given in table Ag. 3.

Table Ag. 3. Effect o f  density of planting on girth

Density (tree/ha)
Mean girth (cm) at 150 cm

M, Mj Mean

420 58.2 60.2 59.2
479 55.5 54.8 55.2
549 57.1 53.9 55.5
638 53.5 53.2 5 3 3
749 33.1 51.7 54.4

Mean 55.5 54.7

Main plot treatment -  SE -  0.98; C D (0.05) =  2.14 
Sub plot treatment -  SE  - 1 .2 1 ; C D (0 .0 5 )= N S

5. Intercropping and cropping system

Two field experiments initiated in 2001 
to explore the possibility of including peren­
nial crops like nutmeg, coffee, garcinia and 
vanilla with rubber in the immature planta­
tion indicated no influence on growth of rub­
ber plants. The possibility of intercropping 
coffee and cocoa in the later phase of the 
immature period was studied. Growth of 
rubber was not significantly affected by the 
presence of intercrops.

Density of wild jack showed significant 
effect on grow th of rubber (Table Ag.4). 
Growth of rubber started declining signifi­
cantly when the density of wild jack in­
creased beyond 20 per cent of rubber. How­
ever, girth of wild jack did not vary w'ith its 
density.

In the experiment on mixed cropping 
with wild jack, teak and mahogany (started 
in 2001) the performance of rubber was not 
significantly influenced by timber tree inter­
planting (Table Ag. 5).



Table Ag. 4- Effect of wild jack density on growth of 
rubber

Wild jack density 
(%)

Rubber girth 
(cm)

Wild jack girth 
(cm)

4 4 1 .5 ' 43.0
8 38.8- 41.3

12 40.4- 44.8
16 38.1 *w 42.9
20 38 .53 42.5
28 34,7 h 43.6
36 3 1 .7 '* 41.1
44 3 0 .3 * 47.9
48 34 .0 ' 35.9

Mean 36.4 42.6

Rem ote sensing  and G eographic In­
form ation System  (C IS )

D evelopm ent o f rubber inform ation 
system for the traditional rubber growing 
zone using rem ote sensing and G IS w as con­
tinued. A new project on application of re­
mote sensing techniques to identify the de­
velopment stages and spread of pow dery 
m ildew disease based on the quantitative 
spectral reflectance using satellite data was 
taken up.

Table Ag. 5. G irth (cm) and girth increm ent (%) o f  rubber d uring third year

Rubber spacing Interplants
Wild jack Teak M ahagony N o interplants M ean

(22 x 12) 13.5 (4,9) 14.7 (5.0) 14.2 (5.2) 13.8 (5.2) 14.0 (5.1)

(3 3 x 8 ) 15.3 (5.6) 14.6 (5.3) 14.8 (5.5) 13.5 (4.8) 14.5 (5.3)
Mean 14,4 (5.2) 14.7 (5.2) 1 4 5  (5.4) 13.7 (5.0) 14.3 (5.2)

S.Em C.D (5%)

Spacing (A) 0.72 (0.2) NS
Intercrop (B) 0.58 (03) NS

0.82 (0.4) NS

(Figures in the parentheses are girth increment)

In the other experim ent to study the 
effect of density of timber tree interplanting 
on growth of rubber (initiated in 2002), girth 
and height of rubber and intercrop were re­
corded.

The cropping system experiment initi­
ated in 1993 has reached the tapping stage. 
Growth and yield of rubber plants was su­
perior in the intercropped area compared to 
m onoculture under norm al spacing (445  
plants/ha). Perennial intercrops like pepper, 
coffee, fodder grass and teak incorporated 
in the system were maintained. Pepper was 
having good vegetative growth but flower­
ing and fruit setting continued to be very 
poor.

8. Rhizosphere chemistry

Two solution culture experiments and one 
rhizobox experiment were conducted to under­
stand the special adaptive mechanisms at the 
rhizosphere on the uptake of P and micro nutri­
ents by rubber. In P  deficient plants the root 
growth was more and the shoot/root ratio was 
low compared to the P  supplied plants.

9. Discriminatory fertilizer recommenda­
tion

Soil and leaf analysis based fertilizer rec­
ommendations were offered to large estates. 
During the year 1240 soil and 550 leaf samples 
were analysed and fertilizer recommendations 
were offered to 747 individual fields of 32 large 
estates who availed the facility.



Biotechnology programmes aim at de­
velopment of transgenic plants integrated 
w ith desirable traits, in vitro propagation 
through shoot tip culture and somatic em- 
bryogenesis using different explants, devel­
opment of haploid and triploid plants, stan­
dardization of in vitro fertilization techniques 
for controlled breeding, studies on the mo­
lecular control of growth and development, 
disease tolerance and tissue specific gene 
expression, isolation and characterization of 
genes controlling  tapping panel dryness 
(TPD), rubber biosynthesis, biotic and abi­
otic stress and characterization of tissue spe­
cific promoters.

The transgenic plants integrated with 
superoxide dismutase gene under the con­
trol of CaMV 35S promoter as well as FMV 
34S promoter developed earlier were multi­
plied by bud grafting. Extensive experi­
m ents were carried out to refine the nutri­
tional and hormonal combinations for so­
m atic em bryogenesis and regeneration of 
healthy plantlets from imm ature inflores­
cence and immature anther explants of Hevea 
clone RRII 105, to improve the efficiency. A 
new field evaluation programme was initi­
ated with such plants obtained from imma­
ture inflorescence of clone RRII 105 at Cen­
tral Experim ent Station, Chethackal in a sta­
tistically laid out field, keeping bud-grafted 
plants of the sam e clone as well as mono­
clonal seedlings as control. M ethods were 
standardized for plant regeneration from leaf 
and root explants of somatic plants. Experi­
ments were also initiated to standardise the 
technique using other explants like, mer- 
istem , ovule as well as explants from other 
clones such as RRII 414, RRII 422 and PB 311. 
The preliminary results were promising. 1 he 
recombinant (J-1,3- glucanase enzyme was 
purified and its role in controlling the over­
growth of Phytophthora meadii was confirmed

through in vitro studies. The minimal pro­
moter region with CAAT and TATA boxes 
for 0-1,3- glucanase and rubber elongation 
factor genes were characterized. The differ­
entially expressed genes of healthy and tap­
ping panel dryness affected trees were iden­
tified through mRNA differential display 
and suppression subtractive hybridization 
analyses. The rubber biosynthesis genes such 
as farnesyl diphosphate synthase, 3-hy- 
droxy-3-methylglutaryl Coenzyme A reduc- 
tase-1 and rubber elongation factor were 
cloned and studied the expression pattern, 
and binary vectors were developed for Hevea 
genetic transformation.

1. Micropropagation

Shoot tips of Hevea clones (RRII-105 and 
RRIM-600) and seedlings were cultured for 
in vitro growth. Good growth of explants was 
noticed in the initial cultures with sprouting 
of apical buds. Higher concentrations of 
triacontanol (1.0 -  5.0 mg/L) were tried to 
improve the in vitro  grow th of cultures. 
Though in earlier experiments 10% increase 
in shoot grow'th was observed with low'er 
concentration (0.8 mg/L), higher concentra­
tions did not give any beneficial effects. 
Sprouting o f axillary buds and m ultiple 
shoot formation was observed in some clonal 
explants, which were cultured for about 50 
days in nystatin containing medium. Poly­
acrylamide gel electrophoresis showed dif­
ference in protein profile of immature shoots 
of both seedlings and clones (RRII 105 and 
RRIM 600) taken from  green house and 
clonal materials after one month in culture. 
Isozyme staining for peroxidase was carried 
out for three different stages of in vitro grown 
shoot tips such as, before root induction, at 
the time of root induction and after root in­
duction. H igher level of peroxidase was 
noticed at the time of root induction.



2. Somatic embryogenesis

2.1. Immature anther explants

Experiments were continued to refine 
the plant regeneration system  developed 
earlier through somatic embrvogenesis us­
ing immature anther as the explants of clone 
RRII 105. The basal medium was modified 
with varying concentrations of calcium both 
in chloride and nitrate forms. Results showed 
that 9.0 and 12.0 rnM concentrations of CaCl 
2H;O an d C aN O ,4H p  were found to be op­
timum and further m aintenance on these 
com binations produced large num ber of 
embryos. However, the quality and morphol­
ogy of embryos were found to be good with 
CaNO, rather than CaCL. Influence of malt 
extract was also tested on embryo induction. 
Results indicated that 9 and 12 mM CaNO 
with malt extract responded very well and 
optimum combination was found to be with 
750 mg/L malt extract and this combination 
will be very useful for improving the embryo 
induction.

Experiments were also initiated to ex­
tend this study with other clones like RRII 
414, RRII 422 and PB 311. An experiment 
with different concentrations of NAA (1, 2,
3 ,4  & 5 mg/L) was tried to enhance the rate 
of callus induction and immature anther was 
inoculated. Results indicated that addition 
of 3.0 mg/L NAA w as found to be verv 
promising for callus induction in the clone 
, ,  „  Sut>culhiring o f calli o f clones RRII
414, RRII 422 and PB 311 to embryo induc­
tion medium, the em bryogenic calli were 
initiated and few embryos were obtained for 
RRII 414 and PB 311. For RRII 414, the em ­
bryogenic calli were proliferated and trans­
ferred to embryo induction medium for pro­
ducing embryos in a large scale

2.2. Immature inflorescence explants

Utilising the system standardised for 
somatic embryo induction and plant regen­
eration from immature inflorescence of clone

RRII105, plants were raised, acclim atized in 
the glass house and transferred to polybags 
for field planting. A statistically laid out field 
experiment w’as initiated at Central Experi­
ment Station with such plants along with bud 
grafted plants as control. Observations on 
growth parameters were regularly recorded.

2.3. Root explants o f som atic plants

Experim ents on em bryo induction and 
plant regeneration from root explants of so­
m atic plants were initiated. Actively grow ­
ing roots of germ inating som atic em bryos 
were used as the initial explant for callus in­
duction. Proliferated calli wrere transferred 
to embryo induction m edia fortified w ith 
G A , and BA along w ith NAA. The em bryos 
developed were transferred to m aturation 
and plant regeneration m edia containing 
G A 3 and BA. R egen erated  p lan ts w ere 
planted in earthenware pots and maintained 
in the glass house for acclim atization. Accli­
m atized plants w ere later transferred  to 
polybags for field p lanting . T his system  
could provide a continuous supply o f sterile 
target tissue throughout the year and hence 
may be highly useful in transform ation ex­
periments. Also this pathway, after appro­
priate modification, may be utilized for mass 
multiplication of elite root stock materials for 
propagation of elite Hevea clones through 
bud grafting.

2.4. Leaf and m eristem  culture

Attempts were also m ade to induce di­
rect som atic em bryogenesis from  leaf ex­
plants as well as callus m ediated som atic 
embryogenesis from leaf and m eristem  cul­
tures. Callus induction in cultured leaf discs 
occurred three w eeks after culture initiation, 
lh e  calli formed were yellow ish white and 
these were detached from the leaf surface 
and subcultured for proliferation. The pro­
liferated calli were subcultured in different

f° r  e m b r >’0  M u c K o n .Both M S and W PM m edia with m ajor ele-



merits modified and different phytohormone 
combinations were tried for embryo induc­
tion. The calli when subcultured for embryo 
induction turned black. Modified MS me­
dium with B5 vitamins and hormones BA 
(0.5 mg/L), KIN (0.3 mg/L), IAA (0.1 mg/ 
L) and NAA (0.1 mg/L) could produce em­
bryos. Embryo induction could also be ob­
tained in modified WPM medium with in­
creased levels of potassium phosphate and 
magnesium sulfate. This medium also con­
tained B5 vitamins, amino acids and organic 
supplements along with phytohormones BA 
(0.5 mg/L), NAA (0.1 mg/L), GA (0.3 mg/ 
L), KIN (0.3mg/L) and IBA (0.3mg/L). New 
yellow em bryogenic calli emerged from the 
dark calli kept for embryo induction and the 
whole new clump after two weeks became 
pro-em bryos. After two weeks these pro­
em bryos developed into normal embryos 
with well formed cotyledons. Embryos af­
ter 40 days were transferred to regeneration 
medium. Among the different media 1/2 
W PM with B,. vitamins, addition of organic 
supplements such as coconut water and malt 
extract and phytohorm ones BA (0.5 mg/L), 
TDZ (0.3 mg/L) and GA (0.8 mg/L) helped 
the apex induction of the embryos. After 
apex induction these were again sub cultured 
in horm one free Vi MS medium for plant re­
generation. Embryos obtained are under 
various stages of plant regeneration.

M eristem s were cultured for callus in­
duction and direct somatic embryogenesis in 
MS medium. O f the different media tried, 
callus of good quality could be obtained in 
modified M S medium containing phytohor- 
rnones BA (0.8 mg/L), KIN (0.5 mg/L), 2,4 
D (1.0 mg/L) and NAA (0.2 mg/L). Casein 
hydrolysate at a concentration of 800 mg/L 
along w ith 5%  coconut w ater was found 
good for im proving the quality  of calli 
form ed. Calli obtained are being experi­
mented for proliferation and embryo induc­

tion.

2.5. Ovule culture

During the current year, effect of pro­
line, yeast extract, mannitol, sorbitol and 
ABA on the maturation of the embryos de­
veloped through ovule culture were studied. 
Basal components of the Woody Plant Me­
dium with CaCl2 and supplemented with 
Mannitol (4%), yeast extract (50 mg/L) and 
growth regulators like NAA (0.4 mg/L), KIN 
(0.5 mg/L) and GA_j (0.5 mg/L) were found 
to be ideal for embryo maturation (Table 
Biotech.l). Bipolarly differentiated embryos 
were observed in MS medium with malt ex­
tract (500 mg/L), Zeatin (2.0 mg/L) and IBA 
(1.0 mg/L). Cytological studies were con­
ducted and confirmed the diploid nature of 
the germinating plantlets.

Table Biotech. 1. Effect o f Kinetin and M annitol on 
em bryo maturation

Cone of 
KIN' (mg/L)

Mannitol (%)
2 4 6 8 10

0.2 24.4 33.0 30.8 22.2 _
0.3 33.6 35.2 37.6 33.2 11.6
0.4 37.8 41.8 40.4 37.8 17.8
0.5 53.0 65.8 57.6 44.0 15.4
0.6 45.0 46.2 37.8 19.8 10.6

CD (P=0.05) 2.83

2.6. H aploid  p lant prod uction  through the m i­
crospore culture

Experiments were continued to refine 
the protocol developed earlier for the estab­
lishment of microcolony from cultured mi­
crospores and its further poliferation. N. 
basal medium supplemented with 2.0mg/L
2 ,4  D & 1.0 mg/L KIN induced microspore 
division. Ovary co-culture increased the fre­
quency of micro calli formation from 5 % to 
20 % as well as reducing the duration from 3 
months to 14 days.

To overcome the explant derived micro­
bial contamination, different antibiotics were 
tried in the liquid callus induction medium 
Antibiotics like Nystatin (10-50 mg/L) Am- 
photericin-B (5-25 mg/L), Rifampicin (5-25



mg/L) and Streptomycin (5-25 mg/L) were 
tried. Nystatin (25mg/L) and Amphotericin 
B (lOmg/L) were effective in controlling the 
contaminants.

The effect of sugars and growdi regu­
lators on the proliferation of the callus in the 
solid medium was attempted (Table Biotech. 2)

Table Biotech. 2. Effect o f  different sugare on the pro­
liferation o f  the haploid callus in  the 
N6 basal medium

Sugar % callus proli fera tion
concentration------- — — --------------------------------------------
(^) _Sucrose Lactose Galactose Maltose

3 -

Of the different sugars tried, 70g/L su­
crose promoted the growth of haploid callus 
in the N6 solid basal medium containing the 
growth regulators, KIN (2.0 mg/ L) and NAA 
(1.0 mg/L).

2.7. Endosperm culture

Endosperm culture was attempted with 
a view to develop a regeneration system from 
endosperm and to utilise the system for the 
production of triploids. Embryogenic calli 
obtained earlier were proliferated and ex­
periments for embryo induction were per­
formed. High frequency embryo induction 
were obtained in MS basal medium, supple­
mented w ith 0.3 m g/L A BA  and 0.5%  
phvtagel. The concentration of sucrose for 
embryo induction was optimized and found 
to be 50 mg/L.

3. G enetic transform ation

The ongoing experiments were contin­
ued to develop transgenic plants with in­
creased tolerance to tapping panel dryness,

drought and different types of environm en­
tal stresses. The genes coding for superox­
ide dismutase under the control of CaM V 35S 
and FMV 34S prom oters separately. Sorbi- 
tol-6-phosphate dehydrogenase with sepa­
rate sequences expressing in the cytoplasm  
as  w ell as targ e tin g  to the ch lo ro p la st, 
isopentenyl transferase and antisense gene 
for ACC synthase were used in this study. 
The transgenic plants integrated w ith the 
SOD gene under the control of CaM V 35S 
and FMV 34S prom oters developed earlier 
were multiplied by bud grafting.

In order to identify m ore appropriate 
antibiotic for selection, the lethal dose for the 
antibiotic hygromycin w as determ ined us­
ing Hevea friable callus derived from  im m a­
ture anther. The optim um  concentration of 
hygrom ycin required for the selection  of 
transformed cell lines w as found to be 40 
mg/L. Calli derived from  im m ature anther 
(clon e R R II 105) w as tran sfo rm ed  w ith 
Agrobacterium  strain harboring GU S as the 
rep o rter  g en e  an d  b o th  h y g ro m y c in  
p h o sp h o tra n sfe ra se  a n d  n e o m y cin  
phosphotransferase as the selectable m arker 
genes. Kanamycin and hygrom ycin were 
used separately for the selection o f trans­
form ed  c e ll lin e s , to  id e n tify  the 
transformants obtained w ith w hich antibi­
otic is performing better for transgenic plant 
regeneration. The transgenic cell lines were 
kept for proliferation.

Transgenic Hevea em bryogenic callus 
integrated with the SOD gene under the con­
trol of FMV 34S prom oter w as subjected to 
water and salinity stress by culturing the 
sam ples in horm one free M urashege and 
Skoog medium supplemented with different 
concentrations of phytagel (0.2-0.6% ) and 
sodium chloride (100-500 m M ) respectively. 
Total RNA w as isolated from the norm al and 
stress induced callus. Northern hybridiza­
tion analysis w as carried out with a 702 bp 
Hh SOD fragm ent as the probe. An increase



in SO D  transcript level was observed in 
transgenic callus subjected to stress (0.4% 
phytagel or 100 m M  NaCl). At higher con­
centrations, the transcript level w as also 
found to be low. The SOD enzyme activity 
was also found to be higher at these concen­
trations.

In order to produce more transgenic 
plants integrated with SOD gene under the 
control of CaMV 35S promoter through in­
d ep en d en t transform ation  events, fresh 
Agrobacterium  mediated genetic transforma­
tion experiments were carried out with ovule 
derived calli of Hevea clone RRII 105 as the 
explants. With the above explants the trans­
formation frequency could be enhanced upto 
30% and 23 GU S positive cell lines were ob­
tained. The embryo induction could be en­
hanced up to 85 percent. Modified MS me­
dium  supplem ented with 2.0 mg/L 2ip and 
6.0 percent PEG was found to be ideal for 
embryo maturation. Germination of embryos 
w as observed in the medium supplemented 
w ith 5.0%  sucrose, 0.3 mg/L abscisic acid 
and 0.2 m g/L thidiazuron.

Fresh genetic tansform ation experi­
ments were repeatedly done to overcome the 
p ro b lem  o f p ro d u ctio n  o f abn orm al 
transgenic plants integrated with the gene 
coding for isopentenyl transferase and to 
produce norm al plants. Embryogenesis was 
obtained from transgenic calli that were pro­
liferated in selection medium containing the 
a ntib io tic com binations Param om ycin & 
C efatoxim e and Kanamycin & Cefatoxime. 
Experim en ts on plant regeneration were 
tried from embryos obtained from transgenic 
tissues that emerged from newly regenerated 
callus clumps. Apex induction of the em­
bryos that regenerated from calli formed in 
selection m edium  containing both kanamy­
cin and param om ycin occurred in medium 
containing growth regulators GA (0.3 mg/ 
L) and BA (0.3 mg/L). Apex induced em­
bryos w ere transferred to Vi MS medium con­

taining organic supplements, coconut water 
(20%), malt extract (50 mg/L) and phytohor­
mones TDZ (0.1 mg/L), GA (0.3 mg/L) and 
IBA (0.8 mg/L). Several developmental ab­
normalities were found in developing em­
bryos. About 200 embryos were cultured in 
different media for plant regeneration and 
leaf formation could be achieved in about 50. 
After leaf formation these plantlets were sub­
cultured in modified Vi MS with hormones, 
BA (1.0 mg/L) and IAA (1.0 mg/L) for leaf 
maturation. Normal plantlet formation with 
complete leaf maturation could be obtained 
in five of them. After two weeks senescence 
of these mature leaves occurred suddenly as 
if some signal has triggered it. Once leaf fall 
occurred the plant could not survive further 
and gradually died. This confirm ed that 
problems in plant regeneration was not due 
to deleterious effect of antibiotics in selec­
tion medium. Representative samples of each 
plantlet, which developed leaves was sub­
jected to X-gluc test and they proved to be 
positive. It was confirmed that problems in 
complete plant development are due to the 
effect of incorporated gene and its expres­
sion. Ipi levels measured in transgenic ma­
terials were found to be 2 to 50 fold higher 
than normal.

Genetic transformation with the gene 
coding for sorbitol-6-phosphate dehydroge­
nase was initiated for the production of 
drought tolerant Hevea plants. Transgenic cell 
lines that were developed from earlier ex­
periments were subcultured for callus pro­
liferation. New experiments were also going 
on to develop m ore transgenic cell lines 
through independent transformation events.

4. M olecular studies

4.1. M olecular m echanism  o ( disease tolerance

The Hevea gene coding for the anti-fun­
gal protein, [3-1,3-glucanase was cloned in a 
bacterial expression vector called pET32a+. 
Sequencing of the vector ensured correct ori­



entation and reading frame of the cloned in­
sert. The recombinant plasmid was trans­
formed into an expression host of E.coli and 
conditions were optimized for the induction 
of the recombinant protein in soluble form. 
Under optimum conditions, a band of ex­
pected size (55.6 kDa) was detected in SD5- 
PAGE of the soluble protein fraction, isolated 
from the induced colonies. The target pro­
tein, formed in fusion with an N-terminal 
affinity tag, was purified by passing through 
an affinity colum n. Western blotting and 
thrombin cleavage of the N-terminal fusion 
tag confirmed its identity. Hydrolysis of its 
substrate, laminarin, ensure that the purified 
recombinant protein is in active form.

The purified Hevea (3-glu was assayed 
for its anti-fungal activity against the ALF 
causing P.m eadii using filter paper disc 
method. The possible role of host (3-glu in 
resisting the Phytophthora attack in Hevea that 
has been evident bv its over-expression dur­
ing fungal in fection is being confirm ed 
through the direct fungicidal action of the 
purified glucanase.

4.2. T is s u e  s p e c if ic  g e n e  e x p re ssio n  and
charactrisation o f promoters

The two PCR products corresponding 
to the gene {3-1,3- glucanase were cloned in 
to plasmid vectors. Further the nucleotide se­
quences were elucidated. It was found that 
the 513 base pair fragment obtained from Dra 
1 digested DNA contains a -198 base mini­
mal promoter . The CAAT and TATA boxes, 
which are characteristic of eukaryotic pro­
m oters were present in this region. The 
CAAT box was located at the position 139 
and the TATA box was seen at 82 from the 
translation initiation ATG codon. This is the 
first report on the isolation of promoter ele­
ments of p-1,3- glucanase gene from Hevea 
and the sequence data was submitted to the 
gene bank (Accession No. AY325498).

A 750 base pair DNA fragment corre­
sponding to the promoter region of the gene,

rubber elongation factor (REF), w as am pli­
fied, cloned into plasm id vector and the 
nucleotide sequence was elucidated. The se­
quence consists of 378 bases upstream  o f the 
translation initiation codon ATG. The CAAT 
box is located at 217 and TATA box at 145 
position upstream of the ATG site.

5. I so la tio n  and c h a ra c te r iz a tio n  o f 
wound/stress in d u cib le  cD N A s by 
mRNA differential d isplay and su b ­
tractive hybridization analysis

5.1. mRNA d ifferential d isp lay analysis

The study was aim ed to identify genes 
associated with TPD syndrom e in Hevea  by 
mRNA differential display/suppression sub­
tractive hybridization analysis. An experi­
ment was initiated for identification o f dif­
ferentially expressed genes by m RN A  differ­
ential display technique. Total RN A  w as iso­
lated from latex sam ples of healthy tree as 
well as TPD trees and first strand cD N A  w as 
synthesized. For first strand cD N A  synthe­
sis  d e g e n e ra te  o lig o  dT 
(dTTTTTTTTTTTTTM: M -represents A, G , C 
or T bases) primers were used to get good 
rep resentative gene am p lifica tio n . T he 
cDNA was used for mRNA differential d is­
play with 18 mer arbitrary prim ers. There 
was significant difference in the m RN A  dif­
ferential display profile of healthy and TPD 
trees. A bou t 5 d iffe re n tia lly  ex p re sse d  
mRNA transcripts were noticed as unique for 
healthy tree cDNA sam ple and one mRNA 
was found to be unique for TPD  tree. These 
cD N A s w ere e lu te d  fro m  PA G E and 
reamplified by using the respective prim er 
combinations. Further characterization is in 
progress.

5.2. Suppression subtractive hybridization
analysis

To identify the differentially expressed 
genes between healthy and TPD trees, two 
su b tra c ted  cD N A  lib ra r ie s  o f  H ev ea  
brasiliensis from healthy and TP D  trees were



constructed using the suppression subtrac­
tive hybridization (SSH) technology. Ini­
tially, a reciprocal experiment was designed 
to determine the efficiency of the subtraction 
procedure to clone differentially expressed 
genes in two types of trees. Poly A+ RNAs 
from healthy and TPD affected trees were 
used to generate tester and driver cDNAs 
respectively, for the healthy tree library (for­
ward subtracted library) and vice versa for 
the TPD  tree (reverse subtracted library).
Clearly distinctive patterns of differential 
transcripts abundance could be observed 
when these two cDNA libraries were com­
pared. M ore than 342 recombinant clones 
were obtained from the forward subtracted 
cD N A  library and about 737 clones were 
noticed from reverse subtracted cDNA li­
brary. All those colonies were picked up and 
their inserts were amplified using M13 prim­
ers by colony PCR. The size distribution of 
the 352 clones was 0.2 kb to 1.2 kb. The small 
size insert w as discarded from analysis and 
all the clones were sequenced. Table Biotech.
3  sum m arizes the total number of isolated, 
sequenced and analysed clones, differential 
and identical gene sequences.

With the information gathered from the 
G en B an k  d atabase  and protein domain 
searches, idendfed or assigned putative func­
tions to som e of the genes in the cDNA li­
brary collection, hi healthy tree SSH cDNA 
library, 31 out of 112 clones were found to be 
unique genes and 11 were identical cDNAs.
There w as no sequence homology found

Table Biotech. 3 . N u m ber o f  d ifferen tia lly  expressed gene

with the database for 3 sequences, which 
were considered as novel cDNAs. From the 
TPD affected SSH cDNA library, 240 clones 
were sequenced, where 36 were found to be 
known cDNAs, 11 were classified as identi­
cal cDNAs and 25 were novel sequences 
which are not found in the public GenBank 
database. All the known genes and their fre­
quency of identification during the differen­
tial screening are listed in Table Biotech. 3. 
All the known gene sequences from reverse 
subtracted library were related to stress in­
duced cDNAs and the remaining 25 cDNAs 
had not previously been reported. A total of 
31 sequences out of 112 from forward cDNA 
library show ed significant sim ilarity  to 
known gene sequences which were related 
to stress, metabolism, transporters, amino 
acid synthesis, transcription factors etc. 
These results indicate that the length of the 
sequences reported in this study is good 
enough to retr ieve  s ig n ifica n t h its  in 
GenBank database. Stress related cDNAs 
were highly abundant in subtracted library 
of TPD tree while these sequences were ab­
sent in subtracted cDNA library of healthy 
tree. About 11 cDNAs associated with abi­
otic and biotic stresses and rubber biosyn­
thesis were also highly represented in both 
the cDN A libraries.

Agronom ically im portant sequences 
related to wound stress/response, cell pro­
liferation and apoptosis such as M ybl tran­
scription factors, Translationally controlled 
tumor protein (TCTP) were found to be ex-

equence an alysis  from  forw ard and reverse

SS  cDNA libraries of H evea  ____ ___________ ____________ _____ —

Total cDN A sequences
Forward SS cDN A Library 

(Healthy rubber tree)
Reverse SS cDNA Library 

(TPD rubber tree)

Isolated
Sequenced
Analyzed
Differential sequences between Healthy & TPD tree 
Identical sequences 
Novel sequences 
Average insert size (bp)

112/342
112
112
31
11
3

200-1200

240/737
240
240
36
11
25

200-1200



pressed only in healthy tree subtracted 
cDNA library which are newly reported EST 
sequences for Hevea. Preliminary results 
showed that those putative cDNAs related 
to stress revealed differential expression be­
tween healthy and TPD tress. In the reverse 
northern analysis, the duplicate dot blots of 
PCR-amplified clones that were probed with 
total mRNA derived from first strand cDNA 
of TPD tree revealed very low expression. 
When forward subtracted cDNAs were used 
as probe for hybridization strong signal for 
the same cDNA could be obtained. The re­
sults recorded from two hybridizations for 
each clone clearly indicates that there was 
differentia] gene expression between healthy 
and TPD trees of Hevea. The first screen iden­
tifies cDNAs corresponding to only the most 
abundant differentially expressed genes, 
while the second screen identifies genes that 
are expressed less abundantly but still dif­
ferentially. Although differential expression 
of every gene has not been tested under 
healthy and TPD conditions, o f the more than 
78 genes tested, roughly 80% have exhibited 
differential expression bv reverse Northern 
analysis.

Table Biotech. 4. Sum m ary of the subtracted healthy 
and T P D  trees cD N A  c lo n e s  th at 
were sequenced

cDNA Clones sequenced

Known genes' 78
Uncharacterized sequences 110
Unknown sequences'*
(Novel sequences) 28
Redundancy 136

Total clones sequenced 352

6. M olecular cloning and expression of 
the genes related to rubber biosynthe- 
sis in H. b ra silien sis

6.1. C lo ning ; and c h a ra cte riz a tio n  o f  farn esy l 
diphosphate (HFDP) synthase gene in H evea  
brasilien sis

A study was initiated to clone and char­
acterize the HFDP cDNA from Hevea. The 
full-length functional HFDP cDNA of size 
1.2 kb was cloned and sequenced. The c o d v  

number was also confirmed by Southern blot 
analyse using Hevea genomic DNA digested 
with H m dlll, EcoRi, EcoRV and Xbal en­
zymes. in Southern blot, there were 2 to 3 
bands noticed with FDP gene probe and this 
n su it indicates that more than one copy of 
FDP gene was found in th e  Hevea genome. A 
gene construct was developed in binary vec-

•Sequences w ith  > 85%  id e n tity  to  kn o w n  
genes ""Sequences not found in the GenBank database

tor with HFDP gene for genetic transform a­
tion experiments. The full-length functional 
FDP gene was cloned and sequence charac­
terized. The FDP cD N A  w as cloned into 
pCAMBIA binary vector under the 35CaM V 
constitutive version promoter.

6.2. Cloning and differential expression  pattern of 
a fu n c tio n a l g e n e  c o d in g  fo r  3 -h y d ro x y -3 
methylglutaryl-coenzym e A reductase (H M G R  
1) from  H. b ra s ilien s is

The present study is aim ed to clone the 
HMGR 1 gene. Total RNA w as isolated from 
latex and RT-PCR w as perform ed. Then the 
cDNA was used for PCR am plification of 
HMGR 1 gene fragm ent, which w as clone, I 
into plasmid vector. The HMGR1 cD N A size 
was 1.8 kb. The H M CR 1 cD N A gene se­
quence showed 100% hom ology w ith the 
earlier reported Hevea H M G R 1 cD N A se­
quence followed by HM GR genes from other 
plant species. The deduced am ino acid se­
quence o f H M G R 1 g en om ic g en e w as 
aligned with the sequences deduced from 
various plant species. Southern blot analy- 
s *  was performed to confirm  the presence 
o f the cloned HM GR 1 gene fragm ent. Two 
s t a g  and one weak bands were noticed

t o  H M rR Ca‘e lhat there are lhree m em b™  for HMGR gene m the H evea genom e. Fur-
ther, to conduct genetic transform ation ex- 

gene wasam pji“  cloned into a binary vector pBIB under the 
control of super promoter.



b o t a n y  d iv is io n

The Division continued research on 
gen etic im provem ent of Hevea  aimed at 
evolving high yielding clones for the tradi­
tional region, evaluation and selection of 
clones for high yield and better secondary 
attributes than RRII 105 and breeding for 
specific objectives including biotic and abi­
otic stresses. Breeding for latex timber at­
tributes, evaluation of clones for monoclonal 
and m ulti-clonal plantings, studies on pre­
potency and G x E interactions were also pur­
sued. Other activities included estimation of 
w ood availability of clones, stock-sdon in­
teraction and propagation techniques.

1. Evolving high yield ing clones for the
traditional area

1.1, H ybrid ization  and clonal selection

In the 1988 sm all scale trial, clone 24 re­
corded the highest yield (81.5 g/t/t) fol­
lowed by clone 35 (60.0 g/t/t). From the 1989 
sm all-scale trial 43 hybrid clones were se­
lected based on yield and growth perfor­
mance.

O f the clones under small scale trial 
1992A  at C E S, C hethackal, clone 772 re­
corded the highest mean yield of 1053 g/t/t 
followed by clones 380 (82.0 g/t/t) and 424 
(75.3 g/t/t) (Table Bot.l). RRII 105 recorded
58 g/t/1. Low est yield was recorded in clone 
789 (22.4 g/t/t). Clone 948 though had bet­
ter girth (76.6 cm ) than clone 772 (74 cm), its 
yield w as less than half of the latter. After 
four years of tapping, clone 772 recorded the 
highest m ean yield of 78.9 g/t/t followed 
by clone 424 (54.5 g/t/t) and 380 (44.4 g/t/t). 
RRII 105 recorded 39 g/t/t.

In anoth er sm all scale trial 1992B at 
CES, Chethackal, clone 575 gave the highest 
yield of 78 g/t/t while the lowest was re­
corded for clone 894 (18.4 g/t/t/) during
2003 (Table Bot.2). Control clones RRIM 600 
and RRII 105 recorded 74.3 and 54.5 g/t/t

respectively. Pooled data on four years of 
yield indicated clone 575 to be the leading 
clone with an yield of 53 g/t/t followed by 
clones 756, RRIM 600 and RRII 105 with an 
yield of 41 ,40  and 35.7 g/t/t respectively.

Table Bot. 1. Growth and yield of clones over four 
years of tapping in the sm all-scale trial 

____________ 1996.A at CES, Chethackal

Clone Girth (cm) Mean yield 
lanuary, 2004 during 2003 

(g/t/t)

Mean yield 
(2000-2003) 

(g/t/t)
772 74.1 105.3 78.9
424
380

64.2
69.3

7 5 3
82.0

54.5
44.4

RRII 105 56.6 58.1 39.2
450 63.2 45.1 36.8
764 5 6 3 39.8 34.9
789 46.3 22.4 33.4
779 64.0 42.8 32.5
948 76.6 40.9 30.9
583 61.0 39.7 29.5
761 58.2 39.0 29.3
459 49.9 32.1 28.6
356 58.S 43.3 26.6
337 51.4 27.9 17.7

CV (%) 10.1 
CD (P=0.05) 10.2

28.3
23.6

23.3
14.5

In the 1999C small scale trial, highest 
girth was observed in clone 186 and 412 (28 
cm) and the lowest girth observed was in 
clone 94/70 (19.5 cm). Compared to the hy­
brid clones, girth of control clone RRII 105 
was low (23.7 cm). In the 1995A SST 17 
clones showed higher yield than control and 
the mean yield ranged from 11.8 to 50.4 g/t/t.

Forty hybrid seedlings from the 1997 
hybridization programme incorporating the 
wild germplasm were selected based on test 
tap yield, girth, number of latex vessel rows 
and disease incidence. A clonal nursery of 
these clones with RRII 105 as check was es­
tablished. The seedling nursery of the prog­
enies of HP-2002 programme was properly 
maintained. Observations on growth and 
disease incidence were recorded.



Table B o t 2. Growth and yield of clones over four 
years of tapping in the sm all-scale trial 
19<W.B at CES, Chethackal

Clone Girth (cm) Mean yield Mean yield
January, 2004 (g/t/t) (g/t/t)

during 2003 (2000-2003)

575 74.1 78.0 53.1
756 68.1 65.3 41.0
RRLM 600 72.2 74.3 39.8
RRII 105 48.2 54.5 35.7
618 57.0 44.9 35.6
592 57.3 30,2 31.9
368 74.1 34.7 28.1
916 53.6 25.7 26.8
264 5 5 2 29.0 24.1
894 48.2 18.4 18.9

CV (%) 13.1 37.2 25.3
CD (P=0.05) 12.1 35.1 15.8

1.2. Ortet selection

A com prehensive evalu ation  o f 43 
ortets at Mundakkayam Estate in compari­
son to three check clones RRII 105, RRIM 600 
and GT 1 over the first five years of tapping 
was carried out based on rubber yield, tim­
ber yield, response to stimulation, growth 
attributes and yield components. The ortet 
clones exhibited significant variation, which 
could be effectively explored for clonal se­
lection with respect to specific traits. Five 
clones exhibited good yield (37.2 to 45.3 g/ 
t/t) on par with RRII 105, coupled with 
prom ising timber yield (0.12 to 0.18 m3). 
These are the potential latex timber clones. 
Clone M O 15 is a timber clone with highest 
bole volum e. Clone M O  49, a medium 
yielder, exhibi ted good response to stimula­
tion. A total of 11 new primary clones with 
prom ising traits were selected. From the 
small scale trials at Cheruvally, Koney and 
Mundakkayam estates 15 promising ortets 
were multiplied for the next stage of field 
evaluation. In the ortet trials (1992,1993 and 
1994) at CES, Chethackal, six ortet clones 
recorded high initial yield com pared to 
RRII 105.

2. Evaluation of clones

2.1. Large-scale evaluation

Significant clonal variation was evident 
among the RRII 400 series clones being eval u­
ated at CES, Chethackal. Yield of the 22 
clones ranged from 9.02 -  47.56 g/t/t in the 
second year o f tapping w h ile the check 
RRII 105 recorded 29.74 g/t/t. Nine clones 
recorded 11.6 to 59.92 per cent im provem ent 
in yield over RRII 105. Five clones viz., 
RRII 414, RRII 417, RRII 422, RRII 429 and 
RRII 430 which were included in Category 
III o f the planting recom m endation m ain­
tained better performance than RRII 105 with
11.6 to 54.8 per cent im provem ent in yield. 
Two other clones viz., RRII 402 and RRII 52 
recorded more than 46 per cent improvement 
in yield over RRII 105.

In the trial at N orth  K on kan , clone 
RRII 208 continued  to g ive b e tte r  y ield  
(50.1 g/t/t/) than other clones. RRIC 52 and 
RRIC 105 with 20 g/t/t w ere the low est 
yielders (Table Bot.3.). Regarding the perfor­
mance of the clones over six years of tapping, 
R R II 208 g ave th e  m a x im u m  y ie ld

Table. Bot. 3. G irth and m ean yield  of c lon es over six 
_____________ years o f  tapping (1998-2003)

Clone Girth (cm) 
January, 2004

M ean yield 
(g/t/t) 

during 2003

M ean yield 
(g/t/t) 

(1998-2003)

RRII 208 63.3 50.1 42.6
RRII 105 55.6 34.6 39.3
RRII 6 60.7 32.4 38.2
PR 255 55.4 26.9 37.1
RRIC 100 58.3 32.4 34.0
PB 311 55.8 29.9 32.3
PB 260 58.1 27.6 32.2
RRII 5 57.7 27.5 31.6
RRIC 102 58.8 33.8 31.5
PB 310 58.5 26.4 31.2
RRII 308 54.7 21.3 30.1
PR 261 55.7 22.0 29.9
RRIM 605 55.6 21.7 28.3
RRIC 105 55.8 20.0 22.9
RRIC 52 62.9 20.3 22.1
CV 3.8 15.2 12.2
CD (P=0.05) 3.7 7.2 6.5



(42.6 g/t/t) followed by RRII 105 (39.3g/t/1) and 
RRII 6 (38.2 g/t/t). Lowest yield observed 
w as in clo n es R R IC  52 (20.3 g/t/t) and 
R R IC 105 (20.0 g/t/t). In growth vigour, even 
though RRII 208 and RRIC 52 had similar 
girth, their rubber yield w as contrasting.

In the multidisciplinary evaluation of 
clones 1989A, clone RRII 5 recorded highest 
y ield of 65.6 g/t/t followed by RRII 118 
(54.0 g/t/t) in the fifth year of tapping. In 
the other trial (1989 B) PB 312 recorded the 
highest yield (82.3 g/t/t) followed by PB 314 
(80.4 g/t/t) , PB 255 (80.2 g/t/t), PB 280 
(79.0 g/t/t) and K R S 163 (77.8 g/t/t). In the 
trials at CES, Chethackal also PB 312 and 
PB 314 recorded higher yield with 68.4 and
60.4 g/t/t/ respectively. The trees of the 1994 
trial were opened for regular tapping and 
yield recording was started. Clone 61 in the 
large scale trial 1996A and Clone 897 in trial 
1996 B recorded maximum girth after seven 
years of growth at RRS, Padiyoor. In the 1999 
trial clone 12 exhibited good girth after 5 
years of growth.

2.2. O nfarm  trials

A m o n g  till! 12 c lo n e s  th a t are u n d er 
e v a lu a tio n  a t C h ith a lv etty , PB 260  record ed  
th e  h ig h est y ie ld  o v er  10 years o f tapp ing 
(1345 kg/ha) followed by RRII 105 (1330kg/ha).
From  the trial at C h em o n i, h ig h est y ield  o b ­
tained w as in RR II 11)5 (1424 kg/ h a) follow ed 
b y  P R  253 w ith  1250 kg/ h a. F ifteen  years

T.ble Bot. 4. G irth and mean yield ot d onal M ends at t " °  l o t i o n s

after planting bole volume of the clones 
ranged from 0.041 to 0.172  cu. m. At 
Shaliakary after 5 years of tapping PB 280 
recoded 2848 kg/ha followed by clone PR 
255 (2339 kg/ha). Control clone RRII 105 
recorded a yield of 1905 kg/ha. In the other 
trial a t the same estate, RRII 105 recorded an 
yield of 1589 kg/ha followed by RRII 54 and 
SCATC 88-13 with 1300 kg/ha each.

2.3. Studies on clonal composites

Evaluation of the clones in various
blends at different proportions in compari­
son with monoclonal plantation of RRII 105 
indicated that girth and yield of the differ­
ent composites are comparable. At CES, 
Chethackal mean yield of the trees was 45.6 
g/t/t while at RES, Nagrakata it was 19.6 
g/t/t (Table Bot.4).

2.4. Investigations on genotype x environm ent in­
teractions

Girth was recorded at quarterly inter­
vals. The tria ls  at three lo ca tion s v iz ., 
A gartala, N agrakatta and Kanyakum ari 
were opened for tapping and yield record­
ing is being carried out at fortnightly inter­
vals. Yield attributes like DRC, plugging in­
dex, sucrose and inorganic phosphorous 
were recorded at quarterly intervals from the 
three locations. Disease screening was done 
in all the locations by the Plant Pathology 
Division, RRII and Plant Pathologist, at RRS, 
Guwahati. Lab screening for Corynespora sp.

CES. Chethackal
RES, Nagrakata

Girth (cm) 
(Dec., 2003)

Current year 
yield 

(g/t/0

Mean yield 
(g/t/t) of 

three years 
(2001-2003)

Girth (cm) 
(Dec., 
2003)

Current year 
yield 

(g/t/t)

M ean yield 
(g/t/t) 

o f two years 
(2002-2003)

Com-4
Com-5
RRII 105 (pure)

59.0
59.7
60.9
58.9
57.8
57.8

60.5
55.0
53.2
52.3
58.4
61.1

47.6
46.7 
44.1
42.6
44.6 
48.0

51.1 19.0 19,9

51.9 21.3 19.2

52.7 20.4
53.1 19.1
50.0 16.2 16.4

50.1 24.1

51.5 20.0 19.6



w as rep eated  by the P lan t Pathology 
Division. It was observed that RRII 429 is 
showing maximum resistance to Corynespora 
species.

3. Breeding for other specific objectives

3.1. Compact canopy

Four different morphotypes have been 
identified from the open pollinated prog­
enies of canopy mutant genotype. Of the four 
m orphotypes in the tria l, norm al type 
yielded 70.4 g/t/t (RRII 105 45.2 g/t/t). 
Other morphotypes did not show significant 
growth and yield. The recombinants of cross 
between canopy mutant and high yielding 
popular clones viz., RRII 105, RRIM 600 and 
RRII 118 are under small scale evaluation. 
Juvenile performance of progenies is shown 
in the Table Bot.5.

Table Bot. 5. Grow th perform ance of recom binants
and their parents

Cross combinations Girth H eight Diameter
(cm) (m) of the
2003 canopy (m)

Genetic Variant 5.7 2.5 0.7
RRII 1.18 15.7 5.4 3.0
RRII 105 x Compact 14.8 5.5 3.0
RRIM 600 x Compact 13.1 6.3 2.5
RRIM 600 x Compact 13.9 5.8 2.7
Com pact x RRII 118 12.3 5.1 1.8
Compact x RRII 118 14.0 5.2 2.9
RRII 105 x Compact 14.2 5.6 2.9
RRII 105 10.8 4.5 2.1
Compact x RRII 118 14.8 5.7 • 2.7
RRIM 600 x Compact 13.5 6.1 2.5
RRIM 600 x Compact 14.7 6.8 2.5
RRIM 600 12.6 5.9 2.5
Compact x RRII 118 16.5 7.1 2.6
RRIM 600 x Compact 12,4 6.0 2.7
RRIM 600 x Compact 11.2 6.0 2.2
RRII 105 x Compact 16.7 6.2 2.8
RRII 105 x Compact 13.3 5.7 2.5
CV 14.4 9.6 13.6
CD  (P=0.05) 3.17 0.89 0.56

32. Drought tolerance

Among 32 hybrid clones studied for 
growth rate in summer during the sixth year

after planting, 15 were com parable to clone 
PB 260 which exhibited the highest sum m er 
growth rate of 30.29 percent of the annual 
growth. Results of the prelim inary screen­
ing of hybrids based on test tap yield in sum ­
mer months and some physiological param ­
eters of drought tolerance indicated that the 
parent clone PB 217 and the hybrid entries 
H 93/ 270, H 93/ 105  an d  H 9 3 / 1 8 4  w ere 
promising in terms of drought tolerance.

3.3. Latex tim ber clones

Test tapping was carried out in the hy­
brid seedlings. As a part of this project, a 
study for deriving prediction equations on 
timber volume of different clones w as started 
in association with the KFRI.

3.4. Polycross progeny evaluation

There w as significant clonal variation 
within and between the 10 half-sib progenies 
in respect of mean annual yield and sum m er 
yield during the th ird  y ear of tap p in g . 
Among the 150 clones evaluated, 89 were 
com parable in yield to the high yielding 
check RRII 105. Thirty clones show ed im ­
provement in yield over RRII 105 to the tune 
of 0.3 to 97 per cent. The superiority of the 
parent clones PB 28/83, Ch 26, PB 215 and 
RRII 105 w as evident from their progeny 
performance. The progenies also showed sig­
nificant variation with respect to the inten­
sity of powdery m ildew  and abnorm al leaf 
fall diseases. In general, the progeny of AVT 
73 showed low intensity of powdery mildew, 
while clones derived from the parent PB 5/51 
were susceptible. Rubber and tim ber yield 
of a set of parents and their hybrid progenies 
were assessed at the age of 11 years. Clones 
PB 235, RRII 203 and RRII 118 show ed the 
highest clear bole volum e o f 0.15, 0.10 and
0.10 m3 respectively. The progeny of the cross 
RRII 105 x RRII 118 were in general superior 
in terms of rubber yield w hich ranged from
18.04 to 57.43 g/t/t in the th ird  year of 
tapping.



4. Stu d ies on storage of H evea  pollen

Pollen grains of RRII 105 stored under 
- 8 0 .0 °  C for d iffe re n t d u ration s w ere 
analysed for the stainability and germinabil- 
ity under in vitro conditions. The result indi­
cated that stored pollen grains retained vi­
ability up to 90 days with 30.7 per cent ger­
mination and 60.4 per cent stainability when 
com pared to that of fresh pollen with 67.0 
per cent stainability and 35 per cent ger- 
minability.

5. A natom ical investigations

5.1. Bark anatomy

A study on seasonal changes occurring 
in the bark and its relation to yield was initi­
ated. M onthly bark sampling was carried 
out from six clones grown at the Regional 
Research Station, Orissa. Significant differ­
ences w ere noticed am ong the clones for the 
characters (Table Bot. 6).

Table Bot.6. Yield and anatom ical parameters in a 
few  high yield ing clones

Clone Yield Bark No. of Crystals

(g/t/t) thickness latex
(mm) vessel rows

21.93 8.37 10.90 40.40

26.00 8.71 10.89
24.34 8.37 11.61
26.77 7.58 10.52
25.87 7.19 12.15

RRIM 600 22.62 7.44 8.64

C D  (P=0.05) - 0.46 1.37 3.13

Bark anatom ical ch aracters from 47 
ortets and three controls that are being evalu- 
ated at the K oney estate were recorded. 
O rtets 22 and 24 recorded significantly  
h ig h e r  la te x  v e sse l row s com p ared  to

RRII 105.

5.2. Wood anatom y

B o le  v o lu m e o f fiv e  H evea  c lon es 
namely, RRII 105, RRII 203, RRII 208, GT 1 
and RRIM  600 were assessed at the age of 25

years from onfarm trials at five locations 
(P unalur, C hittar, Ranny, T richu r and 
Balusseery) in the traditional rubber grow­
ing zone. RRII 203 had the highest bole vol­
ume of 0.52 m3 followed by RRII 208 with
0.47 nr' at Chittar. At Ranny, RRIM 600 has 
the maximum bole volume of 0.32 m3 while 
GT 1 with 0.33 m3 was better in North Kerala 
region. RRII 105 exhibited uniform pattern 
(0.22 to 0 .33 m 3) in a ll the lo ca tion s 
(Table Bot. 7).

Wood samples tested for physical prop­
erties in connection with the study on effect 
of ethrel stimulation on rubber wood qual­
ity indicated that there was no significant 
variation in moisture content (%), density in 
green condition and standard specific grav­
ity (oven dry weight/green volume) between 
stimulated and unstim ulated trees of the 
clone RRII 105. With respect to mechanical 
properties 10 im portant properties were 
tested. These include static bending, com­
pression strength parallel as well as perpen­
dicular to the grain, tensile, shear strength, 
hardness, nail and screw holding power and 
cleavage. Most of the properties were com­
parable in e ith er  clo n es R R II 105 and 
RRIM 600. In general clonal variations ap­
pear to exist on effect of long term stimula­
tion on wood quality. So also there was no 
significant difference in wet weight of trees 
in both the clones following stimulation.

6. Studies on propagation

In the trial on different depths of plant­
ing, yield over first four years of tapping 
showed no significant difference between 
treatments. In the trial on comparative stud­
ies on single and double stock no significant 
difference was observed between the treat­
ments at the time of opening of the trees.

Performance of certain modem  clones 
in the trial on different root systems showed 
that different clones budded on their own 
stocks and assorted stocks did not show any



Table Bot.. 7. Girth tint and bole volume (m’) o f five clones at d ifferent locations in the traditional rubber
growing zone

Location

Punalur Ghittar Rannv Trichur Balussery

Bole Girth Bole Girth Bole Girth Bole

Volume volume volume volum e volum e

RRII 105 0.82 0.24 0.92 0.27 1.09 0.30 0.76 0.22 0.91 0.25
RRII 203 1.00 0.33 0.97 0.52 1.22 0.43 — — — —
RRII 208 0.95 0.31 0.96 0.47 1.10 0.27 0.82 0.25 0.85 0.23
RRIM 600 0.84 0.26 0.90 0.24 1.08 0.32 0.75 0.22 0.90 0.24
GT 1 0.94 0.25 0.98 0.32 — - 0.77 0.23 1.03 0.33

significant difference in yield and growth. 
Vigorous clones like RRII 118 and GT 1 
showed superiority in growth irrespective of 
the stock (Table Bot.8). hi the 3 x 3  stock- 
scion combination trial vigour and yield of 
clones in all combinations were on par and 
depended on the genotype of clones rather 
than stocks.

7. M orp h olog ical ch aracterization  of
popular clones

Advisory w ork on identification of 
clones was carried out. Sample seeds from 
different species of Hevea and indigenous 
and exotic modem  clones were collected and 
conserved as type seeds.

Table. Bot.8 . Perform ance of certain  m od em  clones 
on different root system s

Treatment (Stock-scion) Yield (g/t/t) G irth (cm)

RRII 105 x  RRII 105 66.7 77.4
RRII 118 x RRII 118 40.5 93.3
RRII 203 x RRII 203 59.5 92.9
RRH 208 x RRII 208 40.1 78.0
GT 1 x GT 1 47.8 85.0
G 11 x G 11 39.3 85.3
RRIM 600 x RRIM 600 41.1 83.6
Assorted x RRII 105 54.3 78.5
Assorted x RRII 118 49.9 94.6
Assorted x RRII 203 53.2 95.6
Assorted x RRII 208 36.8 76.8
Assorted x G T 1 42.6 81.9
Assorted x G 11 39.5 80.6
Assorted x RRIM 600 40.4 77.1

CV 11.09 6.39
CD (P=0.05) 17.4 18.18

GERMPLASM DIVISION

The Division carried out the introduc­
tion, collection, conservation and evaluation 
of Hevea germplasm. The Hevea germplasm 
collection comprises both the domesticated 
gene pool with clones derived from the origi­
nal Wickham collection of 1876, and the wild 
germplasm belonging to the 1981 IRRDB 
co llection . A part from  m ain tain ing  the 
Wickham collection, the wild germplasm 
was screened for many desirable characters 
for resistance to diseases, drought and cold. 
Timber latex traits and molecular character­
izations were also carried out.

1. Conservation and docum entation

1.1. W ickham  collection  from  secondary centers

Eight clones supplied by  the Botany 
Division were included in the clone museum. 
Screening for resistance to Oidium  w as car­
ried out in Germplasm Gardens II, 113, IV and 
V, comprising 75 W ickham clones. Data on 
growth and yield were collected.

Of the different species introduced from 
Sri Lanka and Indonesia, the one from Indo­
nesia (H. collina) did not sprout at all. The 
establishment and growth of the rem aining



accessions w as monitored. One of the spp.
H. carn aragoan a  h a s  sh ow n p recociou s 
flowering at the age of three months after 
budding.

Among the 15 clones in Garden III, RRII 
118 recorded the highest yield in panel BI -
2, followed by RRIM  300 and PB 310. RRII 
118 recorded the highest girth (121 cm) fol­
lowed by RRII 300 (113 a n ) , RRII 203 (113 
cm) and RRII 206 (108 cm). Very early win­
tering w as recorded on clones RRII 44, RRII 
308 and PB 310 and early wintering was ob­
served on clone RRII 2, RRII 4, RRII 300 and 
PB 311, whereas clone RRII 5, RRII 6, RRII 
118, RRII 203 and RRII 208 recorded late win­
tering (Table Ger. 1).

Table Ger. 1. W intering pattern in W ickham  clones

W intering pattern Clone

Very early RRII 44, RRII 308, PB 310

Early RRII 2, RRII 4, RRII 300, PB 311

Interm ediate RRII 1, RRII 3 , RRII 206, PB 260

RRII 5 , RRII 6, RRII 118, RRII 203,
RRII 208

In Garden IV, IRCA clones maintained 
the sam e trend as in previous years where 
the m aximum girth was recorded in IRCA 
i l l  (63 cm) followed by  IRCA 130 {61 cm) 
and IRCA 109 (58 cm). ANOVA revealed the 
girth values of IRCA 111 and IRCA 130 to be

significantly high compared to that of the 
control clone RRII 105 (55 cm), whereas IRCA 
109, IRCA 230 and IRCA 18 had their girth 
comparable with RRII 105. Mean dry rubber 
yield in the second year of tapping was the 
maximum in IRCA 130 (68.3 g/1/1) followed 
by IRCA 111 (52.8 g/t/t) and IRCA 18 (47.8 
g/t/t). These three clones were statistically 
on par with RRII 105 (57.9 g/t/t) for yield. 
Results showed continued superiority of 
IRCA 111 and IRCA 130 in terms of their an­
nual girth and dry rubber yield.

In Garden V trees were opened for regu- 
lar tapping and dry rubber yield was re­
corded. Recording of annual girth to moni­
tor the growth of the clones in the ninth year 
after planting has been carried out. Among 
the 20 clones RRIC 100 had the maximum 
girth (73 cm) followed by RRIC 178 (68 cm) 
and RRIC 102 (67 cm), significantly higher 
than that of the control clone RRII 105 (53 cm).

In the experiment on the feasibility of 
ratooning in rubber, girth was recorded in 
both ratoon and polybag plants in their third 
year of growth (Table Ger. 2). The ratoons 
continued to be superior. Comparison of the 
root systems of healthy stumps with ratoons 
and that of stump that did not sprout at all 
showed that while degeneration of the lat­
ter was almost com plete, the roots of the 
stumps with ratoons were very healthy and 
showed no signs of decay.

Table Ger. 2. Annual perform ance of the ratoons

Ratoons (51 clones)

Total no. of plants 

M ax. girth (cm)

M in. girth (cm)

M ean girth (cm ) ±SD 

CV

No. of plants w ith girth >30 a n  

No. o f plants w ith girth 
greater than 45 cm

49

12.5

32.87 ±  7.7 

23.35%

108 (67% of total ratoons) 

8 (5%  of total ratoons)

Control (polybag plants; 35 clones)

11.43 ±  4.74 

41.39%

2 (1% of total control plants) 

0 (0%  of total control plants)



1.2. Wild genepool

Field conservation of a total o f 3576 
wild accessions was continued in the nurs­
eries. Selected accessions from the initial 
rounds of screening were further scored for 
Oidium and Corynespora resistance. Attempts 
were also made to introduce more wild ac­
cessions from the Malaysian Rubber Board. 
Reestablishment of the conservation nurser­
ies was initiated and in the first phase 558 
wild accessions were planted. Morphologi­
cal characterization and cataloguing of the 
accessions were done. Data were recorded 
for girth and foliar characters including to­
tal leaf area at the end of one year growth. 
Field screening of the wild accessions for 
drought resistance in collaboration with the 
Plant Physiology Division was initiated.

2. C h aracteriza tion  and p relim inary
evaluation

Growth of the wild accessions in the 
prelim inary evaluation trials (PETs) was 
monitored by recording their girth annually. 
In the PET 1994A, AC 757 recorded the high­
est girth followed by RO 895, M T 940 and 
AC 664. In the PET 1994B, AC 643 recorded 
the highest girth. Ten clones including RRII 
105 had girth similar to that of AC 643. Nine­
teen clones in PET 1994C had a girth higher 
than that of the control clone, with RO 893 
recording the highest girth followed by AC 
465, AC 645, AC 605 and RO 278. Annual 
girth recorded in PET 2000A was the maxi­
mum in RO 3758 (23 cm ), followed by MT 
3078 (20 cm), M T 4379 (18 cm) and RO 2375 
(17 cm). In PET 2000 B several accessions 
superior in growth were identified.. In PET 
2002, the accession AC 567 (10 cm) recorded 
the highest girth followed by M T 5269 (8 cm), 
RO 1231 (8 cm) and RO 1769 (8 cm). Acces­
sions were morphologically characterized at 
juv enile phase using a set of descriptors. In 
PET 1994 A, B and C annual girth and dry 
rubber yield and wintering pattern were re­
corded monthly. The last round of scoring

for Oidium resistance w as carried out in the 
PETs in collaboration with the Plant Pathol­
ogy Division.

3. Further evaluation and selection

In the 1995 evaluation trial no accession 
had significantly higher girth than RRII 105. 
Sixty-two accessions attained girth sim ilar to 
that of RRII 105, of which 36 were from Mato 
Grosso, 14 from Rondonia and 12 from Acre.

Trees with 35 cm girth and above were 
opened for tapping, and yield collection was 
initiated bv cup lum p method.

In the collaborative experim ent with 
Plant Physiology Division on w intering p at­
tern, tissue composition and susceptibility to 
oxidative damage in a selected population 
of high girth and low girth accession lilies 
(20 accessions), RAPD analysis w as carried 
out.

A new trial with 22 selected accessions 
was field planted and early grow th w as re­
corded.

4. Screening

4.1. B iotic stress resistance

In collaboration with Pathology D ivi­
sion, second round laboratory screening of 
selected wild accessions for Phytophthora was 
completed and 105 accessions w ith tolerance 
and 30 accessions w ith m oderate tolerance 
were selected for further screening. Screen­
ing for Oidium resistance w as carried out in 
35 short listed accessions for reconfirm ation 
of the tolerance. Three accessions -  RO 2361, 
RO 2871 and AC 3131 had high level of tol­
erance and will be screened in a laid out trial 
for final confirm ation o f their resistance lev­
els. The second round of laboratory screen­
in g  fo r C o ry n esp o ra  r e s is ta n c e  w as in 
progress.

4.2. A biotic stress resistance

4.2.1. D rought to le ran ce

Data on growth param eters and after-



noon (A N ) lea f w ater potential were re­
corded from 16 wild accessions along with 
four control clones, RRII 208, RRIM 600,
T jir 1 and RRII 105 in the pot experiment 
fo r  s c re e n in g  fo r  d rou g h t tolerance 
(Table Ger. 3). Accession M T 1623 was supe­
rior in grow th and vigour during the pre 
stress period.

In the post stress period also MT 1623 
m aintained the m aximum girth (6.30 cm) 
whereas m axim um  height was recorded by 
M T 60 (181.0 cm) and maximum number of 
leaves by M T 200 (38.25). Among the con­
trol clones RRIM 600 showed the superior­
ity for girth (6.3 cm ), height (211.5 cm) and 
num ber of leaves (40.75) compared to the 
other clones RRII 105, Tjir 1 and RRII 208.

Superior accessions in term s of girth 
in c re m e n t an d  a fte r  noon  le a f w ater 
potential during the post stress period were 
identified and M ato Grosso accession was 
found to be superior for these characters 
(Table Ger. 4).

Morphological characterization of these 
accessions was carried out based on drought 
related parameters. The accessions MT 1623 
and MT 1681 had narrow curved leaves com­
bined with high vigour and low percentage 
of yellow ing, revealing their drought toler­
ance potential.

In the 2001 screening trial for drought 
tolerance at RRS, Dapchari five wild acces­
sions viz. MT 1616, MT 54, MT 1649, MT 1619 
and MT 1627 were identified for detailed 

studies.
Table G er. 3. Range and mean of growth characters in

Min. Accession M ax. Accession G. Mean

Table Ger. 4, Superior accessions in terms of girth in 
crement and AN Leaf water potential it 
the post stress period

Accession Girth Accession AN Leaf
increment (Dec. 03- water potential

(%) March-04) (-Mpa) (April 04)

MT 3714 8.16 MT 3714 -4.27
MT 81 6.00 M T 1631 -4.4
MT 1623 5.00 MT 48 -4.67
MT 4242 4.17 MT 1681 -4.93
M T 1584 4.08 MT 1584 -5.06
RRII 208 0 RRII 208 -5.07
Tjir 1 0 Tjir 1 -5.34
RRIM 600 8.62 RRIM 600 4 .8
RRII 105 2.22 RRII 105 Dried

In the field screening trial of 2002 at 
RRS, Dapchari data on various growth and 
physiological characters were recorded in the 
first year of growth of pre and post drought 
periods. Superior accessions were identified 
for various growth parameters (Table Ger. 5).

In the second year of pre drought pe­
riod also, MT 41 maintained its superiority 
with the maximum number of leaves pro­
duced (60.0) from  m axim um  num ber of 
standing whorls (4.0) besides height (370 
cm). This indicates the potential of this ac­
cession in the drought prone area. Another 
superior accession was RO 2524. Among the 
control clones, RRIM 600 continued to be 
superior in performance in terms of height 
(327.3cm), girth (7.91 cm ), number of stand­
ing whorls (2.63) and number of standing 
leaves (25.0).

Majority of the wild accessions identi­
fied in the pre and post drought season were 
from Mato Grosso provenance viz. accessions

the pre stress period

Characters

H eight (cm)
G irth (cm)
N o. of whorls 
No of leaves 
Inter nodal length (cm) 
Petiole length (cm)

M T1584 
MT 1631 
M T 1631 
MT 1631 
M T 1584 
M T 60

1f>S M T 60 113
MT 1623 b
MT 1623 2

27 MT 200 19

?fl M T 1623 19

23 MT 3714 lb

RRII 105 RRIM 600 T jir 1 RRH 208 

94 173 145 140



Table Ger. 5 Superior accessions identified for various characters in the first year of grotvljl_ul lt','1
Pre-drought Post-drought

Height (cm)

Girth (mm)

Acces-sion Value Acces-sion Value Control Value

M T 179 186.70 RO 1248 180.00 RRIM 600 145.87

RO 95 148.30 AC 765 177.50 RRII 105 105.97

MT 196 141.70 MT 945 173.80 T jir l 111.24

M T 194 141.70 MT 58 170.00
RO 4184 135.00 RO 4184 165.00

M T 179 46.47 AC 765 54.73 RRIM 600 40.88

M T 58 46.16 MT 58 53.69 RRII 105 39.78
MT 78 44.59 RO 3655 50.24 Tjir 1 41.35
AC 765 43.02 NTT 41 49.61
M T 56 41.45 RO 4184 48.36

RO 4184 3.50 MT 41 4.00 RRIM 600 2.92

M T 56 330 MT 56 4.00 RRII 105 2.32
M T 41 3.50 AC 765 3.75 Tjir 1 2.32

M T 194 3.33 RO 4184 3.75
M T 196 3.33 MT 191 3.67

M T 56 39.75 M T 41 64.00 RRIM 600 33.91
M T 196 37.67 MT 56 53.00 RRII 105 19.18
M T 179 37.00 AC 728 40.00 Tjir 1 25.45
AC 765 32.80 MT 945 40.00
M T 40 31.67 AC  765 39.75

M T 38 95.02 M T 80 92.77 RRIM 600 89.26
RO 2524 94.66 RO 1248 90.07 RRII 105 89.49
RO 1248 94.23 RO 2524 88.78 T jir l 89.63
M T 193 93.85 MT 191 88.43
RO 4184 93.45 RO 300 88.00

Control Value

RRIM  600 175.81
RRII 105 127.50
T j i r l  146.18

RRIM 600 
RRII 105 
T ji r l

RRIM  600 
RRII 105 
Tjir 1

RRIM  600 
RRII 105 
T ji r l

RRIM 600 
RRII 105 
T jir  1

43.20
42.34
45.12

21.00
2.57
3.17

40.97
26.63
36.32

83.12
81.44
77.18

MT 41, M T 58, M T 191 and MT 56 which 
showed superiority for more than one char­
acter. In the pre drought period the senes­
cence percentage of the leaves was also 
worked out and the minimum senescence 
was recorded in MT 179 (21.28%) followed 
by MT 191 (21.49%), MT 196 (22.60%), RO 
4184 (23.84%) and MT 40 (25.20 %). Senes­
cence percentage in these accessions were 
lower than that of the control clones RRIM 
600 (30.02%), RRII 105 (43.93%) and Tjir 1 
(35.67%).

At the age of 18 months, accessions viz., 
MT 41, MT 945, MT 58, MT 179, RO 2524 and 
AC 728 were found superior for the growth 
characters reaffirming the overall superior­
ity of Mato Grosso accessions in drought con­
ditions. Ten superior accessions were identi­

fied based on their high girth  and RW C 
(Table Ger. 6).

Table Ger. 6. Superior accessions in term s o f  girth in­
crem ent and chan ge in RW C  a t th e age 
o f  18 m onths

Girth increment (%) C hange in RW C (%)

RO 2524 (217.48) M T 41 (+1.39)
MT 193 (176.60) AC 405 (+0.41)
AC 676 (170.83) M T 73 (-1.72)
MT 40 (149.17) M T 184(-2.55)
AC 728 (146.09) M T 80 (-2.80)
MT 945 (140.68) RO  4184 (-3.38)
RO 3655 (126.72) M T  191 (-3.52)
MT 38 (122.88) AC  661 (-3.86)
AC 650 (122.20) AC 650 (-4.09)
MT 41 (121.43) AC 765 (-4.30)
RRIM 600(93.73) RRIM 600 (-6.88)
RRII 105 (60.0 RRII 105 (-8.89)
T jir 1 (61.77) T jir  1 (-13.81)



Field planting of another set of 130 wild 
accessions w as completed at RRS, Dapchari, 
in 25x2 .5  m  spacing, adopting an augmented 
RBD, with a plot size of 5. The first set of 
data on growth parameters were recorded 
in the pre drought phase (Table Ger. 7). The 
accessions showed wide variability for all the 
characters studied with a general superior­
ity show n by Mato Grosso accessions, for al­
m ost all the growth characters with less leaf 
senescence.

G irth increment in the juvenile phase 
and leaf senescence percentage indicates the 
growth performance of accessions in the ju­
ven ile phase. Accordingly, the accessions 
w ith the higher values for girth increment 
and with the lesser leaf senescence are shown 
in Table Ger. 8, indicating the potential of 
these accessions in the juvenile stage, in the 
d rou gh t prone area. A m ong the control 
clones, RRII 208 showed highest girth incre­
ment and RRII 105 showed the lowest leaf 
senescence.

In the drought evaluation trial of 1996 
annu al g irth  and crotch height were re­
corded. RO 2625 recorded the highest girth 
of 52 cm followed by RO 5430 (51 cm), RO 
5556 (49 cm ) and M T 196 (49 cm ) where as 
control clones RRII 208 and RRII 10a re­
corded 54 cm and 41 cm, ^ f c h v e t y  Lower 
crotch height was noted in AC 685 (227 an ), 
R 0 5 4 6 3  (243 cm) and AC 7 0 7  <256 ̂  where 
a ,  higher crotch height was m  RO 5430 (350 
cm), AC 68 (329 cm) and MT 53 (324 cm).

In the collaborative project on rapid 
screening of Hevea germplasm lines for in-

Table Ger. 8. Outstanding accessions in the juvenile 
phase based on girth increment and se­
nescence

Girth increment (%) Senescence (%)

MT 81 (81.52) MT 47 (24.38)
M T 3693 (68.42) RO 3078 (31.22)
RO 1758 (66.67) MT 3693 (33.54)
MT 48 (64.91) RO 2835 (36.17)
RO 86 (61.52) RO 2889(37.15)
AC 1875 (59.24) RO 2902 (37.89)
MT 82 (56.38) M T 4222 (38.08)
RO 1776 (56.32) MT 1645 (40.70)
RO 1540 (54.90) RO 3660 (41.18)

MT 72 (54.12) RO 1278 (41.36)

RRIM 600 (36.47) RRIM 600 (39.79)

RRII 105 (30.91) RRII 105 (35.42)

Tjir 1 (36.48) T jir 1(37.35)

RRII 208 (52.58) RRII 208 (44.77)

trinsic drought tolerance traits, initiated the 
standardization of the protocol for the rapid 
screening of the entire wild germplasm ac­
cessions, and conducted a preliminary field 
level scoring for drought tolerance in 600 
wild accessions during the summer months.

4.2.2. C old  toleran ce

In the two trials for screening of wild 
germ plasm  for co ld  resistan ce  at RRS, 
Nagrakata the maximum giith was recorded 
in MT 3452 (26.05 cm) while the control 
clones SCATC 93/114 and RRIM 600 had 
lower girth values (22.29 cm and 19.9 cm re­
spectively). The accession M T 1072 recorded 
the maximum test tap yield of 8.74 g/t/t in 
the pre-w inter period w hile the c° " trol 
clones SCATC 93/114 and RRIM  600 re­
corded a lower yield of 0.78 g/t/t and 3.01 
g/t/t respectively, irt Trial 2 , maximum girth

, ,i .i i nn r * T  mean of growth characters in 130 accessio n s-------
Table Gar. 7. F ta t  year (pre d .oug h lld a la o -------- s--------- ----------------------  Co„tto |

M i„ . Accession M ax. Accession G .Mgan B R IM M 0 T " 1
Characters

Height (cm) 
Girth (mm)
No. o f w horls 
No. of leaves 
Senes-cence (%)

75.0
27.9

1.0
3.4

24.4

AC 1797 284.00 MT 1697
RO 2809 63.74 MT 1681
M T 49 4.00
RO 1301 36.80
M T 47 92.45

RO 1526 
MT 3686 
RO 1301

192.78
49.51

2.49
37.90
45.75

140.9
41.00

2.54
31.80
35.42

170.58
40.59

2.78
37.62

191.19 49.10
42.69 39.50

3.51 2.S4
50.03 45.10
39.79 37.30



was recorded by MT 915 (27 cm), which was 
higher than the girth of the control clones 
RRIM 600 (22 cm) and Haiken 1 (25 cm). 
Maximum test tap yield in this trial was re­
corded by AC 3514 with 8.03 g/t/t while that 
of RRIM  600 w as 3.72 g/t/t and that of 
Haiken 1 was 3.65 g/t/t.

In Trial 1 in the post winter phases only 
three accessions MT 3452 (27.82 cm), RO 2272 
(26.67 cm) and RO 3028 (26.59 cm) had a sig­
nificantly higher girth compared to RRIM 
600 (22.56 cm ), while no accession had a 
higher girth com pared to SCATC 93/11 
(24.61 cm). In the trial, 29 accessions were 
found s ta t is t ic a lly  co m p arab le  w ith 
RRIM 600 and 23 accessions with SCATC 
93/11 for their post winter girth. In Trial 2, 
MT 915 retained its vigour in tine post win­
ter period also, with a girth of 28 cm com­
pared to RRIM 600 (24.14cm) while it was 
on par with Haiken 1. The post winter girth 
of 13 accessions were on par with RRIM 600 
and 10 accessions with Haiken 1.

Accordingly in Trial 1, five accessions 
viz., M T 3452, RO 2272, RO 3028, RO 2889 
and AC 3057 were identified as superior in 
vigour in terms of their higher post winter 
girth values of 27.82 cm, 26.67 cm, 26.59cm, 
25.51 cm and 25.05 cm. In Trial 2 the acces­
sions M T 915, AC 3514, RO 2727, MT 1020 
and MT 2229 were identified superior in 
terms of their post winter girth.

Response in growth to the cold stress 
was assessed using the girth increment val­
ues over the stress period in the two trials. 
In Trial 1, RO 2272 had the highest girth in­
crement of 2.95 cm (Table Ger.9). The five 
accessions., which showed highest girth val­
ues in their annual growth, had only medium 
rate of growth during the stress period as 
indicated by their girth increments showing 
their superiority for their overall perfor­
mance. In Trial 2, maximum girth increment 
over the stress period was in RO 2727 (2.24 
cm). Four of the first five accessions with

Table Ger.9. Response o f selected accessions to cold 
conditions in term s o f  girth  increm ent 
in trial 1 and trial 2.

Accession Increment (cm) Increm ent (%)

RO 2272 2.95 12.43

AC 486 2.58 12.35
RO 3078 2.37 12.07

RO 322 2.33 10.40
RO 3229 2.33 10.40
AC 3057 2.04 8.87
RO 2889 1.76 7.41
MT 3452 1.77 6.79
RO 3028 1.62 6.49

Trial 2
RO 2638 2.28 10.64
RO 2727 2.24 8.93
RO 3169 1.88 8.07
MT 2229 1.88 7.63
MT 915 1.97 7.54

highest annual girth recorded in the pre win­
ter phase had high girth increm ent during 
the stress period while the fifth accession, AC 
3514 had a medium girth increm ent o f 1.51 
cm only.

Growth of the wild accessions during 
the first three years (2001-2003) in the cold 
conditions of Nagrakata in term s o f their 
girth and girth increment during the pre and 
post winter periods w as assessed in Trials 1 
and 2. Ten accessions in Trial 1 and five in 
Trial 2, showed stability in their growth dur­
ing the pre and post w inter period s over 
three years.

4.2.3. T im ber la tex  tra its

In the field evaluation trial for screen­
ing of 19 selected wild accessions and six 
Wickham clones for tim ber-latex traits, an­
nual girth, girth increm ent, bole height and 
bole volume were recorded and analysed at 
the age of 42 months. The mean girth of wild 
accessions ranged from 12.99 to 18.36 cm  and 
the maximum was recorded in RO 322 (18.36 
cm). Among the six W ickham clones, RRII 
33 (20.48 cm) show ed the highest girth and 
the lowest in RRII 105 (15.15 cm ) (Table Ger. 
1 0 ).



Table Ger. 10. A n nu a I g irth , g irth  in crem en t, bo le 
height and bole volum e at the age of 42 
m onths

Wild
accessions

Girth
(cm )

Girth incre. 
(cm)

Bole ht. 
(m)

Bole vol. 
(m3)

RO  322 18.34 6.28 2.93 0.005
M T 1021 17.75 7.49 3.10 0.007
M T 999 16.53 6.46 3.17 0.007
M T 915 16.48 6.98 3.20 0.006
AC 650 15.94 2.95 3.23 0.006
M T 1032 15.24 5.89 3 3 6 0.004
AC 637 15.24 2.17 2.90 0.004
AC 635 15.13 4.07 2.90 0.004
M T 941 15.12 4.19 3 5 0 0.005
M T 919 14.79 4.09 2.20 0.005
AC  707 14.65 1.89 2.92 0.004
RO  255 14.53 5.97 3.13 0.004
M T 922 14.17 2.73 2.83 0.004
M T 1020 14.12 5.31 3.16 0.004
M T 935 13.59 3.44 2.86 0.003
AC  685 13.55 1.34 2.82 0.005
AC  651 13.42 1.45 3.21 0.005
RO  879 13.19 1.93 2.70 0.003
AC 655 12.99 3.50 2.86 0.003

W ickham  clones

RRII 33 20.48 9.18 3.17 0.008

PB 235 20.27 8.58 3.13 0.008

PB 260 19.33 9.04 3.13 0.007

RRIM  600 18.64 9.37 3.03 0.006

RRII 118 18.34 7.77 2.86 0.006

RRTI 105 15.15 5.88 2.97 0.004

C D  (P = 0.05) 3.06 3.29 0.39 NS

A nalysis of variance indicated that 
Rondonian accession, RO 322 showed a sig­
nificantly higher girth over RRII 105 and all 
others were statistically  com parable with 
RRII 105. One accession (M T 1021) was simi­
lar to RRII 33 while five accessions (RO 322, 
MT 1021, M T 999, M T 915 and AC 650) were 
com parable with RRII 118 and RRIM 600. 
Four accessions (RO 322, MT 1021, MT 999 
and M T 915) were sim ilar to PB 260 and two 
accessions (RO 322 and MT 1021) were com­
parable with PB 235.

Analysis of variance for the girth incre­
ment indicated that none of the wild acces­
sions showed a significantly higher girth in­
crem ent over all the W ickham clones. Girth 
increm ent of four accessions (MT 99 ,

915, MT 1021 and RO 322) were on par with 
RRLM 600. Six accessions (MT 1020, MT 999, 
MT 915, MT 1032, RO 322 and RO 255) had 
the girth increment similar to that of RRII 33,
PB 260, and PB 235. Seven accessions (MT 
1020, MT 999, MT 915, MT 1032, MT 1020, 
RO 322 and RO 255) had the girth increment 
on par with RRII 33, PB 260, PB 235 and RRII 
118, while 14 accessions had their girth in­
crement similar to clone RRIi 105.

The average bole height was signifi­
cantly higher in two accessions (MT 941 and 
MT 1032) over RRII 105 and RRII 118 while 
MT 941 was statistically superior to RRIM 
600 and 17 accessions were similar to RRII 
33, PB 235 and PB 260 for this character.

The bole volume at the age of 42 months 
ranged from 0.003 m 3 to 0.007 m 3 in the wild 
accessions with the maximum value for MT 
999 and MT 1021. No significant difference 
was observed among the clones for this char­
acter. Among the Wickham clones, RRU 33 
and PB 235 ranked top for bole volume. 
Morphological characterization was done in 
this trial and documented through digital 
photography. Wide variability was observed 
in the branching pattern and canopy architecture.

In the exp erim en t on screenin g  of 
germplasm for timber quality traits, 18 wild 
accessions (Acre -  6; Rondonia -  6; Mato 
Grosso -  6) and two Wickham clones (RRU 
105 and RRIM 600) were selected from the 
SBN 2000 for the identification and localiza­
tion of lignin precursor enzymes.

Localization of Cinnamyl Alcohol De­
hydrogenase (CAD) and Peroxidase in nitro­
cellulose membranes was done in four wild 
accessions (AC 4679; RO 4606; MT 5686, MT 
4859) and two controls. Stem  samples (180 
samples) were collected from all the experi­
mental plants in triplicate at three height 
positions and freeze dried at -80° C . The fro­
zen samples were ball milled and prepared 
the xylem powder for lignin estimation.



In the study on variability in structure 
and properties of wood of Hevea clones fell­
ing and wood sampling of 42 trees (b trees 
per done viz. RRII 105, RRIM 600, PB 260, 
PB 235, PB 310 , PR 261 and PB 311) were 
completed. The 630 wood samples (size - 6x 
43 cm) collected from 42 trees were processed 
for testing the physical and mechanical prop­
erties viz. shrinkage, density, static bending, 
compressive stress, tensile stress and hard­
ness in the w ood testin g  laboratory , 
Manganam

5. M olecular characterization

In the experiment on RAPD profiling 
and evaluation of genetic diversity in wild 
Hevea accessions, in collaboration w ith G e­
nome Analysis Laboratory, RAPD reactions 
in 110 selected accessions, w ith 17 prim ers 
were completed and RAPD profiles scored. 
Profiles exhibited a high degree of polym or­
phism. Data was analyzed and a UPGMA 
dendrogram constructed based on genetic 
dissimilarity, which grouped the w ild acces­
sions into 7 genetically divergent clusters.

MYCOLOGY AND PLANT PATHOLOGY DIVISION

The major research areas of the division 
included chemical and biological control of 
pathogens and pests of Hevea brasiliensis, 
m olecular characterisation of pathogens, 
host pathogen interaction, etiology of tap­
ping panel dryness, microorganisms in plant 
growth and management of effluent from 
rubber processing.

1. Leaf diseases

1.1. Abnorm al leaf fall

Tine experiment on evaluation of crop 
loss due to abnormal leaf fall disease was 
concluded. It was observed that clone RRIM 
600 suffered heavy crop loss (31.66%) due to

the disease with annual loss varying from 
15.39 to 46.41%. In the case of RRII 105 there 
was no overall crop loss although the loss 
during individual year w as up to 24.94%. 
This clone although suffered crop loss dur­
ing monsoon season, com pensated for the 
loss in the s u cce e d in g  m o n th s  a fte r  
refoliaiton. Overall crop loss of clones G T 1 
and RRII 118, were 8.21 and 7.15%  respec­
tively. Tim ber y ield  w as h ig h er  in  the 
sprayed plots of RRIM  600, G T 1 and RRII 
118 while the total tim ber yield in the clone 
RRn 105 was not affected. In clone RRII 118, 
increase in timber yield due to spraying was 
significant (Table Path 1).

Table Path 1. Effect o f protection against abnorm al leaf fall d isease

Clone Treatment Tree stand Latex yield* 
g/t/tap

Tim ber yield 
(mJ/ha)

C um ulative crop 
loss (%)

RRIM 600 Sprayed 234 74.65 126 31.66
Unsprayed 300 59.96 (87.98) 111

RRII 105 Sprayed 219 82.82 93 -2.95
Unsprayed 169 83.94 (83.47) 114

G T l Sprayed 240 57.14 120 8.21
Unsprayed 260 55.36 (60.32) 111

RRII 118 Sprayed 237 58.38 174 7.15
Unsprayed 235 49,92 (53.53) 132

Potential yield given in parentheses



New experiment on crop loss evalua- than spray oil. The lower flash point of die-
tion in clones RRII 414, RRII 422 and RRII sel is not relevant in micron spraying unlike
429 with PB 260 as control has been initiated, in aerial spraying.

The survey on incidence of abnormal 
leaf fall disease in clone RRII 105 was re­
peated for the third season covering 2,40,603 
hectares under 162 field offices under 28 re­
gional offices in the traditional regions. Ma­
jority (83.26%) of the areas had less than 25% 
leaf fall. The area with leaf fall above 50% 
was confined to central and northern regions. 
There was improvement in the area under 
spraying (9.28%) over previous years.

The scope for reducing the dosage of 
copper oxychloride (COC) when rubber seed 
oil (RSO) and spray oil (SO) were mixed 
(1:2 proportion) and used as diluent for 
spraying against abnormal leaf fall disease 
was investigated in two clones, (RRIM 600 
and RRII 105), in a disease-prone area. Lower 
doses of COC w as found comparable to the 
recom m en d ed  d o se  o f 8kg/ h a w hen 
RSO + SO w as used as carrier. RSO + SO 
alone is not effective for disease control 
(Table Path 2).

High-speed diesel w as evaluated as a 
carrier for COC for micron spraying. The 
fungicide w as well dispersed in diesel and 
there was no difference in the height of spray 
particle deposition. The leaf retention in both 
treatm ents were com parable. Diesel has 
higher USR value (more pure) and is cheaper

The new spray oil formulation devel­
oped by M/s. Hindustan Petroleum Corpo­
ration was field-tested in four locations and 
the test sample w as found as effective car­
rier for COC as currently recom mended 
spray oils and was recommended for use.

In order to confirm the effectiveness of 
micronair atomiser for micron spraying it 
was fixed on micron sprayer and used for 
COC spraying (at the rate of 8 kg/ha in 40 L 
spray oil). The leaf retention observed was 
70% with more retention in the upper canopy, 
confirm ing the effectiveness of micronair 
atomiser. A prototype micron sprayer was 
fabricated for use with a 2.5 HP engine to 
reduce the weight and labour requirement. 
Further improvements in blower case design 
and atomiser are required for its effective use.

A 5HP imported mist blower was modi­
fied by attaching a pump to achieve vertical 
discharge of spray fluid and w as tested in 
the field. The spray height achieved was 15 
meters. The sprayer can be carried by single 
worker and will be useful for young planta­
tions (up to 12 years).

The field trial conducted in Palappilly 
region on highly susceptible clone RRIM  600 
was continued for testing the efficacy of Bor­

Table Path 2. Effect o f dosage o f  COC on ALF control

Location 

Pudukad Estate, 
Trichur

RRIM 600 RSO+ SO+ 8 kg COC/ha 
RSO+ SO+ 6 kg COC/ha 
RSO+ SO+ 4 kg COC/ha 
RSO +SO  
Unsprayed

50.94 (45.56) 
45.39 (41.74) 
41.25 (39.51) 
2933  (31.57) 
7.92 (15.78) 12.62

Chemoni Estate, 
Trichur

RRII 105 RSO+ S O + 8 kg COC/ha 
RSO+ S O + 6 kg COC/ha 
RSO+ SO+ 4 kg COC/ha 
RSO +SO

65.32 (56.22) 
59.53 (51,33) 
50.65 (45.36) 
22.08 (27.16) 13.74

Values in parentheses are arc-sine transformation



deaux and oil combinations in controlling 
Phytophthora leaf fall. Being disease-prone 
area, the disease intensity was severe in that 
locality. However, good leaf retention could 
be achieved by fungicide application. Addi­
tion of 1% rubber seed oil (RSO) or spray oil 
(SO) to 0.5% Bordeaux could provide a con­
trol comparable to that with 1% Bordeaux 
mixture.

Another experiment was undertaken 
on susceptible clone RRIM 600 to test the ef­
ficacy of Bordeaux spraying using tractor- 
mounted low volume mist blowers, which 
could deliver the fungicide spray up to 70 ft. 
High volum e spraying using Horizontal 
Double Piston (HDP) sprayer served as con­
trol. Two rounds of spraying at an interval 
of 20 days was undertaken in the former, 
whereas only one spraying was given with 
HDP sprayer. Even w ith two rounds of 
spraying with low volume spray applicator 
satisfactory control comparable to high vol­
ume spraying could not be achieved.

Recording of yield in the crown bud­
ded experim ental blocks w as continued. 
High yield and less intensity of abnormal leaf 
fall was recorded in crown-budded plants. 
Girth and branching pattern were recorded 
and bole and branch volume were estimated 
prior to felling. Trees crown-budded with 
clone Fx 516 and RRII 33 on RRIM 628 re­
corded significantly high total wood Volume

while trees crown budded with Fx 516 on 
GT1 only gave a high wood volum e (Table 
Path. 3).

For the proposed new crown budding 
experiment in clone PB 260, and polybag 
plants are being developed for budding in 
nursery itself for subsequent field planting.

Laboratory screening o f germ plasm  
accessions for Phytophthora resistance by de­
tached leaf technique w as undertaken. Out 
of 550 accessions screened, 252 show ed m od­
erate to tolerant reaction. A m ong this, 109 
were found as tolerant as RRII 105.

The severity of abnorm al leaf fall dis­
ease in various clone evaluation trials w as 
assessed. In 1993 LST at CES Chethackal, 
RRII 453 was the most susceptible and RRII 
417 and RRII 430 the least. In G x E interac­
tion trial at RRS, Padiyoor RRII 430 w as the 
most tolerant clone recording 80% leaf reten­
tion as against 43% in the susceptible clone 
RRIM 600. In K anyakum ari, where abnor­
mal leaf fall is less prevalent, RRII 429 re­
tained more leaves (74%). In the trials with 
prepotent clones, progenies of clones PB 215 
and PB 252 w ere fou n d  to  reta in  good 
canopy. In the trial at Sastham cotta, leaf fall 
was mild irrespective of clones w hereas in 
the ortets planted at Koney Estate, severe leaf 
fall was recorded in susceptible clones.

The rDNA RFLP of Phytophthora iso­

Table Path 3. Bole and branch volum e in crow n-budded trees

Location Crown/clone Bole volume 
(m3)

Branch volume 
(m3)

Total wood 
volum e (m 3)

KinaJur Fx 516 0.52 0.23 0.75
(Calicut) RRII 33 0.26 0,11 0.37

F  4542 0,22 0.05 0.27
G T 1 (Control) 0.29 0.13 0.42
CD 0.10 0.06 0.10

Kaliyar Fx 516 0.61 0.31 0.92
(Thodupuzha) RRII 33 0.51 0.31 0 .82

F 4542 0,23 0.10 0.33
RRIM 628 (control) 0.17 0.13 0.30
CD 0.06 0.06 0.08



lates collected from the traditional rubber 
growing areas were amplified with ITS4 and 
ITS6 primers. Amplified rDNA restricted 
with two different restriction endonucleases 
gave uniform pattern confirming their iden­
tity as P. meadii.

Tagging Phytophthora resistant genes 
was attempted. DNA was isolated from RRII 
105 and its parental clones. RAPD analysis 
of the isolated DNA was carried out with 20 
random primers of w hich OPA 1, OPF 10, 
OPA 10 prim ers show ed a polym orphic- 
banding pattern with susceptible parent.

1.2. Sh oot rot

Five bacterial antagonists were tested 
for their efficacy against shoot rot disease 
caused by Phytophthora spp in the field. One 
of the antagonists (PB 8) could reduce the 
disease intensity compared to others.

Efficacy of Bordeaux mixture + oil com­
binations in controlling shoot rot disease was 
compared with Bordeaux mixture + other ad­
juvants in the field experiment laid out at 
Thodupuzha in one-year-old plants. Treat­
ments with addition of 1% rubber seed oil 
or neem oil to 0.5% Bordeaux were found as 
effective as the recommended 1% Bordeaux 
m ixture (Table Path. 4).

Copper retained on leaves between two

sprayings was estimated and no significant 
difference was noticed among the treatments

1.3. Powdery m ildew

A field experiment in one year old RRII 
105 plants was carried out at TR & T Estate, 
Mundakayam to evaluate a systemic triazole 
fungicide, difenconazole and a systemic ac­
quired resistance (SAR) inducing principle, 
benzothiadiazole alone and in combination 
w ith difenconazole and carbendazim  in 
ch eck in g  p ow d ery  m ild ew  d isease . 
Difenconazole (0.025%) was found to be ef­
fective against the disease when sprayed at 
weekly intervals. Combined application of 
benzothiadiazole (0.05% ) + carbendazim  
(0.05%) recorded minimum disease intensity 
follow ed by  benzothiadiazole (0.05% ) + 
difenconazole (0.025%) (Table Path. 5).

Table Path. 5 .Effect o f  fungicides for control o f  pow­
dery m ildew  disease

Fungicides PDI

Carbendazim (0.05%) 14-3
Difenconazole (0.025%) 14.2
Benzothiadiazole(0.1%) 13-0
Benzothiadiazole{0.05%) 13-7
Benzothiadiazole(0.05%)+Carbendazim (0.05%) 11.3 
Benzothiadiazole{0.05%)+Difenconazole (0.025%)12.3 
Control 24-7

C D (P=0.05) 4.2

Table Path 4. Incidence of shoot rot disease

Treatment
Shoot rot incidence (%)

1% Bordeaux mixture
1% Bordeaux mixture + 1% Rubber seed oil
1% Bordeaux mixture + 1% Neem oil
1% Bordeaux mixture + Sandovit
1% Bordeaux mixture +Apsa
0.5% Bordeaux mixture
0.5% Bordeaux mixture + 1% Rubber seed oil
0.5% Bordeaux mixture + 1% neem  oil
0.5%  Bordeaux m ixture + Sandovit
0.5% Bordeaux mixture + Apsa
Unsprayed control

15.33 (3.90) 
8 .67 (2.94)

10.33 (3.21)
13.33 (3.63)
12.33 (3.46)
19.33 (4.39)
13.33 (3.63) 
15-33 (3.89)
21.33 (4.61)
18.00 (4.24)
26.00 (5.08)

CD (P=0.05)
0.71

C D  for transformed values in parentheses



In the nursery evaluation of fungicides 
for control of powder)’ mildew disease, mini­
mum disease intensity  was recorded in 
benzothiadiazole(0.05% ) + carbendazim  
(0.05%) followed by difenconazole (0.025%).

The clones in G x E interaction trial were 
evaluated for powdery mildew disease tol­
erance at two locations. In Padiyoor, maxi­
mum disease was noticed in the clone RRII 
203 (48.33%) and minimum in the clone RRIC 
100 (17.92%). However, in Kanyakumari, the 
differences were not significant.

In the trial for the evaluation of prepo­
tent clones, minimum disease was noticed 
in the progenies of the fam ily PB 5/76 
(34.83%) and AVT 73 (40.0%). The seedling 
progenies of prepotent parent clones were 
also evaluated and the results were non-sig- 
nificant. The seedlings of HP 2002 were also 
evaluated for powder}' mildew disease tol­
erance. A total of 207 seedlings out of 1030 
recorded < 25% disease. Powder,' mildew 
disease intensity in germplasm accessions in 
Source Bush Nurseries, Evaluation Trials and 
Germplasm Gardens was assessed and 35 
accessions with tolerant traits were short­
listed. Severity of powdery mildew was also 
assessed in the 3 trials to evaluate selected 
ortets at Koney Estate and Clone evaluation 
trial at Sasthamcotta. Disease intensity was 
severe in susceptible clones at both the loca­
tions. Incid ence of powdery mildew was also 
assessed in crown budded trees. Powdery 
mildew was moderate in RRII 33 and mild 
in Fx 516 crowns.

1.4. Colletotrichum  leaf disease

Colletotrichum gloeosporioides has earlier 
been reported as the cau sative agent of 
Colletotrichum leaf fall disease. However 
recent study revealed that the fungus C. 
acutatum  also plays a significant role in the 
development of the disease. Hence a study 
has been initiated to confirm the major cause 
of the disease in India. Diseased specimens 
were collected from different regions and

clones during 2003 disease season. Leaf bits 
showing different sym ptom s like, typical 
raised spots, dark brow n or black spots and 
dried margins were taken and the pathogen 
was isolated on Potato dextrose agar. The 
em ergin g co lo n ies  from  ea ch  b it  w ere 
grouped into two based on the growth char­
acters (slow grow ing/fast grow ing) and 
conidial shape (fusiform /cylindrical). In 
total 65% of the colonies were of slow grow ­
ing with fusiform conidia i.e., C. acutatum  and 
only 35% w'ere fast growing w ith cylindrical 
conidia i.e., C. gloeosporioides. Both the spe­
cies could be isolated from all types of sym p­
toms. However all the isolates from  North 
East India were of C. gloeosporioides.

Selected colonies were further charac­
terized based on growth rate at 25° C, conidial 
shape and fungicide sensitivity for confirm ­
ing the species. Studies on fungicide sensi­
tivity revealed that all the fast grow ing iso­
lates (C. gloeosporioides) were highly sensitive 
to carb en d azim  and le ss  s e n s it iv e  to 
mancozeb while slow growing isolates (C. 
acutatum) were less sensitive to carbendazim  
(Table Path. 6).

A field experim ent for Colletotrichum  
leaf disease control w as carried out at TR& T 
Estate, Mundakayam on one-year-old plants 
of clone RRII 105 for the evaluation of fungi­
cides. Fungicides were sprayed at weekly 
intervals. The disease control w as superior 
w ith azoxystrobin (0.025% ) fo llow ed  by 
difenconazole (0.025%) (Table Path. 7).

Field evaluation of system ic acquired 
res ista n ce  in d u cin g  c o m p o u n d , 
b e n z o th ia d io z o le  fo r  the co n tro l o f 
Colletotrichum leaf disease w as carried out 
in TR & T Estate, M undakayam  on one-year- 
old p la n ts  o f c lo n e  R R II 105. 
Benzothiadiazole was evaluated at tw o con­
ce n tra tio n s  and in co m b in a tio n  w ith  
carbendazim and difenconazole. Single ap­
plication of b en zoth iad iazo le  (0 .1%  and 
0.05% ) w as com parable w ith  the recom -



Table Path. 6. Sensitiv ity (% inhibition) o f C olletotrichu m  isolates to fungicides

Isolate No. Carbendazim (ppm) Mancozeb (ppm)
2 5 25 50 100 250

1 92.80 94.44 100.00 16.70 19.44 25.00
4 100.00 100.00 100.00 5.50 8.80 11.44
14 (1) 89.90 100.00 100.00 11.90 26.70 31.90
14 (2) 52.80 56.33 66.37 32.44 43.00 46.80
26 (1 ) 56.59 60.72 68.70 20.50 68.80 69.23
26 (2 ) 47.74 65.50 69.20 21.60 26.75 39.64
20(2 ) 45.61 53.50 58.54 2 1 7 0 28.92 37.35
21 (1) 55.33 60.03 65.30 17.20 23.90 34.84
2 3 (2 ) 47.60 52.20 57.80 21.99 31.44 38.53
24(2 ) 50.34 57.11 63.90 27.03 29.83 38.40
36 100.00 100.00 100.00 9.14 20.60 22.80
37 27.20 42.70 45.14 18.4 27.70 35.53

Table Path. 7. Effect o f fungicides on Colletotrichum  
leaf d isease -  field evaluation

Fungicides PDI

M ancozeb (0.2%) 20.1
Carbendazim  (0.05%) 21.0
Difenconazole (0.05%) 12.3
Chlorothalonil (0.2%) 16.8
Propineb (0.2%) 21.2
Azoxystrobin (0.025%)
Difenconazole (0.05%) + mancozeb (0.2%)
(alternate) 21.0
Control 27.6

C D  (0.05) 7.1

m ended fungicides. However, combination 
of benzothiadiazole (0.05% ) + m ancozeb 
(0.02%) recorded the lowest disease intensity 
follow ed by  ben zothiad iazole (0.05% ) + 
carbendazim(0.05%). Nursery evaluation of 
benzothiadiazole on Colletotrichum leaf dis­
ease was undertaken at RRII on clone RRIM 
600. The lowest disease intensity was noticed 
in difenconazole (0.025%) and hexaconazole 
+ benzothiadiazole (0.05%) treatment.

In vitro studies em ploying dual culture 
technique indicated that six Trichoderma iso­
lates showed antagonistic activity by over­
growing the pathogen and two bacterial iso­
lates produced inhibition zone against the 
pathogen.

In the c o m p a tib ility  s tu d ies , 
carbendazim inhibited the growth of all the 
six Trichoderma isolates completely even at

10 ppm whereas with mancozeb all the iso­
lates were compatible even up to 2000 ppm.
1.5. Corynespora leaf disease

Pathogenicity and toxin production of 
60 different isolates collected during 2003 
disease season from  different regions of 
Kerala and Karnataka w as studied. All the 
isolates showed susceptible reaction to RRII 
105 and tolerant reaction to GT 1 with higher 
wilting percent in the former when estimated 
by leaf wilt bioassay using crude culture fil­
trate. Variation in pathogenicity and wilting 
intensity was observed among the isolates. 
All the isolates from GT 1 were found to be 
aggressive with high per cent wilting in both 
the test clones

Sixty isolates were tested for their sen­
sitivity to two fungicides viz. carbendazim 
and mancozeb. Carbendazim was tested at 
25 ppm, 5 ppm and 2 ppm concentrations 
and mancozeb at 250 ,100  and 50 ppm con­
centrations. All the isolates were found to 
be sensitive to carbendazim The response 
of the isolates to mancozeb was highly vari­
able. Four isolates showed complete inhibi­
tion in the presence of mancozeb even at the 
lowest concentrations tried. One isolate was 
found to be less sensitive to mancozeb at all 
the three concentration tested.

Salicylic acid-induced systemic resis­
tance against C. cassiicola was tried in four



clones viz. GT 1, RRIM 600, PR 107 and RRII 
105. O f the different concentrations of sali­
cylic acid tried, 0.03% was found to be effec­
tive. Scorching of leaves was observed at 
higher concentrations.

In GT 1, on infection with Corynespora 
30 units of chitinase activity was estimated 
in 24 h, while it was only 20 units in RRIM 
600 and 15 units in PR 107 and RRII 105. A 
gradual increase in chitinase activity was 
observed up to 96 h in GT 1. Phenylalanine 
Ammonia Lyase activi ty was estimated spec- 
trophotometrically using L-Phenylalanine as 
substrate. In GT 1 ,40 pm P rot1 m in'1 of PAL 
activity was estimated in 24 h where as it was 
28 jim  Prot': mi.n'; in RRIM 600 and 20 pm 
P rot1 m in4 in RRII 105 and PR 107.

One hundred isolates of C. cassicola iso­
lates collected from different rubber grow­
ing areas in Kerala and Karnataka region 
during 2001-2003 d isease seasons were 
analysed for their genetic variability using 
enterobacterial repetitive introgenic consen­
sus sequences (ERIC) for the DNA finger­
printing. The isolates could be grouped into 
four groups

RAPD analysis did not show any ge­
netic variability in the isolates which were 
exposed to carbendazim and mancozeb for 
five generations. Five clones viz., RRII 414, 
RRII 417, RRII 422, RRII 429 and RRII 430 
were screened for resistance to C. cassiicola. 
Chitinase and PALactivity were high in RRII 
429. A total of 744 accessions were screened 
against C. cassiicola in the laboratory by de­
tached leaf technique. O f these, 390 (29 MT, 
135 AC, 134 RO, and 2 OR accessions) showed 
tolerant/ moderately tolerant reaction.

2. Stem  diseases

2.1. Pink disease

Field experiments to compare the effi­
cacy of adding vegetable oils to Bordeaux 
paste w as continued. Addition of rubber

seed oil, neem oil and 'punna' oil to Bordeaux 
paste improved the efficacy and better recov­
ery was recorded (Table Path. 8).

Table Path. 8. Recovery of plants from  p in k  disease

Recovery of plants
(%)

Bordeaux paste alone 65.0
Bordeaux paste + 10% Rubber seed oil 85.0
Bordeaux paste + 10% neem  oil
Bordeaux paste + 10% Punna oil

Bordeaux paste + 1% Rubber seed oil 75.0
Bordeaux paste + 1% neem  oil 80.0
Bordeaux paste + 1% Punna oil 85.0

Efficacy o f a new  copper fu ngicide, 
Coptrel (Cuprous oxide) w as evaluated in 
th ree-y ear-o ld  p la n ts . T reatm en t w ith  
Coptrel resulted in 90%  recovery as against 
65% in Bordeaux paste.

Disease survey w as continued in tradi­
tional regions and comm enced in non-tradi- 
tional areas. PB 260 and RRIC 100 were 
found less susceptible, whereas RRII 105 
remained as the m ost susceptible clone fol­
low ed by PB 2 1 7 . M u n d a k a y a m , 
Pathanam thitta and Thodupuzha regions 
w ere h ig h ly  d is e a s e -p ro n e , w h e re a s  
Kanyakumari region was the least affected 
in the traditional belt. A m ong the non-tra- 
ditional regions, few incidence w as noticed 
in Tripura, w hereas N agrakata region in 
northern part of West Bengal had higher dis­
ease incidence.

Pink disease incidence in the RRII 400 
series clones was recorded in various trials 
at different locations. The clone RRII 429 w as 
the most susceptible, w hereas RRII 410 and 
RRII 422 were the least.

2.2. Bark rot disease

Field evaluation of different system ic 
and contact fungicides against the bark rot 
disease was carried out on the clone PB 28/
59 at Lahai Estate. The results show ed lower 
disease incidence w ith m ancozeb (9.21%)



and Cymoxanil M8 (10.75%) treatments.

Two panel protectant formulations viz., 
C resent rubber coat and Rubm ate were 
found good for use in rubber plantations and 
where recommended to planters.

3. Root diseases

3.1. Brow n root disease

Observations on disease progress in the 
brow n roo t d isea se  co n tro l tria l at 
Mayilellampara, Kozhikode were continued.

Lower doses of tridemorph (0.2%) and 
propiconazole (0.05%) were found effective. 
No further spread of the d isease to the 
neighbouring plants was observed. Another 
brown root disease control experiment was 
initiated in a mature rubber plantation in TR 
& T Estate, Mundakayam to observe the ef­
fect of fungicide treatm ent on advanced 
stages of disease incidence.

A study w as undertaken on artificial 
inoculation and induction of brown root dis­
ease in polybag plants and trees. The artifi­
cially infected stem/root bits were used for 
inoculation on roots. No symptom of brown 
root infection w as observed on trees but 
polybag plants showed infection after eight 
months.

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

W ater sam ples w ere collected from 
wells and streams of RRII, Lahai Estate, CES, 
Chethackal and Pudukkad Estate. The cop­
per content of these sam ples ranged from

0.019 to 0.0057 ppm, well within the safe lim­
its prescribed.

5. Tapping Panel Dryners (TPD)

Rubber trees injected with Tetracycline, 
penicillin, carbendazim and Flagyl injected 
during 1998 to 2001 at M alankara and 
Vaniampara estates were continuously moni­
tored for symptom remission. At both loca­
tions no remission of symptoms of TPD was 
noticed. TPD symptoms were noticed also 
in status 1 and 0 stages of tapping where 
prophylactic injection was given, irrespective 
of the treatments.

Many trees that showed the presence 
of low molecular weight RNA (viroids) in R- 
PAGE but with no apparent symptoms of 
TPD at the time of sampling two years ear­
lier showed sym ptom s of TPD when ob­
served recently (Table Path. 9) confirming the 
occurrence of symptom less carrier trees for 
the viroid (LMWRNA).

A total of 1700 seedlings were success­
fully budded and transferred to polybags at 
CES Chethackal. Out of 233 leaf samples 
tested from these seed lin gs by R-PAGE 
analysis 64 showed viroid bands.

Tapping knife sterilization experiment 
w as co ntinu ed  at V aniyam p ara E state, 
Thrissur to study the transmission of viroids 
from tree to tree through tapping knife. The 
tapping knife w as d ipped in any of the 
chemicals viz. Tri sodium orthophosphate, 
C om b atan , So d iu m  h y p o ch lo rite  and 
Glutaryl before tapping and the trees were

Table Path. 9. Results o f R-PAGE Analysis

Location
Total no of diseased Test result Total no. of apparently 

trees tested +ve healthy trees tested

Vaniyampara
Malankara
RRII
CES Chethackal

19
10

23

8 (4 )  
3 (3 )  
6 (2) 

13 (8)
CES Chethackal ^  _________  " _______________ __________— ----------------------------------- ------- ------- -

■droid bands and later turned TPD  affected.



observed periodically for the appearance of 
TPD. The disease spread was monitored by 
the appearance of TPD in the trees tapped 
inimediately next to TPD affected trees. Even 
though fresh incidence of TPD was noted in 
the experimental area, spread from the af­
fected tree to the nearby tree could not be 
observed irrespective of the treatments.

A field experiment to study the various 
aspects of bark scaling of rubber trees was 
carried out at Anchal. Bark scaled, normal 
TPD, trees next to bark-scaled trees and 
healthy trees were marked in a plantation 
and monthl y recordings of girth, intensity of 
TPD based on length of dry portion of tap­
ing cut, DRC and latex volume were done. 
The bark-scaled trees showed lower girth, 
DRC and volume of latex.

A small-scale survey was carried out in 
northeastern region of India to study the in­
cidence of TPD. In all the locations in this 
non-traditional area where the plantations 
are new’, TPD was observed.

6. Pests of rubber

Drenching chlorpyriphos at 0.20, 0.25 
and 0.30 % gave 76 to 96%  control of termites 
for 3 months. Arrowroot extract gave 85 per 
cent control for one month.

Different doses of the entomopathogen, 
Beauveria bassiana  w ere sprayed on tree 
trunks infested w ith bark feeding caterpil­
lar, Aetherastis circulata, during February, but 
the infection did not take place due to the 
low humidity There was no natural occur­
ren ce o f p re d a to rs , p a ra sites  and 
entomopathogens on larvae or pupae.

Experim ents carried out on pest af­
fected mature trees in the field showed that 
spraying deltamethrin 0.0056% was very ef­
fective giving 96 per cent reduction of cater­
pillars. Fenpropathrin 0.06% and cypermetlirin
0.05% were the next effective treatments giv­
ing 93% reduction of caterpillars.

Efficacy of certain insecticides against 
mooply beetles, Lyprops corticollis ,w as evalu- 
a ted . It w as found  that d e lta m e th r in , 
cypermethrin and fenvalerate were effective 
giving 70 to 82% mortality in 24 hours. In 
the field, an average o f 20%  beetles were 
observed to be n a tu ra lly  in fected  w ith 
B. bassiana.

Effect of M eloidogyne incognita on the 
nodulation, gall form ation and sym biotic 
nitrogen fixation in Pueraria phaseoloides was 
studied and significant reduction in nodula­
tion was observed by infection of nematodes. 
In treatments where nem atode inoculation 
preceded Rhizobium  inoculation, the reduc­
tion in nodule form ation w as m ore. N um ­
ber of galls w as also reduced significantly in 
the plants inoculated w ith Rhizobium  and 
nematode simultaneously, and ten days prior 
or later to each other when compared to those 
inoculated with nem atode alone.

So il sa m p les  w ere  c o lle c te d  from  
K an h an g ad , N ila m b u r, K o tta y a m  and 
K ad ackam om  fo r  is o la t in g  
entomopathogenic nem atodes (EPN ) using 
Corcyra cephalonica (Rice meal m oth) and 
G alleria mellonella (G reater w ax m oth ) as 
baits. The sam ples collected from Nilam bur 
and K ad ack am o n  y ie ld e d  th e  E P N , 
Steinernema sp.

7. Bee keeping

Studies indicated that betw een the bee 
keeping with A pis ceram  indica and Apis 
mellifera, the keeping o f A. ceram  indica us­
ing family labour was m ore rem unerative. 
The production of honey w as 12 kg  per hive 
for A. cerana indica and 30 kg for A. mellifera. 
The honey production in the rubber sector 
was estimated as 6700 tonnes. The honey 
production during the year w as three times 
higher than that of the previous year due to 
favourable w eather co n d itio n s that p ro ­
longed the nectar secretion in rubber trees 
(Table Path 10).



Table Path. 10. Cost, net incom e and BCR o f A .cerana in dica  and A .m ellifera  colonies (2004)

Item A.cerana indica A.mellifera

Establishment cost Rs./hive/year 325 706
M aintenance cost Rs./hive/year 660 1890
Gross cost Rs./hive/year 985 25%
Cross income Rs.hive/year 1131 3030
Net incom e Rs.hive/year 146 434
BCR 1.15 1.17
Family labour net incom e Rs./hive/year 679 1394
BCR (with family labour employment) 2.5 1.85
Honey yield (kg/hive) 12 (7-16) 30 (19-38)

Figures in parenthesis represents range of honey yield (kg/hive)

9. M icro o rg a n is m s fo r  im p ro v in g
growth of rubber and cover crops

Rhizobium  isolates nodulating Mucuna 
bracteata were isolated from soil samples col­
lected from North East India. Two types of 
Rhizobia were collected from nodules of Mu- 
cuna collected from Nagrakatta.

In order to study the diversity of Rhizo­
bia that nodulate P. phaseoloides, isolates were 
collected from five leguminous plants viz., 
C alop o g on iu m  rnucunoides C entrosem a  
pubescens, Clitoria sp, P. phaseoloides and M. 
bractiata from RRII farm and studied their 
morphological, cultural and symbiotic char­
acteristics using P. phaseoloide as test plants. 
The isolates varied in their colony morphol­
ogy, duration of colony development, pH 
and nutrient requirem ents of the growth 
media, production of growth promoting sub­
stances and sensitivity to antibiotics.

The effect of different nutrient source 
on growth of the isolates was studied. The 
growth pattern varied with the isolates and 
nutrient sources. Production of Indole acetic 
acid, exopolysacchradies and siderophore 
also varied with the isolates. The isolates also 
showed variations in the pattern of antibi­
otic resistance.

The effect of inoculation with Rhizobial 
isolates collected from different leguminous

p la n ts  on g ro w th  and n o d u la tio n  of 
P.phaseoloides plants was studied using ster­
ilized soil. All the isolates were found to in­
fect and produce nodules. The various 
growth parameters like shoot length, root 
length, shoot weight, root weight, nodule 
and leaf numbers were found to be enhanced 
upon inoculation but varied among isolates.

A total of 12 isolates of Azospirillum  
were collected from rubber plantations us­
ing ttibber roots in malate semi-solid media 
and purified. Their nitrogenase activity var­
ied from 81.70 to 156.30 (y mol.ethylene pro- 
duced/h/100 ml).

A study was conducted to compare the 
effect of inoculation of Azotobacter sp. and 
Beijerinckia sp. on growth of rubber seedlings. 
One-week-old rubber seedlings were dipped 
in culture broth containing 10"* cells/ml and 
planted in polybags. The results are pre­
sented in Table Path 11.

The seedlings inoculated with both the 
isolates did not show much difference in 
growth. Combined inoculation also did not 
yield higher growth than single isolate in­
oculation. The rhizosphere colonisation of 
the isolates after 5 months was more for Azo­
tobacter isolates.



Table Path. I I .  Effect of A zo to b ac ter  and B eijer in ck ia  inoculation on ru bber seedlin gs

Treatment A fter:’ .5 months A fter 5 m onths

Height
(cm)

Girth 
(mm diameter)

Height
(cm)

Girth 
(mm  diam eter)

Azotobacter sp 66.50 6.50 113.67 8.33

Beijerinckia  sp 67.83 6.83
Azulobacter + Beijerinckia t>4.50 5.92 107.16
Lrtinoculated control 61.67 5.67 96.16

CD (P=0.05) 8.37 0.73 12.29 0.87

insoluble phosphate by the isolates was stud­
ied using Aluminium phosphate and Ferric 
phosphate (the insoluble forms of phosphate 
present in acidic soil) and Mussoorie rock 
phosphate and Rajphos (the fertiliser forms) 
using Pikovskaya's broth. Five isolates were 
found to release phosphorus from A1 PO, 
while six isolates released P from Fe PO. 
Four isolates solubilised both A1 PO^and Fe 
P 0 4. Mussoorie rock phosphate and Rajphos 
were also solubilised by five isolates each.

Extra-cellular and intra-cellular pro­
duction of the enzyme, acid phosphatase by 
the nine phosphofungi was estimated using 
cultural filtrate and fungal mycelia respec­
tively in terms of P-nitrophenol (PNP) re­
leased from PNP phosphate. Eight isolates 
showed the secretion of both extra-cellular 
and intra-cellular phosphatase enzyme.

Twentythree fluorescent rhizabacteria 
were collected from rubber plantations dur­
ing the year. All the isolates showed posi­
tive results to siderophore production by 
FeCL test. Production of HCN was also stud­
ied using 23 isolates. Based on the change in 
the colour of picric acid reagent, five isolates 
were identified as medium while three iso­
lates as high HCN producers. Antagonistic 
activity of the 23 isolates against the five 
major pathogens viz., Corticium salmonicolor, 
Phellinus noxius, P, meadii, C. cassiicola and C. 
acutatum  w as studied using dual culture

technique. Nine isolates show ed grow th in­
hibition of Corynespora. One isolate showed 
antagonistic activ ity  ag ain st all the five 
pathogens.

The ability of the 23 isolates to solubilise 
insoluble phosphate w as studied  in agar 
media and 19 isolates show ed indication of 
phosphate solubilisation.

The potential o f 7  rhizobacterial isolates 
collected during previous year, to stim ulate 
p lan t gro w th  w as stu d ie d  u s in g  P. 
phaseoloides in  polybags. A fter 50 days, the 
plants were uprooted and grow th param ­
eters like length and weight of shoot and root, 
nodule number and w eight, nitrogenase ac­
tivity and rhizosphere colonisation, were re­
corded (Table Path. 12).

A m on g th e  s e v e n -r h iz o b a c te r ia l 
isolates studied, maximum growth im prove­
ment was by RB 23 while RB 24 favoured 
higher nodulation and nitrogenase activity. 
Inoculated plants also show ed a significant 
increase in the flu orescent rhizobacterial 
p o p u la tio n  co m p ared  to u n in o c u la te d  
control.

10. Waste management in rubber processing

Work on the research project on 'Design 
and development o f high rate reactor' and 
its field evaluation for treating w aste water 
from rubber processing in collaboration with 
TN A U , C oim batore, w as in itia ted . The



Table Path. 12. Effect o f  rhizobacterial inoculation on growth, nodulation, nitrogenase activity and colonisation
on P .p h aseo lo id es

Isolates Shoot
length
(cm)

Shoot
Weight

(g)

Root
length
(cm)

Root
weight

(g)

Nodule
No.

Nodule
weight

(g)

Nitrogenase
activity*

Fluorescent
Rhizobacteria
(xl06cfug-l)

R B 3 33.67 5.01 21.83 1.24 18.00 0.34 503 13.00
RB 12 32.73 4.91 20.67 0.95 15067 0.28 399 14.33
RB 16 34.33 5.23 21.89 1.24 25.00 0.36 748 15,67
RB 20 29.76 5.02 21.13 0.98 18.00 0.29 383 16.00
RB 22 34.33 5.86 19.23 1.42 19.33 0.48 913 18.00
RB 23 44.5 6.38 22.27 1.72 20.00 0.48 943 15.33
RB 24 36.13 5.17 20.03 1.34 24.67 0.53 1358 14.33
Control 30.60 4.53 21.03 0.84 15.33 0.28 382 9.67

CD
(P=0.05)

4.58 0.36 NS 0.18 4.27 0.06 71 4.58

■p m oles ethylene produced h'1 plant"'

quantity and quality of effluents from a RSS 
group processing centre were studied and 
bench models of UASB and hybrid reactors 
were designed and tested. The reactors were 
fed with effluents from different waste wa­
ter treatment plants (Sewage, Sago factory, 
RSS processing) and goat rumen for build­
up and thickening of sludge.

Thirty four anaerobic digesters in the 
rubber small holdings in and around Paika 
near Pala were evaluated. Total gas produc­
tion, various substrates used in the digest­
ers, quantity of the slurry produced and the 
quality of the final effluent were studied.

The RSS effluent in combination with 
cowdung gave the maximum gas production 
irrespective of the size of the reactor. It was 
observed that all the reactors where rubber 
processing effluent is used were overfed.

S lu rries from three types of biogas 
plants i.e., (1) Biogas plant with RSS effluent 
alone, (2) with cowdung and effluent and (3) 
w ith cow dung alone w ere characterized.

The highest nitrogen and phosphorus con­
tents were observed in the slurry where ef­
fluent along with cowdung was used as the 
substrate. Available potassium was maxi­
mum in cowdung slurry. The anaerobic m i­
crobial count was maximum when effluent 
and cowdung were used as the feed materi­
als.

Effect of these slurries on the growth of 
the leafy vegetable Amaranthus retriflexus and 
soil microbial and chem ical properties were 
studied. An increase in available nitrogen, 
phosphorus and potassium contents in soil 
was observed due to the application of the 
slurries. The microbial population was more 
in the treatment with cowdung and fertilizer. 
A steady increase in microbial population 
was noted in all the treatments.

V ariou s g ro w th  p a ra m eters  in 
Amaranthus retriflexus were recorded. The 
shoot length was higher in cowdung and fer­
tilizer applied fields while the lower in the 
effluent treated.



The major research areas of the division 
are environmental physiology, physiology of 
growth and yield, stock-scion interaction, 
tapping panel dryness (TPD), secondary 
metabolism and ecological impact of rubber 
cultivation. Molecular biology experiments 
were conducted to study the mechanism of 
various physiological processes such as 
drought tolerance, genetic conflicts between 
root-stock and scion , identification  and 
characterisation of wintering related genes 
and TPD.

1. Environmental physiology

1.1. Drought tolerance

The first phase of the experiment on 
physio-biochemical comparison of drought 
tolerant and susceptible trees of Hevea iden­
tified from the polyclonal field trials at RRS, 
Dapchari was concluded.

1.2. Id e n tif ic a tio n  o f th e  m o le cu la r  b a s is  for
drought tolerance

Genomic DNA from high and low girth 
trees o f the p o lyclon al seed lin gs from 
Dapchari and from wild germplasm acces­
sions were isolated. RAPD analyses were 
performed using 10 operon primers and the 
genetic distance between the high and low 
girth and within the categories in both cases 
was computed. Genetic distance (GD) of the 
trees between the two girth categories was 
greater than the trees within a girth category 
in the case of wild accessions, In the case of 
polycolonal seedlings from Dapchari, there 
was not much change in GD.

1.3. Com bined effect of drought and light on nurs­
ery plants

T he clones selected by prelim inary 
screenin g w ill be fu rther evalu ated  for 
drought tolerance. Preliminary screening of 
a large number of wild germplasm material 
will be carried out in a phased manner in 
collaboration with the Germplasm Division.

1.3.1. E ffect o f  m eth y l v io lo g e n  a n d  h igh  lig h t  s tress
o il H evea  l e a f  tissu es

Methyl viologen (M V) in the presence 
of light can induce oxidative stress and cause 
damage to cellular organelles. Experim ent to 
study the possibility of using this compound 
for stress tolerance research in Hevea  was ini­
tiated. MV at four concentrations (0.1, 1.0, 
10 and 20 mM solutions) were tried by float­
ing lea f d iscs (size=  2  cm  d ia m eter) of 
RRII 105 in petri dishes and exposing to open 
sunlight (approx. 1600 nm oles m '2 s'2) for 2 
hours. The effect on chlorophyll fluorescence, 
cell membrane stability and chlorophyll con­
tent were studied. To estim ate the chloro­
phyll degradation, the leaf sam ples w ere ex­
posed for five hours. Control sam ples were 
maintained in distilled w ater under dark­
ness.

The total chlorophyll content in control 
leaves was estim ated as 3.0 m g/g o f fresh 
leaf tissue. In treated leaf discs chlorophyll 
content was found decreased. Reduction in 
total chlorophyll w as associated w ith a nar­
row decline in chlorophylls a  and b content 
without any significant variations in a/b. 
However, a significant variation from con­
trol was noticed only at 20 m M  concentra­
tion of MV (Table Phy.l).

Cellular m em brane stability as a m ea­
sure of drought tolerance in Hevea w as stud­
ied as percent cell m em brane injury in leaf 
tissues after exposure to M V and high light. 
In dark the variation w as insignificant. A 
drastic reduction in m em brane stability  was 
observed with the increase in concentration 
of MV and high light (Table Phy. 2).

Dark Fv/Fm w as estim ated in leaves 
after 30 m inutes dark adaptation using a 
Chlorophyll flurometer. Initial fluorescence 
(F o ), m ax im u m  flu o re sce n ce  (Fm ) and 
Fv/Fm were measured from control as well 
as treated leaves. Highly significant varia-



Table Phy. 1. Effect of M V and light stress on
chlorophyll content in leaf discs of 
R R II 105

Table Phy. 4. P e rc en t v a r ia tio n s  in  f lu o re scen c e  
parameters of treated leaves

Concentration
(mM)

Chi a C h ib Total
Chi

Chi a/b

Dark 2.15 0.85 3.01 2.53
±0.02 ±0.03 ±0.01 ±0.1

Light 2.05 0.87 2.93 2.36
±0.01 ±0.03 ±0.03 ±0.08

0.1 2.05 0.87 2.93 2.34
±0.01 ±0.01 ±0.01 ±0.03

1 2.03 0.74 2.77 2.71
±0.03 ±0.007 ±0.03 ±0.03

10 1.95 0.78 2.73 2.5
±0.01 ±0.01 ±0.02 ±0.03

20 1.93* 0.71* 2.64* 2.73
±0.02 ±0.01 ±0.03 ±0.05

* significant at 0.05%

Table Phy. 2. C e ll m em bran e s ta b ility  o f m ethyl 
viologen and high light exposed leaves

Concentration _________ Percent injury___________
m M  Dark Light

Control 00 2.51 ±  0.68
0.1 1.0 ±  0.27 27,2* ±  2.05
1.0 2.0 ±  0.30 37.5* ±  2.02
10 2.7 ±  0.38 44.9* ±.180
20 3.8 ±  1.13 65.8* ±  4.71

* significant at 0.05%

Concentration
mM

% increase 
in F o

% decrease 
in Fm

% decrease 
in Fv/Fm

0.1 08.4 55.2 39.2

1 10.8 59.8 48.1

10 13.2 64.1 62.0

20 2 3 3 65.5 73.0

tions in Fo, Fm and Fv/Fm were noticed in 
light. A drastic reduction in Fm at higher con­
centrations of MV resulted in a larger decline 
in Fv / Fm. (Table Phy. 3 & 4).

13 .2 . R a p id  screen ing  o f  H evea  g erm p lasm  lin es fo r  
in trinsic drought toleran ce

O ver 600 g erm p lasm  accession s 
planted during 2003 at CES, Chethackal were 
selected for the study towards the first phase 
of in vitro assessment of Hevea germplasm 
population. Field enum eration w as com­
pleted during the summer season (March, 
2004) by visual scoring of few important 
drought tolerant traits such as leaf senes­
cence and yellowing, wax content, narrow/ 
broad shaped leaves, curved/flat leaves and 
vigor of the plant. Plants showing less senes­
cence and yellow ing with waxy, narrow, 
curved leaves and high vigor were consid­
ered as m orp h olo g ica l ad ap tation s for 
drought characterization.

1.3.3. Screen ing o f  H P  c lon es o f  H ev ea  f o r  drought and  
h igh  ligh t to leran ce

Top ten HP clones selected were sub­
jected to oxidative stress by incubating with 
10 pM MV and light for four hours. On the 
basis of degree of tolerance in photosynthetic

Table Phy. 3. Chlorophyll a  fluorescence in M V  and high light exposed leaves

Light

Fo Fm Fv/Fm Fo Fm Fv/Fm

Control 53.5 ± 2.7 245.1 ±  12.7 0.79 ±  .006 55 ± 1 .0 6 191.6 ±  2.7 0.71 ±  .02

0.1 54.6 ±  1.7 218.1 ±  17.2 0.74 ± .021 58 ± 2 .5 109.6 ± 0 .6 0.48* ±  .03

1 55.5 ±  2.1 181.5 ±  9.1 0.72 ± .02 59.3 ±  1.1 98.3* ±  2.7 0.41* ±  .01

10 57.5 ±  0.9 172.1 ±  8.0 0.68 ± .01 60.7 ±  0.9 87.8* ± 1 .4 0.30* ±  .14

20 58.5 ±  1.0 166.8 ±  8.8 0.66 ± . 009 66 ± 0 .9 84.7* ± 1 5 0.24* ± .01



oxygen evolution activity the clones were 
ranked (Table Phy. 5) RRIM 600, PB 217, 
HP 53, RRIC 104 and HP 92 were found tol­
erant to oxidative stress.

Table Phv. 5. Percentage reduction in photosynthesis 
in M V incubated leaf discs over their 
respective water control

Clone % reduction in 
Photosynthesis 

(5pM MV 
incubated)

% increase 
in MDA in 
MV sample

Ranking on 
the basis 

of
tolerance

PB 217 54.2 23.7 2
RRIM 600 49.0 11.0 1
HP 225 65.2 89.0 10
RRIC 104 54.0 25.5 4
HP 105 57.2 16.0 6
HP 184 59.2 32.4 7
HP 53 57.0 15.0 3
HP 92 5 2 3 45.3 5
HP 270 61.0 93.0 9
HP 1 62.0 48.0 8

n=S

1.3.4. P h oto sy n th et ic  a p p a ra tu s  a n d  a d a p ta t io n  to  
high  lig h t an d  drought stress

The chloroplast polypeptide profile 
obtained from normal and drought experi­
enced plants (for 21 days) in open sunlight 
and shade were compared. The 23 kDa pro­
tein was expressed in high light and drought 
affected plants of RRIM 600, RRII 105 and 
GT 1 in a high order and its expression was 
poor in PR 255. The stress protein was eluted 
from gel, purified and sent for N-terminal 
aminoacid sequencing.

1.3.5. S tudies on m echan ism s o f  d rought to leran ce in 
H evea  in rela tion  to  p h o to in h ib it ion  o f  p h o to ­
syn thes is, p h o to o x id a t iv e  dam age, excess  exci­
tation  energy m anagem en t a n d  p h o to sy n th et ic  
ad ap ta t io n

Experim ents were conducted during 
the su m m er o f 200 3  u s in g  R R IM  600, 
RRII 105 and DAP 34 (a selected cloned plant 
from  a p o ly c lon al p la n ta tio n  at RRS, 
Dapchari). A gradient of soil moisture was 
created from nearest to the farthest plants by

restricting irrigation in canals for three weeks 
before the measurem ents. In control plants 
of all the clones, C O , assim ilation rate (A) 
were almost com parable to the exposed as 
well as in partial shade. But in drought, a 
reduction of 46 per cent in A w as noticed in 
RRII 105 compared to control. Reduction in 
A was marginal in the other two clones. Sim i­
lar trend was also noted in PSII activity. Re­
d u ctio n  in e ffec tiv e  q u a n tu m  y ie ld  of 
PSII (<J)PSII) w as a lso  m o re  in  d rou g h t 
stressed RRII 105.

Dark adapted Fv/Fm  ratios also indi­
cated drought and high light induced inhi­
bition in PSII activity. M ore reduction in 
Fv/Fm in RRII 105 in drought suggested its 
su sceptib ility  to d rou gh t and high ligh t 
stress, whereas, reduction w as not m uch in 
RRIM 600 and DA P 34. Photosynthetic per­
formance of DA P 34 under drought condi­
tion was considerably good and com parable 
to RRIM 600. This study indicated the ben­
eficial effects of partial shade during drought 
and high light stress.

2.3.6. P h o to sy n th e s is  a n d  re sp ir a t io n  in  trench  irr i­
g a ted  p la n ts

The dark respiration and p hotosyn­
thetic oxygen evolution rates w ere recorded 
in nearest (irrigated) and farthest o f trench 
covering open and shade plants. Com pared 
to nearest trench p lants, the farthest ones 
showed significant reduction in photosyn­
thetic oxygen evolution in open light grown 
RRII 105 (35%), DAP 34 (29%) and RRIM  600 
(14%). The results showed that RRIM  600 and 
DAP 34 were com paratively drought toler­
ant than RRII 105 (Table Phy. 6).

The drought (farthest from trench) m e­
diated inhibition in photosynthetic oxygen 
evolution rate of shade grow n plants was 
comparatively low in all the clones (8-16%)

The apparent quantum  yield of oxygen 
evolution decreased in shaded plants. The 
quantum yield declined in farthest plants but



Table Phy. 6. Photosynthetic P 2 evolution and dark respiration in trench irrigated open light and shade plants

Irrigated (nearest trench) Farthest from trench

Respiration 
(p mole 0 2 

uptake m-:  s-')

Photosynthetic 
0 2 evolution 
(p mole Oj

Respiration 
(u mole O. 

uptake m-2 s-1)

Photosynthetic 
0 , evolution 
(p mole 0 2

Light RRII 105 2.9 ±  0.24 9.7 ±  0.24 3.2 ±  0.44 6.4 ±  0.83 (35)
RRIM 600 2.1 ±  0.20 10.5 ±  0.35 3.5 ±  0.38 9.1 ± 0.40 (14)
DAP 34 2.4 ±  0.25 11.1 ±  053 2.1 ±  0.20 7.6 ±  0.40 (30)

Shade RRII 105 3.2 t  0.50 8 2  ± 0.60 2.0 ±  0.34 7.04*0.40 (16)
(50%) RRIM 600 2.2 ±  0.24 9.0 ± 0.70 2 3  ±  0.20 7.60±0.80 (15)

D AP 34 2.1 ±  0.40 9.8 ±  1.40 2.0 ±  0.10 9.10 ±0.60 (8)

± SE is shown, n= 5 (Figures in parentheses indicate percentage reduction from the respective nearest trench 
plants).

the reduction was low in farthest open plants 
of RRIM 600 (7%). The results showed bet­
ter light use efficiency in RRIM 600 than 
RRII 105 under drought conditions.

1.4. Studies on low  tem perature stress

Studies indicated low temperature and 
high light induced inhibition in photosyn­
thetic apparatus (PSII activity). The reduc­
tions in dark Fv/Fm (under cold conditions) 
over their respective controls at RRII were 
about 13% in PR 261 (Fv/Fm of 0.81 and 0.70 
for the control and the clone respectively), 
27% iii PB 260 (Fv/Fm of 0.81 and 0.59 for 
the control and the clone respectively) and 
49%  in RRII 208 (Fv/Fm of 0.813 and 0.41 
for the control and the clone respectively). 
CO, assimilation rate (A) and effective PSII 
quantum yield ((t)PSH) were relatively higher 
in PR 261 than the other clones at Mattupetty 
corroborating their consistency in maintain­
ing higher photosynthetic performance at 
low temperature. The photosynthetic perfor­
m ance of these clones at RRII was compa­
rable.

1.4.1. S tu d ies on lo w  tem pera tu re e ffects  in con tro lled
en v iron m en t ch am ber

A new controlled environment growth 
chamber was installed at RRII. Standardiza­
tion of the growth chamber w as continued. 
Initial optimisation of temperature, light and

RH as control variables was carried out with 
polybag plants.

2. Physiology of growth and yield

2.1. Yield and yield com ponents

Evaluation of growth and yield in 12 
H evea  c lo n es p lan ted  in  1982 at CES, 
Chethackal were continued. Plugging index, 
initial flow rate and dry rubber content were 
studied in panels BO-1, BO-2 and BI-1. The 
loss of tree biomass due to tapping was esti­
mated in these clones and the maximum loss 
was found in RRII 105.

The grow th p attern of 12 clones of 
Hevea w as monitored for 21 years. Girth was 
recorded from the third year and yield from 
the initiation of tapping. Annual girth, girth 
increment, biomass and biomass increment 
were calculated. A sigm oid growth curve 
was observed in all tapped as well as un­
tapped trees of all the clones. Vigorous 
growth continued for 17-18 years in m ost of 
the clones and thereafter a gradual decline 
was observed. Clones PB 235 and RRII 118 
showed vigorous growth while PR 107 and 
RRIM 501 were the poorest. Overall 16 per 
cent increase in girth w as noticed in un­
tapped trees. The total biomass of the trees 
increased with age. Annual biomass incre­
ment increased with age initially and there­
after a gradual decline w as noticed with a



marked increase in untapped trees. Panel 
difference in yield was not prominent. A 
sharp increase in yield was noticed immedi­
ately after the opening of a new panel.

Loss of tree biomass due to tapping, the 
'k' factor and harvest index (HI) were ana­
lyzed in 13 clones. HI was the highest in clone 
RRII 105 showing that the clone has the maxi­
mum loss in biomass due to tapping. HI was 
found low in high b iom ass typ es viz., 
RRIM 612, RRII 118 and PB 235. Generally, 
in high yielding clones both 'V  factor and 
HI were also found high (Table Phy. 7). No 
significant correlation was obtained between 
annual yield and annual biomass increment 
and total biomass produced and total dry 
rubber obtained from a tree. However, a posi­
tive and significant correlation was obtained 
between annual biomass and annual yield 
in majority of the clones.

Table Phy. 7. T h e m issin g  biom ass, H arvest Index 
and 'k ' factor in  tapped trees

Clone Actual Missing % loss in Harvest 'k' 
biomass biomass biomass Index 

__________ (kg/tree) (kg/tree)___________

RRU 105 4.75.6 596.4 55.5 0.34 0.32
PB 235 1044.1 359.9 25.5 0.18 0.08
RRIM 600 583.0 227.1 28.0 0.24 0.43
RRIM 703 463.2 126.8 21.5 0.28 0.10
GT 1 581.3 430.2 42.5 0.23 0.25
RRII 300 660.5 489.7 42.0 0.20 0.03
RRII 118 919.1 1 923 17.5 0.15 0.03
Tjir 1 572,1 — ___ ' 0.22
RRIM 501 326.4 188.3 36.5 0.31 0.08
Gl 1 504.0 174.6 25.6 0.22 0.04
PR 107 408.1 65.7 13.7 0.21 0.10
RRIM 612 67 9 5 — — 0.13

2.2. Response o f  growth and yield  to tapping fre­
quency

Influence of different tapping frequen­
cies on growth, yield and biomass accumu­
lation was studied employing d/1, d/2 and 
d/3 frequencies. A significant difference was 
observed in dry rubber yield between d/1, 
d/2 and d/3 tapping. No significant varia­

tion in biomass was observed (Table Phy. 8). 
Maximum per tree yield per tapping was 
obtained in d/3 system  and m inim um  in 
d/1 system. Over 72 per cent o f trees were 
affected by TPD in d/1 system  followed by 
d/2 (57%) and d/3 (32%).

Table Phy. 8. Variation in girth, biom ass and yield  of 
H evea  under d ifferent tapping frequ en ­
cies

Tapping
Frequency

Tree
girth
(cm)

Biomass 
(kg/tree)

Rubber
yield

(g/t/t)

TPD
(%)

1/2 S d/1 112.19 1408.18 62.16 72.3
±2.73 ±95.17 ±3.82

1/ 2Sd / 2 113.53 1552.79 68.44
±4.17 ±159.03 ±3.93 57.1

1/ 2 S d / 3 112.80 1476.21 85.85
±3.24 ±108.2 ±3.85 32.0

2.3. B iom ass accum ulation in  untapped trees

Thirteen clones planted in RRII during 
1989 were selected and a set of trees w as 
maintained as untapped since initiation of 
tapping. Annual girth, biom ass and yield 
were recorded. Significant variation in bio­
mass was noticed in untapped trees o f clones 
RRII 43 and PB 311. C lones RRII 308 and 
G 11 recorded the m inim um  loss of biom ass 
(Table Phy. 9).

Table Phy. 9. B iom ass accum ulation in tapped and 
untapped trees

Clone Biomass (kg/tree) %  loss of 

biom assUntapped trees Tapped trees

Gl 1 275.6±33.2 257 .5±25 .6 6.5
RRII 43 450.1 ±50.9 305 .2±41 .3 32.1
RRIM 623 288.7±41.9 267.0±32.3 7.5
RRII 105 503.7±36.2 393 .5*42 .1 21.8
RRII 38 538.1±58.7 467.2±52.8 13.1
RRII 308 601.2±50.8 562.5±69.1 6.1
GT 1 566.6±46.5 470.6±34.3 16.9
RRII 118 857.9±30.5 745.6±45.5 13.0
Tjir 1 422.1 ±43.2 331.3±47.0 21.5
RRII 300 461.0±41.7 406.8±61.1 11.7
PB 311 752.4+66.9 535.4±38.5 28.8
RRIM  600 301 .7*24 .0 258.0±26.0 14.4
HP 20 — 388.1+56.3 —



2.4. Tapping induced loss of biom ass

The annual increment of shoot biom­
ass in tapped trees was lesser than untapped 
trees. However, there was no biomass loss 
in trees under 1/2S d/3 system of tapping 
in RRII 300. After six years of tapping the 
highest biomass loss was observed in RRII 
105 (30% in d/2 and 27% in d/3 frequencies 
of tapping). The annual biomass increment 
in d/3 frequency was higher than d/2 in 
all clones.

The tapped trees consistently recorded 
higher rate of cytochrome-c and alternative 
oxidase (AO) mediated respiration than un­
tapped trees. A m ong the tapped trees 
PB 235 and RRII 105 recorded maximum and 
RRII 300 recorded the minimum total respi­
ration. In RRII 105 in both trees under d/2 
and d/3 frequencies recorded higher AO 
activity than in other clones. The unaccount­
able biomass loss in tapped trees can par­
tially be explained by high AO activity in 
high yielding clones under high frequency 
tapping (d/2). The total sugar content in 
tapping panel area of clones RRII 105, PB 
235 and PB 260 were significantly higher 
than their respective untapped trees.

Total latex ATP content was estimated 
in d/2 trees of five clones and d/3 trees of 
two clones (RRII 105 and PB 235) during post 
m onsoon season. The results showed that 
d/3 trees recorded more ATP than d/2 trees. 
There was a direct positive correlation be­
tween total latex ATP content and latex yield 
(r=0.5). The results revealed that higher the 
yield there would be more ATP loss through 
the latex.

2.5. R e la tio n sh ip  o f  ATP statu s of latex, lutoid
m em brane com position  and ATPase activity
w ith rubber yield

The ATP content in 400 series and ten 
other clones were analysed. The data showed 
that high yielding clones and GT 1 showed a 
higher ATP in latex when compared to low

and medium yielders. Among the 400 series 
clones RRII 429 and RRII 422 showed higher 
latex ATP.

2.6. Identification and characterization of w inter­
ing related genes

Presence and expression of senescence 
associated genes such as d in l and din6  in 
Hevea was investigated. The Southern hy­
bridization results confirmed the presence of 
these genes in Hevea. Standardization of 
northern experiment to study the expression 
of these genes was taken up.

3. Stock-scion interaction

3.1. Upward tapping

The incidence of TPD in normal and 
upward tapping in TPD affected and healthy 
trees of RRII 105 at CES, Chethackal was re­
corded once in ev e ry  month.

A new experiment was started in two 
blocks of RRII 105. Different tapping systems 
were imposed (normal and upward tapping 
at different heights from the budunion) and 
incidence of TPD was recorded twice in the 
year.

3.2. A ir-lay ering  s tu d ies w ith ow n and d ouble
rooted plants

Growth parameters were recorded in 
the o w n -ro o ted , d o u b le  rooted  and 
budgrafted plants of three clones.

3.3. Genetic conflict in budgTafted H evea

Bark sam ples from rootstock and scion 
portions of high girth and low girth (not at­
tained tappable girth even after twelve years 
of planting) trees of the clone RRII 105 col­
lected and RAPD analysis using 10 primers 
was carried out. The results showed no sig­
nificant difference in genetic distance (be­
tween stock and scion) in high girth and low 
girth groups.



marked increase in untapped trees. Panel 
difference in yield was not prominent. A 
sharp increase in yield was noticed immedi­
ately after the opening of a new panel.

Loss of tree biomass due to tapping, the 
k ’ factor and harvest index (HI) were ana­

lyzed in 13 clones. HI was the highest in clone 
RRII 105 showing that the clone has the maxi­
mum loss in biomass due to tapping. HI was 
found low in high b iom ass typ es viz., 
RRIM 612, RRII 118 and PB 235. Generally, 
in high yielding clones both 'k' factor and 
HI were also found high (Table Phy. 7). No 
significant correlation was obtained between 
annual yield and annual biomass increment 
and total biomass produced and total dry 
rubber obtained from a tree. However, a posi­
tive and significant correlation was obtained 
between annual biomass and annual yield 
in majority of the clones.

Table Phv. 7, T h e m issin g  biom ass, H arvest Index
and 'k ' factor in tapped trees

Clone Actual Missing 
biomass biomass 
(kg/tree) ! kg/tree)

% loss in 
biomass

Harvest 'k ' 
Index

RRII 105 475.6 596.4 55.5 0.34 0 3 2
PB 235 1044.1 359.9 25.5 0.18 0.08
RRIM 600 583.0 227.1 28.0 0.24 0.43
RRIM 703 463.2 126.8 21.5 0.28 0.10
GT 1 581.3 430.2 42.5 0.23 0.25
RRII 300 660.5 489.7 42.0 0.20 0.03
RRII 118 919.1 192.3 17.5 0.15 0.03
Tjir 1 572.1 — —  / 0.22
RRIM 501 326.4 188.3 36.5 0.31 0.08
Gl 1 504.0 174.6 25.6 0.22 0.04
PR 107 408.1 65.7 13.7 0.21 0.10
RRIM 612 679.5 — — 0.13

2.2. Response of growth and yield to tapping fre­
quency

Influence of different tapping frequen­
cies on growth, yield and biomass accumu­
lation was studied employing d/1, d/2 and 
d/3 frequencies. A significant difference was 
observed in dry rubber yield between d/1, 
d/2 and d/3 tapping. No significant varia­

tion in biomass w as observed (Table Phy. 8). 
Maximum per tree yield per tapping was 
obtained in d/3 system  and m inim um  in 
d/1 system. Over 72 per cent of trees were 
affected by TPD in d/1 system  followed by 
d/2 (57%) and d/3 (32%).

Table Phy\ 8. Variation in girth, biom ass and yield  of 
H evea  under d ifferent tapping frequen-

Tapping
Frequency girth

(cm)

Biomass 
(kg/tree)

Rubber
yield

(g/t/t)

TPD
(%)

1/2 S  d/1 112.19 1408.18 62.16 72.3
±2.73 ±95.17 ±3.82

1/2 Sd / 2 113.53 1552.79 68.44
±4.17 ±159.03 ± 3.93 57.1

1 / 2 Sd / 3 112.80 1476.21 85.85
±3.24 ±108.2 ± 3.85 32.0

2.3. Biomass accum ulation in untapped trees

Thirteen clones planted in RRII during 
1989 were selected and a set o f trees w as 
maintained as untapped since initiation of 
tapping. Annual g irth, biom ass and yield 
were recorded. Significant variation in b io­
mass was noticed in untapped trees of clones 
RRII 43 and PB 311. C lones RRII 308 and 
G 11 recorded the m inim um  loss of biomass 
(Table Phy. 9).

Table Phy. 9. B iom ass accum ulation  in tapped and 
untapped trees

Clone Biomass (kg/tree) % loss of
Untapped trees Tapped trees biom ass

Gl 1 275.6±33.2 257.5±25.6 6.5
RRII 43 450.1 ±50.9 305.2±41.3 32.1
RRIM 623 288.7±41.9 267.0±32.3 7.5
RRII 105 503.7±36.2 393.5±42.1 21.8
RRII 38 538.1±58.7 467.2±52.8 13.1
RRII 308 601.2+50.8 562.5±69.1 6.1
GT 1 566.6±46.5 470 .6±34.3 16.9
RRII 118 857.9±30.5 745.6±45.5 13.0
Tjir 1 422.1 ±43.2 331.3±47.0 21.5
RRII 300 461.0±41.7 406.8±61.1 11.7
PB 311 752.4±66.9 535.4±38.5 28.8
RRIM 600 301.7±24.0 258.0±26.0 14.4
H P 20 — 388.1 ±56.3 —



2.4. Tapping induced loss o f biom ass

The annual increment of shoot biom­
ass in tapped trees was lesser than untapped 
trees. However, there was no biomass loss 
in trees under 1/2S d/3 system of tapping 
in RRII 300. After six years of tapping the 
highest biomass loss w as observed in RRII 
105 (30% in d / 2 and 27% in d/3 frequencies 
of tapping). The annual biomass increment 
in d/3 frequency was higher than d/2 in 
all clones.

The tapped trees consistently recorded 
higher rate of cytochrome-c and alternative 
oxidase (AO) mediated respiration than un­
tapped trees. A m ong the tapped trees 
PB 235 and RRII 105 recorded maximum and 
RRII 300 recorded the minimum total respi­
ration. In RRII 105 in both trees under d/2 
and d/3 frequencies recorded higher AO 
activity than in other clones. The unaccount­
able biom ass loss in tapped trees can par­
tially be explained by high AO activity in 
high yielding clones under high frequency 
tapping (d/2). The total sugar content in 
tapping panel area of clones RRII 105, PB 
235 and PB 260 were significantly higher 
than their respective untapped trees.

Total latex ATP content was estimated 
in  d/2 trees of five clones and d/3 trees of 
two clones (RRII 105 and PB 235) during post 
m onsoon season. The results showed that 
d/3 trees recorded more ATP than d/2 trees. 
There was a direct positive correlation be­
tween total latex ATP content and latex yield 
(r=0.5). The results revealed that higher the 
yield there would be more ATP loss through 
the latex.

2.5. R e la tio n sh ip  o f  ATP statu s o f  latex, lu toid
m em brane com position  and ATPase activity
w ith rubber yield

The ATP content in 400 series and ten 
other clones were analysed. The data showed 
that high yielding clones and GT 1 showed a 
higher ATP in latex when compared to low

and medium yielders. Among the 400 series 
clones RRII 429 and RRII 422 showed higher 
latex ATP.

2.6. Identification and characterization of w inter­
ing related genes

Presence and expression of senescence 
associated genes such as d in l  and din6 in 
Hevea was investigated. The Southern hy­
bridization results confirmed the presence of 
these genes in Hevea. Standardization of 
northern experiment to study the expression 
of these genes was taken up.

3. Stock-scion interaction

3.1. Upward tapping

The incidence of TPD in normal and 
upward tapping in TPD affected and healthy 
trees of RRII 105 at CES, Chethackal was re­
corded once in every month.

A new experiment w as started in two 
blocks of RRII 105. Different tapping systems 
were imposed (normal and upward tapping 
at different heights from the budunion) and 
incidence of TPD was recorded twice in the 
year.

3.2. A ir-lay erin g  s tu d ies w ith  ow n and d ouble
rooted plants

Growth parameters were recorded in 
the o w n -ro oted , d o u b le  rooted  and 
budgrafted plants of three clones.

3.3. G enetic con flict in  budgrafted H evea

Bark sam ples from rootstock and scion 
portions of high girth and low girth (not at­
tained tappable girth even after twelve years 
of planting) trees of the clone RRII 105 col­
lected and RAPD analysis using 10 primers 
w as carried out. The results showed no sig­
nificant difference in genetic distance (be­
tween stock and scion) in high girth and low 
girth groups.



marked increase in untapped trees. Panel 
difference in yield was not prominent. A 
sharp increase in yield was noticed immedi­
ately after the opening of a new panel.

Loss of tree biomass due to tapping, the 
k' factor and harvest index (HI) were ana­

lyzed in 13 clones. HJ was the highest in clone 
RRII 105 showing that the clone has the maxi­
mum loss in biomass due to tapping. HI was 
found low in h igh  b iom ass types viz., 
RRIM 612, RRII 118 and PB 235. Generally, 
in high yielding clones both 'k' factor and 
HI were also found high (Table Phy. 7). No 
significant correlation was obtained between 
annual yield and annual biomass increment 
and total biomass produced and total dry 
rubber obtained from a tree. However, a posi­
tive and significant correlation was obtained 
between annual biomass and annual yield 
in majority of the clones.

Table Phy. 7. T h e m issing biom ass. Harvest Index
and 'k ' factor in tapped trees

C lm » Actual
biomass
(kg/tree)

Missing
biomass
(kg/tree)

%  loss in 
biomass

Harvest 'k ' 
Index

RRII 105 475.6 596.4 55.5 0.34 0.32
PB235 1044.1 359.9 25.5 0.18 0.08
RRIM 600 583.0 227.1 28.0 0.24 0.43
RRIM 703 463.2 126.8 21.5 0.28 0.10
G T l 581.3 430.2 42.5 0.23 0.25
RRII 300 660.5 489.7 42.0 0.20 0.03
RRII 118 919.1 192.3 17.5 0.15 0.03
Tjir 1 572.1 — ---- 0.22 __
RRIM 501 326.4 188.3 36.5 0.31 0.08
G! 1 504.0 174-6 25.6 0.22 0.04
PR 107 408.1 65.7 13.7 0.21 0.10
RRIM 612 679.5 — 0.13

2.2. Response of growth and yield to tapping fre­
quency

Influence of different tapping frequen­
cies on growth, yield and biomass accumu­
lation was studied employing d/1, d/2 and 
d /3 frequencies. A significant difference was 
observed in dry rubber yield between d/1, 
d/2 and d/3 tapping. No significant varia­

tion in biomass was observed (Table Phy. 8). 
Maximum per tree yield per tapping was 
obtained in d/3 system  and m inim um  in 
d/1 system. Over 72 per cent of trees were 
affected by TPD in d/1 system  followed by 
d/2 (57%) and d/3 (32%).

Table Phy. 8. Variation in girth, biom ass and y ield  of 
H evea  under d ifferent tapping frequ en ­
cies

Tapping
Frequency

Tree
girth
(cm)

Biomass
(kg/tree)

Rubber
yield

(g/t/t)

TPD
(%)

1/2 S  d/1 112.19 1408.18 62.16 72.3
±2.73 ±95.17 ±3.82

1 / 2 S d / 2 113.53 1552.79 68.44
±4.17 ±159.03 ±3.93 57.1

l/ 2 S d / 3 112.80 1476.21 85.85
±3.24 ±108.2 ±3.85 32.0

2.3. B iom ass accum ulation in untapped trees

Thirteen clones planted in RRII during 
1989 were selected and a set of trees w as 
maintained as untapped since initiation of 
tapping. Annual g irth, biom ass and yield 
were recorded. Significant variation in bio­
mass was noticed in untapped trees of clones 
RRII 43 and PB 311. C lones RRII 308 and 
G 11 recorded the m inim um  loss of biom ass 
(Table Phy. 9).

Table Phy. 9. B iom ass accum ulation in tapped and 
untapped trees

Clone Biomass (kg/tree) %  loss of 

biom assUntapped trees Tapped trees

Cl 1 275,6±33.2 257.5±25.6 6.5
RRII 43 450.1 ±50.9 305.2±41.3 32.1
RRIM 623 288.7±41.9 267.0±32.3 7.5
RRII 105 503.7±36.2 393.5±42.1 21.8
RRII 38 538.1 ±58.7 467.2+52.8 13.1
RRII 308 601.2±50.8 562.5±69.1 6.1
G T l 566.6±46.5 470.6±34,3 16.9
RRII 118 857.9±30.5 745.6±45.5 13.0
Tjir 1 422.1 ±43.2 331.3±47.0 21.5
RRII 300 461.0±41.7 406.8±61.1 11.7
PB 311 752.4±66.9 535.4±38.5 28.8
RRIM 600 301.7±24.0 258.0±26.0 14.4
HP 20 — 388.1 ±56.3



2.4. Tapping induced loss of biom ass

The annual increment of shoot biom­
ass in tapped trees was lesser than untapped 
trees. However, there was no biomass loss 
in trees under 1/2S d/3 system of tapping 
in RRII 300. After six years of tapping the 
highest biomass loss was observed in RRII
105 (30% in d /2 and 27% in d/3 frequencies 
o f tapping). The annual biomass increment 
in d/3 frequency was higher than d/2 in 
all clones.

The tapped trees consistently recorded 
higher rate of cytochrome-c and alternative 
oxidase (AO) mediated respiration than un­
tap p ed  trees. A m ong the tapped trees 
PB 235 and RRII 105 recorded maximum and 
RRII 300 recorded the minimum total respi­
ration. In RRII 105 in both trees under d/2 
and d/3 frequencies recorded higher AO 
activity than in other clones. The unaccount­
able biom ass loss in tapped trees can par­
tially be explained by high AO activity in 
high yielding clones under high frequency 
tapping (d/2). The total sugar content in 
tapping panel area of clones RRII 105, PB 
235 and PB 260 were significantly higher 
than their respective untapped trees.

Total latex ATP content w as estimated 
in d/2 trees of five clones and d/3 trees of 
two clones (RRII 105 and PB 235) during post 
m onsoon season. The results showed that 
d/3 trees recorded more ATP than d/2 trees. 
There w as a direct positive correlation be­
tween total latex ATP content and latex yield 
(r=0.5). The results revealed that higher the 
yield there would be more ATP loss through 
the latex.

2.5. R e la tio n sh ip  of A TP statu s o f  latex, lutoid
m em brane com position  and ATPase activity
w ith rubber yield

The ATP content in 400 series and ten 
other clones were analysed. The data showed 
that high yielding clones and GT 1 showed a 
higher ATP in latex when compared to low

and medium yielders. Among the 400 series 
clones RRII 429 and RRII 422 showed higher 
latex ATP.

2.6. Identification and characterization of w inter­
ing related genes

Presence and expression of senescence 
associated genes such as din2 and din6  in 
Hevea was investigated. The Southern hy­
bridization results confirmed the presence of 
these genes in Hevea. Standardization of 
northern experiment to study the expression 
of these genes was taken up.

3. Stock-scion interaction

3.1. Upward tapping

The incidence of TPD in normal and 
upward tapping in TPD affected and healthy 
trees of RRII 105 at CES, Chethackal was re­
corded once in every month.

A new experiment was started in two 
blocks of RRII 105. Different tapping systems 
were imposed (normal and upward tapping 
at different heights from the budunion) and 
incidence of TPD was recorded twice in the 
year.

3.2. A ir-lay erin g  s tu d ie s w ith  ow n and d ouble
rooted plants

Growth parameters were recorded in 
the o w n -ro o ted , d o u b le  roo ted  and 
budgrafted plants of three clones.

3.3. Genetic conflict in budgrafted H evea

Bark samples from rootstock and scion 
portions of high girth and low' girth (not at­
tained tappabie girth even after twelve years 
of planting) trees of the clone RRII 105 col­
lected and RAPD analysis using 10 primers 
was carried out. The results showed no sig­
nificant difference in genetic distance (be­
tween stock and scion) in high girth and low 
girth groups.



out to find the degree o f homogeneity / het­
erogeneity existing in these two categories. 
There w as no significant difference in the 
genetic d istance betw een the seedlings 
among the monoclonal and polyclonal seed­
ling population.
3.4. Scion  to scion  com m unication in w intering

pattern

Growth measurements of double -  bud­
ded and single budded field plants were 
taken. Double budded plants with more 
combinations of scion clones were planted 
at CES, Chethackal. Pattern of isozymes such 
as esterase and peroxidase w as studied in 
stock with two different scions (RRII 105 and 
RRIM  600) and a single scion (control). 
Isozyme polymorphism in plants with two 
scions (be either sam e clone or different 
clones) w as minimum while it was more 
among the plants with one scion in both the 
clones.

4. Tapping panel dryness

4.1. Free radicals (FR) and FR scavenging systems
related to TPD  incidence

Previous studies had shown a relation 
between TPD and oxidative stress. Simulta­
neous application of thiourea (a free radical 
scavenging compound) and cobalt chloride 
(an anti-ethylene compound) did not show 
any remarkable change either, in the latex 
volume or in the TPD incidence both in the 
treated and untreated trees. However, stag­
gered application of thiourea and cobalt chlo­
ride with an interval of one week showed 
yield enhancement and a reduction in the 
TPD incidence in trees w ith >50% TPD . 
Though the yield was more or less steady 
there was no change in the TPD incidence in 
trees with < 50%  TPD. In normal trees thio­
urea treatment improved the latex produc­
tion compared to the untreated group.

4.2. Ethylene and TPD  occurrence

As reported earlier in RRII 105, there 
was an increased production of wound in­

duced ethylene in the TPD  affected trees of 
GT 1. RRII 38 showed higher wound induced 
ethylene than RRII 105. h i both die clones 
the ethylene production in the bark tissue 
was relatively high during M arch/A pril 
(drought season) and the level cam e down 
by May/June (m onsoon season). However, 
the difference in the ethylene levels between 
these clones were uniform during all the sea­
sons.
4.3. Biochem ical and ionic com position  o f  latex and

susceptib ility to TPD

The trees were monitored for the occur­
rence of TPD. Determined the concentrations 
of sucrose, thiols and inorganic phosphorus. 
Yield, DRC and plugging index w ere also 
recorded. TPD incidence w as found to be 
lesser in clones with higher concentrations 
of thiols in the latex am ong the clones inves­
tigated.

4.4. M olecular basis o f  TPD

A differentially expressed band that 
was cloned and sequenced using D D  RT-PCR 
did not show homology with any o f the pub­
lished sequences in the d atabase w h en a 
BLAST analysis w as perform ed. As a fur­
ther step Subtractive H ybridization method 
was tried. Total RN A isolated from norm al 
and TPD affected trees were reverse tran­
scribed and a subtraction w as done among 
both the TPD and norm al cD N A. The sub­
tracted cDN A were cloned onto cloning vec­
tors and transform ed into E. coli. Futher 
work is in progress.

5. Q uantification  and id en tifica tion  of
inositols

A and C- serum  from RRII 105 and 
RRIM 600 were prepared. HPLC analysis of 
the sera w as carried out at the Indian Insti­
tute of Chem ical Technology, H yderabad. 
The individual com ponents in the sam ple 
were identified with reference to the reten­
tion tim es of the stand ard s. C on tents of 
quebrachitol, sucrose and glucose as found



in C and A- sera of RRII 105 and RRIM 600 
are shown in the Table Phy. 10.

Table Phy. 10. Contents o f quebrachitol, sucrose and 
glucose (on a % basis o f the freeze- 
dried sam ple) in  latex sera o f RR II 105 
and R R IM  600

Compound C-serum___________ A-serum

_____________  RRH 105 RRIM 600 RRII ]Q5 RRIM 600

Q uebrachitol 24.57 30.77 12.92 26.92
Sucrose 3.06 4.35
G lucose -  - 1.22

6. Ecological im pact of NR cultivation

6.1. Attitude o f rubber planters to rubber monoc­
ulture

Many sm allholders would allow a lim­
ited num ber of timber yielding species to 
grow in their rubber plantations. This was 
largely due to long-term economic consid­
erations owing to instability of rubber price 
rather than any environmental concern for 
conservation of biodiversity. More than half 
of the 1550 sm allholders interviewed in this 
study regretted having removed timber trees 
from their rubber plantations in the past. A 
quarter of the growers were willing to com­
promise rubber yield upto 20% for the sake 
o f growing large timber species in their rub­
ber plantations.

6.1.1. E ffect  o f  large tim ber trees  on g ro w th  o f  rubber 
trees in p la n ta t io n s

Sixty four smallholdings (with a mean 
o f 405 ±  57 plants per holding) that had ap­
preciably large number of tree species (mean

29±2.84 per holding) were identified and 
studied. The mean age of the rubber trees 
was 15.4+0.62 years and the mean girth was 
64.6+1.5 cms. The mean girth of the timber 
trees (except coconut and miscellaneous spe­
cies) was at least twice more than that of the 
rubber trees. On an average, there were a 
total of 2.1 +4.3 to 2.9±0.16 rubber plants un­
der a given alien tree out of which growth of
1.7 ± 0.30 to 2.8± 0.14 rubber plants were 
only marginally inhibited (0 to 12%). Surpris­
ingly there were far less number of rubber 
plants under a given alien tree (0.2 ±  0.06 to
0.81 ± 0.09) whose girth was severely inhib­
ited (27.5 to 54.4%). The large difference in 
the size between the alien trees and the rub­
ber plants and the spatial segregation of their 
canopies might have led to only small levels 
of competition and hence the less than ex­
pected inhibition in the growth of rubber.

6.2. Carbon sequestration by NR plantations and
the Kyoto protocol

The 9 ,h conference of P arties to the 
United Nations Framework Convention on 
Climate Change held at Milan during De­
cember 2003 has decided to include carbon 
sink projects under the Clean Development 
Mechanism (CDM) of the Kyoto protocol. It 
is now possible to attract CDM funding into 
the NR plantation sector. In this direction, 
accurate estim ation of Certified Emission 
Reduction (CER) credits from NR plantations 
as per the methodologies of the CDM Execu­
tive Board w as being attempted.

RUBBER TECHNOLOGY DIVISION

Developm ent of an easy m ethod to 
cream and coagulate skim latex, successful 
pilot plant scale application of formalin treat­
m ent of field coagulum for improving the 
quality of TSR and development of NR based 
nanocom posites using intercalated clays

were the significant contributions. The con­
cept of ENR as silica reinforcement modifier 
was further utilised in carbon/ silica mixed 
filler reinforced N R and SBR vulcanizates. 
An exploratory work on the use of small 
quantities of PP and HDPE for improving the



gum vulcanizate properties of NR yieded 
promising results. Use of NR-g-PMMA co­
polym ers as com patibiliser for NR/PVC 
blends, deproteinisation of NR latex using 
papain, preliminary evaluation of the raw 
rubber properties of the pipeline clones, con­
tinuation of the quality survey of the sheet 
rubber produced in the country etc were the 
other major areas o f work.

1. Primary processing

A laboratory method was standardised 
for easy processing of skim latex and reduc­
tion of its nitrogen content. H ie addition of 
dilute sulphuric acid leads to immediate co­
agulation of the creamed latex into a cohe­
sive mass which could be further processed.

The standardised procedure for pres­
ervation of field coagulum (FC) by treating 
with 0.75% formalin solution for 16 h was 
extended to large scale evaluation at the Pi­
lot Crumb Rubber Factory. The TSR pro­
duced could retain the PRI when the treated 
FC stored even up to one month. The per­
centage of various grades of ISNR produced 
at the pilot plant before and after the initia­
tion of formalin treatment is shown in Table 
Chem. 1.

Table Chem. 1. E ffect o f  form alin treatm ent on the
_______________ percent o f T S R  grades produced

ISNR Grade

Experiments carried out to prepare con­
centrated latex from field latex preserved 
W 1% ammonia (PFL) and stored for one 
month showed improved quality parameters 
when compared to that prepared from fresh

field  latex. The in itia l M ST  wras h igher 
(800 s) and remained high during storage 
(1600 s after 5 months) compared to that pre­
pared from PFL which were 100 s  initially 
and 1100 s after 5 months.

In quality survey o f sheets, the final 
round collection o f sheets w as com pleted 
and the determination o f its raw rubber prop­
erties and statistical analysis of the results 
were done.

2. Chem ical m odification

Though peroxide vu lcanization sub­
stantially improved the thermal ageing p ro p  
ertie s  o f EN R w e ll a b o v e  th a t  o f  N R 
vulcanizates, the set resistance of the form er 
were inferior. In order to reduce the com pres­
sion set, zinc dim ethyl m ethacrylate (Saret 
634) was used as coagent. The com pression 
set was reduced from 19% to 8%  at 70°C and 
from 29% to 21% at lOO'C with the addition 
of 5 phr of the coagent. Substantial increase 
in tear strength and hardness along with ex­
cellent thermal ageing and oil resistance were 
observed.

3. Blends

Effect of blending lower proportions of 
PP and H D P E  (5 -2 0 % ) on th e  gum  
vulcanizate properties o f NR was evaluated 
The results indicated substantial im prove­
m ent in the vulcanizate properties of the 
blends over the NR gum  vulcanizates (Table 
Chem. 2).

In the stu d ies  on N R /P V C  (70 :30) 
blends replacing 15% NR with NR-g-PMMA 
copolymer (percent grafting = 30.6) substan­
tially improved the vulcanizate properties of 
the b len d s. C o m p a red  w ith  the 
uncom patibilised blends, tensile strength 
increased from  13 M Pa to  22 M P a, tear 
strength increased from  24 N /m m  to 48 
N/mm and abrasion loss reduced from 289 
mm3 to 177 m m 3.



Property*
J g e C h n r i . 2 . V ulcjnizale properties o f NR/pp ln d  NR/HDPE blonds

NiVPP

Tensile strength, MPa 
Modulus, 100%, MPa

29.9
0.9

33.2
2.4
6.4 

574

37.1

OD/lD

34.9

30/20

32.7

95/5

33.6

90/10

35.8

85/15

34.3

80/20

30.9
Modulus, 300% , MPa 1.7

4.5 6.1 10.6 1.4 2.0 2.4 3.3
Elongation at Break, % 637

12.3
549

69.5

16.4 19.2 4.0 5..1 7 3 8.7
Tear strength, N/rnm 33.4

482 419 627 623 595 602
Hardness, Shore A 36 52

70
106

75.4 85.6 46.0 60.5 66.0 72.0
Resilience, % 73

60 64 70 47 50 54 62
DIN abrasion loss, m m 3 133 92

65 60 74 71 67 62
Heat build up, AT, °C 4

82 76 73 57 51 43
Com pression set, % 21 24 29

9
31

17
32

4
24

6
28

8
30

16
32

Flexing
Crack initiation (key) 
Crack com pletion (key)

92
200

87
120

73
100

43
75

12
43

87
110

77
101

62
91

21
61

% retention in ageing (172 h at 100°C)
Tensile strength 
M odulus
Elongation at break

* FormillAfinn- Pnlitmor 111.

11
80
40

73
133
77

59
95
75

51

46

62

33

56
154
72

67
187
69

57
115
67

56
137

66

4. R einforcem ent

4.1. N R nanocom posites

NR latex nanocomposites using layered 
silicates (bentonite and flurohectorite) were 
prepared using the conventional compound­
ing m ethod and the vulcanised films were 
characterised using TEM. The intercalation/ 
exfoliation of the layers resulted in 35-50 
times reduction in air permeability of the 
vulcanised films.

4.2. ENR as m odifier

Carbon/silica mixed filler reinforced 
NR and SBR were modified with ENR 50 and 
co m p a red  w ith  the s ila n e  m o d ified . 
Optim isation of ENR content and its viscos­
ity and filler ratio were carried out. ENR 
m odification up to a limited concentration 
improved the mechanical properties and wet 
grip without adversely affecting the rolling 
resistance. ENR and silane modified com­
pounds exhibited comparable flow proper­
ties, especially at higher shear rates.

ENR was also tried as modifier in NBR/

clay systems. The results indicated improved 
technological properties as well as ageing 
resistance, which were comparable to that of 
silane modified NBR/clay systems.

5. Latex technology

Experiments carried out on the consis­
tency in v isco sity  on sto rag e  o f the 
p revu lcan ised  latex  sh ow ed  th at latex  
prevulcanised at lower temperature (60°C) 
had b e tter  c o n s is te n cy  than  that 
prevulcanised at higher temperature (70°C). 
P lan t sc a le  e v a lu a tio n  o f p a p a in  as a 
deproteinising agent for NR latex w as initi­
ated. The results indicated that the enzyme 
is effective in reducing the nitrogen content.

6. Raw rubber properties of new clones

The raw rubber p roperties o f latex 
obtained from 9 new  clones o f RRII 400 
series which outperform RRII 105 in yield 
were evaluated. Three clones gave rubbers 
with Mooney viscosity less than or equal to 
60 and all others showed higher Mooney 
viscosity.



During the period under review, the 
Division continued its research activities con­
fined to the five thrust areas, viz., (i) farm 
management; (ii) primary processing and 
marketing of NR; (iii) rubber products manu­
facturing industry and foreign trade; (iv) in­
ter-crops and by-products; and (v) inter-di­
visional collaborative projects. Seven projects 
w ere com p leted  and rep orted  d u ring  
2003-04.

1. G lo b a l trade and ta rif f p o licy  on
rubber and its products under WTO
Regime

A study w as conducted to capture the 
structural and sectoral com positions of 
world exports in rubber and rubber products 
and intra-NR producer trade in three major 
form s of processed N R and six selected 
rubber products am ong the five major NR 
producing countries, viz., Thailand, Indone­
sia, India, M alaysia and China and three 
major consuming countries, viz., USA, China 
and EU.

During 2000, the total value of world 
exports of rubber and rubber products was 
US S 53.4 billion out of which the share of 
developed countries w as as high as 69 per 
cent. However, at the disaggregate level the 
share of developing countries in total value 
o f world NR exports was 96 per cent. The 
composition of the total value of world ex­
ports of the dom inant rubber products sub­
sector indicated a high degree of concentra­
tion by the developed countries in the case 
of tyres and allied products and non-tyre.

The total value of imports of selected 
nine produ cts w as the low est for India 
among the five NR producing countries. The 
share of NR producing countries in India's 
imports was higher only in the case of surgi­
cal gloves (80%). India's composition of im ­
ports was more dispersed as evident in the

combined shares o f the three form s of N R 
(52%) and the six rubber products (48%) in 
the total value of im ports.

The analysis on tariff policy indicated 
that only Indonesia and China have 100 per 
cent binding coverage on the nine products, 
whereas Japan, EU and the USA have bound 
all the nine tariff lines except conveyor belts 
and belting for m axim um  flexibility in pro­
tection. The low est binding coverage w as 
observed in India and Thailand. India has 
kept the tariff lines on N R latex and all the 
sue rubber products unbound. Conversely, 
the unbound tariff lines of Thailand are on 
three form s o f p rocessed  N R, b e lts  and 
beltings, bicycle tyres, sheath contraceptives 
and surgical gloves. M alaysia has bound all 
the tariff lines except those on conveyor belts 
and belting, sheath contraceptives and sur­
gical gloves.

The results highlighted the need for 
conception of an appropriate platform  and 
guidelines for m axim ising the share of NR 
producing countries in the net value added 
beyond the NR production sector rather than 
singularly focusing on N R price stabilisation 
schemes in the post-reform s scenario.

2. Techno-econom ic feasib ility  of latex
tim ber plantations

In the context of LT plantations becom ­
ing popular in M alaysia, a study w as con­
ducted to decide whether India should rep­
licate the M alaysian  s tra teg ies  tow ard s 
popularisation of LTCs or should device a 
strategy specific to the Indian conditions. 
LTCs in India should be based on a critical 
assessment of M alaysia's gains and pitfalls 
with respect to latex tim ber plantations. Im­
portant points that em erged are: 1) for the 
developm ent of LTCs attention should be 
paid to the post-planting agro-m anagem ent 
innovations, 2) A  comprehensive database on



the region/clone-wise latex and timber yield 
potentials of the existing rubber plantations 
has to be developed and 3) LTCs with shorter 
life cycles should be identified and promoted 
in an agro-forestry perspective for afforesta­
tion programmes in marginal lands and non- 
traditional regions in India.

3. NR trade in the post-reforms phase

rhe im portant changes in the primary 
m arketing of natural rubber (NR) in India in 
the post-reforms phase was examined. Mar­
ket uncertainties since 1997 have resulted in 
the em ergence of a new trading system in 
which, the terminal market dealers and ma­
jor consum ers attempt to stabilise their mar­
k etin g  m argins at various stages either 
through internal restructuring process or by 
discrim inating the sm all growers through 
d ow ngrad ing. T he process has led to a 
gradual elim ination of the dealers at the 
middle level in the marketing network. Vil­
lage level dealers have been functionally 
decim ated to the status of agents of the ter­
minal m arket dealers. At the level of major 
N R consumers, the changes initiated have 
been diversification of the source of purchase 
and evolving direct delivery systems to the 
factory sites rather than storing the raw-ma- 
terials in the godowns.

The changes appear to be leading to the 
exit o f a large num ber of dealers and the 
growing concentration in the primary mar­
keting of NR. Only dealers with large re­
source base and re-processing facilities were 
able to withstand the changing dimensions 
o f the m arketing network. M any dealers 
operating from Kochi and Kottayam markets 
have becom e comm ission agents of the con­
sumers located outside the state of Kerala.

There is growing discrimination of the 
small growers in terms of downgrading of 
their produce by ascribing new local names 
and grades so as to depress the prices, which 
ad v ersely  a ffected  the farm  gate price

realisation. The trend has been observed to 
be m ore prevalent in K anyakum ari and 
South Kerala. This points to severe con­
straints on the effective interventions by the 
co-operative sector in the primary market­
ing operations.

4. Sustainability  of beekeeping in rub­
ber plantations

Though Kerala and Tam il Nadu to­
gether had an average honey production 
potential of 54000 MT per annum, only less 
than three per cent of the potential could be 
commercially realised so far. The major fac­
tor identified is the existing institutional 
mechanisms provided by the co-operatives 
and other agencies with rigid structural char­
acteristics of the honey market. In this con­
text the achievements made in beekeeping 
by the Elavam padam  Rubber Producers’ 
Society (ERPS) in Kerala, through ensuring 
collective action am ong rubber growers at 
the local level m erits attention.

The institutional intervention made by 
the ERPS in beekeeping has been effective 
in terms of: a) popularising bee-keeping 
among the rubber growers through various 
training and support program mes; b) aug­
menting the income of bee-keepers through 
higher realisation of farm  gate prices for 
honey than the prices offered by the co-op­
eratives and other agencies. Based on the 
experience of the ERPS in popularising bee­
keeping it appears that there is a need for 
effecting a consortium of RPSs to replicate 
the model to other areas.

5. D ilem m a s in  a d o p tin g  L F T S  in
sm allholding sector

Though there have been considerable 
efforts to popularise LFTS in India since the 
late 1980s, the extent of adoption has varied 
across the estate and smallholdings sectors. 
The extent of adoption of LFTS was 66 per 
cent in the estate sector compared to as low 
as 6-9 per cent in the sm allholder sector.



This is mostly due to: operational size 
and labour induced rigidities in tapping op­
tions, insignificant involvem ent of family 
labour and labour relations rooted in infor­
mal contractual arrangements. Although fea­
sibility of the LFTS is evident, introduction 
o f the system may go against the interests of 
the tapping labour market, which is other­
wise caught up in a dilemma. In the prevail­
ing scenario, the potential options are: (i) in­
creased involvement of family labour; and 
(ii) setting up of a labour reserve pool at­
tached to the Rubber Producers Societies 
(RPS) as a new institutional intervention 
m echanism

In Kerala context, the feasibility of in­
volving family labour for the adoption of 
LFTS is rather remote due to (i) the steady 
growth in the share of part-time farmers in 
the rubber sm allholder sector over time 
(more than 50%); and (ii) dependence on 
hired labour for tapping to the extent of 78 
per cent with significant regional variations. 
Given the sp ecific socio-econom ic back­
ground of the sm allholder com m unity in 
Kerala, it is also difficult to attract female 
labour, as already the participation of women 
in tapping and related operations is as low 
as 22 per cent. Thus, institutional interven­
tions appear to be imperative to mobilise the 
existing tapping labour attached to the small­
holder sector and to attract younger genera­
tion.

6. Adoption of reduced tapping intensity
system s (RTIS) in estate sector

The study explored the aggregate level 
trends in the adoption of reduced tapping 
intensity system s in the rubber estate sector 
in India with the objectives to: a) understand 
the status of RTIS vis-ti-vis HITS (high inten­
sity tapping systems) over decades; b) exam­
ine the trends in the adoption of exploi tation 
systems across phases and decades; and c) 
assess the popularity of different exploita­
tion systems across clones over decades, the

trends in the adoption o f reduced tapping 
intensity systems (RTIS) in the estate sector 
in India.

M onthly field-w ise micro level infor­
mation on yield and related variables from 
45 estates under the corporate sector for the 
period 1968 to 2002 w ere analysed. In spite 
of the phase (age) and clone-w ise differences 
in tapped area, there has been a growing con­
vergence in the shift towards RTIS during the 
2000s.

7. M a rk e t u n c e r ta in ty  an d  w ag e
labourers in sm allholdings

An analysis of the m agnitude and eco­
nomic dimensions of the price fall o f N R in 
the post-reforms phase, the resultant invest­
ment effect on rubber sm allholdings and the 
employment effect and its im pact on labour 
relations was carried out. The price realised 
by farmers during 2002 was only 60 per cent 
of what they could fetch during 1994. Farm ­
ers have been com pelled to substantially re­
duce fertiliser application and dilute other 
cultural practices pursued until the price 
slump. As a result, the dem and for labourers 
in the rubber sm allholdings has been re­
duced by 60 per cent during the period be­
tween 1997 and 2000. In the case of tapping 
labourers, the num ber of tapping days has 
been reduced and the num ber of trees avail­
able for tapping per tapper has also declined 
during the last five years. With the fall in 
prices, benefits enjoyed by the labourers in 
terms of interest free credit have also ceased 
to exist, dissuading labourers from rubber 
holdings.

In the com ing years decline in tapping 
days is likely to affect the availability  of 
labour for rubber holdings. If price uncer­
tainty continues, there would be a possibil­
ity for the existing tapping labourers to leave 
the job  resu ltin g  in sev ere  sh ortag e  of 
labourers posing a threat to comm ercial ex­
ploitation of the crop.



In the field of exploitation technology, 
research on crop harvesting techniques was 
continued. Ongoing experim ents on Low 
Frequency Tapping (LFT), reduced spiral 
cuts, crop loss due to rain, panel change, low 
frequency CU T etc were continued New 
e x p erim en ts  w ere taken up on w eekly 
tapping in clone GT 1 in Karnataka, low 
frequency CUT in RRIM 600 and RRII 105 
response o f TPD tree to tapping and stimu­
lation in opposite panel etc. Exploratory tri­
als w ere laid out on fourth (d/4) daily and 
weekly (d/6) tapping with rainguarding in 
Kulasekharam region of Tamil Nadu. Advi­
sory work on d/4 and d/6 tapping, CUT, 
reduced spiral cuts etc were continued. Test­
ing of m aterials for tapping, rainguarding 
and stim ulation continued to be an activity.

1. Low  frequency tapping (LFT) systems

Various LFT experim ents laid out at

e x p l o it a t io n  t e c h n o l o g y

RIT, Pampady, Kottayam were continued. 
Experiment to evaluate the performance of 
low frequency tapping systems with stimu­
lation in clone RRII 105 (panel BO-1) contin­
ued to give encouraging results. Higher yield 
under d/3 and d/4 frequencies of tapping is 
due to 2nd and I s' year of panel change re­
spectively. Low yield under 1/2S d/2 can be 
attributed to 3rd year of panel change, and 
TPD. Lower yield under d/6 frequency can 
be attributed to panel position, ie., near bud 
union (Table Exp. 1).

LFT experiments to evaluate the per­
formance of clone R R II105 with stimulation 
from panel BO-2 onwards also gave encour­
aging results. Yield, comparable to that of 
d/2 system of tapping, could be obtained un­
der d/3 and d/4 frequencies of tapping. 
Higher yield under d/4 frequency of tapping 
was due to panel change (Table Exp. 2).

Table Exp, 1. Performance of LFT systems (RR II 105)

Tapping system

1/2S d/2
1/2S d/3+ 1 level stim. 
1/2S d/3+ 2 level stim. 
1/2S d/3+ 3 level stim. 
1/2S d/4+ 1 level stim. 
1/2S d/4+ 2 level stim. 
1/2S d/4+ 3 level stim. 
1/2S d/6+ 1 level stim. 
1 /2S d /6+ 2 level stim. 
1/2S d/6+ 3 level stim.

Yield* (kg/ha)_______No. o f stimulation DRC (%)

2016c
2588b
2783ab
3016a
2889ab
2654ab
294lab
2014c
1892c
1870c

'Values followed by same letters are not critically different from each other LSD (P > 0.05)=391

Table Exp. 2. Performance of LFT systems (RRII 105; Panel BO - 2)

Tapping system 

1/2S d/2
l/ 2Sd / 3+  1 level stim. 
1/2S d/3+ 2 level stim. 
1 /2S d/3+ 3 level stim. 
1/2S d/4+ 1 level stim. 
1/2S d/4+ 2 level stim. 
1/2S d/4+ 3  level stim.

2730b
2682b
2977ab
3179ab
3388ab
3552a
3353ab

Yield* (kg/ha) No. o f stimulation DRC (%)

•Values followed by sam e letters are not critically different from each other LSD (P > 0.05}=740.



Onfarm experiment on LFT in Appelia 
estate and Neria estate. South Karnataka 
with d/4 and d/7 frequencies also gave en­
couraging results (Table Exp. 3 and 4). hi 
Neria estate, the trials to evaluate the dry 
rubber yield under various levels of stimu­
lation were in the first year of experiment.

Table Exp. 3. Perform ance of clones under 1/2S d/4 
6d/7 in Appelia Estate, Karnataka

Field/Clone Yield 
(kg/400 trees)

Cumulative
TPD%

72 RRIM 60) 1908 3.84
84 G T 1 1745 2.81
88 GT 1 1.751 2.99
89 GT 1 1586 3.42
90 GT 1 1526 3.47
94 RRIM 600 1221
94 GT 1 1341
94 RRII 105 1547 2.28

Table Exp. 4. Yield  un d er 1/2S d/7 6d/7 system  ii 
____________ Neria Estate, South Karnataka

GT 1 RRII 105

Stimulation level 1990 1992 1992
T l 3405 1257

1388 1205
1385

The experiment at Vijayadri Plantation, 
Vennimala comparing d/3 and d/4 systems 
of tapping was continued in panel BO-2 in 
clone RRII 105. Good yield could be obtained 
by judicious stimulation under d/4 system 
of tapping without deleterious effect as evi­
dent from good yield and lower incidence 
of tapping panel dryness. This was also re­
flected in other param eters studied, viz., 
DRC %, kg/ tap, kg/tree etc. (Table Exp. 5).

To explore the possibility of introduc­
ing low  freq u en cy  tap p in g  (d / 7) w ith 
ram  g u a rd , a tria l w as in itia te d  at 
Kanthimathy estate, Kulasekharam during 
2003-04. W eekly tapping  w ith m onthly  
stimulation and rainguarding was imposed 
in seven tapping blocks. Estate practice of 
fourth daily tapping without rainguarding

Table Exp. 5. P erform ance o f  1/2S d/3 and 1/2S d/4 
system s (R R II 105)

Treatment T l  (1/2S d/3) T2 (1/2S d/4)

Dry rubber yield 
(kg/400 trees) 2729 2440
Dry rubber yield 
(kg/400 trees/tap) 25.40 31.0
DRC % 42 42.7
Scarp % 7.9 7.0
TPD % 3.4 4.2

and with six stim ulations per year served as 
control. Prelim inary results (2334 kg/400 
trees) indicated success of introducing low 
frequency tapping (d/7) with rainguard in 
Kulasekharam  region, Tamil N adu (Table 
Exp. 6). Yield for the corresponding period 
from control blocks w as 1898 kg/400 trees.

Data obtained from sim ilar experim ent 
u n d er d / 4 fre q u e n c y  o f ta p p in g  at 
Hariharaputhra Estate, Kulasekharam, Tamil 
Nadu is given in Table Exp. 7. T hese data 
show the requirement of rainguarding for the 
su ccess o f LFT. R a in g u a rd in g  n ot only 
enables regular tapping bu t also prevents 
wash out of late drip that is associated with 
low frequency tapping.

D em onstration  p lo t for the p erfo r­
m ance o f w eek ly  ta p p in g  in it ia te d  at 
C entral Experim en t Sta tion , C h eth ack al 
progressed well during the period under re­
port and encouraging results obtained (Table
Exp. 8).

1.1. O nfarm  trials on LFT

Besides various ongoing exploitation 
ex p e rim e n ts  on LFT , o n -fa rm  tria l on 
1 /2S d /3 system of tapping in done RRII 105 
at frithala, Palakkad and Beria estate South 
Karnataka w ere continued. A t Thrithala, 
stimulation resulted in 35%  yield increase 
o ver the u n stim u la te d  co n tro l d u rin g  
2003-04. C um u lative y ield  for five years 
(1999-00 to 2003-04) was 13,170 kg as against 
10,259 kg in control (Table Exp. 9).



Table Exp. 6. Perform ance of LFT ( i n s  j/-r\ -n.
--------------------------------------------  [V2S  d/7> with ratnguarding (R R II 105)

Yield '  "  ---------- --------------

M ay 03
June
July
August
Septem ber
O ctober
Novem ber
D ecem ber
January 04
February
March

241
310

26.0
49,0
5 9 3
52.7 
50.2 
62.9
72.4
55.8
48.6
43.5
32.7

Scrap %

Total
M ean

2334
212

0.23
0.51
0.65
0.57
0 5 2
0.60
0.78
0.62
0.54
0.45
0.36

13.6 
19.9
24.8 
23.3
27.1
21.7
33.1
29.9
22.5
21.5 
1 7 3

37.5
40.3
36.9
38.5
40.0
40.9
36.4
36.9
37.6
39.0 
40.2

0.53 23.2

Table Exp. 7. Perform ance o( LFT (M S  d/4 6d/7| w ith n.tr.guarding (R R II 105)

Yield
kg/400 trees kg/tap

Ju n  03
July
August
Septem ber
October
November
Decem ber
January 04
February

kg/tree Scrap %

Total
Mean

0.66
0.55
0.63
0.34
0.71
0.85
0.61
0.43
0.12

25.1
34.8
33.0
32.0 
28.4
29.9
23.1 
21.8
25.2

4 4 3
36.5
40.0 
43.9
39.0
35.5
35.8
32.8
33.6

4.90
0.54

Table Exp. 8. Annual dry rubber yield under 
1/2S d 6 6d/7 system  (RR II 105)

M onth

Trial 87 A Trial 93 C

kg/400
trees

kg/tap kg/400
trees

kg/tap

Apr 03 40 13.4 47 15.5
May 218 43.6 102 25.6
June 331 82.9 246 49.2
July 783 156.6 348 87
August 682 170.5 363 90.7
Septem ber 478 119.6 526 105.1
October 447 8 9 3 182 45.4
N ovem ber 419 105 398 100
Decem ber 315 79 395 99
January 04 248 50 140 35
February 87 22 77 19
March 72 18 93 15

Mean 4120 79.1 2917 57.2
Yield (kg/tree) 10.3 7 3

Table Exp. 9. Yield under d/3 system  of tapping 
(R R II 105)

Control Stimulated

1999-00 2109 2500 2
2000-01 2091 2900 3
2001-02 2178 2599 2
2002-03 2040 2691 3
2003-04 1841 2480 3

Cumulative * 10259 13170
increase
over control (%) 29

Onfarm trial on d/3 system  of tapping 
in clo n e G T 1 a t N eria  e s ta te , Sou th  
Karnataka also gave promising results. Av­
erage yield of 1752 kg could be obtained in



stimulated blocks. Stimulation resulted in 
23% yield increase over the unstimulated 
control blocks during the period under re­
port.

Gniarm trial on weekly tapping laid out 
in various agro climatic zones of the tradi­
tional area progressed well during the pe­
riod underreport. Estates, which have imple­
mented the system, continued the practice 
with good results. In Manikal estate an av­
erage yield of 1780 kg and in Vijayadri es­
tate an average yield of 2650 kg/400 trees 
were obtained under weekly tapping. Simi­
larly in Balanoor estate, Perinthalmanna av- 
erage yield of 2500 kg could be obtained in 
clone RRII 105 under 1/2S d/6 6d/7 tapping 
system.

1.2. Lab to land programme on LFT

LFT under lab to land program m e 
started earlier in different locations of Kerala 
progressed well. Necessary advice on stimu­
lation, collection etc. was given as and when 
required. Stimulation schedules as per the 
recommendation issued were implemented. 
Monthly yield data of various fields was pro­
vided by the estates. Low frequency tapping 
is successfully extended to very large area 
in the estate sector in Kerala, Tamil Nadu and 
Karnataka. Due to disciplined tapping and 
related operations, in many places produc­
tion and productivity also improved consid­
erably (Table Exp. 10).

Low freq u en cy  co n tro lled  upw ard 
tapping (LFCUT)

Experim ents to  evalu ate the perfor­
mance of LFCUT with rainguard in clone 
RRII 105 and RRIM  600 were initiated dur­
ing the reporting period. Very good results 
were obtained.

3. O ther experim ents

3.1. Effect o f panel change on yield

Experim ent on annual panel change in 
basal panels increased the yield performance 
o f clone RRII 105 under d/2, d/3 and d/4 
tapping systems.

3.2. Crop loss due to rain and recovery by stim ula­
tion

Experim ent on the effect of stim ulation 
under d/2 and d/3 frequencies of tapping 
in clone RRII 105 w ithout rainguarding to 
recover the yield loss w as also continued. 
Data showed that yield loss under d/2 fre­
quency cannot be recovered by stim ulation. 
H ig h er y ie ld  from  tre e s  w ith o u t 
rainguarding under d/2 frequency of tap­
ping during the year m ay be due to low rain 
interference on tapping  d u ring  the y e a r  
(Table Exp. 11). y

3.3. Perform ance of m ini and reduced sp iral cuts 

The statistically laid out (CRD) experi­
ment at RIT, Pam pady to evaluate minicuts 
and reduced spiral cuts in com parison with

a. Ambanad Estate
Total production (t)
Productivity (kg/ha)
b. M anickal estate 
Total production (t)
Productivity (kg/ha)
c. Plantation Corporation of Kerala Ltd 
Total production (t)
Productivity (kg/ha)

Table Exp. 10. Im pact o f LFT on dry rubber yield 

2001-02 2002-03

•d/2 & d/3; " d / 4 ; ***d/3; ” ” d/3 & d/4

165.75* 
997*

196.54**
1183“

209.63*
1276**

463*“
1421**’

;

509*” *
1367*“ *

592”
1634”

3753*
909*

4570**
835”

5128**
1127”
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Table Exp. 11. Effect o f  stim ulation under d/2 . 

Treatm ent Tapping system

Tl
T2
T3
T4
T5
T6
1 7
T8

1/2S d/2w ith RG
1/2S d /2 without RG
1/2S d/2without RG+llevel st.
1/2S d/2 without RG+ 2 level st
1/2S d/3 with RG
1/2S d/3 without RG
1/2S d/3 without RG + 1 level st.
1 /2S d/3 without RG + 2 level st.

nd d/3 systems at EFU, R1T, Pampady (RRH 105)

-  ^ie*d ^g/ha) No. of stimulations DRC (%)

2595 38
3225
3232 3 39
3266 5
3225 3 f a
2905 3
2465 5
2872 7

conventional 1/2S d/3 was continued dur­
ing the reporting period. Quarter spiral cut 
continued to give good performance.

From the past experience, as a practice, 
Neria estate is now opening their trees at 45 
to 49 cm  girth with spiral cut. As and when 
it attains 50 cm  girth, the cut length is ex­
tended to Vi spiral. Similarly, three estates in

39

Northern Kerala viz., Badra (d/3), Pandallur 
and Gokul (d/4) opened blocks with mixed 
cuts, ie., trees above 50 cm were opened with 
Vi spiraJ and 45 cm to 49 cm with Vi spiral cut. 
Here also, when the trees attain girth of 50 
cm, the cut length will be extended to 1/2S. 
The average yield per tree was 2.5 kg (Gokul),
2.7 kg (Pandallur) and 3.2 kg (Badra).

GENOME ANALYSIS LABORATORY

The Genom e laboratory works on the 
development and application of various mo­
lecular m arkers for the characterization of 
Hevea germ plasm , which is essential for ge­
netic relationship studies, clonal identity, 
identification o f markers linked to desirable 
agronomic traits for early prediction of clonal 
perform ance against various stresses etc. 
The m ajor research focuses are to develop a 
genetic linkage map of Hevea using molecu­
lar and trait markers, and to elucidate the 
m olecular basis of plant resistance to fungal 
pathogen. Developm ent of DNA markers 
that could identify the fungal pathogen in­
fecting Hevea was also carried out as the con­
tinuation of the work on fungal genetic struc­
turing. During the period the following re­
search projects have been continued.

I. E sta b lish m e n t o f g en etic  rela tio n ­
sh ips am ong wild H evea  germplasm 

Genetic relationships among the wild 
Hevea germplasm had already been assessed 
using RAPD markers and a set of universal

chloroplast microsatellite markers for getting 
an insight of the chloroplast genome differ­
entiation am ong them. Two chloroplastic 
hyper-variable intergenic regions, tmM -rbcL 
and tranC-trnD  have also been studied in 
detail to achieve more information regard­
ing chloroplast genome differentiation. PCR- 
RFLP has been carried out for the above two 
non-coding intergenic region. Based on this 
study it is concluded that these non-coding 
regions are not informative enough to estab­
lish any kind of relationship, as there is no 
detectable length polymorphism among the 
wild Hevea germplasm.

A set of eight microsatellite markers, 
developed in Hevea had also been evaluated 
using the same set of wild accessions. Poly­
morphisms were detected among those wild 
accessions and some genotype specific alle­
les were identified. Wild Hevea accessions 
appeared to be highly polym orphic than the 
cultivated clones as revealed through the 
am plification of m ore num ber of alleles.



C ro ss-sp ec ies a m p lifica tio n  o f the 
microsatellite primers using other two spe­
cies: o f Hevea had also been tried. All the four 
microsatellites showed amplification of al­
leles with both the species H. benthamiaria and
H. spruciana, within the size range observed 
in H. brasiliensis. Cross-species amplification 
clearly indicated that the flanking regions of 
the microsatellites are extremely conserved 
in other species. Inheritance of the parental 
alleles was detected in the interspecific hy­
brid FX516.

2. Developm ent o f m icrosatellites and 
its application in the characterization 
o f H evea  germplasm

A small-insert genom ic library of Hevea 
derived from a clone GT1, was screened for 
the presence of sim ple sequence repeats and 
consequently 204 positive clones were se­
lected for AC/TG and CT/GA repeats. Af­
ter a second round of screening, 154 clones 
were recovered individually for in vivo exci­
sion of the recom binant phagemid contain­
ing the insert. PCR amplification with vec- 
tor-directed prim ers as well as with the re­
peat seq u en ces con firm ed  114 p ositive 
clones. Fifty positive clones were sequenced 
to validate the presence of microsatellites in 
Hevea genome. The sequence data revealed 
the presence of 59 m icrosatellites having 
characteristic sim ple and compound repeats. 
Various kinds of repeat motifs coihprising of 
dinucleotides (TG/A C, AG/TC, TA/AT), 
trin u cle o tid es  (A A G , A G G , A TT), 
tetranucleotides (G AA A , A A G G , ATCC, 
TAAA, AAAT) and one pentanucleotide 
(GAAAT) were detected. Out of 4 X 10'' bp, 
estimated to be the haploid genom e size of 
Hevea, we sequenced approximately 48 X101 
bp (32 X 10? bp in GT1 and 16 X 10’ bp in 
RRII 105) based on an average insert size of 
650 bp per clone and identified various re­
peat motifs. However, twenty-nine new ge­
nomic sequences were registered with the 
NCBI gen Bank, USA (accession numbers:

AY439286 to AY439314). Prim er-pairs syn­
thesized based on the above sequences, were 
tested for amplification with their respective 
Hevea genom ic clones containing the sim ple 
sequence repeats (SSR) and in all the cases 
successful amplification of the expected frag­
ments was detected. A representative num ­
ber of Hevea m icrosatellites w ere isolated 
from a genom ic library for their ultim ate use 
in the development of m icrosatellite m ark­
ers.

3. S in g le  n u cle o tid e  p o ly m o rp h ism s 
(SNPs) in  H ev ea  -  A new  generation 
marker

SN P studies were undertaken for the 
first time in Hevea to iden tify polym orphism  
which could be used to get an insight o f the 
com plex bioch em ical tra its th at regulate 
some important phenom ena in Hevea, such 
as tapping panel dryness, ethylene induction 
of latex production etc. The frequency of 
SNPs on 12 genes (cDNA) encoding im por­
tant enzym es catalyzing several biochem i­
cal reactions in 16 Cultivated rubber geno­
types/ clones was surveyed. Identification of 
polym orphism in the gene/loci of interest is 
very important as SN Ps contribute directly 
to a phenotype or can be associated with a 
phenotype as a result o f linkage disequilib­
rium. Screening for the presence o f SN Ps in 
12 loci from 12 wild Hevea genotypes is in 
progress with the purification of the PCR 
products, amplified using the prim er-pairs 
designed for the popular clones. Amplified 
fragments of the individual loci from wild 
Hevea germplasm appeared to be sim ilar in 
size as that was observed in popular clones.

4. D ev e lo p m en t o f  R A P D  m a rk er(s) 
closely linked to the locus conferring 
resistance to fungal disease

Resistant gene analogues (RGAs) work, 
an alternative approach to identify disease 
resistance gene, is in progress. Degenerated 
primers based on the conserved nucleotide
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sequences of the structural motifs/ domains- 
characteristic of the disease resistant genes 
(R-genes), had been used to amplify simj|ar 
sequences from Hevea. Several fragments 
were amplified in Hevea clones/genotypes 
including H evea benthamiana. Seventeen pu­
tative RG A fragm ents have been sequenced 
so far. Nucleotide variability was detected 
am ong these sequences. Sequences were 
translated to look for m otif characteristic of 
plant NBS (Nucleotide-binding site), com­
m on to m any R-genes. Most of the encoded 
am ino acid sequences showed the character­
istic  am in o  acid  m otifs o f N BS regions, 
namely, P-loop, kinase-2 and GLPL. Amino 
acid alignm ent showed that the Hevea RG As 
share hom ology with N BS regions of w ell- 
characterized R-genes from other plant spedes.

5. G enetic structuring and assessment of
m o le c u la r  v a r ia b i lity  of
C olle to tr ich u m  species

In continuation of the work on genetic 
characterization of the two different species 
o f Colletotrichum, four sets of sequence-spe­
cific prim ers were used to amplify specific

regions of the fungal genome in order to de­
velop sequence characterized amplified re­
gion (SCAR) marker for easy identification 
of Colletotrichum  at the species level. The 
amplification profiles clearly showed differ­
ences between the two species with two sets 
of primer-pairs out of four. Direct PCR analy­
sis of the DNA samples isolated from both 
types of diseased symptoms (raised spots 
and anthracnose) clearly showed the pres­
ence of respective Colletotrichum  species 
through the amplification of species-specific 
fragment using the SCAR primers. The iden­
tification w as uniform  for the different 
strains of the fungus (as detected through 
RAPD) belonging to individual species. 
T herefore, the m o lecu lar  an a ly sis  of 
Colletotrichum using the developed SCARs 
provided a method for confirming the pres­
ence of the fungus at their species level. These 
markers (SCARs): OPB-17(874) for Glomerella 
c in g u lata  (an am orp h : C olletotrich u m  
gloeosporioides) and OPI-06(788) for Glomerella 
acutata (Colletotrichum acutatum), developed 
recently, have been registered with the NCBI 
GenBank.

DRIS FERTILIZATION

The DRIS unit w as engaged in several 
research projects besides advisory service to 
the sm allholding sector.

1. R esearch activities

1.1. R efinem ent o f  discrim inatory fertilizer recom­
m endation (DFR)

To evolve soil series wise fertilizer rec­
o m m e n d a tio n , fie ld  exp erim en ts w ere 
started  in  fou r d ifferen t so il series viz., 
Kanjrapally, Thiruvanchoor, Kunnathur and 
K a d a m b a n a d . K a n jira p a lly  and 
Thiruvanchoor series were selected in the 
central and north zones. Kunnathur and 
Kadam banad series were identified in south

zone. Response of fertilizers including higher 
dose and lower dose of the discriminatory 
fertilizer recommendation showed that there 
is significant difference am ong treatments. 
No significant difference w as found in the 
lower dose (18:18:18) of fertilizer in all treat­
ments. In Kanjirapally series significant dif­
ference w as n o ticed  fo r  h ig h er  d ose 
(54:54:54). Statistical analysis of girth data 
and soil/leaf nutrient values are in progress.

1.2. Hydraulic conductivity studies

Hydraulic conductivity studies to un­
derstand the erodability and water availabil­
ity in rubber are in progress. The study



showed that the soil hydrological functions 
and erodability characteristics of soils under 
rubber at varying slopes were related to the 
depth and slope of rubber cultivated area. 
Soil dispersion ratio and erodability index 
were higher in upper slope soils indicating 
higher susceptibility to soil loss, as compared 
to lower slopes.
1-3. Phosphorous fixation studies

Phosphorous fixation due to added fer­
tilizer phosphorous was studied for more 
series. Initial properties of the soil series viz., 
Peruva, Lahai, Chandanikunnu were stud­
ied and Thrikkannamangal. Results of the 
soil parameters showed that the organic car­
bon status and clay content (Table D ri.l) in 
Lahai series is higher than that of other soil 
series.

1.4. Effect o f  fe rtilizer P and farm  yard m anure
(FYN1) on available P

Influence of farm yard manure on fer­
tilizer P in terms of P availablitv in the rub­
ber growing soils of Kozhikode district was 
studied. The result indicated that incorpo­
ration of farm yard manure enhances the 
availability of fertilizer P.
1.5. Nutrient cycling studies

To study the nutrient turnover in rub­
ber, nutrient cycling studies were initiated. 
A  comparative study of nutrient cycling in 
rubber and forest was started in TR&T es­
tate and investigations on seasonal variation 
in soil nutrient availability in rubber and for­
est were initiated. Variation in soil nutrient 
availability across different months was ob­
served. During O ctober there w as higher 
nutrient concentration in soil, but there was 
a drastic decrease in the month of February. 
Statistical analysis of the data is in progress.
1.6. Effect o f  soil factors on yield  o f rubber in the

same agroclim atic conditions

W ithin the sam e agroclim atic condi­
tions itself variation in yield of rubber was 
noticed in estates. To know whether soil fac­
tors have any influence on yield, a project

on the soil factors influencing the yield of 
rubber was initiated.
1.7. Relief/topography o f  rubber grow ing areas and 

its effect on yield of rubber

As most of the rubber cultivated area 
in estate sector includes high altitude w'ith 
slope terrain, a study was initiated to know 
the effect of these factors on the yield of rub­
ber. Significant effects of relief on yield of 
rubber was observed. The experim ent is be­
ing continued.
1.8. Mechanistic model for nutrient uptake by rubber

A study was initiated to develop mecha­
nistic model for nutrient uptake of rubber.

1.9. Root studies for efficient utilization of fertilizer

Root studies were initiated to know  the 
rooting pattern and root ch aracteristics of 
rubber. O b serv a tio n  o n  fre sh  an d  d ry  
weights of fine, coarse and wood roots were 
com pleted at different depths for 29 year 
rubber trees at CES Chethackal.

2. Advisory service

2.1. D iscrim inatory fertilizer  recom m end ation  to
sm allholders

Discriminatory fertilizer recom m enda­
tion programme o f offering fertilizer recom ­
mendation based on soil/leaf analytical val­
ues, site characteristics, yield and associated 
parameters of the field were continued. Dur­
ing the reporting period a total of 8914 soil 
and 1420 leaf sam ples were analysed in  cen­
tral (RRII, Kottayam) and eight regional labo­
ratories. 4600 discriminatory fertilizer recom­
mendation w ere given for sm all holders. 
Besides these, as an analytical service, 39311 
latex sam ples were tested for DRC and 257 
latex sam ples for VFA.

2 .2. M obile so il testing program m e

M obile soil testing program m e and of­
fering of on the spot fertilizer recom m enda­
tions were continued in different rubber pro­
ducers societies all over Kerala. A bout 53 
m obile soil testing program m e w ere con­
ducted in various regions.



r u  I  f  , n tra l E xp erim en t S tation , 
Chethackal is situated at a distance of about
50 km from  Kottayam. The station was es­
tablished to cater the research needs of the 
different divisions of the RRU. The station 
has a total land area of 254.8 ha which is 
planted for different research projects. Dur­
ing the reporting period the total crop real­

ized was 171912.70 kg. Total of 302 tapping 
days was possible in the year and 65 tappers 
were engaged for tapping. Total man-davs 
engaged were 27039. The dispensary caters 
to the medical needs of the workers and the 
total patients attended to during the period 
under report were 7905.

REGIONAL RESEARCH STATION, GUWAHATI, ASSAM
1. Crop im provem ent

1.1. Evaluation of clones

In the 1985 clone trial with 10 clones the 
highest girth over 18 years was observed in 
RRII 118 (75.7 cm) followed by RRII 203 (75.3 
cm ), RRIM  600 (74.4 cm) and the lowest in 
PB 5/51 (53 cm ) (Table Ghy. 1). RRIM 600 
recorded maximum annual average yield (45 
g/t/t) over 10 years followed by RRII 118 
(44.4 g/t/t) and RRII 203 (44.2 g/t/t), the 
m inim um  was in PB 5/51 (21.2 g/t/t) under 
the norm al system  of tapping (1/2 s d/2 6 
d/7 with tapping rest). Among the trees fol­
lowing l/ 2 s d / 2 6 d / 7  tapping system with­
out tapping rest, highest yield was recorded 
in RRIM  600 (37.5 g/t/t) followed by PB 86 
(34.6 g/t/t), RRII 118 (34 g/t/t) and lowest

in Gl 1 (23.5 g/1/1). Under normal system of 
tapping the annual average of DRC was high 
in most of the clones except Gl 1 and PB 235. 
In continuous system of tapping DRC was 
in the range of 30.5 to 33.3%.

In the 1986 clone trial the highest mean 
girth over 17 years was in RRIC 102 (78.4 cm) 
followed by RRII 118 (76.6 cm) and the low­
est was in RRII 105 (64.2 cm ) (Table Ghy. 2). 
Mean annual yield over 9 years w as highest 
in RRII 118 (41.1 g/t/t) followed by PB 311 
(40.3 g/t/t) and the lowest was in PB 260 
(19.5 g/t/t) in normal system of tapping. In 
continuously tapped trees, the highest mean 
annual yield was in PB 310 (32.9 g/t/t) fol­
lowed by PB 311 (31.8 g/t/t) and the lowest 
was in RRIC 102 (22.9 g/t/t).

Table Ghy. 1. Grow th and yield performance of 10 H evea  clones in the 1985 clone trial

Clone Girth (cm) DRC (%) Annual mean yield 
(g/t/t!

Projected yield 
(kg/ha/yr)

Normal Continuous Normal Continuous Normal Continuous

RRU 105 63.1 35.1 31.5 38.4 27.9 1397 1674
RRII 118 75.7 36.5 33.3 44.4 34.0 1616 2040
RRII 203 75.3 35.2 32.9 44.2 28.2 1608 1692
RRIM  600 74.4 35.1 30.5 45.0 37.5 1638 2250
RRIM 605 68.3 35.5 31.8 34.4 30.6 1248 1836
PB 86 71.5 35.7 31.3 38.1 34.6 1386 2076
PB 235 70.0 34.1 31.8 41.0 30.9 1492 1854
PB 5/51 53.1 35.3 31.3 21.2 25.4 771 1524
G T 1 70.7 36.1 32.8 43.4 33.2 1579 1992
G i l 59.4 34.8 31.6 2S.0 23.5 1019 1410



Table Ghy. 2. Grow th and yield performance o f 10 H evea  clones in the 1986 clon e trial

Clone Girth (cm) DRC (%) Annual mean vield 
(g/t/ 0  '

Projected yield 
(kg/ha/yr)

Normal Continuous Normal Continuous N orm al Continuous

RRIC 102 78.4 34.7 33.7 40.0 22.9 1456 1374
RRIC 105 68.4 34.0 31.4 28.0 26.3 1019 1578
RRII 5 64.8 34.0 32.0 27.1 24.2 986 1452
RRII 105 64.3 34-2 31.5 37.9 31.8 1379 1908
RRJ] 118 76.6 35.9 31.8 41.1 24.8 1496 1488
RRII 208 6S.2 35.7 32.7 36.7 29.6 1335 1776
PB 260 66.3 34.5 30.8 19.5 28.2 7.9 1692
PB310 71.2 35.0 32.9 39.0 32.9 1419 1974
PB 311 68.2 33.4 31.9 40.3 31.8 1466 1908
PR 255 70.8 36.5 32.7 34.8 26.0 1266 1560

1.2. Evaluation of polyclonal population

Evaluation of polyclonal population in 
terms of growth and yield was continued. 
Among the 10 promising selections the high­
est mean annual yield over 9 years was re­
corded in selection S2 (116.19 g/t/t) followed 
by SI (101.97 g/t/t) and the lowest was in 
S5 (2 5 2  g/t/t). Except selection S4, all other 
polyclonal seedling trees showed high de­
gree of tolerance to powdery mildew disease.

1.3. Evaluation o f  wild germ plasm

Incidence and severity of powdery mil­
dew disease in different wild accessions of 
H evea  g erm p lasm  at Sa ru ta ri, RES, 
Nagrakata and Taranagar research farm un­
der agro-climatic conditions of Assam, north­
ern part of West Bengal and Tripura respec­
tively were assessed. Nineteen out of 595 
accessions at Sarutari and 28 out of 246 ac­
cessions at Taranagar showed high degree 
of tolerance to pow dery m ildew disease. 
Tw enty  tw o o u t o f 96 a cc e ssio n s in 
germplasm trial under cold conditions and 
9 out of 21 accessions under Hot Spot trial at 
Regional Experim ent Station , Nagrakata 
showed high degree of tolerance to powdery 
m ildew disease.

2. Crop management

2.1. Nutritional studies (Mature phase)

N u tritio n a l tria l a t N ayakgaon  in

Kokrajhar, showed the influence o f N , P and 
K on girth and yield o f  H evea  un d er the 
agroclimatic conditions of Assam . H ighest 
girth (61.53 cm) and DRC (34.71% ) w ere ob­
tained with 40 kg N/ha. H ighest doses of N 
(60 kg/ha) resulted highest yield (66.45 g/ 
t/1). In the case of P, application @ 40kg P2Os/ 
ha was found num erically superior in terms 
of average girth (60.47 cm ) as w ell as yield 
(54.90 g/t/t) and DRC (34.28%). In case of 
potassium , significant increase in girth  as 
well as yield w as observed due to im posi­
tion of treatments and m axim um  girth (60.03 
cm) and yield (49.31 g/t/t) w ere obtained 
with the application of 40kgK 20 / h a . Signifi­
cant increase in soil available nutrients with 
increasing doses of N, P and K was also ob­
served.

2.2. Interaction betw een K and M g on
growth and yield

Two tria ls  laid out in So ru tari and 
N ayakgaon during 1987 w ere continued. 
Pottassium at 40 kg/ha and M g at 15 kg/ha 
resulted in significant increase in yield (Table 
Ghy. 3). However, their influence on growth 
was not significant. Application of K and Mg 
ertilizer increased the organic carbon con­

tent, available phosphorus in soil and an­
tagonistic effect was seen with the applica­
tion of Mg on available K in soil. Interaction 
effect of K and Mg on average girth, annual



Nutrient level 

(kg/ha)

J g jG h y .lE f te o tK x M E  ia,taMon
—  Average girth (cm ) 

Sarutari
Potassium (K O) 
0.0 
20.0 
40.0

on growth and yield o f rubber

Nayekgaon Sarutari
Yield (g/t/t)

Nayekgaor

C D  (P=0.05)

M agnesium  (MgO) 
0.0

61.1
59.7
62.3

60.9 
61.1
60.9

44.7
52.9
64.3

40.9
45.4
53.3

C D  (P=0.05)

62.3
61.0
59.5

59.4
6.7

61.2

45.8
53.7
60.5

34.0
45.7
58.2

No Treatment Mean girth Mean vield
(cm) (g/t/t)

T l 35 kg P ,0 ,/ h a  (MRP) 74.1 54.7
12 35  kg P ,0 ,/ h a  (MRP:SSP) 72.8 59.5
13 35 kg P20 5/ha (SSP) 71.4 55.6
14 Control 70.9 43.1
C D (P=0.05) NS 8.0

At Nayekgaon, higher yield (49.70 g/ 
t/t) w as obtained with the application of 40 
kg P20 5/ha (Table Ghy. 5). A significant im­
provem ent in soil available P  status was re­
corded due to application of P compared to 
control. Rock phosphate affected more build­
ing up of soil available phosphorus than that 
o f wa ter soluble phosphorus. An increase in 
soil pH w as also observed particularly due 
to application of rock phosphate.

girth increm ent as well as average yield was 
found n o n -sign ifican t. The results from 
N ayekgaon were similar to that of Soruthari.

2.3. R ock phosphate and super phosphate as source 
o f  P  for mature rubber

Results of the experiment at Sorutari 
show ed higher yield (59.50 g/t/t) with phos­
phorus @  35 kg P j0 5/ha as a mixture of rock 
phosphate and single super phosphate (1:1 
ratio) while control plot had minimum yield 
o f 43.10 g/t/t (Table Ghy. 4). However, no 
significant difference in growth was noted.

Table Ghy. 4 . M ean girth and yield as influenced by 
P fertilizer at Sarutari

Table Ghy. 5. Effect of P fertilizer on growth and yield

Treatment Girth (cm) Yield (g/t/t)
T l Control 61.6
T2:20 kg P2Os/ha (SSP) 62.1
T3:20 kg P p $/ha (MRP) 62.6
T4:40 kg P ,0,/ ha (SSP) 62.0
T5:40 kg P.O./ha (MRP) 63.1
T6:60 kg P20 5/ha (SSP) 63.7
T7:60 kg P,Os/ha (MRP) 61.1 44.7
CD (P=0.05) NS 6.8

2.4. Effect of varying snag length on sdon sprouting

A snag of 5 cm above the bud patch re­
sulted in maximum (80%) sprouting while a 
snag of 20cm resulted in minimum sprout­
ing (42.50%) (Table Ghy. 6).

2.5. Evaluation of polybags and bam boo baskets for 
passing planting m aterials

The results showed that sprouting suc­
cess (77.50%) from budded stum ps planted 
in bamboo basket (55 cm X 25 cm) than in 
small polybags (43 cm X 23 cm).

3. Crop protection

3.1. Survey on diseases and pests o f H evea  rubber

A survey on pests and diseases of Hevea 
rubber was carried out in 58 locations cov­
ering 26 different rubber growing tracts in 
Assam, M eghalaya, Tripura and northern 
part of West Bengal. The severity of powdery 
m ildew disease w as high (above 3.5) in 
Um siang, U m ling, Saru tari, N agrakata,



Table Ghy. 6. Effect o f  varying snag length on scion sprouting

Treatment Sprouting 
success (%)

Plant height 
(cm)

Girth
(cm)

No. o f  leaf 
w horl

Control (Standard cutting) 62.5 49.2 4.07 2.7
1 cm above bud patch 60.0 63.6 5.28 2.8
5 cm above bud patch 80.0 59.5 5.54 2.7
10 cm above bud patch 77.5 57.5 5.02 2.7
15 cm above bud patch 62.5 50.5 4.53 2.3
20 cm above bud patch 42.5 49.8 4.65 2.3

Laxmandepha, Tulakona, Rishidas colony, 3-2- 
Taranagar and Anandanagar areas causing 
repeated premature defoliation and die-back 
of tw ig s and b ra n ch es. T he clon es 
SCA TC 88/ 13, SC A T C  93/ 114, PB 86,
RRIC 100, RRII 429, RRII 417, RRII 208,
RRII 203, RRIM 703 and Haiken 1 showed 
high degree of tolerance to powdery mildew 
disease. High incidence of Periconia leaf 
blight disease was noticed on tender leaves 
in nursery during November to March in 
Assam and Meghalaya causing repeated pre­
mature defoliation and die-back of shoots.
Minor incidence of secondary leaf fall (SLF) 
disease was also noticed on tender leaves in 
nursery and immature and mature rubber 
plants during rainy months (June to Septem­
ber) in m ost of the locations. Low incidence 
(below 5%) of pink disease was observed on 
immature rubber plants (RRII 105 & RRIM 
600) only at RES, Nagrakata, Jiti and Rongo 
estates (private) in northern part of West Ben­
gal. Incidence of purple root disease (below 
10%) w as noticed only in seedling nursery 
p lan ts at D D C , je n g g itc h a k g re , in 
Meghalaya. Minor incidence (below 5%) of 
brown root disease was noticed in private 
plantations in Assam and Tripura. The se­
verity of brown root disease was found to be 
high in Tripura compared to other states in 
North East region. Mild attack of mealy bug 
on mature leaves at RES, Nagrakata, West 
Bengal and weevil (Hypomeces squamosus) in 
nursery at Sarutari farm were noticed. M i­
nor infestation of scale insect (S. nigra), ter­
mites, slugs and snails were also noticed in 
most of the locations surveyed.

Is o la t io n , id e n t if ic a t io n  an d  m o le c u la r  
c h a r a c te r is a tio n  o f  fu n g a l p a th o g e n s  o f  
rubber

Isolation of fungal pathogens from dis­
eased samples of Hevea  rubber collected dur­
ing survey in North East and northern part 
of West Bengal w as carried  out. Fungal 
path o gen s v iz ., B ip o la r is  h ev ea e , 
Cylindrocladium quintjueseptatum , Periconia  
h ev eae , C o lle to tr ich u m  g lo e o s p o r io id e s ,  
Corticium salmonicolor, Phellinus noxius and  
Helicobasidium compactum  w ere isolated and 
studied for strain differentiation.

3.3. Control o f  purple root d isease

A trial for control of purple root disease 
in seedling nursery was initiated at DDC, 
Jenggitchakgre in M eghalaya. The incidence 
and severity of purple root disease in differ­
ent experimental plots were assessed after 
the completion of treatments with 3 system ic 
fungicides viz., Tilt (0.1 & 0.2% ), Calixin (0.15 
& 0.3%) and Bavistin (0.15 & 0.3%) includ­
ing Bioflora natural (biopesticides: 20 g/plot) 
and one year fallow treatm ent. C om plete 
control of the disease w as observed in ex­
perimental plots treated with Tilt, Calixin, 
Bioflora natural and also in one year fallow  
treatment (Table Ghy. 7).

4. Exploitation technology

Hie experiment on tapping rest and fre­
quency interaction studies (started during 
1999 with the clone RRIM  600) w as contin­
ued. Normal tapping (1/2S d/2 6d/7) with 
and without rest is being com pared w ith 
other tapping system s viz., 1/2S d/3 6d/7



Table Ghy. 7. Effect o f  svstem ir a

--------------------- seed li" g s in m ir s e r ,  on Ih e c o n M  of purple root disease of rubber
Treatm ent ------------------------------------------------

----------------------------------------- _ _ _ _  R i S l  » « * * » .  ove, inpuq>le
Control ~ 6  ------------------' -------------_______________________ control
T ilt: 0 .1 %  0.3 
Tilt : 0 .2 %  0

T il t : 0.2 % alternate w ith Calixin : 0.3 %

C alixin : 0.15 %
C a lix in : 0 .3  %
Calixin : 0 .3  % alternate with Bavistin : 0.3 %

Bavistin : 0.15 %
Bavistin : 0.3 %
Bavistin : 0 .3  % alternate with T il t : 0.2 %

Bioflora Natural 
Fallow  beds of 1 year

14.0
0.75 94.6

0 100
0 0 100

0 0 100
g 0 100

0 100

3.7 9.25 33.9
1.5 3.75 73.2
° 0 100

0 0 100
0 0 100

---------------Ghy. 8. Variation in g ,o „ ,h „ d yield 0,  „ ,bb„  ^  a p M M m  syslem s

Treatment Exploitation system Average D R C %  YMd

girlh (an )  (g/f/t) tapping yield
days (kg/ha/\

T-1

T-2
1/2S d/2 6d/7 -  regular tapping 
1 /2S d/2 6d/7 -  one month rest*

66.5
59.6

30.8
28.0

35.3
31.6

109
100

1537
1262

T-3 1/2S d/2 6d/7 -  two months rest** 63.0 29.4 30.1 89 1072

T-4 1/2S d/2 6 d / 7 -  three months rest*** 65,4 32.7 41.0 94 1153

T-5 l/ 2 S d / 3  6d/7 continuous tapping 
5  stim ulations

65.9 29.9 46.5 62 1125

T-6 l/ 2 S d / 3  6d/7 -  one month rest* 68.6 31.9 50.2 56 1346

T-7 1/2S d/3 6d/7 -  two m onths rest** 69.1 31.0 62.9 48 1290

T-8 1 /2S d/3 6d/7 -  three months rest*** 67.7 31.5 57.9 65 1360

T-9 1/2S d/4 6d/7 continuous tapping 
7 stim ulations

68.2 31.6 61.8 55 1107

T-10 1 /2S d/4 6d/7 -  one month rest* 69.9 31.8 70.1 44 1504

T - ll 1/2S d/4 6d/7 -  tw o m onths rest** 64.9 33.5 64.5 50 1350

T-12 1 /2S d/4 6d /7 -  three m onths rest*** 70.6 34.0 76.6 44 1350

'F ' test 
SE  2.7 
C D  (P=0.05)

NS
0.8
NS

Sig.
6.4
2.4

Sig.

17.8

* February; '"F ebruary & M arch; *“  January - March



and 1/2S d/4 6d/7 with stimulation. The 
data revealed significant influence of the 
treatments. Maximum yield (70.6 g/t/1) and 
DRC (34%) was recorded for the treatment 
T12 followed by T]0 (69.9 g/t/t) and minimum 
DRC was in T2 (28 g/t/t). Maximum pro­

jected average yield (1537) kg/ha) w as ob­
tained under the treatment T l  followed by 
T10 (1504 kg/ha) and m inim um  w as in T3 
(1072 kg/ha/year) (Table Ghy. 8). However, 
differences in g irth  w ere not sig n ifican t 
among the treatments.

REGIONAL RESEARCH STATION, AGARTALA, TRIPURA

Clone evaluation and studies on nutri­
tion, exploitation tediniques and intercrop­
ping are the major activities of the station. 
Advisory services on discriminatory fertil­
izer application and processing of better 
quality sheet rubber were provided to the 
growers of this region.

1. Agronom y and soils

In the study on the effect of different 
fertilizer doses at different densities on two 
clones, significant differences in yield were 
observed among the densities and highest 
yield per tree (50 g/t/t) was observed in low­
est density. In the tea intercropping trial, total 
annual fresh leaf yield was 473 g/m2. In the 
experiment on organic and inorganic manur­
ing, maximum girth w as observed in the 
treatment with 20 kg of FYM/plant/ year 
along with recommended doze of fertilizer.

In the study on potassium dynamics, it 
was observed that soils were low to medium 
in available K. Surface soil contained rela­
tively higher am ount of w ater soluble-K 
(WS-K) and exchangeable-K (Ex-K) and the 
concentration decreased w ith increasing 
depth. Non-exchangeable form of K (Non- 
ex K) showed a reverse trend and higher

amount of K was found in the low er depths 
(Table Net. 1). Total K  also increased and 
varied from 1.3 to  2.5% w ith depth.

A new exp erim en t to stu d y  the re­
sponse of high yielding Hevea  clones to dif­
ferent doses of fertilizers in Tripura w as ini­
tiated. Clones RRII 417, RRII 429, RRII 430 
and RRIM 600 (control) w ith five fertilizer 
doses were included. In order to study the 
effects of different level and tim e o f fertil­
izer application on growth of RRIM  600, an 
onfarm trial w as taken up.

2. Breeding and selection

Evaluation of clones, recom bination 
breed in g  and s e le c tio n , e v a lu a tio n  o f 
p o lycro ss p ro g en ies  an d  e v a lu a tio n  o f 
germplasm are the main lines of breeding 
research. Four clone evaluation trials, two on­
farm trials and a clonal dem onstration trial 
are in progress. Progenies of recom bination 
breeding are being evaluated in three sets.

2 .1. Evaluation of c lones

Among the 15 clones evaluated com - 
paratively higher yield w as recorded for 
clones PB 235, RRII 203 and RRIM  600 (Table 
Net. 2). GGE Biplot an aly sis sh ow ed  no

Depth
(cm)

WS-K
(ppm)

0-15
15-30
30-60
60-90

Ex-K
(ppm)

5.2 - 102  
4 3  -8 .2  
3 .9 - 6 .7  
3.0 - 5.4

Non-e
(ppm)

40.4 - 78.6
30.1 - 44.6
14.1 - 33.7 
14 .0 -3 1 .7

510 - 750 
580 - 840 
715 - 980 
750 - 1100

Total K 
(%) 

1 3 - 1 .7  
1 .7 - 1 .9  
1 .9 8 - 2 5  
2.25 - 2.5

A vailable K 
(ppm)

4 5 - 9 5
3 8 - 5 5
1 8 - 4 0
1 4 - 3 2



Table Net, Z.Projected yield 0 f I5  cio n n

Clone Yield (kg/ha)
2000-01 01-02 02-03

2810 2236
2528 2481

PB 235
RRII 203 M S  * W 1
RRIM  600 2271 1963
RRII 118 1856 1599
RRIM  703 2177 1911
RRII 105 2044 1631
PB 86 1421 1.330
RRIC 105 1458 1242
RRIM  605 1679 1379
G T 1 1718 1389
RRII 5 
RRIC 52 
PB 5/51 
Harbel 1 
G L 1

2024 1634
1263 1414
1204 913
924 780
805 577

V iS d / 2 6 d / 7  tapping system; 100 
trees/ha

tapping days; 350

grouping indicating divergent adaptation to­
wards yield. RRU 208 followed by RRIM 600 
were the high yielders in done evaluation 
trial for stress tolerance.

In  the clone trial laid out during 1995 
w ith 10 clones, RRIM  612, RRIM 600 and 
PB 235 show ed higher girth (Table Net. 3).

Table Net. 3 . G irth  of ten clones

C lone Girth (cm)

RRII 105 41.7
RRIM  600 45.6
RRIM  612 46.7
PB 217 38.2
PB 235 45.2
PB 260 43.6
PB 311 38.1
SCATC 88/13 41.0
SCATC 93/114 30.4
H AIKEN 1 41.5
Mean 41.2
C D  (P=0.05) 4.7

Six clones that were found to be prom­
ising as potential clones in the large-scale tri­
a ls  w ere  ra ise d  in  an on -farm  tria l at 
K illamura. The ranking of the clones based 
on girth data w as RRII 203 (42.9 cm), Haiken 
1 (40.4 cm ), RRII 208 (40.3 cm), RRIM 600

3̂9;2 5mJ' PB 260 <35-6 cm ) and PB 235 (33.6 
cm) Eight potential clones were also raised 
m block trial at Bagafa to evaluate their po-

fp o n  i , ? j rth (cm) of the cIones Were 23.0 
f ' ” ? '  1 65  (RRK 203), 15.7 (RRU 208),

ZAP U '7 ,PB 260>' 10'°  (RRIM 60°)'9.2 (RRIM 703) and 19.9 (HAIKEN 1).

Tapping in the clonal demonstration 
trial consisting of four clones viz., PB 235 
RRIM 600, RRII 105 and GT 1 was started 
from October 2002. Initial yield showed RRII 
105 (847 kg) and PB 235 (840 kg) as high 
yielding. &

2.2. Evaluation of polycross progenies

Seventy five hybrids obtained during 
1998 flowering season were maintained in 
the field. Two recombinants (RRIM 600 x PB 
5/51 and RRIM 600 x 18/1) recorded high­
est girth (28.6 and 28.5 cm  respectively). 
Evaluation of p o ten tia l y ie ld e rs  from  
polyclonal seedling population and ortets 
from Kerala (field planted during 2000) were 
maintained.

2.3. Conservation and evaluation of germplasm

In the germplasm evaluation trial the 
Acre accessions showed m axim um  girth 
(52.7 cm in Trial I and 54.3 cm in Trial D). 
However, one (MT 4713) of the Matto Grosso 
accessions showed better girth (60.4 cm) than 
the control RRIM 600 (57.3 cm ) in Trial I. In 
Trial II, RO 5004 and M T 4810 recorded 
higher girth of 61.9 and 61.3 cms respectively 
compared to the control RRIM 600 (59.8 cm).

3. Studies on physiology

3.1. Exploitation systems

The experiment on tapping rest and fre­
quency interaction conducted on RRII 105 
and RRIM 600 with Vi S d/2 6d/7 tapping 
system and one month rest (February) pro­
duced the highest yield in RRII 105 while in 
RRIM 600 no rest gave the best result. How­
ever, Vi S d/3 6d/7 tapping system (5 stim) 
with two month rest (February & March) was



comparable to Vi S d/2 system in RRII 105. 
Effect of different tapping cuts and tapping 
systems on yield of clone RRII 105 showed 1 i 
S d/2 6 d/7 with 5 stimulation has recorded 
highest yield (1616 kg / 400 trees/year) fol- 
lowed by Vi S d /2 6d/7 system without stimu­
lation.

3.2. Plant physiology

An experiment was initiated to study 
the extent of higher light induced damage 
under different levels of N  supplementation. 
Two sets of Hevea polyclonal seedlings were 
grown under 0.25 M, 0.5 M , 1 M nitrogen 
mixed in Epstein's nutrient solution out of 
which one set was kept under full solar irra- 
diance and other at 40% solar irradiance. The 
chlorophyll content index (CCI) measured by 
Chlorophyll meter (CCM-200) indicated that 
plants w ith 0 .25 M and 0.5 M nitrogen

supplementation showed alm ost sim ilar re­
sponse (60.1 and 59.8 CCI respectively) un­
der low irradiance condition. However, there 
was decline in CCI under 1.0 M  nitrogen con­
dition. With high irradiance condition, aver­
age CCI readings were 44.5, 49.9 and 49.6 
respectively.

4. Advisory services

Soil samples collected from West, South 
and Northern districts of Tripura, Assam, 
Nagaland and Arunachal Pradesh were ana­
lyzed for discrim inatory fertilizer recom ­
mendation. A total of 456 discrim inatory fer­
tilizer recom m endations w ere o ffered  to 
growers of North Eastern Region. A dvisory 
service in rubber processing w as also pro­
vided. A total of 1972 tonnes o f im ported 
rubber w as inspected at K olkata p ort for 
quality standards.

REGIONAL RESEARCH STATION, TURA, MEGHALAYA

The Regional Research Station, Tura 
continued its research activities on evalua­
tion of clones, polyclonal population, evolv­
ing suitable exploitation system and aspect 
of slopes and management.

1. Crop im provem ent

G irth and yield data were recorded 
from 1985 and 1986 clone trials. In 1985 trial, 
RRIM 600 showed the highest girth (86.3 cm) 
and yield (47.7 g/t/t) while low est girth 
(66.10 cm) and yield (28.1 g/t/t) were regis­
tered in PB 5/51. In 1986 trial, among the ten 
clones RRIC 105 registered the highest girth 
(83.18 cm) followed by PB 311 (83.10cm). PB 
311 registered the highest yield (46.2 g/t/t). 
Polyclonal population attained an average 
girth of 68.45 cm with 25.6 g/t/t yield. 
Am ong the population highest yield re­
corded was 68.8 g/t/t.

2. Plant physiology

T he e ffec t o f  low  te m p e ra tu re  on 
growth and yield in RRIM  600 w as studied. 
Low tem perature ad versely  a ffected  the 
growth but enhanced latex and yield result- 
ing in higher recovery of rubber.

3. Crop m anagem ent

3.1. Nutritional studies

From the nutritional requirem ent trials 
in Central Brahmaputra Valley Zone (CBVZ) 
of Assam at Borgang and Sonitpur N PK @ 
60.30:45 kg/ha produced the best result (62 
g/t/t). Application of NPK fertilizer signifi­
cantly increased the organic carbon content, 
available P and K.

3‘2‘ S T 0" bCtWeen K and Mg °n 8r°wlh and
Data of fifteen years show ed that the



different levels of K and Mg increased the 
y .eld  significantly . M axim um  yield was 
found under the treatment combination of

K an d  Mg at 10:15 kg/ha. However, the in­
fluence of treatm ents on growth was found 
to be non significant, The different levels of 
K  a n d  M g  s ig n i f i c a n t ly  in c r e a s e d  th e  N  P  K 

and M g contents in leaf and organic ca'rb™ 
and available P, K and Mg contents in soil.

3:3. Leaf n u trien , concentration in different clone,

A n ew  study was undertaken at West 
Garo H ills to find out the variation in leaf

utnent concentration among the different 
clones. Nitrogen (N) concentration in leaf 
showed low to medium ranges among the 
different clones and maximum N content 
« a s  noticed in RRIM 600 (3.28%) and mini­
mum in Q  1 (2.98%). The leaf-P and K con­
tent showed medium to high range and

a v n T t Z  P COn!ent Was noiiced in done 
RRIM 600 (0.29%) and minimum in G1 1
(0.24%). Maximum K content was noticed in
the clone RRIM 600 (1.56%) and minimum
in PR 255 (1 .2 0 %).

REG ION AL e x p e r i m e n t  s t a t io n , n a g r a k a t a  
WEST BENGAL

1- Crop im provem ent

T h e eva lu ation  trials laid out with 
clones having better performance in terms 
of yield w ith special reference to high-speed 
wind, cold and high-sunshine intensity tol­
erance were continued. In the clone trial I (CT 
I), SCATC 93/114 and PB 5/51 were in the 
top position in terms of GI index (4.38 & 4.21 
respectively) compared to other clones (Table 
N ag .l). Similarly, PB 86, RRIM 612 and Gl 1 
show ed higher G I index (2.58,2.48 and 2.34) 
in C T II. In C T  III, PR 107 and RRII 208 
show ed higher index value (4.26 and 3.86)

and in CT IV, RRII 308 showed higher value 
(14.20) followed by PB 280 and PR 261 (9.92 
and 9.16) in terms of GI index.

In terms of yield, SC ATC 88/13 showed 
higher value (51.42 g/t/t) followed by RRIM 
703 (42.69 g/t/t) in CT I. In CT fl, RRIM 605, 
RRII 208 and RRII 105 showed similar but 
high yield (73.9, 73.88 and 71 g/t/t). The 
clones that showed high yield in CT 111 were 
RRIM 600, PB 235, RRH 208, HK 1 and PB 310 
(53.43, 52.46, 49.93, 47.04 and 45.21 g/t/t 
respectively). The clones HK 1 and RRII 208 
ranked high (56.5 and 51.1 g/t/t) in CT IV.

Table Nag. 1. Ranking of clones in terms of G I index

C T I Clone GI C T II Clone GI CT III Clone GI CT IV Clone GI
H K 1 0.09 PR 107 0.59 PB 86 0.14 RRIM 600
PB 311 0.10 RRII 105 0.61 RRIM 600 0.50 RRII 208
SCATC 88/13 0.81 RRII 208 0.89 HK 1 1.15 HK 1 1.22
RRII 203 0.86 RRIM 605 1.84 PB 260 1.82 SCATC 93/114 1.65
RRIM 703 0.97 Gl 1 2.34 PB 310 1.83 RRII 310 2.84
RRII 118 1.28 RRIM 612 2.48 RRIC 102 1.90 RRIC 104 3.32
PB 235 1.70 PB 86 2.58 PB 235 2.05 PB 235 3,55
G T l 1.85 RRIM 612 2.38 RRII 105 6.00
RRII 300 2.72 SCATC 93/134 3.26 PR 261 9.16
PB 5/51 4.21 RRII 208 3.86 PB 280 9.92
SCATC 93/114 4.38 PR 107 4.26 RRII 308 14.20

C D  (P=0.05) 3.04 2.65 2.98 9.55



In the 1998 Germplasm trial to study her and it was significantly higher in T3 and
the adaptability of 21 genotypes in the cli­
matic condition of North Bengal and also to 
conserve selected germplasm for this region.

In terms of test tapping (yield) data, the 
RO 5363 is performing the best (220 g/t/t 
with 42 cm girth at 150 cm height and 47 cm 
girth at 30 cm height). This is followed by 
RO 105 (158-36-40) and Gl 1 (155-36-39). 
Low est y ield w as observed for A C 607 
(3 -2 3 -2 8 ), RO  3 1 7 2  (4 -3 8 -4 1 ), A C 619 
(7-36-41) and M T 2594 (12-28-33).

2. Crop management

In the 1989 trial effect of nitrogen on 
girth was found significant but different com­
binations of nitrogen, phosphorus and pot­
ash was found to have no significant effect 
on yield, girth increment and DRC. However, 
maximum mean annual yield was recorded 
up to the dose of nitrogen at the rate of 15.00 
kg/ha. In the case of phosphorus, increas­
ing trend of girth and mean annual yield was 
recorded but for potash, yield response was 
found up to 20 kg/ha. Interaction effect of 
their different combinations was found non­
significant.

In the 1993 trial to evaluate the effect of 
split application of fertilizer no significant 
effect on girth, annual girth increment, mean 
annual yield and DRC was recorded for dif­
ferent split application of fertilizer.' However, 
three split application of fertilizer recorded 
maximum girth (58.10 cm) and annual girth 
increm ent (3.10 cm ). M ean annual DRC 
value was also found non-significant in dif­
ferent split application of fertilizer.

3. Intercropping

In the 1999 intercropping trial o f rub­
ber with tea the girth of tea was found sig­
nificantly higher in intercropped tea than 
pure tea in T4 and T5 and at par with T2 and 
T3. Rubber girth was also found higher in 
all the intercropped rubber than pure rub-

T5. The 2000 trial with arecanut found no 
significant difference in different treatments 
with respect to girth and girth increm ent of 
rubber and arecanut.

4. Exploitation

hi order to form ulate appropriate tap­
ping system for Dooars area o f North-Ben- 
gal, experim ent w as laid out in split-plot 
design using tapping system as main treat­
ment (Vz S d/1, Vi S d/2 & ^  S  d/3) and tem­
perature rest as sub-treatm ent (control, 12 
rest, 15 rest & 18 rest). However, as Vi S  d/1 
tapping system was show ing m axim um  TPD 
and the bark from  both the low er panels was 
consumed, this treatm ent w as stopped from 
September, 03.

The two factor ANOVA in different tap­
ping system s with rest treatm ent show ed 
(Table Nag. 2) that there is no  significant dif­
ference between the tw o main treatm ents ie. 
Vi S d/2 and Vi S  d/3; however, betw een the 
sub-treatments, the difference is noticed for 
15 rest and 18 rest compared to that o f the 
control but not betw een the 12 and control.

Table Nag. 2. Yield perform ance in d ifferen t com bi­
nations of tapping

M ain Treatment Yield Sub-treatm ent 
(kg/ha)

Yield
(kg/ha)

ViSd/2 1321 Control
Vi Sd/3 1150 12-12 rest 1207

15-15 rest 1100
18-18 rest 1082

CD (P=0.05) 192.09

The study on TPD also show ed that in 
U S d/2 the occurrence o f TPD  is m ore than 
that of the Vi S d/3. From the com parative 
study of the two trea tments, it was observed 
that the Vi S d/3 being lower in number of 
T i ^ m^ frequency with lower occurrence of 
ITDI and 12 rest being low tapping days, the 
combination of 14 S d/3 with 12 rest might 
be the target of interest.



M ajor thrust areas of research are de­
velopment of suitable planting materials and 
location sp ecific  agro technology for this 
drought prone region. Ten research projects 
are undertaken by  the station in five major 
areas viz. environm ental physiology, exploi­
tation studies, plant breeding, plant pathol­
ogy and germ plasm . Experiments to evalu­
ate low frequency tapping systems and irri­
gation requirem ent, screening of wild H a ’ea 
accessions for drought, studies of the growth 
and yield potential o f various clones/poly 
clones and a clone evaluation trial with 15 
clones including RRII 105 are being carried 
out.

1. Environm ental physiology

Th ree  irrig a tion  based experim ents 
were conducted to study the effect of irriga­
tion and irrigation system  on yield of rub­
ber. The irrigation experiment started in 1987 
with ETC based Basin (1.00 ETC, 0,75 ETC 
and 0.50 ETC) and drip (0.75 ETC, 0.50 ETC,
0.25 ETC) irrigation treatments in clone RRII 
105 was continued. The objective was to stan­
dardize and evaluate the advantages of drip 
irrigation system  over basin irrigation in 
terms of w ater saving and total economy in 
the quantity of water and methods of irriga­
tion. From  February 2000 onwards on the
0.75 ETC basin and 0.50 ETC, drip were re­
duced to 0.25 ETC (basin and drip) to test 
w hether irrigation requirement can be fur­
ther reduced. Observations on the fortnightly 
cup lum p weight, monthly girth measure­
m ents and seasonal DRC, PI and TP were 
rec o rd e d . T h e  b a s in  ir r ig a tio n  system  
show ed the highest girth compared to drip 
irrigation system. Higher yield was recorded 
in all levels of basin  irrigation as compared 
to drip irrigation treatments (Table Dap. 1).

In the trial to study the effect of differ-

Table D ap.l. EKect o f drip and ba||n lnigaHon on 

____________ growth and yield in R R II 105

Treatment Mean
annual

girth
(cm)

Mean dry 
rubber 
yield 

(g/t/t)

Projected
yield

(kg/ha)
Control 
(No irrigation)

58.07 42.53 1272.71

1.00 ETC basin 66.27 50.56
0.25 ETC basin 
(Earlier 0.75 ETC)

66.60 46.75 1398.99

0.50 ETC basin 63.73 49.38 1477.70
0.75 ETC drip 63.95 47.16 1411.26
0.25 ETC drip 
(Earlier 0.50 ETC)

64.08 49.37 1477.39

0.25 ETC drip 61.14 44.96 1345.43
SE 0.91 3.59
CD (P=0.05) 1.99 7.82

Projected yield = g/t/t x no o f tapping davs x no of 
trees/ha x 0.9/1000

ent levels of irrigation  (1.00 ETC, 0.75 
changed to 0.25 ETC from February 2000 
onwards and 0.50 ETC) on yield and yield 
components of two clones viz. RRII 105, RRII 
118, fortnightly yield, monthly girth and sea­
sonal DRC percentage, PL, BL and TP are 
being monitored. RRII 118 performed better 
in terms of growth than RRII 105 in all irri­
gation treatments. On the contrary, RRH 105 
recorded better yield and yield component 
characters in all irrigation treatments com­
pared to RRII 118 (Table Dap. 2).

In the cost evaluation trial, the expenses 
incurred towards various inputs, farm prac­
tices and irrigation were m onitored since 
1987 in irrigated and rainfed trees of RRIM 
600. Analysed and monitored the effect of 
reduced level of irrigation (ie. 2201) once in 
three weeks in January and February 2004 
and 330 1 once in three weeks from March 
2004 till monsoon in group B, keeping group 
A as rainfed and group C as full irrigated



Table Dap. 2. Effect o f irrigation on growth and yield in RRII 105 and R R II 118

Treatment Annual girth 
(cm)

Dry rubber yield 
' (K/t/t)

Projected yield 
(kg/ha)

RRII 105 RRII 118 RRII 105 RRII 118 RRII 105 RRII 118

Control 60.78 69.36 45.26 35.00 1354.40 1047.37
(No irrigation)

1.00 ETC 67.33 84.11 54.23 47.05 1631.81 1407.97
0,75 ETC ‘ 66.63 84.30 48.76 48.74 1459.14 1458.54
0.50 ETC 65.72 76.69 54.61 43.52 1634.20 1302.34
For irrigation SE+ 3.23 0.35 6.09
Treatments CD CP-0.05) 7.91 0.86 14.91
For clones SE + 1.46 0.19 2.06
CD (P=0.05) 3.3S 0.43 4.75

•Changed from 0.75 ETC to  0J25 ETC from Feb-2000 onward

(1ETC). The results revealed that even un­
der restricted irrigation, trees recorded a high 
yield due to better soil depth.

2. Exploitation studies

For the eval uation of low frequency tap­
ping system (1/2S d/3), two experiments 
were laid out to identify exploitation systems 
suitable to North Konkan conditions^

Two trials were initiated for evolving 
the optim um stim ulation schedule under 
1/2S d/3 tapping system in clones RRII 105 
(Trial I) and RRIM  600 (Trial II) under irriga­
tion started in December 1999 and February'
2000 respectively. Stimulation treatments TO 
(control, no stimulation), T1 (2/y), T2 (4/y) 
and T3 (6/y) were imposed as per schedule 
under irrigation (0.05 ETC). Observations on 
DRC (%) before and after stimulation, annual 
girth increm ent and TPD were recorded.

Treatment

Among the four treatments yield w as high­
est (2093 kg/ha) in T3 (6/y) w ithout signifi­
cant effect in growth. Results indicated high 
rubber yield in the ethephon treated trees as 
compared to control. No change in DRC was 
noticed after stim ulation (Table Dap. 3).

In trial II stim ulation treatm ents T1 (2/ 
y), T2 (4/y), T3 (6/y) and T4 (8/y) w ere 
implemented as per schedule under irriga­
tion (0.05 ETC) to all treatm ents. O bserva­
tions on DRC (%) before and after stim ula­
tion, annual girth increm ent and TPD  inci­
dence were recorded. A m ong the various 
treatments yield was highest (1712 kg/ha) 
in T1 (4/y) w ithout sig n ifican t e ffect on 
growth. N o change in DRC w as noticed af­
ter stimulation (Table Dap. 4).

The experiment started in 1999 to study 
the tapping rest-cum -stimulation interaction 
under low frequency tapping system  (1/2S 

Table Dap. 3. Stim ulation schedule under 1/2S d/3

Yield (kg/ 
400/trees)

T O -N il 
T1 -  (2/y) 
T2 -  (4/y) 
T3 -  (6/y) 

SE x

DRC (%) 
before 

stimulation

% Girth 
after

n clone R R II 105 (irrigated)

1786
1963
2275
2424

38.47
37.11
34.60
34.72

TPD  % 
increment 

stim ulation

Yield
(g/t/t)

36.00
34.50
32,10

1.16 0.0 42.51
0.0

0 .57 0.0
0.75 0.0 57.71
0.19
0.40

4.23
9.02



m t Vield (kg/ D R C «
400 trees) before ,

oner increment

1'»  d one B RIM  600 ( I r r ta lr i i

stim u­
lation

Soil moisture {%) Yield

TO -  (2/y) 
T l -  (4/y) 
T2 -  (6/y) 
T3 -  (8/y) 
Variance

stimu­
lation

1667
1712
1607
1585

34.21
30.35
313 7
31.64

32.13
32.30
30.70
31.00

0.69
0.90
1.16
1.05
0.95

d/3) in clone RRII 105 under rain fed condi­
tion with the objective to find out best tap­
ping rest period during summer was contin­
ued. O bservations on DRC before and after 
stim ulation (by gravimetric method), annual 
girth increm ent and TPD incidence were re­
corded. 75 per cent tapping panel area dry­
ing due to TPD  syndrom e was observed in 
20 and 16 per cent trees of T l and T2 treat­
ment. H igher yield w as observed in treat­
ment (T3) w ith tapping rest in May and June 
with four stim ulation/year, without any sig­
nificant effect on the growth of trees. Results 
indicated that stimulation did not affect DRC 
%. Data also show ed that tapping days can 
be reduced by stim ulation (Table Dap. 5).

3. Plant breeding

In 1985 clone trial, to evaluate fifteen 
m odern clones to select high yielding and 
drought tolerant clones, for North Konkan 
regions, all the clones were maintained un­
der lim ited irrigation since 1985. Monthly

0-30 cm 30-60 cm (g/t/t)

o.o 15.1 17.5
15.4 17.4
16.0 25.0
16.9 19.0 37.74

116.20

girth, DRC % and fortnightly yield were re­
corded and RRII 208 performed better in 
terms of growth and yield followed by RRII 
105 and RRIE 102 (Table Dap. 6).

4. Polyclone evaluation trial

_ Experiments were laid out in 1983 and 
1985 to study the yield perform ance of 
polyclonal progeny under the environmen­
tal condition of North Konkan and to select 
ortet trees for further evaluation. Out of the 
population of nearly 1000 trees promising 
trees were selected during 1996 and were 
catagorised as high girth, low girth, high 
yielder and low vielder trees. The selected 
trees were cut back to generate sprouts, 
which were used for multiplication by bud­
ding. Observations on fortnightly yield, sea­
sonal girth measurement, soil moisture mea­
surement and yield components are being 
recorded. Data on growth and latex yield 
were pooled and stable high yielder identi­
fied for further selection.

Table Dap. 5. Tapping rest cum stim ulation interaction (1/2S d/3) in RRII 105 (rain fed)

Treatm ent Yield (kg/ 

400/trees)

DRC (%) 

before 
stim u­
lation

%  Girth 

after 
stimu­
lation

TPD % 

increment

Soil moisture (%) 

0-30 cm 30-60 cm
Yield

(g/t/0

T O -N il 35.78 1.04 0.00 15.80 19.70 37.40

31.60 33.16 1.00 0.00 15.30 19.10 56.15

T2 -  (6/y) 1397 31,06 30.00 1.26 0.00 16.00 19.30 45.48

T3 -  (4/y) 1706 33.35 31.34 1.38 0.00 15.30 20.10 46.40

SE ±
C D  (P=0.05)

0.16
0.35

4.52
9.64

Tapping days -  TO -  93, T l - 7 4 ,  T 2 - 7 7 ,  T 3 - 8 5



Table Dap. 6. Growth and yield  o f IS H evea  clones

Treatment Girth Dry D R C * c Projected
(cm) rubber yield (PY)

yield (kg/ha)
(g/t/t)

RR JI5 58.56 27.53 40.53 823.8
RRII 6 61.70 32.39 40.22 969.27
RRU 105 55.49 34.62 41,60 1036.00
RRII 208 63.89 50.07 39.41 1498.34
RRII 308 
RRIM 605

55.73
56.81

21.28
21.69

37.17
38.83

636.80
649.07

PB 26 58.94 27.57 39.27 825.03
PB 310 58.99 26.40 38.86 789.72
PB 311 56.54 29.85 35.66 893.26
RRIC 52 63.67 20.31 42.96 607.77
RRIC 100 58.07 32.42 40.36 969.86
RRIC 102 59.51 33.79 41.11 1011.16RRU 105 56.24 20.02 41.16 598.79
PR 255 
PR 261

55.99
56.33

26.92
21.98

40.92
39.04

805.28
657.75

SE * 1.98 3.54 1.15
CD (P=0,05 ) 4.06 7.24 2.35

PY = g/t/t x 
0.9/1000

no of tapping days x no of trees /ha x

5. Plant pathology

In the experim ent to evaluate the sus­
ceptibility/tolerance of various Hevea clones 
and polyclonal seedling to pow dery mildew, 
no incidence was recorded in this region. This 
might be due to prevailing high temperature.

6. Germ plasm

One hundred and th irty  e igh t wild 
Hevea accessions along w ith three selected 
controls viz. RRII 105, RRIM  600 and Tjir 1 
were raised in poly bags for screening for 
drought tolerance. Survi val per cent of young 
plants were recorded in nursery. These ac­
cessions w ere fie ld  p lan ted  fo r d rou gh t 
screening and pre and post drought growth 
parameters were recorded. In  general, Mato 
Grosso accessions were superior for all the 
growth characters as compared to accessions 
from Acre and Rondonia provenances.

REGIONAL r e s e a r c h  STATION, DHENKANAL, ORISSA
T he R eg io n a l R esearch  Sta tio n  at 

Dhenkanai undertakes location specific re­
search so as to develop a package suited for

regi°n. The station concentrates its re­
search activities on developing suitable aero 
management techniques, water conservation 
and clone evaluation of rubber for specific 
drought prone areas of this region. Research 
on crop management and crop improvement 
were continued in the experimental farms. 

Crop im provem ent

1. Evaluation of clones

In the clone trial (1987), significant dif­
ference in girth was observed. GTI (63 61 cm 1 
and RRIM 600 (63.03cm) have recorded S  
nificantly higher mean girth over RRIi 105 
(37.95 cm) and highest annual girth incre­
ment was noticed in RRII 105 (1 15cm)

among the clones, RRIM  600 and RRII 105

hiS ‘le r  m ea"  y M d  
^ S lg / tA r e s p e c t iv e ly th a n  

GT 1(23.00 g/g/t) (Table Ori. 1).

In the second clone trial (1990) no sig­
nificant difference in girth  w as recorded

SCATC  7 " ™  m ean Was recorded ^
, ®  * 3-114 f68. ^  cm) closely followed 
by RRII 208 (64.03 cm) while, Haiken 1 and

Table Ori. 1. M ean girth increm ent (G l) and y ield  of 
3  e lite clones

Clone G irth (cm)

_ Mar. 03 Mar. 04 cm  (g/t/t)
RRII.105 
RRIM 600 
GTI 
SE
C D  (P=0.05)

56.8
62.7
62.8 
1.39 
4.29

57.95
63.03
63.61

0.71
2.61

1-15 27.51 
0.33 30.50 
0 8 1  23.00 

1.06 
3 .17



RRIM  701 recorded the lowest girth The 
highest annual girth increment (2 43 m j wa!

208°nnd 8 8 / n  “ “ " S208 and 88/13 had recorded significantly
higher m ean yield 35.89 and 34 81 g/t/t re 
spectively than rest of the clones. The lowest 
yield w as recorded in SCATC 93/114 (17 23 
g/t/t). In the third clone trial (1991) compari­
son of Hevea clones with polyclonal seedlings 
w as studied . A m ong the clones GT 1 re­
corded high mean girth (67.26 cm) followed 
by RRIC 102 (64.76 cm) and RRII 208 (64 08 
cm ). However, polyclonal seedlings (69 61 
cm ) perform ed better show ing stress toler­
ance in this region. Maximum mean girth in­
crem ent w as noticed in PR 255 (2.37 cm) 
A m ong the clones RRII 208 was the high 
yielder (34.61 g/t/t) followed by RRII 105 
(32.91), and R R II 5 (32.0g/t/t), RRIM 600 
(26.30 g/t/t).

In the fourth clone trial (1996) an on 
farm at RR1, Bhubaneswar, RRII 430 (46.1cm) 
ind icated  b etter m ean girth followed by 
RRIC 100 (44.0 cm ), RRII 417 (42.5 cm), RRII 
203 (42.6 cm ), RRII 422 (41.3 cm), RRTM 600 
(41.9 cm  and RRII 429 (40.2 cm) lowest girth 
was noticed in RRII 51 (35.8 cm ). In the fifth 
clone trial (1999-00), highest mean girth was 
observed in RRII 352 (22.37 cm) closely fol­
lowed by PB 28/59 (22.29 cm) and RRII 357 
(21.72 cm ). Lowest was in IRCA 109 (17.93 
cm ) and RRII 51 (18.71 cm).

2. Polyclonal trial

This experim ent was laid out in 1989. 
based on the initial growth performance 11 
prom ising polyclonal tree were identified for 
further selection and evaluation. Highest 
m ean girth w as recorded in selection tree 
No.471 (108.2 cm ) followed by tree No.482 
(106.8 cm ) and tree No 32 (106.2 cm) and the 
low est in tree No. 280 (88.7 cm), maximum 
annual m ean yield was recorded in selection 
tree No. 154 (80.3 g/t/t/) followed by tree 
No 482 (75.4 g/t/t) and the maximum in tree 
N o 451 (34.1 g/t/t).

Crop management 

3- Nutritional studies

tho ™ eexperim entw asla id  out to assess 
nutritional requirements (NPK fertiliz­

ers) on the growth of Hevea seedlings. The 
^/treatments combination of 3 levels of NP 
and K fertilizers I e, @  N =0,300,600 Ke/ha- 

-0,150,300 Kg/ha and K =0,60 ,120  kg/ha 
along with other culture practices as per the 
boards recommendation were carried out 
dunng the period. Soil and leaf samples were 
collected for physical and chemical analysis 
treatment N2 P, K, and N2 P2 K0 were found 
superior for all the grow th param eters 
(growth, height, and no. of whorls). In an­
other trial laid out with RRIM 600 in 1999 - 
2000, the effect of water-soluble and water 
in soluble forms of Pon growth of Hevea and 
the effect of higher dose of NPK fertilizer 
with appropriate number of split application 
needed for optimum growth of rubber in 
Orissa was studied. Early growth parameters 
reveal that water soluble phosphatic fertil­
izers and split applications are better than 
water insoluble source in young rubber 
plants. Highest mean girth (19.54) was ob­
served in 80 Kg N, 80 (40) Kg P, O, and 32 
Kg IC O  per ha and lowest in control plots.

4. Weed management

A trial was laid out to study the control 
of noxious weed Imperata cylindrical and 
other weed in the rubber plantations. Treat­
ment Glyphosate (3 L/ ha) followed by 
Glyphosate (1.5 L/ha) at 50 % regeneration 
o f weeds was effective in controlling the 
growth of Imperata cylindrical and other 
grassy weed than the other treatments fur­
ther observations on growth and weed in­
festation and its density are recorded.

5. Soil moisture studies

The trial was laid out, to study the ef­
fect of soil moisture stress on the growth and



yield of rubber. Maximum growth on rub­
ber was observed during June to November 
months. In the rest o f months lower girth 
increment was noticed.

Crop protection

6. D isease management

Disease survey on pow dery mildew 
disease in rubber plantations of non-tradi- 
tional areas was carried out. The objective 
was to evaluate the susceptibility/tolerance 
of various Hevea clones and polyclonal seed- 
lings planted in these areas against powdery 
mildew disease. N o incidence of powdery 
mildew disease was noticed so far in this re­
gion. High temperature prevailing during 
the summer months may be in the cause of 
non-occurrence of disease.

7. Weather

The climate of the region falls in dr}' and 
hot group. The place is ch aracterized  by 
warm dry sub-humid clim ate w ith severe 
heat and mild winter. The total rain fall dur­
ing the period (2003) was 1697.2 mm  with 
82 numbers of rainy days. The highest mean 
m aximum tem perature of 45.0° C w as re­
corded during the m onth of M ay 2003 with 
annual mean of 39.7 C. the highest m ean 
minim um  tem perature o f 29.7 C w as ob­
served in October 2003, against the low est 
mean relative humidity (37%) w as observed 
during the month of April 2003 in after noon 
hours. The mean bright sunshine hours/day 
varied from 3.8 (July) to 8.8 (April) while, 
the evaporation lowest o f 1.5 m m /day (Ju ly  
August and September) and highest of 5.9 
mm/day (May).

REGIONAL RESEARCH STATION, PADIYOOR, KERALA

The regional station located in Kannur 
District in an area of 40 ha continued with

to the region and evaluation of clonal varia­
tion in tolerance to drought/ disease inci­
dence. The field trials laid outinclude evalu­
ation of wild germplasm and clones for tim­
ber/latex traits, investigations on Genotype 
a  fcnviomment interaction, large scale test- 
ing o f potential hybrid clones/clone evalua­
tion, irrigation/water requirement studies, 
disease evaluation of clones and study of 
cropping systems.

1 • Physico-chemical characterization of soil

The experim ent initiated to generate a 
database on soil physico-chemical properties 
was continued. The soils are of gravelly 
sandy day loam texture and with medium 
to high levels of organic carbon and potas­
sium, Available phosphorus was generally 
low m all the profiles sampled. The soil was

strongly acidic with pH ranging from  4.7

2. Water requirem ent studies

The experim ent in im m ature rubber 
T n  , ' ry,'?aHon ^ t a e n t s  of IW /CPE ratios 
of 0.3, 0.6, 0.9, 1.2 and an un-irrigated con­
trol was continued. The depth of rooting and 
depth of irrigation w ater was fixed at 75 cm 
and 5 cm  respectively. The area of root zone 
to be wetted w as taken as 6.3 m !. The net 
plot size w as 4x4 trees. Two border rows 
were left between treatments. Irrigation com ­
menced from the m onth o f D ecem ber 2003 
and continued till the com m encem ent of 
rains in may 2004.

■ j  ■ GtriT *  re“ r te d  at periodic intervals 
indicated that irrigation significantly  in-

8irth  and S lrth increm ent of 
plants (fab le Pad.l).

3. Rubber and cashew  cropping system 

Observation on growth o f inter-planted



^JfabteP ad ^ l, Effect o f  different leVcla o f irrigation on girth 

Num ber of
Girth (cm)

increment of young H evea

Girth
increment

(cm)

IW /CPE1.2 
IW /CPE0.9 
IW /CPE 0.6 
IW /CPE 0.3 
Control

21.5
20.5 
21.9
18.3
17.3

SE
CD  (P=0.05)

21.5
20.5 
21.9 
18.2 
17.2

Apr

22.2
21.0
22.1
18.4
17.3

May Dec-Msy

0.77
2.4

23.3
21.7 
22.5
18.7
17.4

24.4 25.4 4.14
2 2 7  23.6 3.58
23.6 24.8 3.15
19.3 20.5 2.51
17.9 18.9 1.97

2.6
0.85

2.6
0.21
0.63

cashew  in rubber, initiated in June 2001 was 
continued. Yield was collected from banana 
and p in eap p le  p lanted  in the available 
in te rsp a ce s . T he grow th o f rubber and 
cashew  m onitored at regular intervals was 
found to be satisfactory (Table Pad. 2)

4. Response of clones to fertilizers

Growth in terms girth was monitored 
in the three clones viz. RRII 105, RRII 414 and 
RRII 429 with four fertilizer levels (30:30:20, 
60:30:20,90:60:40kg/ha of N, P20 5and K.O).

Table Pad. 2. Growth of rubber and cashew in the cropping system 

Rubber
Girth
(cm)

Canopy 
width (m)

Girth
(cm)

Canopy 
width (m)

Paired row  rubber (4.5x4.5m)+cashew (4.5m) 16.8 2.8
Rubber (7.5x7.5m )+cashew  (7.5m) 18.9 3.1 27.1
Paired row  rubber (4.5x4.5m) 14.4 2.6
Rubber 7.5x7.5m 14.8 3.0
C ashew  7.5x7.5m 2 6 3 3.3

HEVEA BREEDING SUB-STATION, NETTANA, KARNATAKA

The m ajor objectives of the Station are 
to identify high yielding as well as disease 
and stress tolerant clones suitable for com­
m ercial cultivation and to find out the best 
suitable exploitation techniques for this re­
gion. The research activities under the disci­
plines o f crop im provem ent, exploitation 
technology and crop protection were contin­
ued in the experimental farm.

1. Crop im provem ent

In the trial for evaluation of ortet clones, 
G T 1 recorded better average girth than the

other two control clones RRII 105 and RRIM 
600 in all the three experiments. Five ortets 
(O 47, C 1/2, C 42, C 70 and T 2) in experi­
m ent 1, one ortet in experiment 2  (T 1) and 
four ortets in experiment 3 (O 2 6 ,0  5 5 ,0  56 
and C 140) registered higher growth in terms 
of average girth than the three control clones. 
The third year yield data revealed that the 
clone GT 1 registered the highest average 
yield among the control clones (60.71 g/t/ 
t). Among the ortets six clones (C 1 /2, T 2 ,0  
40, T  1, O  39 A and O 56) registered yields 
which were either slightly higher than that



of the controls or were comparable to them.

In the 1989 large scale clone trials, clone 
RRU 203 recorded better growth in terms of 
average girth (86.64 cm), while Haiken 1 reg­
istered poor growth (55.33 cm). In the 1990 
experiment, done PB 235 recorded the high­
est average girth while, Tjir 1 showed poor 
growth. The first experiment is ill the third 
year of tapping and the second experiment 
is m the first year of tapping. Considering 
the clonal performance in the first experi­
ment, clone RRII 203 out vielded the rest of 
the clones followed by KRS 25, while SCATC 
93/114 registered poor performance (Table 
Kar. 1). The initial yield data of the second 
experim ent revealed clone PB 260 to be 
promising followed by PB 311. The clones Hil 
28, Tjir 1 and HP 204 recorded poor yield.

Table K ar.l. Yield perform ance o f  d o ne in lareescale 
trials

Experiment 1 

-Clone ________yield (g/t/t;
Experiment I

RRII 105 
RRII 203 
RRII 300 
R R JI308 
RRIM 600 
PB 255 
PR 255 
PR 261 
KRS 25 
KRS 128 
KRS 163 
HAIKEN 1

45.76 b-e 
63.68 e
27.95 ab
45.96 b-e 
31.44 a-c 
50.37 b-e 
40.26 b-e
35.96 a-d 
59.98 de 
53.28 b-e 
57.57 c-e 
36.40 a-d

Clone yield (g/t/t)

SCATC 88/13 43.28 b-e 
SCATC 93/114 14.57

48.80 cd 
40.60 be 
49.12 cd 
54.02 d 
49.30cd 
35.68 b 
29.74 ab 
19.67 a 
21.92 a 
19.63 a 
22.21 a 
24.44 a 
19.84 a 
36.71 b

.  __________ ___________  36 .48 b

In the com posite clone trial planted 
during 1991, the standard clone GT 1 re­
corded an average girth of 61.67 cm, 61 80 
cm and 62.08 cm respectively in the three 

N i™  clones in experim ent 1 
(RRII 6 , RRII 203, RRII 30 0 , pg  217 PR 735 

PB 260, PB 310, PB 311 and RR1C 100X four

RRII 105 
PB 217 
PB 235 
PB 260 
PB 311 
GT 1 
G i l  
Tjir 1 
MU 3/2 
Hil 28 
HP 185 
HP 187 
H P 204 
HP223 
H P 372

clones in experim ent 2 (RRII 3, RRII 5, RRII 
118 and Nab 17) and four clones in experi­
ment 3 (HP 83/224, HP 83/225, H P 83/236 
and PB 28/59) showed better growth perfor­
mance than GT 1, RRII 105 and RRIM  600.

In the trial on the estim ation o f the ge­
netic parameters of 12 clones and their re­
spective half-sib progenies planted during 
1990, clone PB 235 registered the highest av­
erage girth (80.19 cm) am ong the parents, 
while, PB 213 showed poor growth (61.77 
cm). Among the half-sibs, the progenies of 
the clone PB 235 registered better average 
girth (97.92 cm ), while the progenies of the 
clone PB 213 showed poor growth (78.74 cm) 
The trees are opened for tapping and the ini­
tial yield performance revealed that among 
the half-sibs, the progenies o f the clone PB 
235 recorded the highest average yield (47.17 
g/t/t). The progenies o f the clone Tjir 1 reg­
istered poor p erform an ce (25 .54  g/t/t) 
Among the clones, PB 235 registered the 
highest average yield (70.12 g/t/t) over the

(6 1 37 g / t / t r rentS/ f° ll0Wed by RRI1 105

The polycross garden laid out during

RRn ~ 111116 Pre'P ° tent clones viz., 
RRII 103, AVT 73, PB  215, PB 217 PB 28 /fw

w dl Tl* ^ 'o n a* design, was maintained 
th e tro w rl''alUf I0 n 0 fth e m ° ‘her clones for 
203 t e n  h T ’rfom ,an“  revealed that RRII 
203 had better growth (64,57 cm ) than the 
other mother clones, while, the grow th o f PB

1 5 7 6 T l  PtT St (46'25 Cm)' A °<,576 polycross fruits were collected during

ex tra cted  h ™  d ° nM and the seed* ex tra cted  h av e b een  p la n ted  at R R I I
Kottayam for further evaluation of the prog-

A sm all scale trial w as laid out for 
evaluating the perform ance of the 400 series 
clones (RRH403, m  407_ ^  RR])

RRII 429 and RRII 430) along with their par' 
ents R R ll l 05 and RRIC 100. Am ong the



clones evalu ated , RRII 414 registered the 
highest m onthly average girth (25.38cm) 
fo llow ed  by R R II 430  (22.26 cm ) while 
RRII 422 recorded the lowest girth.

2. Exploitation technology

In the first experiment planted in 1987 
with five clones, PB 235 was found to have 
m axim um  growth in terms of average girth 
(82.15cm ) w h ile  RRII 300 had minimum 
growth (67.01cm). In the second experiment 
planted in 1988 with five clones, RRII 118 
recorded maximum girth (86.04 cm) while, 
PR 255 had the minimum girth (61.12cm). 
The growth pattern w as similar to that of the 
previous years.

The exploitation system s (ES) being 
evaluated on the five clones in experiment I 
are Vi S d/2 6d/7, Vi S d/3 6d/7 without 
stimulation, V iS d / 3 6 d / 7  with stimulation 
and Vi S d/4 6d/7 with stimulation. Statisti­
cal analysis revealed significant variation in 
yield among the clones across months as well 
as in the interaction between these factors. 
However, there was no significant difference 
in yield am ong the tapping system s em ­
ployed. There existed variation in the per­
form ance of the different clones under the 
different tapping systems employed. All the 
clones, except PB 235 and PB 311 registered 
the highest yield under ES 4. Clone PB 235 
and PB 311 recorded the highest yield under 
ES 3 (Table Kar. 2). The peak yielding months 
were December, November and October.

The trial planted during 1988 was un­
der third year of tapping. The systems of tap­
ping em ployed on the five clones areViSd/2 
6d/7 (ES 1),' Vi S d/3 6d/7 (ES 2) and ViS d/4 
6d/7 ET 7  (ES 3). There existed wide varia­
tion for all the clones under the three sys­
tems (Table Kar.3). H owever all the clones 
performed better under the low frequency 
tapping systems. RRII 118 performed better 
than the rest of the clones in all the tapping 
system s employed. Further, the response of

a e Kar. 2. Annual yield performance (kg/400 trees) 
o f different clones under different ex- 

___________ ploitation systems (1987 trial)

Exploitation systems (ES)
Clone 1 2 3 4 Mean
RRII 105 2334 2243 3066

1545 1909 1757
2994 2729 3079 3041
2925 2957 3005 3015
2404 2797 3160 2916 2819 b

Mean"’ 2440 2527 2813 2776

Means followed by the same letters are not signi Scant!y 
different by DMRT at 0.05

Table Kar. 3. Annual yield (kg/400 trees) o f different 
clones under different exploitation sys­
tems (1988 trial)

Exploitation systems (ES)
Clone 1 2 3

RRII 118 1901 1920 2972
PR 255 1167 1858 1963
PR 261 1173 2171 2547
RRIC 36 1272 1628 1829
RRIC 45 977 1599 1608

RRII 118 and PR 261 to stimulation was very 
significant. The performance of the clone 
RRIC 45 was poor in all the systems of tap- 
ping.

3. Crop protection

Corynespora leaf fall (CLF) disease 
survey was carried out in major rubber grow­
ing regions of Karnataka and North Malabar 
region of Kerala state. Disease intensity was 
recorded during the peak disease season in 
eight locations in Karnataka and six locations 
in North Malabar region. Results of the sur­
vey during 2004 (Table Kar. 4) indicated that 
even though RRII 105 is severely affected by 
the disease, the level of incidence has not 
reached alarming levels as a result of the in­
terventions through disease control cam­
paigns.

Experiments were carried out to study 
the effectiveness of water based fungicides 
in managing CLF disease in immature plan­
tation (Table Kar. 5). Among the treatments



Locatic
Table Ka, j  Incidence ,n d  severity „ f  CLF disease in different locations during 2

No. of fields 
visited

Thirthahalli
Sagar
Kundapur
Belthangady
Puttiir
SuJiia
Madikeri
Subramanya
Kasaragod
Kanhangad
Nileshwar
Taliparamba
Sreekantapuram
Thalassery

No. of fields 
infected

Infection (%)

Table Kar. 5. Efficacy o( „ , t o  baSed f<lngidde5 
t-U - disease m anagem ent

Treatment Dosage PDI
SAAF
Bavistin
Contaf -r Cap tan 
Scor
Dithane- M 45 
Control

-g/1 
lg/1 
2g/ l 
0.4ml/I 
2.55g/l 
linsprayed

11.75
14.85
27.10
32.00
12.25
43.30

LSD (P = 0.05)
3.48

22.20
28.57
77.77
80.00
88.88
100.00
87.50 
100.00
87.50
90.00 
85.71
87.50
80.00
87.50

4.00
5.66

23.00
27.50
26.00 
30.00 
21.14 
28.20 
26.28 
29.55
24.00
20.00
17.50 
19.42

disease management (Table Kar. 6). 

Hevea clones available at HBSS, Nettana 
farm were screened against C LF disease in 
held condition v.able to natural infection 

W s S l T 1'Cf te d * a t lh e P °P l>lar clone RRI! 
105 had higher disease intensity. Sim ilar 

™  ,"Slty Was recorded in clones PR
600 "  dones G T } RRIM

SAFF was found to be superior for CLF dis 
ease control. Macozeb and Carbendazim also 
showed good control over the disease.

, h ,  S ‘perim ®nt w «  conducted for testing 
t t f S T  " erenl concentrations o f
lin J  "  hexaconaz°le  in control-
I'ng  C LF d isease  in m ature p lantation

Mo°n h tCratlS f  teSted in mature Pla":tahon hexaconazole 2 per cent dust showed

« n t  H CT T  ° ' er ,he diSt'a5e While one PWcent dust also was found to be useful in the

Table Kar. 6. E fficaq , K e „ c „ „ ,zole d ust torm u,a.  
--------------------- tions m CLF disease m ananem enl
Treatment

Dosage PDI
Hexaconazole 2%(dust) 
IHexaconazole 1 %(dust) 
Control

9kg/ha 
9kg/ha. 
(Untreated)

12.45
16.05
39.70

LSD (P = 0.05)
3.16



HEVEA BREED IN G  SUB STATION, PARALIAR, TAMIL NADU

H y b rid ization  and clonal selection , 
clone eva lu ation , id en tification  o f clonal 
co m p o sites and sta n d a rd iz a tio n  o f root 
trainer planting technique w ere the m ajor 
spheres o f research activities at this Station.

1. Evolving high y ield in g  clones

By regular pruning and pollarding of 
branches canopy o f all the parental trees (a 
total of 51 clones in an area of 5 ha.) was 
m aintained at a low profile so  that hand pol­
lination could be carried out conveniently 
from the ground. Hand pollination was at­
tem pted in various parental com binations 
aimed at evolving latex-tim ber clones, clones 
w ith O idium  tolerance and elite clones with 
high yield and prom ising secondary charac­
ters. The resultant hybrids were raised in 
nursery for prelim inary evaluation. The hy­
brids obtained by hand pollination carried 
out in the previous years w ere also well 
m aintained for field evaluation.

2. C lone evaluation

A m ong the 11 clones in the large-scale 
clone trial at the Governm ent Rubber Plan­
tation, K eeriparai, IRCA 109 recorded the 
highest yield in the second year followed by 
PB 314 and IRCA 111 (Table Par. 1).

Table Par. 1. M ean girth  and y ield  o f  c lones in large 
scale trial at Keeriparai

Clone Girth (cm ) M ean yield (g/t/t)

RRII 105 59.39 39.49
RRIM 703 67.58 50.28
PB 255 66.80 53.00
PB 314 64.10 69.08
PB 330 63.25 32.73
PB 28/59 56.92 44.81
IRCA 18 60.01 42.47
IRCA 109 65.03 71.39
IRCA 111 68.69 67.01
IRCA 130 59.79 48.82
IRCA 230 67.93 28.93

General mean 63.59 49.81
C D  (P=0.05) 3.06 6.14

In the second year o f tapping in the 
block trial out of a total o f 13 m odem  popu­
lar clones under evaluation, PB 311 exhib­
ited the m axim um  yield (59.11 g/t/t) fol­
lowed by PB 235 (59.07 g/t/t). The yield of 
RRII 105 show ed significant improvement 
(47.97 g/t/t) over its perform ance in the first 
year of tapping (35.79 g/t/t).

Trial on clonal com posites, initiated to 
identify an alternative to the increasing ten­
dency of m onoculture, has show n that of the 
eight treatm ents, the treatm ent consisting 
RRU 5 (15%), PB 235 (35% ) and RRII 105 con­
tinued to exhibit the m axim um  yield (50.31 
g/t/t) after the year of tapping.

The block trial (2002) consisting RRII 
414, RRII 417, RRII 429, RRII 430 w ith RRU 
105 as control w as well m aintained at New 
Am badi Estate and the girth w as recorded 
at every quarter. The block trial initiated at 
Velimalai Estate (consisting RRII 417, RRII 
429, PB 217 w ith PB 260 as control) w as also 
w ell m ain tain ed . T h e observatio n a l trial 
(2000) com prising six selections from  the 
RRII 400 series at Vaikundam Estate w as con­
tinued and grow th m easurem ents w ere re­
corded at quarterly intervals.

3. Polyclonal seed  garden

The polyclonal seed garden laid out at 
New A m badi Estate (9 clones in  an area of 9 
ha) during the year 2000 w as w ell m ain­
tained. M ost of the clones exhibited preco­
cious flow ering in the fourth year itself, but 
fruit set w as very scanty.

4. Stand ard ization  o f root tra iner p lant­
ing  tech n iq u e

The root trainer planting technique for 
Hevea has already been standardized and the 
results w ere com m unicated  for recom m en­
dation to the benefit o f the planting com m u­
nity. The p erform ance o f root trainer and



polybag derived plants on transplanting to Velimalai and the root trainer plants showed
the field  w as c lo se ly  observed  at better growth than polybag plants at all the
C h u ru lacod e, T h iru n a n th ik a ra i and three locations.

LIBRARY AND DOCUMENTATION CENTRE

The library continued its important role 
of communicating and disseminating infor­
mation on Natural Rubber (NR) and allied 
subjects through its library collection, infor­
mation services and publications. The library 
facilities were also extended to all related to 
MR industry'.

During the year, 138 books were added 
to the stock. The library subscribed 73 for­
eign journals and 83 Indian journals. About 
So other journals were also received as gift,/' 
exchange. Literature searches from CAB, and 
RAPRA databases were carried out.

Four issues each of Documentation List 
and Rubber A lerts and one issue of New 
Additions List were compiled and distrib­
uted. During the year 100 numbers of SD1 
bulletins were distributed to officials of RRII 
and Rubber Board. 28 num bers of photo­
copies of articles were procured from other 
institutions/libraries and 15 articles were

sent to institutions/individuals upon request 
under this period.

The library com piled a bibliography 
namely " Exploitation Technology o f  H evea: An 
Annotated Bibliography'' consisting literature 
published during 1990-2003 on various as­
pects of exploitation system s and related ar­
eas such as tapping systems, stimulation, rain 
guarding, latex productivity, TPD etc. Vol. 15 
(2) and 16(1&2) of Indian Journal o f  N atural 
Rubber Research and RRU Annual Report for 
2002-03 were published and distributed.

The centre also engaged in the sales 
promotion of RRII Publications like Natural 
Rubber: Agro M anagement and Crop Process­
ing (NRACP), Indian Journal o f  N atural Rub­
ber Research, Rubber Wood: Processing and Uti­
lization, and Plant and Soil Analysis. During 
the period 43 copies of NRACP, 10 copies of 
the book Rubber Wood and 16 copies of Plant 
and Soil Analysis were distributed.

AGROMETEOROLOGY
l .  C lim ate resou rce ch aracteristics of

rubber grow ing areas

Temporal and spatial variation of sea­
sonal rainfall over highland and midland 
where rubber has replaced other crops was 
quantified. The southwest monsoon rainfall 
showed a waning tendency from 1901-40 an 
increasing trend for the next sub-period and 
after 1960 a steep decrease was noticed The 
opposite trend was observed in the case of 
NE monsoon rainfall. An increasing trend up

w n a t o T f  thereafter a dim inishing trend 
till 1960. After 1960, practically no trend was 
noticed. Up to 1960, the first three sub-peri­
ods showed an increasing trend. After 1960 
a waning tendency of sum m er rainfall was 
observed.

2- forew arnin g, on pests and diseases of
rubber

To study the influence of weather on the 
triggering of powdery m ildew  disease, leaf 
collection baskets covering an area of 1 sq.m



w ere p la c ed  in s e le c te d  p la n ta tio n s  at 
Nagercoil, Chethackal and Padiyoor. Clones 
selected w ere R R II 105 and RRIM  600 at 
N agercoil, RRII 1.05, R R IM  600 and PB 5/51 
at Padiyoor and RRIM  600 at Chethackal. 
Periodic disease incidence w as assessed in 
dusted /undusted areas. Per cent disease in­
tensity and m ean leaf fall in the baskets were 
recorded.

3. A groclim atic zones for rubber

Data on taluk wise productivity of rub­
ber plantations w as collected. Region wise 
distribution o f rainy days w as plotted and 
superim posed on the productivity. Demar­
ca ted  th e  zo n es and su p erim p osed  the 
physiographical divisions over the produc­
tivity.

4. A grom et database m anagem ent

M onthly  rainfall data for the period 
1870 to 2000 fo r K erala , K onkan, O rissa, 
Karnataka and N ortheast region has been 
com puterised. A nnual and seasonal trends 
and clim atic norm als of m onthly rainfall for 
each region were w orked out.

5. Stu d ies in N orth East India

Rainfall trends (Cramer-von-Mises ana­
logue) were w orked out for all the Regional

S ta tio n s  in the N o rth e a st an d  tested  
(Sp earm an 's co rre la tion ) for sig n ifican t 
trends. More than 50 per cent of the Stations 
showed no particular trend while less than 
five per cent show ed negative trends.

A grom eteorology data from  the Re­
search Station s w ere processed and ana­
lyzed. Normalized Rainfall Curves showed 
a highly skewed nature of rainfall for RES 
Nagrakata. About 15 per cent variation was 
obtained for the m ean m onthly temperatures 
w ithin these agroclim ates.

Incidences of O idium  were recorded by 
the quadrant m ethod from  the Regional Sta­
tions at Taranager, Guw ahati and Nagrakata 
during the wintering period. Oidium disease 
was observed during the second w eek of 
M arch, after the first rains. W eekly patterns 
of high relative hum idity  and favourable 
temperatures conducive for the development 
of Oidium disease at G uw ahati, Nagrakata 
and Agartala w ere studied. D uring Decem - 
ber-January period, even though the daily 
m orning Relative H um idity w as above 90 
per cent, the disease incidence w as recorded 
at less than 50 per cent for the low er leaves. 
Severity of the disease w as high at Nagrakata 
where the re foliation w as generally late com ­
pared to the other tw o Stations.

Table Agrom et. 1. Agrom eteorological data from  d ifferent R esearch  S ta tio n s 2003

Tem perature (°C) RH (%) W ind Sunshine Rainfall
M onth & --------------------------------------------------------------------------------- speed (h) (mm)
Location M inim um  M axim um  M orning A fternoon (km /h)

KOTTAYAM, KERALA
January 22 .3  33 .7  84
February 23 .6  34.1 89
March 24.1 34.8 89
April 24.8 34.0 90
M ay 25.4 33 .2  91
lu n e 23.7 31 ,5  92
lu ly 22.9 29 .7  94
August 23 .3  30 .3  95
Septem ber 22 .9  31.5 92
O ctober 23.1 30.9 93
N ovem ber 23 .0  32 .3  90
Decem ber 21.4 32.9 85

47 2 .0  8.1 0
51 2.3 8 .4  12
50 2.1 8 .7  166
59 2.1 8 .3  217
65 1 .9  7.1 96
69  1.9 5 .6  487
81 1.8 3 .2  552
74 1.9 4 .6  491
63 2 .0  7 .7  57
72  1 .6  5 .4  521
63 1 .2  5 .9  135
52 1.6 8.1 4



Month & 
Location

Temperature (°Q RH (%)

Minimum Maximum Morning Afternoon

Wind
speed

(km/h)

Sunshine
(h)

Rainfall
(mm)

CES, CHETHACKAL, KERALA
January 19.8 34.8 80
February 2 1 2 34.7 90
March 21.7 34.5 92
April 23.1 34.2 92
May 23.4 32.6 90
June 22.1 31.3 90
July 21.6 29.9 92
August 21.8 29.8 91
September 21.0 33.2 90
October 21.6 31.1 90
November 20.9 32.5 85
December 19.0 33.5 82

PAD1YOOR, KERALA 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December

19.2
21.7
22.7
23.5
23.8
22.6 
22.0
22.3
21.4
21.9 
21.0 
17.7

PARA LIAR, TAM IL NADU 
January 
Februan,'
March 
April 
May 
June 
July 
August 
September 
October 
November 
December

NE7TANA, KARNATAKA 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December

34.9
35.4
36.7
35.6
34.8
33.3 
28.0
29.3
31.1
31.6
34.2
34.4

81
90

95
87
83

. NADU
2 0 3 3 3 2 83
20.9 35.3 95
21.8 35.6 93
23.8 36.2 91
25.1 34.3 88
24.1 33.7 86
23.9 32.2 91
24.2 32.4 87
23.2 34.8 89
23.2 31.5 97
23.2 31.8 93
21.0 33.4 92

16.8 34.7 81
19.6 35.5 89
21.3 36.2 89
22.5 35.5 90
23.6 34.5 89
21.9 30.5 93
21.8 27.4 94
21.7 27.9 93
21.4 30.0 92
21.4 31.5 91
19.2 34.5 81
14.5 35.0 80

70
77
75

49
48
57
67
68 
66 
73 
69

84
71

2.4
2.9

2.8
2.0

0.9
NA

6.0
6.7
5.7
6.4 
5.2
4.5
5.5 
4.1 
1.9

NA
NA

4.1 
2.7
3.2

5.2
8.5

190
138
81

43
506

5
187

859
1062

7.9 0
8.1 14
6.9 53
5.5 89
5.9 59
5.8 112
4.8 89
5.9 65
5 .0 36
4.4 802
5.6 127
7 .9 38

8.1 0
8.3 10
8.3 84
8 .0 87
7.1 37
4,1 890
1.7 1151
2.1 945
5.1 347
5.7 415
7.8 6
8.4 0



Month & 
Location

Temperature (°C) 

Minimum Maximum
DAPCHARI, MAHARASHTRA 
January 
February 
March 
April 
May 
June
July 
August 
September 
October 
November 
December

14.4 33.6
15.9 36.3
18.0 38.7
23.7
25.7
25.7
24.8
24.4
23.7
20.4
18.6
15.1

Month & 
Location

Temperature (°C) 

Minimum Maximum

RRS, AGARTALA, TRIPURA
Januaiy
February
March
April
May
June
July
August
September
October
November
December

23.1
28.1
30.2
33.3
32.9
30.9
32.5 
32.7
32.3
31.4 
30.1
26.6

RSS. GUWAHATI, ASSAM 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December

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

09.8
13.8
17.3
22.5
23.4
24.9
25.7
25.8 
25.3 
24.0 
16.2
13.6

22.5 10.4
26.0 13.0
28.2 15.4
29.8 19.5
31.9 21,9
32.8 24.2
32.9 25.1
33.4 24.9
32.8 24.1
30.4 22.1
28.4 17.3
25.7 13.6

MEGHALAYA
23.3 05.8
25.9 09.4
27.9 12.5
30.9 16.6
31.7 19.3
31.2 21.3
31.6 22.3
32.0 22.9
31.4 21.8
30.2 19.0
28,1 13.3
25.6 10.8

RH (%)

73
67

75
71
70
78
79 
84
84 
83
85

66
63
65
75



Month Sc 
Location

Temperature (°C) 

M inimum  Maximum

Wind
speed

(km/h)

Sunshine
(h)

Rainfall
(mm)

January'
February
March

3 ?
June
July
August
September
October
November
December

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

RRS, DHENKANAL, ORISSA 
January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December

, WEST BENGAL
22.1 6.4
24.8 10.8
27.5 13.5
30.0 19.3
31.8 22.6
31.4 24.5
31.5 25,2
32.9 25.5
32.3 2 4 2
31.1 20.2
28.1 15.0
26.3 9.6

'ORAM
25.8 10.5
29.7 14.7
32.5 14.4
32.7 17.0
33.5 17.0
33.8 16.9
34.3 23.0
35.0 23.6
34.9 23.4

83
78

28.2 12.0 64
31.1 19.1 67
35.3 20.3 58
40.0 24.7 58
41.3 26.2 64
38.4 26.5 73
31.9 25.3 86
31.5 25.0 87
31.5 25.1 89
31.6 23.7 83
30.2 16,7 74
27.9 12.5 67

1.9
2.0

0.4
0.4

0.0
0.0

1.6
5.0

6.8
6.1
6.3

3.4
3.3

8.1
7.3

7.8
8.1

4.9
6.5

102
552
436
400
425
344
532

343
438
228
433

17

Head of Account
Non-plan

General charg' 
Projects (CES)

ANNUAL EXPENDITURE
Expenditure at a glance (2003-04) 

---------------------------------------------- Expenditure (Rs. in lakhs)

Total
Plan

General charges
NERDS Research Component

Grand Total

263.81
159.17
422.98

938.31
152.37

1090.68
1513.66
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T.B. Road, Pala -  686 575 
Kerala.
Phone : 91 482 216707

Regional S o il T esting Laboratory
Rubber Board,
A nn's Buildings 
O ld Church Junction 
Kanjirappally -  686 507 
Kerala.
Phone : 91 482 802261

Regional S o il Testing Laboratory
Rubber Board,
Parvathy M andiram , K.P. Road, Adoor -  691 523 
Kerala.
Phone : 91 473 424370

Regional Soil T esting Laboratory 
Rubber Board
East Bunglow, N edum angad -  695 541 
Kerala.
Phone : 91 472 803270
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Research d iv ision s and fu n ctio n s

The m ajor research  d iv ision s are A gronom y and 
Soils; Biotechnology; B otany ; G erm plasm ; M ycology 
and Plant Pathology; Plant Physiology; Ru bber C hem ­
istry, Physics and Technology and Agricultural Econom ­
ics. Studies on Latex Exploitation, Clone Evaluation, Ge­
nome Analysis and DR1S Fertilization are dwelt seperately.

The thrust areas o f  research  of A gronom y and Soils 
Division are investigations on th e n utritional require­
ments o f rubber, irrigation , in tercropping, cover crop 
m anagem ent, w eed control and the stud y o f the rub­
ber growing soils. D evelopm ent of tissue culture and 
anther culture system s for propagation  and crop im­
provement o f  H evea  are the im portant areas in which 
the Biotechnology D ivision  is en gag ed . T h e im portant 
fields of research of the Botany D ivision are breeding, 
evaluation and selection  o f  new  c lon es, propagation 
techniques, planting m ethod s, anatom ical studies and 
cytogenetic investigations. T h e G erm plasm  D ivision 
is concentrating on th e in trod uction, conservation  and 
evaluation of H evea  germ plasm . T h e M ycology and 
Plant Pathology D ivision  is engaged  in investigations 
on the diseases and pests of rubber and associated cover 
crops and their control. T h e Plant Physiology D ivision 
conducts studies on both  fundam ental and applied as­
pects o f Hevea tree physiology. The Rubber Chemistry, 
Physics and Technology D ivision con centrates on im­
provem ent in prim ary processin g o f rubber, its chem i­
cal modification, rubber product m anufacture and qual­
ity control o f processed rubber. Th e A gricultural Eco­
nomics D ivision u n d ertakes stud ies on econom ic as­
pects related to rubber plantations.

The research supportin g sections includ e Library 
and D ocum entation, In strum entation , Statistics, C om ­
puter and A rt/Photography. There is also a sm all ex­
perim ental farm  o f  33 ha a t th e head quarters of RRII.

C entral E xperim ent S ta tio n

T h e  2 5 5  h a  C e n tr a l  E x p e r im e n t S ta t io n  at 
Chethackal (Ranni), 50 km  aw ay from  K ottayam , was 
started in 1966. Field trials laid ou t b y  the research 
divisions cover alm ost the en tire  area.

Regional Research  S ta tio n s

RRII h as esta b lish ed  a N o rth -E astern  R esearch  
c o m p lex  w ith h ead q u arters  a t A g arta la , having re­

g io n a l re s e a rch  s ta tio n s  a t  A g arta la  in Tripura. 
Guwahati. in Assam , Tura in Meghalaya and Kolasib in 
M izoram . T h e RRII has also set up regional research 
establishm ents at Dapchari (Maharashtra), Dhenkanal 
(O ris s a ) , N a g ra k a tta  (W est B en gal), Sukm a 
( C h a ttis g a rh ) , P a ra liy a r  (T am il N ad u ). N et tana 
(Karnataka) and Padiyoor (Kerala).

Regional soil testing laboratories have been estab­
lish e d  a t  T h a lip a ra m b a , K o zh iko d e, T h rissu r, 
M u v a ttu p u z h a , P a la , K an jirap p a lly , A door and 
N ed u m ang ad . M ob ile u n its  for so il and leaf analy­
s is  are  a v a ilab le  a t th e  K ozhikod e, M uvattupuzha 
an d  A d o o r  la b o r a to r ie s , ap a rt fro m  th at a t the 
h ead q u arte rs .

N ational / International collaboration

RRII is a m em ber o f the International Rubber Re­
search and D evelopm ent Board (IRRDB), an associa­
tion of national organizations devoted to research and 
d evelopm ent on natural rubber. Rubber Board is a 
m em ber of the Association o f Natural Rubber Produc­
ing C ountries (ANRPC).

The RRII has research/academ ic linkages with the 
Banaras H indu University (Varanasi), Kerala Agricul­
tu ra l U n iv e rs ity  (T h r is s u r ), K era la  U n iversity  
(Thiruvananthapuram ), M ahatm a Gandhi University 
(Kottayam ), C ochin University o f Science and Technol­
o gy (K ochi), Indian A gricultural Research Institute 
(N ew  D elhi), Indian Institute of Sciences (Bangalore), 
Indian Institute of Technology (Kharagpur), National 
Chem ical Laboratory (Pune), Sree Chitra Tirunal Insti­
tu te  o f  M ed ica l S c ie n ce s  and Techn ology 
(Thiruvananthapuram ), Tamil Nadu Agricultural Uni­
versity (Coim batore), University of Agricultural Sci­
ences (Bangalore) and University o f  Goa (Goa).

C orrespondence

The D irector o f Research 
Rubber Research Institute of India 
Kottayam  -  686 009, Kerala, India 
Phone : 91 481 2353311-20,

91 481 2352770-71,
91 481 2352773-79 (20 lines)

Fax : 91 481 2353327
E-mail : rrii@rubberboard.org.in
W ebsite : www.rubberboard.org.in
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