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The Rubber Research Institute o f India (RRII), under 
the Rubber Board (Ministry of Com m erce and Industry, 
Government of India), had its inception in 1955. W ith a 
very m odest beginning, the RRII is now  capable of 
handling most of the problem s associated w ith natural 
rubber (NR) production technology, prim ary processing 
and product development. The stead y grow th of the 
RRII in its scientific worth and research contributions 
has won it the recognition as an International C entre of 
Excellence on NR research.

Location

The RRII is located on a h illo ck  8 km ea s t  o f 
Kottayam town in Kerala State and is easily accessible 
by road. Kottayam is connected to all m ajor cities in 
the cou n try  by ra il. T h e  c a p ita l o f  th e  S ta te  is 
Thiruvananthapuram, 160 km south, w here there is an 
international airport. The distance to New  Delhi, the 
capital of the country, is 2950 km.

Functions

Undertaking, assisting and encouraging scientific, 
technological and economic research and dissem ination 
o f knowledge to the NR industry are  th e s tatu to ry  
functions of the RRII.

O rganization

For the efficient discharge of its functions, the RRII 
has established m ajor research divisions and research 
supporting secUons at its headquarters and regional 
research establishments at appropriate locations where 
Hevea bm ilien sis  is com m ercially grow n or is likely to 
be grown.

Continued on inside back  cover
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THE RUBBER BOARD

The Indian Rubber Board was constituted 
u n d er T h e  R u b b e r  (P ro d u c tio n  and 
M arketing) Act, 1947, w hich cam e into force 
on 19 April 1947. This Act was amended in 
1954, 1960, 1982 and in 1994. The Act was 
a g a in  am en d ed  by T h e R u bb er 
(A m endm ent) A ct, 1994 (A ct 33 of 1994), 
which is now  in force.

O rganization

The Chairm an is the principal executive 
o ffic e r  an d  e x e rc is e s  co n tro l o v er  all 
d ep artm en ts o f the Board. The Rubber 
Research Institute of India works under the 
ad m in istrative contro l of the Board , the 
Director being the head of the institution. 
Besid es R R II, there are six d epartm en ts 
under the Board, A dm inistration , Rubber 
P ro d u ctio n , P ro c e ss in g  & P rod u ct 
Developm ent, Finance & Accounts, Training 
& Technical Consultancy and Licensing & 
Excise Duty.

Chairman
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DIRECTOR'S REVIEW

The achievements of the Indian natural 
rubber sector during the last five decades have 
been widely applauded in the academic and 
policy circles. The significant achievements 
made in various sectors of the NR industry a re 
m a in ly  th e  o u tc o m e  o f th e  w e ll co ­
ordinated efforts initiated by the Rubber Board 
since its inception. In any crop, R&D efforts 
become meaningful only when the results 
reach the farmers' field. The Rubber Research 
Institute of India has, therefore, published a 
compendium of scientific information on NR 
production under the title "Natural Rubber : 
A grom anagem ent and Crop Processing", 
d ocu m en tin g  p articu larly  the latest 
developments in various aspects of rubber 
cultivation and primary processing. Organised 
in 34 chapters, this book is an attempt to 
com prehend and provide up-to-d ate 
inform ation on agrotechniques and post­
harvest technology of natural rubber, covering 
various aspects like history, botany, crop 
husbandry and harvesting, crop protection, 
processing and marketing, by-products, waste 
management, plantation management, labour 
leg isla tio n  and eco -fr ien d lin ess o f the 
commodity. This book will prove to be a very 
useful asset to all those who are interested in 
the NR industry.

A m ajor area of work in agronomy was 
on in teg ra ted  n u trien t m anagem ent of 
rubber. The optim um dose of N, P ,0 ,  and 
K jO  to ensure maximum yield in RRII 105 
w as fou n d  to  be 30, 30 and 40 kg/ha. 
Adoption of integrated weed management 
involving cultural, physical and chem ical 
m ethods appeared to be more cost effective 
and en v iron m en tally  sound . In another 
experim ent, 100 to 250 silt pits in the field 
could conserve 5 to 14 tonnes of soil per 
h ecta re . E x p e rim en ts  to  co m p are  the

discrim inatory fertilizer recom mendation 
and diagnosis and recommendation integrated 
system  (D RIS) have been in progress.

Transgenic plantlets were produced with 
the gene coding for superoxide dismutase and 
the antisense gene coding for ACC synthase. 
For the identification of disease tolerant genes 
RAPD analyses were carried out with random 
primers using the total DNA isolated from 
tolerant and susceptible lines. The effect of 
polyamines, glutamine, casein hydrolysate, 
gibberellic acid, light intensity, etc. on the 
frequency of somatic embryogenesis and plant 
regeneration have been studied in depth.

Investigations by the Botany Division 
revealed that during the sixth year of tapping 
the ten hybrid clones developed in 1982 and 
now in the p ipelin e continued  to show  
superiority in yield over RRII 105, the yield 
improvement ranging from 10 to 56 per cent. 
The higher yield of other hybrid clones, 
compared to RRII 105, was evident from the 
results of small-scale trials obtained during the 
year. A disease screening programme was 
formulated for screening the wild germplasm 
for sources of resistance to the m ajor leaf 
diseases. A laboratory w as set up at CES 
Chethackal for the screening work.

During the year there was severe incidence 
of abnormal leaf fall disease and moderate 
incidence of pow dery m ildew  and 
C orynespora d iseases. New fu n gicid es 
including system ics, were tested for their 
efficacy  ag ain st m ajor d iseases. Sp ecia l 
attention w as g iven to C orynespora leaf 
disease. The isolates of Corynespora from 
Karnataka and Kerala showed wide variation 
in virulence.

Studies on drought stress in polyclonal 
plants have indicated that peroxidase activity



in the leaves may be related to drought 
tolerance. Further studies on low temperature 
stress confirmed the existence of high light 
induced down regulation of photosynthesis. 
Increased drain of resources including ATP 
through latex might be responsible for tapping 
induced loss of biomass that is not reflected in 
dry rubber yield. Field trials from the drought 
prone North Konkan have clearly established 
that the high intensity of solar radiation 
aggravated the adverse effect of drought on 
rubber plants.

Experiments on low frequency tapping 
confirmed the sustainable yield increase in high 
yielding clones under third daily tapping with 
stimulation. Fourth daily and weekly tapping 
with different levels of stim ulation gave 
comparable yield. Low yield during the initial 
years of weekly tapping could be solved by 
ad ju sting  the frequency o f stim u lation . 
Rainguarding was found essential for low- 
frequency tapping systems.

Close interaction was maintained with 
footw ear m an u factu rin g  u n its for the 
evaluation of styrene grafted natural rubber 
(SGNR) in microcellular soles. A process was 
standardized for deproteinization of NR latex 
using the enzyme preparation Anilozyme P. 
Incorporation of about 15 parts of epoxidised 
natural ru bber in n itrile  ru bber-silica  
com p o sites w as found to im prove the 
tech n ological p rop erties significantly . 
Necessary technical assistance was provided 
to M /s K ochi R efin eries Ltd . for the 
com m ercial prod u ction  of NR m odified 
bitumen. A solar - cum - smoke dryer was 
installed at HBSS Nettana. The evaluation of 
the sheet cleaning machine being patented by 
the Institute indicated that over 60 per cent of 
the sheets can be upgraded and the process is 
found to be cost-effective.

A new methodology has been developed to 
assess the comparative commercial yield

performance of Heiva clones. Astudy analyzing Hie 
consequences of economic liberalization on the
Indian automotive tyre industry, lias been completed.

Nutritional studies conducted in the North 
East India yielded positive response on growth 
and yield for application of N, P20 .  and K O 
up to 60, 60 and 40 kg/ha/yr. An extensive 
pests and disease survey carried out in the 
North East reported high incidence of powdery 
mildew disease and Secondary leaf fall (SLF) 
disease in most planta tions. Brown root disease 
caused by PheUinus noxius was also noticed in 
some locations. Preliminary yield data from 
RRS, N agrakatta  revealed  th at ru bber 
cultivation will be viable in northern parts of 
West Bengal. Rubber yield was significantly 
influenced by the interaction between P  and K 
levels. Application of 20 kg P,Osand K ,0  per 
hectare resulted in higher yield. Intercropping 
of banana and pineapple with rubber was 
found to be p ro fitab le  un d er Tripura 
conditions. Yield data from small-scale trials 
over eight years revealed clone PB 235 as the 
top yielder in the North East India. In the non 
traditional tract in North Konkan (D apchari, 
Maharashtra) an annual yield of 1280 kg per 
hectare was obtained when 23 blocks were 
tapped third daily.

In the Research Component of the World 
Bank-Assisted Rubber Project, which has been 
under implementation from 1994, the seven 
research schemes yielded very useful results and 
the two consultancy projects were concluded. An 
amount of Rs.90 million was spent on research 
schemes and supporting services, training and 
technical assistance, consultancy projects and 
financial support to an NGO.

Indian Journal of Natural Rubber Research, 
Volume 10, brou gh t out during the year, 
contained 21 research articles. The Institute 
also maintained academic linkage with several 
universities and other institutions of research 
and learning.



AGRONOM Y AND SOILS DIVISION

The Division continued to engage in the 
investigations on various crop management 
aspects of rubber cultivation aimed at reduc­
ing the immaturity period and improving 
productivity. Studies on the integrated nu­
trient m anagem ent of rubber at various 
stages of growth constituted a major area of 
work of the Division. A field experim ent 
being conducted with the loigh yield ing clone 
RRII 105 indicated that the optimum dose 
of N( P,O ri and K ,0  was 30 ,3 0  and 40 kg/ha 
for m axim u m  yield. A m ong the m icro­
n u trien ts, zinc (Zn) is rep orted  to  be low 
in m an y  of the rubber grow ing so ils and 
experim ents w'ere initiated to study the effect 
o f Z n a p p l ic a t io n  on th e  g ro w th  o f 
ru bber seedlin gs.

An experim ent was initiated to quantify 
the biom ass production of popular legume 
ground covers viz., Pneraria phaseoloides and 
M iicmia bracteata under different age groups. 
Experim ents to find out the possibility of 
using w aste from  latex centrifuging and 
crum b rubber processing factories were in 
progress. The bowl sludge obtained from 
latex centrifuging factories was found to be 
a good source of phosphorus, for both young 
and m ature plantations. Experim ents on 
comparison of soil ecosystem s under rubber 
and other system s and on characterization 
o f so il o rg a n ic  m a tter  w ere  co n tin u ed . 
E ffect of lim in g  on so il p ro p erties  and 
plant grow th w as also under study during 
the period.

Investigations on the effect of density of 
planting on the grow th of rubber were con­
tinued. During the initial years, plants in the 
higher densities registered relatively better 
growth. However, this trend was reversed 
d uring the later period of immaturity. Stud­
ies on the effect of silt pits on tine growth and 
yield of rubber and on conservation of soil 
were also in progress. Another m ajor area

of research of the Division w as weed m an­
agement. Adoption of integrated weed man­
agem ent involving cultural, physical and 
chem ical methods appeared to be more cost 
effective and eco-friendly. The Division con­
tinued its research activities for generation 
of ancillary incom e through intercropping.

The D ivision continued its service of 
offering discriminatory fertilizer recommen­
dation to large Estates based on soil and leaf 
analyses and case h istory  of ind iv id u al 
fields.

1. N utrient m anagem ent

1.1 N ulrilional studies

On the nutritional aspects of rubber, three 
field experiments are going on of w hich one 
is in seedling nursery and the other two on 
mature rubber. The nursery experim ent was 
aimed at assessing the effect of Zn applica­
tion on the growth of seedlings. Another 
experiment examined the effect of selected 
com binations of N, P and K fertilizers on 
growth and yield of rubber. The third ex­
periment explored the possibility of sequen­
tial skipping of fertilizer application over 
seasons and years.

An experim ent w as initiated at Central 
Nursery, Karikkattoor, to study the influence 
o f Zn application on the growth of rubber 
seedlings in ground nursery and the avail­
ability of Zn in soil. Different levels of Zn 
through tw o different sources w ere com ­
pared. The sou rces w ere Z n S 0 4. 7 H ,0  
(21.0% Zn) and ZnO (60-80%  Zn) and the 
levels were 0 ,2 .5 ,5 .0 ,7 .5  and 10.0 kg Zn/ha 
as soil application. There w as another fo­
liar spray treatm ent at a concentration of
0.5% ZnSOr

The field experim ent started in 1989 to 
study the NPK requirement of clone RRII 105 
was in progress. Girth (2000) and girth in­
crement (1991-2000) did not indicate any sig­



nificant difference between treatments. N, 
P2C 5 and K ,0  at the rate of 60:30:40 kg/ha 
recorded the h ig h est y ield  (73.17 g/t/t) 
which w as com parable w ith 60:60:40 kg/ha 
(63.85 g/t/t), 30:60:20 kg/ha (63.56 g/t/t) 
and 30 :3 0 :4 0  kg/ha (63 .32  g / t/ t) under 
1/'2S d/3 system  of tapping.

The experim ent to evaluate the effect of 
sequential skipping of fertilizers for one or 
more seasons/year, on the growth and yield 
o f ru b b er co n tin u ed . O b serv a tio n s on 
growth and yield were recorded.

1.2 Integrated nutrient m anagem ent

Four experim ents on the integrated nu­
trie n t m a n a g e m e n t o f ru b b er w ere  in 
progress. They were aimed at evolving a 
nutrient m anagem ent schedule for rubber, 
integrating organic and inorganic sources. In 
the first experim ent, the effect of organic 
m anu re a lo n e  and in co m b in ation  w ith 
chem ical fertilizers on the growth of rubber 
w as investigated. In the second experim ent, 
organic m atter under different ecosystem s 
was characterised. The third experim ent 
aimed at characterising the soil organic mat­
ter under different rubber based ecosystems. 
P. phaseo lo ides  and M . bracteata, the m ost 
popular ground covers were compared in the 
fourth exp erim en t. A ll the experim en ts 
progressed well during the period.

T h e exp erim en t started  at Sh aliacary  
Estate, Punalur in 1994 to study the effect of 
organic m anure alone and in com bination 
w ith chem ical fertilizers on the growth of 
rubber and soil properties was in progress. 
No significant difference was noticed on the 
grow tli o f plants with and without organic 
manure.

Tw o exp erim en ts in itiated  in 1999 to 
characterise the soil organic m atter under 
different ecosystem s were in progress. In the 
first experim ent, the disintegration pattern 
of litte r  from  rubber, P. p h aseo lo id es  and 
M. bracteata, were com pared. Litter bags 
were retrieved from the fields on a monthly

basis and weight losses recorded (Table Ag. 1). 
The N  content in the rem aining M. bracteata 
litter increased till 94 days, and decreased 
s l i g h t ly  a f t e r w a r d s .  In  th e  c a s e  o f  
P. phaseoloides litter, N  content decreased till 
73 d ays and a fte r  that an  in c re a se  w as 
noticed. All the other nutrients in both the 
species showed a decreasing trend. In the 
second experim ent, surface soil and profile 
s a m p le s  w e re  c o lle c te d  fro m  ru b b e r , 
P. phaseoloides, M. bracteata teak and forest 
systems. Litter sam ples w ere also  collected  
from  all the system s. C I3NM R studies w ere 
undertaken for the sam ples and respiration 
rate and b iom ass w ere estim ated . Total 
carbon (C) and n itrogen (N ) w ere d eter­
mined using CH N  analyzer (Table Ag. 2).

Table Ag. 1. N utrient rem aining in M . b r a c t e a ta  and
P. p h a s e o lo id e s  litter

Tim e (days) N  (%) P (% ) K (%) Ca (%) M g (%)
M. b ra ctea tn

0 3.58 0.22 1.12 0.82 0.25
33 4.50 0.19 0.19 0.80 0.10
60 4.65 0.20 0.11 0.66 0.16
94 4.88 0.19 0.12 0.59 0.16
126 4.75 0.09 0.17 0.60 0.17

P. p h a s e o lo id e s

0 3.52 0.27 1.20 0.72 0.24
39 3.06 0.18 0.16 0.69 0.18
73 2.87 0.20 0.15 0.72 0.15
101 3.44 0.10 0.32 0.60 0.20

An experim ent was initiated at Erum ely 
Estate, M ukkoottuthara to fractionate and 
c h a ra c te rise  so il o rg a n ic  m a tte r  u n d er 
different rubber based ecosystem s viz., ten 
y e a r  o ld ru b b er p la n ta t io n , ru b b e r  in 
im m a tu re  p h a s e  in  a s s o c ia t i o n  w ith  
P. phaseoloides and rubber in im m ature phase 
in association w ith M. bracteata. Pre-treat­
m en t so il  sa m p le s  w ere  c o lle c te d  an d  
observation points were m arked for co llect­
ing litter sam ples.

The experim ent started at TR & T Estate, 
M u n d ak ayam  to q u a n tify  th e  b io m a s s



Table Ag. 2. Respiration rate, biom ass C, total C  and total N of litter and soil sam ples
Samples Respiration rate* Biomass C*‘ Total C ('’■«.) Total N (%)

Litter

Rubber 0.3727 2.2681 54.77 1.45
P. phaseoloides 5.3561 49.8837 44.80 2.45
M. bracteata 1.8634 37.6673 43.60 2.98
Teak 3.7406 33.2791 49.21 0.86
Forest 0.4933 6.8854 48.59 0.97

Soil

Rubber 0.017671 0.1591 4.42 0.24
P. plmseoloidcs 0.029646 0.3240 4.44 0.25
M . bracteata 0.016276 0.2474 3.54 0.22
Teak 0.040303 03653 4.30 0.30
Forest 0.103857 0.2690 6.36 0.38
'  mmol CO ,/g/soil/hour 
“  mg C /g soil

production of P. phaseoloides and M . bracteata 
under different age groups and to study 
the effect of cover crop establishm ent on 
s o il  p h y s ic o -c h e m ic a l p ro p e rtie s  w as 
in  p r o g re s s . T h e d ata  on dry  m atter 
a c c u m u l a t i o n  in d i c a t e d  th a t  b o th  
P. phaseoloides and M. bracteata recorded the 
highest dry m atter accumulation at the age 
of two years, which declined drastically in 
later years (Table Ag. 3). The data on nutrient 
accum ulation (Table Ag. 4) indicated that

Table Ag. 3. Dr)’ m atter production (t/ha)
Age P. phaseoloides .■VI bracteata

1 3.34 2.63
2 5.46 7.62
3 3.43 5.41
4 2.60 3.92
5 2.45 3.32

SC 0.51 0.82
C D  (P-0.05) 1.03 1.66

accumulation of nutrients w as significantly 
h igher at the age of tw o years and then 
declined subsequently.

1.3 Forms and m ethods o f  fertilizer application

Under this major area of research, nine 
experiments were in progress. Effectiveness 
of bowl sludge, a waste product from latex 
centrifuge factory and sludge from crumb 
rubber factory, were evaluated in two experi­
m ents. The possibility of reducing the dose 
and frequ en cy  o f fe r tiliz e r  a p p lica tio n  
through the use of controlled release fertil­
izers was explored in another experiment.

Another experim ent explored the possi­
bility of substituting potassium with sodium. 
Com parative efficiency of Rajphos (RAP) 
and M ussoorie rock phosphate (M RP) in 
immature and mature rubber w as evaluated 
in two experim ents. O ther experim ents in

Age N K Ca Mg

P M P M P M P M P M

1 112.13 84.60 9.68 5.20 82.15 32.14 32.02 19.90 14.06

2 174.17 236.21 13.08 15.21 103.84 79.08 65.35 55.71 18.03 14.57

3 100.70 169.60 7.39 9.62 67.32 59.17 30.19 41.67 7.99 10.68

4 95.23 140.51 6.30 8.95 47.87 63.90 27.07 35.34 9.76 12.27

5 81.07 97.99 5.15 5.18 47.54 31.34 23.59 21.57 7.66 8.37

SF. 15.21 15.18 1.2S 1.13 12.63 6.99 7.33 3.21 1.9? 1.12

CD(P--0.05) 30.87 30.83 2.61 2.28 15.64 14.2 14.89 6.51 3.92 2.28

P : P. phaseoloides M : M . bracteata



nificant difference between treatments. N, 
P,O r and K .O  at the rate of 60:30:40 kg/ha 
recorded the h ig h est y ield (73.17 g/t/t) 
which was comparable with 60:60:40 kg/ha 
(63.85 g/t/t), 30:60:20 kg/ha (63.56 g/t/t) 
and 30 :30 :40  kg/ha (63.32 g / t/t) under 
1/2S d/3 system of tapping.

The experiment to evaluate the effect of 
sequential skipping of fertilizers for one or 
more seasons/year, on the growtli and yield 
of ru bber co n tin u ed . O b serv atio n s on 
growth and yield were recorded.

1.2 Integrated nutrient m anagem ent

Four experim ents on the integrated nu­
tr ie n t m a n a g em en t o f ru b b er w ere  in 
progress. They were aimed at evolving a 
nutrient management schedule for rubber, 
integrating organic and inorganic sources. In 
the first experim ent, the effect of organic 
m anu re a lon e and in com b in ation  w ith 
chem ical fertilizers on the growtli o f rubber 
w as investigated. In the second experiment, 
organic matter under different ecosystem s 
was characterised. The third experim ent 
aimed at characterising the soil organic m at­
ter under different rubber based ecosystems.
P. phaseo lo ides  and M. bracteata, the m ost 
popular ground covers were compared in the 
fourth exp erim en t. All the exp erim en ts 
progressed well during the period.

T he exp erim en t started  at Sh aliacary  
Estate, Punalur in 1994 to study the effect of 
organic m anure alone and in com bination 
with chem ical fertilizers on the grow th of 
rubber and soil properties was in progress. 
N o significant difference w as noticed on the 
grow tli o f plants with and w ithout organic 
manure.

Two exp erim en ts in itiated  in 1999 to 
characterise the soil organic m atter under 
different ecosystem s were in progress. In the 
first experim ent, the disintegration pattern 
o f litte r  from  rubber, P. p h aseo lo id es  and 
M . bracteata, w ere com pared. Litter bags 
were retrieved from the fields on a monthly

basis and weight losses recorded (Table Ag. 1). 
The N  content in the rem aining M. bracteata 
litter increased till 94 days, and decreased 
s l i g h t l y  a f t e r w a r d s .  In  th e  c a s e  o f  
P. phaseoloides litter, N  content decreased till 
73 d ays and a fte r  th at an  in c re a se  w as 
noticed. All the other nutrients in  both the 
species show ed a decreasing trend. In the 
second experim ent, su rface soil and profile 
s a m p le s  w ere  c o l le c te d  fro m  ru b b e r , 
P. phaseoloides, M. bracteata  teak and forest 
systems. Litter sam ples w ere also  collected  
from all the system s. C 13 N M R  studies were 
undertaken for the sam ples and respiration 
rate and b iom ass w ere estim ated . Total 
carbon (C) and n itrogen (N ) w ere d eter­
m ined using CH N  analyzer (Table Ag. 2).

Table Ag. 1. N utrient rem aining in M . b r a c t e a ta  and
P. p h a s e o l o id e s  litter

Tim e (days) N (%) P (% ) K (%) Ca (%) M g (%)
M. b ra c t e a ta

0 3.58 0.22 1.12 0.82 0.25
33 4.50 0.19 0.19 0.80 0.10
60 4.65 0.20 0.11 0.66 0.16
94 4.88 0.19 0.12 0.59 0.16
126 4.75 0.09 0.17 0.60 0.17

P. p h a s e o lo id e s

0 3.52 0.27 1.20 0.72 0.24
39 3.06 0.18 0.16 0.69 0.18
73 2.87 0.20 0.15 0.72 0.15

101 3.44 0.10 0.32 0.60 0.20

An experim ent was initiated at Erum ely 
Estate, M ukkoottudiara to fraction ate and 
c h a ra c te rise  so il o rg an ic  m a tte r  u n d er 
different rubber based ecosystem s viz., ten 
y e a r  o ld  ru b b e r  p la n ta t io n , ru b b e r  in 
im m a tu re  p h a s e  in  a s s o c ia t i o n  w ith  
P. phaseoloides and rubber in im m ature phase 
in association w ith M. bracteata. Pre-treat­
m en t so il  sa m p le s  w ere  c o lle c te d  an d  
observation points were m arked for co llect­
ing litter sam ples.

The experim ent started at TR & T Estate, 
M u n d ak ayam  to q u a n tify  the b io m a s s



______  l.ible A>;. 2 Respiration rale, biom ass C, total C and total N  of litter and soil sam ples
Samples____________________ Respiration rate*_______ Biomas-s C"‘___________Total C  (%)________Total N (%)

Litter

Rubber 0.3727 2.2681 54.77 1.45
P. phaseoloides 5.3561 49.8837 44.80 2.45
M. bracteata 1.8634 37.6673 43.60 2.98
Teak 3.7406 33.2791 49.21 0.86
Forest 0.4933 6.8854 485 9 0.97

Soil

Rubber 0.017671 0.1591 4.42 0.24
P. phaseoloides 0.029646 0.3240 4.44 0.25
M . bracteata 0.016276 0.2474 3 3 4 0.22
Teak 0.040303 0.3653 4.30 0.30
Forest 0.103857 0.2690 6.36 0 3 8
* inm ol CO j/g/soil/hour 
“  m g C/g soil

production of P. phaseoloides and M. bracteata 
under d ifferent age groups and to study 
the effect of cover crop establishm ent on 
so il  p h y s ic o -c h e m ic a l p ro p e r tie s  w as 
in  p r o g re s s . T h e d a ta  on dry  m atter 
a c c u m u l a t i o n  in d i c a t e d  th a t  b o th  
P. phaseoloides and M . bracteata recorded the 
highest dry m atter accum ulation at the age 
of two years, w hich declined drastically in 
later years (Table Ag. 3). The data on nutrient 
accum ulation (Table Ag. 4) indicated that

Table Ag. 3 . Dry m atter production (t/ha)
Age P. phaseoloides M . bracteata

1 3.34 2.63
2 5 4 6 7.62
3 3.43 5.41
4 2.60 3.92
5 2.45 3.32

SE 0.51 0.82
C D  (P -0 .05) 1.03 1.66

accumulation of nutrients w as significantly 
h igher at the age of two years and then 
declined subsequently.

1.3 Form s and m ethods of fertilizer application

Under this m ajor area of research, nine 
experim ents were in progress. Effectiveness 
of bowl sludge, a waste product from latex 
centrifuge factory and sludge from crumb 
rubber factory, were evaluated in two experi­
ments. The possibility of reducing the dose 
and frequ ency  o f fe r tiliz e r  a p p lica tio n  
through the use of controlled release fertil­
izers w as explored in another experiment.

A nother experim ent explored the possi­
bility of substituting potassium with sodium. 
Com parative efficiency of R ajphos (RAP) 
and M ussoorie rock phosphate (M RP) in 
immature and mature rubber was evaluated 
in tw o experiments. O ther experim ents in

Table Ag. -4. A ccum ulation of nutrients (kg/ha) in biom ass
Age N 1 K Ca Mg

P M P M P M P M P M

1 112.13 84.60 9.68 5.20 82.15 32.14 32.02 19.90 14.0b 7.25

2 174.17 236.21 13.08 15.21 103.84 79.08 65.35 55.71 18-03 14.57

3 100.70 169.60 7.39 9.62 67.32 59.17 30.19 41.67 7.99 10.68

4 95.23 140.51 6.30 8.95 47.87 63.90 27.07 35.34 9.76 12.27

5 81.07 97.99 5.15 5.18 47.54 31.34 23.59 21.57 7.66 8.37

SE 15.21 15.18 1.28 1.13 12.63 6.99 7.33 3.21 1.93 1.12

C D(P=0.05) 30.87 30.83 2.61 2.28 25.64 14.2 14.89 6.51 3.92 2.28

P : P. plmseotoides M : M. bnidmta



this area were evaluation of the utility of 
m agnesiu m  (M g) contained in  RA P and 
MRP, studies on the effect of different levels 
of P on grow th and yield o f rubber and 
dow nw ard m ovem ent of surface applied 
rock phosphate.

The experim ent started in 1989 at TR&T 
Estate, M undakayam  to evaluate the effec­
tiveness of bow l sludge, a w aste product 
from latex centrifuging factories, as a source 
of P  was in progress. N o significant differ­
ence w as observed between treatments with 
respect to girth increm ent. All the P sources 
viz., Super phosphate, MRP and bowl sludge 
gave significantly higher yield over control 
(Table Ag. 5). N o sig n ifican t d ifference 
w as noticed  with respect to yield among 
the sources.

Treatment Yield (g/t/t)
buper phosphate 46.46
M RP 47.66
Bowl sludge 50.25
Control (No P) 28.03
SE 3.64
CD  (P=0.05) 10.91

The sludge from crum b rubber factory 
contains three per cent N  and two experi­
m ents were initiated to evaluate the effec­
tiveness of this m aterial as a source of N  for 
rubber. An incubation study was started 
w ith urea and sludge at three levels and a 
control to find out the release pattern of N

from the tw o sources (Table Ag. 6 ). The 
results indicated that inorganic N content in 
the treatments with urea increased during 
the first two weeks of incubation, while a 
steady but slow increase was noticed in the 
sludge treatments. W hen the N application 
was at the rate of 30 kg/ha, 78.78 ppm  and 
69.27 ppm  was recovered as total inorganic 
N for urea and sludge respectively and when 
the rate of ap p lication  w as in creased  to 
90 kg/ha, the increase in inorganic N  was 
marginally higher for urea than sludge.

A nursery experim ent w as initiated at 
TR & T Estate, M undakayam  to explore the 
possibility of using sludge as a source o f N 
in the seedling nursery.

The e x p e rim e n ts  s ta r te d  a t C E S , 
Chethackal and Kuzhim attom , K ottayam  to 
study the effect of controlled release fertiliz­
ers on the growth of rubber were in progress. 
Data from the two experim ents indicated the 
p o s s ib il i ty  o f  re d u c in g  th e  d o s e  an d  
n u m ber o f sp lits  o f fe r tiliz e r  a p p lica tio n  
u s in g  c o n tro lle d  r e le a s e  fo rm u la tio n s  
(Tables Ag. 7 and 8 ).

T h e fie ld  e x p e rim e n t s ta r te d  at 
M alankara Estate, Thodupuzha during 1998 
substituting K with various levels of Na was 
in progress. O bservations on grow th and 
yield were recorded.

The experim en ts on im m atu re ru bber 
started at Boyce Estate, M undakayam  and 
M alankara Estate, to com pare the efficiency

Source

Urea
Urea

Sludge
Sludge
Sludge

Table  AS . 6. M ean value of total inorganic N as in fluenced  by sources and levels  o f  application  (ppm )
—  Levels Days after incubation ------------------------------------- — ------

(kg/ha) ^  “ -----------------
127.96
142.77
146.49

72.13
79.48
86.26

70.98
75.75

107.14

64.20
7 4 2 0
73.43

45
58.08
62.61

121.61

64.30
73.30 
76.69

53.35
57.85
73.37

75
83,53
94.07

151.69

M ean

78.78
86.61

120.06

6 5 4 6  80.27 69.27
67.43 119.46 82.81
85.08 120.02 88.35



Table Ag. 7. Effect of controlled release fertilizers on girth (Kuzhimattom )
Treatment Recommended 

dose (%)
Number of 
application

Girth '(cm ) Girth increment '•(cm)

1 rilled urea Two
NPKM g pellets 75 Single
NPKM g pellets 75 Two
NPKM g pellets 50 Single
NPKM g pellets 50 Two
Nimin-coated urea 100
Nimin-coaled urea 75 Two
Neem cake mixed urea 100 Two
Neem cake mixed urea 75 Two
Control (no manure) 41.13 34.17

CD (P=0.05)
"2000 "1995 -2000

3.33 3.39

Table Ag. 8 . Effect o f controlled  release fertilizers on 
_______________ girth tC ES, C hethackal)

recom m ­ Girth "
Treatm ent ended dose Girth * increment

(%) (cm) (cm)
Prilled urea 100 51.10 36.74
NPKM g pellets 100 53.56 38.17
NPKM g pellets 75 52.18 36.63
Nimin-coated urea 100 52.05 37.40
Nimin-coated urea 75 52.82 38.99
Neem cake mixed urea 75 53.39 38.71
Control (no manure) 46.82 32.48
SE 1.08 1.31
CD  (P=0.05) 3.33 4.04
*2000 •■‘ 1995-2000

ot R A P  a n d  M RP, w e re  in  p ro g re s s . 
Observations on growth did not indicate any 
significant difference am ong the treatments, 
at both the locations. The experim ents initi­
ated in 1997 at Boyce Estate and M alankara 
Estate, to evaluate the effect of Rajphos and 
M RP at different levels on growth and yield 
of rubber were in progress. Observations on 
growth and yield did not indicate significant 
difference am ong the treatments at both the 
locations.

A pot culture experim ent was conducted 
to  s tu d y  th e  e f f e c t  o f d if f e re n t  ro ck  
p h o sp h a tes  o n  d ry  m a tte r  p ro d u c tio n  
o f P. phaseoloides. Application of rock phos­
phate a lo n e  or in com b in ation  w ith M g 
increased the dry matter production of cover 
crop significantly over control (no P and Mg).

However, no difference w as noticed among 
the various form s of rock phosphates.

The experiment started atM ooply Estate, 
Palappilly during 1997 to study the effect of 
different levels of P on the growth and yield 
of rubber was in progress. O bservations on 
grow th and yield  did n o t in d ica te  any 
significant difference am ong the levels of P 
application.

An experiment was initiated to study the 
downw-ard m ovem ent of P from  su rface 
applied rock phosphates. Soil sam ples were 
collected from two ongoing fertilizer experi­
ments. In Experim ent I, P  is applied at four 
levels viz., 0, 15, 30 and 45 kg/ha and in 
Experim ent II, at five levels viz., 0 ,1 0 ,2 0 ,3 0  
and 40 kg/ha and analysis of sam ples were 
continued.

2 Physical and chemical properties of soil

The experim en t com m enced in 1997 to 
establish the relationship betw een organic 
m atter, organic C and availab le  nu trients 
co n tin u ed . C o rre la tio n  m a trice s  w ere 
w o rk e d  o u t  b e tw e e n  o rg a n ic  C an d  
available n u trien ts. N egative correlation  
w as o b serv ed  b etw een  o rg an ic  carb o n  
an d  a v a i la b le  C a  an d  M g. P o s it iv e  
correlation  w as noticed  for available Ca 
with available M g and K and also betw een 
available K and Mg.



The incuba tion experim ent to study the 
nu trient release from  different types of leaf 
litter and their combinations was in progress. 
The sam ples were analysed after six months 
o f incubation. Organic C content did not 
increase even after six months o f incubation 
o f soil with litter of rubber, P. phaseoloides, 
M. bractcata or weed flora. Significant release 
o f K was noticed from P. phaseoloides and 
M. bracteata. The combination of rubber with 
M. bracteata released more K than the other 
treatm ents except with inorganic fertilizers 
and the P. phaseoloides released higher Ca 
than other litter samples.

The experim ent to study the soil solution 
chem istry and nutrition of Hevea continued. 
Soil and leaf sam ples were collected from 
Kodum on Estate, Adoor at monthly intervals 
and analytical data were generated.

A n e x p e r im e n t w as in itia te d  to 
characterise die soil under rubber in upland 
paddy fields and low lying areas of AJleppev 
and K ottay am  d is tr icts . Sam p les w ere 
collected from soils under rubber raised in 
upland paddy fields, low lying areas and 
san dy tracts o f K ottayam  and A lleppev 
d is tr ic ts  fo r  d e te rm in a tio n  o f p h y sio - 
chem ical properties.

The nursery experiments started to study 
the e ffe c t  o f lim in g  on th e  g ro w th  of 
se e d lin g s at tw o lo ca tio n s v iz ., C entral 
Nursery, Karikkattoorand Regional Nurserv, 
Perum pulickal were continued. Diam eter 
o f the plants recorded from the experim ent 
at Perum pulickal indicated that application 
of N P K M g alone or in com bination with 
various doses of lim e w ere on par. Another 
experim ent started in 1998 at Boyce Estate, 
M undakayam  to study the influence of lime 
ap plication  on the grow th of rubber and 
availability  of nu trients w as in progress. 
O bservations on grow th of the plants did 
not indicate significant differences among 
the treatm ents Lim ing did not influence 
the pH or availability o f nutrients in surface 
and subsurface soil.

An incubation experim ent was also initi­
ated to study the changes in soil acidity due 
to liming and its effect on nutrient availabil­
ity. The treatments were different levels of 
lime and a control without lime. The results 
indicated that pH increased significantly  
with increasing level of lime application and 
maximum pH w as noticed when lime was 
applied at full rate of lime requirement. As 
incubation tim e advanced, pH  decreased 
significantly. Availability of P, K and M g 
decreased and availability of Ca increased 
w ith increasing levels of lime.

3. So il and w ater conservation

Two experim ents on mature rubber were 
iii progress to study the effect of silt pits on 
die growth and yield of rubber. The extent 
of conservation of soil and m oisture by the 
silt pits were also studied.

The experim ent started in 1997 at TR& T 
Estate, M undakayam to elucidate the effect 
of conservation pits on the yield of rubber 
and to quantify the soil and nutrients pre­
vented from being lost through erosion was 
continued. Evaluation of yield data for 1998- 
99 did not indicate significant differences 
among the treatments. It w as too early to 
expect an im provem ent in yield resulting 
from soil conservation. The experim ent to 
study the influence of silt pits on the grow th 
and yield of rubber and to explore the possi­
bility of applying fertilizer in silt pits w as in 
progress. Observations on grow th and yield 
of rubber and the quantity of soil conserved 
in pits were continued.

4. D ensity o f planting

T h e e x p e rim e n t in it ia te d  a t  C E S , 
Chethackal with five densities and two m a­
nuring regimes to study the effect of differ­
ent densities of planting of rubber on the 
growth, canopy architecture and yield was 
continued. The trees in the higher densities 
had relatively higher girth during the initial 
years. This tendency gradually faded out as



the age advanced. During 1999-2000, trees 
under lower densities gave comparatively 
higher girth increments.

5. Cropping system s

The cropping system experim ent started 
in 1993 at CES, Chethackal, was in progress. 
G row th of rubber in the cropping system 
w as m a rg in a lly  su p e rio r  to th at of an 
adjacent pure stand of rubber under normal 
density (445 rubber trees per ha). About 75% 
of trees attained tappability six years after 
planting in the cropping system area com ­
pared to 68% in the monoculture area. Pep­
per plants have good vegetative growth, but 
flowering and fruit setting have been poor. 
Coffee plants have started bearing and 42 kg 
of fresh berries was harvested. Fodder grass 
planted along the boundaries gave a cumu­
lative yield of 8.8 t since 1993.

6 . Stu d ies on pit size  and incidence of 
w ind damage

Two field experim ents at Rajagiri Estate, 
Punalur were in progress, hi experim ent I, 
highest girth was recorded by the largest pit 
size, viz., 90 x 90 x 90 cm, followed by the 
second largest pit size viz., 75 x 75 x 75 cm. 
T h e b lo ck  w ith  no p its  g ave the third 
highest girth. In experim ent II, the growth 
of the plants was not influenced by pit size.

7. Weed m anagem ent

Weed contro l op eration s constitu te a 
m ajor share of the total cost of cultivation of

rubber during im m aturity period. Three 
field experiments were in progress to evolve 
effective and economic weed management 
schedules.

T he exp erim en t at Sh aliacary  Estate, 
Punalur, to evaluate different weed control 
m ethods in planting strips was in progress. 
Scrap in g  and herbicid e  sp ray ing  in the 
entire platform  gave significantly  better 
weed control compared to other treatments. 
An in tegrated  approach w ith  herbicid e  
spraying in the plant basins and slashing 
the interspaces also resulted in satisfactory 
co n tro l of w eeds. Sin ce  th is ap p roach  
offers scope for reducing the quantity of 
herbicides applied and is com paratively  
less labour intensive, this m ethod can be 
adopted for weed control in the planting 
strips (Table Ag. 9).

T h e e x p erim en t at T R & T  E sta te , 
Mundakayam to evaluate the relative effi­
ciency of 'Touch dow n' and to com pare the 
efficacy of Controlled Droplet Applicators 
(CDA) and Knapsack sprayers w as contin­
ued. Weed infestation was low est when the 
entire platform w as scraped. During sum ­
mer, the weed dry m atter production (DMP) 
was less in plots sprayed with glyphosate 
(Round up) and sulphosate (Touch down) 
at 2 L/ha with CDA, followed by scraping 
and glyphosate and sulfosate application 
w ith CDA at the lower dose (1.5 L/ha). The 
weed density w as m axim um  in paraquat

Table Ag. 9. Effect o f  d iffe re n t w eed m anag em en t m eth od s on percentag e w eed in fe s ta tio n  (ang u larly  
_____________transform ed ) and girth  o f ru bber__________

Treatment Mean weed infestation (%) 
(January 99 to Decem ber 99) Girth (cm)

Scraping entire platform 25.05 34.75
Slashing entire platform 41.81 33.00
Spraying Gram oxone + I-ernoxone in planting strips 26.78 30.62
Spraying G lyphosate in planting strips 28.65 34.25
Slashing interspaces and scraping plant basin 34.27 33.75
Slashing interspaces and spraying Gram oxone + Fem oxone in the plant basin 31.28 33.00
Slashing interspaces and spraying Glyphosate in the plant basin 33.03 32.00
SE 1.59 1.46
C D  (P=0.05) 4.72 NS



Table Ag 10. Percentage weed infestation (angularly transform ed) and w eed dry m atter production in different
weed control treatm ents

Meai
Treatment

n weed infestation (' 
(Sept 98 -  Dec 99)

;;,) Weed D M P one month after im position 
of treatm ents (g/n\2)

Sum m er Rainy season
Scraping 33.82 12.65
Gramoxoiu- + Fem oxone 39.71
G lyphosate 2 l/ha (Knapsack) 36.84 12.00 43.20

Glyphosate 2 l/ha (CDA) 33.79 22.85
Glyphosate 1.5 l/ha (CDA) 35.41
Sulphosate 2 l/ha (Knapsack) 36.15 11.80 44.40
Sulphosate 2 l/ha (CDA) 34.21 1.50 23.85
Sulphosate 1.5 l/ha (CDA) 36.90 4.95 40.80

SE
CD  (P-0.05)

2.93
NS

2.27
6.70 4.91

(Gramaxone) + 2,4-D (Fem oxone) sprayed 
treatm ents. D uring rainy season , weed 
DM P w as m inim um  In scraping followed 
by the treatm ents w here glyph osate and 
sulfosate were applied with CDA at 2 L/ha 
(Table Ag. 10).

The experim ent started during 1998 at 
TR & T Estate, M undakayam  to study the 
effect of herbicide rotation on the extent 
o f  w e e d  c o n tro l w a s in  p ro g re s s . 
O bservation on weed infestation indicated 
th a t a ll the t re a tm e n ts  w e re  e q u a lly  
e ffec tiv e  for w eed co n tro l in p la n tin g  
strips, and the treatm ents need be repeated 
at 75%  regeneration o f weeds.

8 . Discriminatory fertilizer recommendation

D iscrim inatory fertilizer recom m enda­
tion based on soil and leaf analyses w ere of­
fered to 695 fields belonging to 23 large Es­
tates. A  total of 1123 soil and 660 leaf sam ples 
were analysed during the period.

In D iagnosis and Recom m endation Inte­
grated System  (DRIS) approach for fertilizer 
recom m endation, leaf nutrient values and 
corresponding yield data from  fields were 
collected. Com pilation of leaf nu trient val­
ues and corresponding yield data available 
with the Econom ics Research Division w as 
initiated for developing database.

BIO TECHNOLOGY DIVISION

M ajor research  in the B iotechnology  
Division focussed on developing transgenic 
plants, in vitro propagation through shoot tip 
culture, som atic em bryogenesis and in vitro 
m icrografting, protoplast mediated genetic 
m a n ip u la tio n , d ev e lo p m en t o f in v itro  
h ap lo id  p lan ts and in v itro  fertilization  
techniques for controlled breeding, molecular 
c o n tro l o f g ro w th  and d ev e lo p m en t, 
identification and characterisation of genes 
controlling tapping panel dryness (TPD), 
b io tic  and ab io tic stress etc .,  m olecu lar

con tro l of gene ex p ress ion  an d  d isea se  
tolerance and tissue specific gene expression 
and ch a ra c te risa t io n  o f t is s u e  s p e c if ic  
prom oters. Transgenic RRII 105 p lantlets 
in corp orated  w ith  the g en e  c o d in g  fo r 
su p eroxid e d ism u tase  w ere  d e v e lo p ed . 
Methods were developed for high frequency 
so m a tic  e m b ry o g e n e s is  an d  p la n t 
regeneration using im m atu re an th er and 
im m ature inflorescence as explants. D N A  
m arkers w ere id e n tifie d  fo r co n fe rrin g  
tolerance to Phyfophthora.



1. M icropropagation

A ttem pts to develop a m ore efficient 
m icropropagation system through shoot tip 
and nodal cultures have resulted in multiple 
shoot induction and single bud sprouting in 
the nodal cultures of RRII 105 and RRIM 600. 
Multiple shoot form ation from germinating 
somatic embryos of Hei>ea could be achieved 
in the presence of TDZ (2.0 (iM) or high lev­
els of BA (22.0 (jM). Individual microshoots 
were rooted in horm one free medium. An 
average of 3 microshoots per explant could 
be in d u ced  by  th is system . The m icro ­
cu ttin g s of the sh oo ts w ere cu ltu red  in 
elongation medium where axillary buds got 
elongated. Later these cuttings were rooted 
in m edium  fortified with IBA. An average 
m ultiplication rate of 10 per somatic plant 
could be achieved through this technique.

An efficient plant regeneration technique 
th ro u g h  s o m a t ic  e m b ry o g e n e s is  is  a 
prerequisite to m ake the Agrobacterium  me­
diated gene transfer technology a reality. 
Two separate pathways using explants from 
im m ature anther and inflorescence were 
developed, w hich achieved a low frequency 
som atic em bryogenesis and plant regenera­
tion. Im provem ent over the existing path­
way w as attempted by evaluating the influ­
ence.of auxins (2,4-D, picloram , NAA, IBA 
& IA A ), cy to k in in s  (BA , 2ip, k in etin  & 
zeatin), GA^and ABA and different concen­
trations of sucrose (58-350 mM). Embryo 
indu ction  w as favoured by both BA and 
zeatin in the presence of low levels of NAA 
or 2,4-D. Significant increase in em bryo in­
duction frequency was observed in the pres­
ence of G A r  Percentage maturation of the 
som atic em bryos was highest on horm one 
free m edium  with a high sucrose concentra­
tion. Plant regeneration frequency was high­
est on media fortified with BA and GA,along 
with a low sucrose concentration. H ie same 
protocol w as extend ed  to the exp lan ts of 
R R IM  600 , R R II 208, P R  255, PB 280 and

G T  1 and observed that different stages of 
the pathway were highly genotype specific.

Callus induction, somatic em bryogen­
esis and plantlet regeneration using imma­
ture anther explants were achieved. Fifteen 
day old callus was found to be ideal for the 
first subculture to em bryo induction me­
dium. The best response of plant regenera­
tion was obtained when the culture medium 
w as supplemented with 50 mg/1 adenine 
sulphate and the frequency decreased by in­
creasing the concentration beyond 50 mg/1. 
To develop a high frequency continuous 
plant regeneration  system , a lon g -term  
embryogenic system was initiated from the 
primary em bryogenic cultures.

Work was also initiated to develop a sys­
tem of plant regeneration through somatic 
embryogenesis / organogenesis from leaf ex­
plants. One week old leaves precultured in 
liquid medium favoured callus induction on 
transfer to sem isolid medium. For obtaining 
good quality  callus, optim um  h o rm on e 
co n cen tra tion  w as found to be 1.0 m g/1 
BA and 1.5 mg/I 2,4-D.

2. G enetic transform ation

Am ong the different methods attempted 
for the introduction o f foreign genes into 
Hevea, Agrobacteriwu mediated genetic trans­
formation system w as found to be the most 
suitable one. To develop transgenic plants 
tolerant to drought and low incidence of tap­
ping panel dryness, genes coding for sorbi- 
toI-6-phosphate dehydrogenase, superoxide 
d ism u tase , iso p en ten y l tra n sfera se  and 
antisense A CC synthase were selected.

The selectable m arker gene used in all 
gene constructs in die present study was npt
II. This gene confers tolerance to four anti­
biotics -  Kannamycin, Neom ycin, Geneticin 
and Parom om ycin. To use these antibiotics 
as alternative for the selection of transgenic 
calli w ithout affecting the norm al growth 
and development of the plantlets, kill curves 
were determ ined (Table Biotech.1).



Table Biolech. 1. O ptim um  con centratio n  required 
for the se lection  o f  transform ed 

__________  H evea  callus.

Antibiotic
Concentration

(mg/I)

Optimum 
concentration 

(mg/l)
Neomycin 100-500 Insensitive even at

Kannamvcin 100-500
500 mg/l 
300

Geneticm 50-250 100
Paromomycin 100-500 300

Low frequency plantlet regeneration was 
obtained from the transgenic em bryos of 
R R II105 w ith the gene coding for sorbitol- 
6 -p h o sp h a te  d e h y d ro g en a se . T h ou g h  
attempts were made to harden these plantlets, 
no plantlet survived.

G enetic transform ation experim ents 
w ere carried w ith the SOD gene under the 
control of 35S and 34S promoter. With the 
35S prom oter transform ation experim ents 
were performed and 14 new transgenic cel] 
lines were developed. Em bryo induction 
and plantlet regeneration w ere achieved. 
Ten plantlets were obtained and these are 
under acclim atisation for field transfer.

Genetic transformation experiments were 
also carried out with the SOD gene under 
the control of 34S prom oter and experiments 
on the effect of stress on embryo maturation 
and plant regeneration are in progress. Water 
s tres s  w as in d u ced  w ith  d ifferen t 
co n cen tra tion s of p hytagel (0 .2- 1% ) and 
osm otic stress using PEG , m ann ito l and 
sorbitol Effect of cold treatment on embryo 
germination w as also studied by maintaining 
the cultures at 10 °C for different time intervals 
of 7 ,14 ,21  and 30 days. Induction of osmotic 
stress at 6% PEG enhanced the frequency of 
em bryo induction. However, no significant 
e ffec t w as n o ticed  w ith  cold  treatm ent. 
Transgenic cell lines with the antisense gene 
for SO D  were developed and embryogenesis 
obtained.

S ev en teen  tran sgen ic cell lines w ere 
d e v e lo p ed  w ith  the gene co d in g  fo r

isopentenyl transferase. Experim ents were 
carried out with varying nutrient composition 
for embryogenesis from the transgenic calli. 
Embryogenesis could be obtained from three 
of these lines. A few norm al em bryos formed 
were tried for maturation and both shoot and 
root induction could be obtained, but further 
growth was found arrested. Attem pts were 
m ad e to in c rea se  th e  e ff ic ie n c y  of 
embryogenesis and plant regeneration.

In o rd er  to  reg u la te  th e  e th y le n e  
biosysnthesis and thereby to reduce in ci­
dence of TPD, experim ents were initiated to 
introduce antisense ACC synthase gene into 
clone RRII 105, w hich is susceptible to TPD. 
M any transgenic ce ll lines w ith antisense 
ACC synthase could be obtained. O nly five 
cell lines have so far given rise to em bryos. 
M ature em bryos developed from  tw o cell 
lines have germ inated into  fu ll plantlets. 
Eventhough these plantlets were grow ing 
well in the initial stages, after reaching 2 or 3 
whorls, senescence of the leaves followed by 
gradual drying up of the plants w as observed.

3. Protoplast culture o f H ev ea  b ra s il ien s is  

A system for plant regeneration via  so­
m atic em bryo induction from protop lasts 
isolated from em bryogenic cell suspension 
o f H evea  h a s  a lread y  b e e n  d e v e lo p e d . 
Further studies to im prove the efficiency of 
th is system  h ave resu lted  an en h a n ced  
em bryo indu ction frequency w ith am in o 
acids arginine and proline when incorporated 
at lower concentrations (50-100 mg/1). M axi­
mum em bryo indu ction  w as observed  at
1.4 j jM w h ereas the p la n t reg e n e ra tio n  
frequency was highest at 2.0 jjM  of G A V

4. H aploid  p la n t p ro d u ctio n  th ro u g h  
microspore/ovule culture

For pollen cu ltu re, the iso lation  tech ­
niques, pretreatm ent of anthers and the n u ­
trient m edia com positions for getting  m i­
crospore division have been standardised. 
The late uninucleate stage w as identified as



the ideal stage for m icrospore culture. A 
m o d ifie d  M S b a sed  n u tr ie n t  m ed iu m  
co n ta in in g  growth regulators such as BA 
and 2,4-D were identified for the induction 
of calli from unpollinated ovule. Medium 
for calli proliferation as well as embryogenic 
calli form ation also has been identified.

5. In  v itro  fertilization and plant recovery

Prelim inary studies for establishing a 
s u cce s s fu l in  v itro  fe r til iz a tio n  system  
through different m ethods of in vitro polli­
nation have been carried out. Enlargement 
of the ovary has been observed after in vitro 
stigm atic pollination. Fluorescent micro­
scop ic stu d ies revealed  the p o llen  tube 
growth and entry into the ovules between 
24 -  48 hours after pollination.

6. M olecular b io logy  of H evea

A quick, sim ple and reliable m ethod for 
the isolation of high quality intact total RNA 
from bark tissues w as developed. The first 
strand cD N A  w as synthesized  from  this 
tota l RN A  u sin g  R T-P C R  k it. V ariou s 
prim ers w ere designed and synthesized  
for further gene am plification  and expres­
sion  studies.

Attem pts were made to isolate and clone 
the full gene corresponding to the RAPD

BOTANY

T h e D iv is io n  c o n d u cts  resea rc h  on 
h y b r id is a t io n , o rte t  s e le c tio n , clo n e 
evaluation, on-farm trials, anatomy, cytology 
and horticultural m anipulation techniques 
for vegetative propagation of clonal material. 
Thrust area of activ ity  of the D ivision is 
identification of clones having more yield 
and better secondary characteristics than 
RRII 105. In the research on hybridisation 
and se lection , 28 exp erim en ts involving 
artificial hybrid clones, 15 ortet trials using 
the plus trees selected from open pollinated

m arker id entified  earlier for conferrin g  
tolerance to TPD. In the preliminary experi­
m ents, the intensity of the amplified band 
was very poor. Further work was in progress 
to optimise the PCR conditions for amplifi­
cation of the full gene. To understand the 
molecular mechanism of tolerance to leaf fall 
disease caused by Phytophthora, RAPD analy­
ses were carried out with random  primers 
using total DNA isolated from tolerant and 
su scep tib le  lin es. A m ong 100 random  
10-m er primers, 8 were found to give good 
polym orphic bands. Further analyses using 
8 primers have resulted in three bands asso­
ciated with tolerant lines. Out of the three 
markers a 2.5 kb band, w hich is present in 
most of the tolerant clones was selected for 
further studies.

Work has been initiated to characterise 
the laticiferous specific promoters. A  strat­
egy was developed for the isolation of pro­
moters. Primers were designed for the am­
plification of promoter by PCR. RAPD pro­
file studies on 37 clones using 80 prim ers 
were conducted. N ine prim ers were identi­
fied to be very good for generating polym or­
phic bands for studying genetic linkage and 
identification of m arkers associated with 
agronomically important traits.

DIVISION

seed trees from  d ifferen t e sta tes  are in 
progress. Regarding the evaluation of both 
indigenously developed as well as imported 
clones, 13 large-scale trials and 12 on-farm 
tria ls  are un d er way. T he tria ls , bein g  
conducted both in the traditional and non- 
traditional regions are under various stages 
of evaluation. In the studies on anatom ical 
investigations, five experim en ts on bark 
anatom y in relation to yield and TPD, two 
s tu d ie s  on w o o d  an atom y  an d  tw o 
collaborative experim ents are in progress.



Apart from these, studies on cytology, stock 
scion interaction, floral biology and fruit set 
and m o rp h olo g ica l ch a ra cte riz a tio n  of 
various clones are also in progress. Nine 
pipeline clones have been found to be better 
yielding than RRII 105.

3. Plant breeding

U nder the p ro jec t on evo lv ing  high 
yielding clones, 28 experim ents involving 
artificial hybrid clones, 15 ortet trials and two 
trials w ith clones resultant of m utations, 
polyploidy and irradiation are in progress. 
The clones are in various stages of evaluation.

In the 1985 trials, where 63 hybrid clones 
and their parents are under evaluation, nine 
hybrids of the crosses between RRII 105 and 
RRIC 100 continued to show superiority in 
yield over R R JI105. The yield improvement 
ranged from 10 to 56% during the 6'h year of 
tapping (Table Bot. 1). In the 1990 trial, four 
hybrids recorded yield on par with RRII 105 
during the second year (Table Bot. 2).

In the 1988 trial, two ortets were found 
to be superior to RRII 105 during the second 
year of tapping (Table Bot. 3.) Out of 64 ortets 
under evaluation at Cheruvally Estate, four 
clones out yielded RRII 105 w'ith a m ean 
yield ranging from 49.85 to 56.93 g/t/t in the 
th ird  year of tapping  in the sm all-scale 
evaluation trial. M ean yield of RRII 105 was 
47.8 g/t/t. In the M undakayam  Estate, six 
selections continued to show  com parable

Table Bot. 1 Yield and heterosis o f the pipeline clones

G o n e
Yield

(g/t/t)
Standard 

heterosis (°A
82/3 82.59 27.99
82/4 72.12 11.76
82/7 71.15 10.26
82/14 87.11 34.99
82/17 84.95 31.64
82/21 100.67 56.00
82/22 82.30 27.54
82/29 893 4 38.45
82/30 76.13 17.98
RRII 105 64.54 _

Clone Girth (cm) Yield (g/t/t)
29 63.08 50.84
213 57.65 46.43
347 69.71 45.25
758 51.00 45.00
RRII 105 58.29 48.20

yield w ith R R II 105 in the th ird  y ear of 
ta p p in g . A t K on ey  E sta te , o u t o f  4 7  
s e le c tio n s , 11 c lo n e s  in d ic a te d  b e tte r  
perform ance over RRII 105.

T he p ro jec t on e v a lu a tio n  o f c lo n e s 
co m p rise s  13 la rg e -s c a le  t r ia ls  an d  12 
on-farm trials being conducted in different 
regions of the traditional as w ell as non- 
traditional zones. In the 1985 trial a t RRS, 
D apchari, highest yield w as observed for 
RRII 105 (1332 kg/ha) followed by RRII 208, 
PR 255, RRIM 605, RRIC 100 and RRII 6 during 
the second year of tapping (Table Bot. 4).

In t r ia l- I  o f  th e  m u lt id is c ip lin a r y  
eva lu ation  o f c lo n es (1989), R R II 5 w as 
found to give significantly better y ield and 
in tria l-II , e ig h t c lo n es (PB 2 3 5 , PB  255 , 
PB 260, PB 280, PB 311, PB 312, PB 314 and 
KRS 163) show ed significantly  better y ield 
than RRII 105.

In the onfarm  trial at M anickal Estate, 
RRII 105 recorded a m ean annual y ield of 
1846 kg/ha during the 6th year o f tapping

Table Bot. 3. Perform ance o f  ortets and

Clone Girth (cm) Yield (g/t/t) 
A nnual Sum m er

31 65.08 18.61 15.24
35 67.43 25.81 21.66
55 62.04 1 333 12.22
99 52.19 15.91 15.83
32/6 58.96 24.59 23.96
33/8 65.80 47.88 35.94
34/3 47.59 22.61 19.05
38/1 58.31 24.28 22.83
39/1 56.00 22.81 21.01
RRII 105 56.00 23.70 19 3 7
Grand mean 56.05 22.84 19.40

5.14 7.26 8.29
C.D. 10.21 9,17 6.16



Table Bot. 4. G irth  yield and of c lones at Dapchari

Clone
Girth
(cm)

Yield
(g/t/0

R R IJ5 51.6 22.6
RRII 6 55.7 25.8
RRII 105 51.8 33.1
RRII 208 5 9 2 27.8
RRII 308 49.2 23.3
RRIM  605 51.3 25.1
PB 260 51.3 25.8
PB 310 5 1 5 20.5
PB 311 50.5 24.0
RRIC 52 57.2 16.1
RR IC 100 53.6 26.0
RRIC 102 54.7 21.5
RRIC 105 51.4 16.0
PR 255 50.4 27.0
PR 261 49.8 23.3

Table Bot. 5. Yield of c lones in the on -farm trial at
M anickal Estate

C lone Yield (kg/ha/yr)
RRII 2 896
RRII 4 1384
RRII 105 1846
RRII 300 1084
RRII 308 880
PB 235 1036
PB 310 1124
GT 1 849

(Table Bot. 5). In the trial at Koney, clones 
PB 314 and PB 260 recorded 77 and 63.5 
g/t/t while RRII 105 gave 53 g/t/t during 
the fifth year of tapping (Table Bot. 6).

2. A natom ical investigations

Five experim ents on bark  anatom y in 
relation to growth and yield, and TPD are 
in progress. Two studies on wood anatomy 
viz., conduit dim ensions of clones grown 
under two agroclim ates and effect of ethrel 
s tim u la tio n  on w ood q u ality , and tw o 
co lla b o ra tiv e  ex p erim en ts  w ere also  in 
progress.

The study on effect of debarking on 30 
TPD  affected trees each of RRII 105 and 
RRIM  600 from two locations continued. Hie 
dry unproductive bark w as rem oved and 
w ound dressing com pound was applied.

Table Bot. 6. Grow th and yield  o f c lones in the on- 
____________ farm trial at K oney Estate_______________

Clone Girth (cm)
Yield

(g/t/t)
RRII 5 60.28 48.1
RRII 105 59.22 52,9
RRII 300 6036 60.5
PB 260 68.03 63 5
PB 314 63.20 77.0
PR 255 58.52 55.0
PR 261 58.35 55.5
SCATC 88/13 55.71 47.0

Season al bark  anatom ical features w ere 
record ed  from  b ark  sam p les co llected  
monthly from clone RRII 105 (Table Bot. 7). 
Num ber of LVR (Latex vessel rows) showed 
higher values during the winter period and 
least values were recorded during summer. 
Girth recording was carried out in untapped 
trees applied with 5%  ethrel in order to study 
the effect of stimulation on the anatom y and 
histochem istry of untapped trees. Different 
methods of ethrel stimulation were imposed 
on e le v e n  clo n e s from  a la rg e -s c a le  
evaluation trial at CES, Chethackal, to study 
die clonal response to stimulation. Periodic 
observations on yield, DRC and panel length 
were carried out. M onthly bark application 
of ethrel (5%) w as continued in two clones

Table Bot. 7. Seaso nal changes in b ark  anatom ical 
characters

Thickness Latex vessel
Month of bark (mm) rows

S B H B S B H B
ju l -9 7 4.27 4.10 10.88 1.44
Aug- 97 3.40 4.27 8.96 3.04
Sep -9 7 3.02 4.37 8.96 3.12
Oct -9 7 3.01 4.16 9.63 5.20
Nov- 97 2.53 5.69 9.44 8.36
D e c -9 7 2.85 5.35 9.56 5.92
Jan -98 3.30 4.71 11.12 4.84
Feb -9 8 2.45 6.09 8.44 4.92
M ar- 98 2.97 5.04 9.40 4.44
A p r-9 8 2.83 5.54 8.08 4.72
M ay-98 2.94 5.4(1 9.12 3.44
Jun -9 8 3.29 5.43 10.16 4.92
CD 0.55 0.77 2.21 1.63
CV 15.41 13.39 9.47 37.91



viz., RRII 105 and RRIM  600 to study the 
e ffec t o f  long term  eth rel stim u lation on 
rubber w ood quality.

Virgin and renewed bark sam ples were 
collected from  the sm all scale evaluation of 
hybrid clones (1982). N um ber of latex vessel 
row s recorded high value for 82/3 (36.36) 
follow ed by 82/14 (34.33), 82/29 (29.66) and 
fo r  R R II 105  (2 8 ). X y lem  ray  ce ll 
characteristics of three clones viz., RRIC 52, 
RRH 105 and PR 261 from a drought prone 
region (RRS, Dapchari) were determined and 
com pared with that of the traditional region 
(S FC K , P u n a lu r) in o rd er  to  stu d y  the 
con d u it d im en sions in relation  to w ater 
translocation (Table Bot. 8 ).

In v e stig a tio n s on stru ctu ra l ch an ges 
o ccu rrin g  in H ev ea  ca llu s revealed  that 
during the early phase, cells were active with 
abundant cytoplasm  and prom inent nuclei. 
N um erous developing em bryos were also 
noticed. D uring the later phase, cells were 
in active and m ostly  filled  w ith phenolic 
contents.

A few light m icroscopic stains could be 
identified  to im prove the clarity  of filler 
distribution pattern in rubber, under optical 
microscopy.

3. Propagation and planting m ethods

G ir th  rec o rd in g  an d  p e r io d ic  
observations were continued in the trial on 
budding height and depth of planting. In the 
com parative study on tw'in stock and single 
stock, no significant difference was observed 
both in growth and yield. In the study on 
delayed opening and pulling  out on bud 
uptake and establishm ent of budded plants, 
m axim u m  b u d d in g  su ccess  and fu rther 
establishm ent w as noticed in the treatment 
w hich w as opened 25 days after budding 
and pulled out after 10 m ore days. In the 
fe a s ib ility  stu d y  on y o u n g  b u d d in g  
technique in rubber, better scion growth was 
n o tice d  a fte r  10 m o n th s, in  the y ou n g  
budded plants than the conventional green 
budded plants (Table Bot. 9).

In the trial to assess the perform ance of 
sev en  m o d ern  c lo n e s  on d iffe re n t ro o t

Table Bot. 9. G row th of scion
Budding technique H eight (cm) W horls
Young budding

42 days old  stock 135 2.9
49 days old stock 151 2.9
56 days old stock 161 3.5

Green budding (control) 121 2.9
CD 2.7 NS

Table Bot. 8 . M ean cond uit d im ensions in H ev ea  c lones from  two locations (L l -Pun alur, L2- D apchari)
Depth* Character Clones

RRIC 52 RRII 105 PR 261
I N o/unit area Ll 20.80 ±  0.76 20.89 ± 1.25 2 6 .1 2 1  1,06

L2 22.69 ±  0.76 2 3 .9 1 1  0.89 26.92 ±  0.67
HeighK jim) Ll 585.86 ±22.76 535 .07± 23 .35 4 74 .35+  8.28

L2 555.35 ±22.92 510.71 ± 2 2 .0 7 546.85 + 17 .4 0
Width (urn) L l 60.41 ±  1.43 49.85 ± 4.21 41.35 ±  1.28

L2 50.71 ±  1.71 41.43 ±  1.14 4 2 .3 5 1  1.07
II N o/unit area L l 20.45 ± 0.35 21.58 ±  0.97 2 6 .1 8 1  1.03

L2 21.98 ±  0.62 23.67 ±  0.39 24.84 + 0.52
Height( nm) Ll 547.33 ±13.16 580 .4 0 1 1 9 .5 9 55 9 .7 7 1 1 8 .6 8

L2 533.21 ±14.14 49 1 .21135 .85 494.92 + 17.42
W idth (jim ) Ll 50.30 ±  1.35 4 5 .4 5 1  1.38 3 8 .0 7 1  1.72

L2 50.92 ±  1.00 4 3 .0 7 1  1.85 3 8 .4 2 1  1.21



Table Bot.10. Perform ance o f c lones on d ifferent root 
_____________ system s
Treatment 
(stock x scion)

M ean girth 
(cm)

Mean yield 
(g/t/t)

RRII 105 x RRH 105 74.08 73.09
RRU 118 x RRII 118 81.01 52.08
RRII 203 x RRII 203 82.59 52.35
RRII 208 x RRU 208 71.02 63.88
G T 1  x G T l 76.42 55.37
G I l x C l l 77.42 46.84
R R IM 600 x RRIM  600 73.63 50.64
AS x RRII 105 70.04 91.71
AS x RRU 118 83.03 47.68
A S x RRII 203 84.14 51.71
AS x RRII 208 70.52 59.84
A S x G T l 73.35 46..15
AS x G i l 71.13 42.08
A S x RRIM 600 71.88 49.20
A S : Assorted stock

system s, m ean girth and yield of different 
tre a tm e n ts  are g iv e n  in  Table B ot.10 . 
Vigorous clones like RRII 203 and RRII 118 
gained m ore girth and high yielding clones,

RRII 105 and RRII 208 recorded m ore yield 
on all stocks.

4. Cytogenetical studies

The project envisages to understand the 
chromosome behaviour and pollen biology. 
M itotic and meiotic studies were carried out 
in an induced polyploid of the clone PR 107. 
T he so m atic  ch rom osom e n u m b er w as 
2n=4x=72, confirming tetraploidy. Meiosis 
w as h ig h ly  irreg u lar in th is te trap loid  
sh ow in g  the p resen ce  o f u n iv a le n ts , 
bivalents, tri valents and tetravalents in 
varying proportion. Apart from the 3-zone 
colporate pollen grains, 4 zone colporate 
grains and micropollen were present. Pollen 
s ta in a b ility  w as red u ced  (7 0 .2 4 % ) as 
compared to the diploid (90.43%). Pollen 
germination studies on different clones were 
continued. The clones PR 255 and KRS 128 
ex h ib ite d  3 8 .3 6 %  and 4 2 .6 7 %  p o llen  
germination respectively.

GERM PLASM  DIVISION

The division is mainly concerned with the 
introduction, collection, conservation and 
evaluation of Hevea germplasm. At present, 
the W ickham clones are being conserved in 
the field gene banks of one clone museum 
and five germ plasm  gardens, while the wild 
germplasm is being maintained in eight con- 
servation-cum - source bush nurseries. Apart 
from the agronom ic evaluation of the wild 
germ plasm , screening for biotic and abiotic 
stress resistance and m olecular characteriza­
tion are also being carried out.

1. Conservation and docum entation

1.1 D om esticated genepool

The clone m u seum  con sistin g  of 166 
W ickham clones w as m aintained and one 
more clone was added to the existing collec­
tio n . D ata  co lle c t io n  from  the fiv e -

g erm p lasm  g a rd en s co m p ris in g  125 
W ickham  clo n e s e s ta b lis h e d  at C E S, 
Chethackal w as continued. M onthly cup 
lump yield was recorded from Garden II and 
III and annu al g irth  w as recorded from  
Gardens II, III, IV and V. As data recording 
in Garden I has been discontinued due to 
high wind damage, it was decided to replant 
two of the replications, while the third would 
be retained fo r  con servation  p u rp ose. An 
experim ent to exam ine the feasib ility  of 
ratooning in Hevea w as designed in two 
rep lication s before rep lan tin g  this area. 
A ccordingly, trees from  tw o rep lication s 
were felled at a height of 20 cm s. Sim ulta­
neously, 39 clones of this garden were mul­
tiplied and raised in polvbags. The sprout­
ing and further growth in both the sets of 
p la n ts  w’ill be m o n ito red  in it ia lly  fo r a 
period of one year.



Among the 35 clones in Garden II. RRIM 703 
had tlie highest annual yield in the thir teenth 
y ear, w h ile  R R IM  6 0 4 , R R IM  701 and 
RRIM 607 recorded yield com parable with 
that o f the contro l clone RRII 105 (Table 
G er.l). Twenty two clones had an average 
annual girth com parable with or higher than 
RRII 105 over 13 years.

Table G e r . l .  Y ield  and  girth  o f selected  c lones
Clone Yield (%) G irth (cm)
RRII 105 100.00 87.70
RRIM 604 84.00 105.29
RRIM  701 85.00 90.60
RRIM  703 118.00 90.39

RRIM  607 92.00 105.86

T h e  16 c lo n e s in  G ard en  III  show ed 
significant clonal differences for annual girth 
an d  y ie ld . A m o n g  the c lo n es, RRII 203, 
PB 311 and RRII 5 were the high yielders and 
R R II 118, RRII 300 and RRII 44 were the vig­
orous clones (Table Ger. 2).

In Garden IV, IRCA 111 and IR C A 130 had 
higher annual girth than RRII 105. Scoring 
of Gleasporiiuu  for one season indicated 50% 
res ista n ce  fo r IR C A  109 and IRCA  111. 
G row th of the clones in Garden V in the 
s ix th  year o f p lanting  w as m onitored in

Table Ger. 2 . Y ie ld  an d  g ir th  p e r fo rm a n c e  o f  16 
W ickham  clones

Clone_________ M ean Yield (g/t/t)______ Girth (a n )
RRII 1 48.99 85.28
RRII 2 33.96 66.49
RRII 3 53.79 86.92
RRH 4 71.92 71.25
RRII 5 82.59 80.84
RRII 6 55.62 88.92
RRII 44 57.45 102.79
RRII 118 50.89 110.21
RRII 203 91.80 101.65
RRI I 206 77.00 99.20
RRII 208 52.61 78.56
RRII 300 56.32 104.33
RRII 308 73.01 80.47
PB 260 59.26 79.30
PB 310 82.55 87.05
PB 311 86.93 75.08

term s of the annual girth. Am ong the 20 
clones, RRIC 100 show ed the highest girth 
(32.35 cm ) while RRIC 102 (28.22 cm ) and 
R R II 178 (2 7 .43  cm ) w ere on p ar  w ith  
R R II 105 (22.31 cm ) (Table G er. 3). The 
second round of visual scoring for Oidiuin 
resistance w as carried out in collaboration 
with the Plant Pathology Division.

Table Ger. 3. G irth  o f  20 W ickh am  c lo n es  (S ixth  year
a fte r  p lan tin g )

Clone Girth (cm) C lone G irth (cm)

RRII 12 25.42 RR IC  36 18.11
RRII 15 18.33 RRIC 100 32.35
RRII 20 20.93 RR IC  102 28.22
RRII 22 21.26 PB 255 25.41
RRII 23 25.72 RRIM  609 27.30
RRII 27 19.81 RRIM  618 15.41
RRII 105 22.31 SCATC 88 -■ 13 20.90
RRII 108 19.73 SCATC 93 ■• 114 22.74
RRII 168 24.30 Haiken 1 22.87
RRII 178 27.43 PR 255 14.25

C D  (P  = 0.05) 7.90

Statistical analysis of the data on the m a­
ture plants from the experim ent on m ulti­
variate analysis in 25 you ng and m ature 
clones of H eim ,  revealed that girth , rubber 
yield, dry rubber content (D RC), plugging 
index (PI), single leaf area (SLA), specific leaf 
weight (SLW)/ total chlorophyll content and 
biochemical param eters like thiols, inorganic 
phosphorous (Pi), sucrose and m agnesium  
in the latex, show ed highly significant clonal 
differences (at 1% level), while total solids 
content (TSC) in latex was significant at 5%  
level. Relatively high genotypic coefficient 
of variation (G CV ) w as seen  for the four 
latex biochem ical traits and yield. M edium  
to  h ig h  h e r ita b il i ty  (H 2-b ro a d  s e n s e )  
followed by high genetic advance (G A) was 
exhibited by yield, sucrose, thiols and m ag­
nesium  (Table Ger. 4). Anatom ical observa­
tions of bark and leaf sam ples are in progress.

1.2 Wild gencpool

A total of 3617 wild accessions are being 
conserved in eight source bush nurseries. 
Another 200 accessions from the non-tradi-



Table Ger. 4. G en etic  param eters for 12 traits in 25

Traits PCV GCV HJGA
GA

(a s % o f  mean)
Y ield " 39.76 28.87 52.74 43.19
Girth** 18.26 13.95 58.40 21.96
D R C " 8.90 5.93 44.48 8.15
TSC* 7.51 3.88 26.78 4.14
Thiols*’ 33.19 23.58 50.48 34.51
Pi” 29.92 22.60 57.08 35.18
Sucrose* 43.00 35.29 67.39 59.66
Mg** 45.21 29.45 42.42 39.51
PI** 26.73 17.99 4 5 3 0 24.95
SLA** 26.09 15.61 35.81 19.24
SLW** 17.9] 11.08 38.25 14.11
Tot. Chi* 23.46 16.78 51.15 24.71

levels respectively
significan t a t 5  and 1%

tional region of N E India (Guwahati), were 
m u ltip lied  and established in a polybag 
nursery at RRII m ain cam pus, Kottayam , 
along with Lhree controls for field planting 
in the ensuing season. Twenty accessions 
with distinct morphological variations were 
multiplied and planted in a polybag nurs­
ery for establishing a demonstration plot at 
RRII m ain campus.

In a  study involving 75 wild accessions 
in one of the nurseries, girth, bark thickness 
and total num ber of laticifer rows showed 
relatively high correlation w ith yield. Path 
analysis showed that total num ber of latici­
fer rows had the highest direct effect on yield.

Six accessions with promising juvenile yield 
were identified from three of the nurseries.

Herbarium specimens of 126 genotypes 
were prepared in the current year. In order to 
induce flowering in the remaining accessions, 
ring barking of 1100 trees was carried out.

2 . C h a ra cte risa tio n  and p re lim in a ry  
evaluation

445 wild accessions are under evaluation 
at CES, Chethackal, in various evaluation 
trials. Yield was recorded from the 1990 pre­
liminary evaluation treal (PET). Four clones 
(MT 196, AC 163, AC 716 and 7.111) showed 
relatively  h igher y ield  am ong the wild 
germplasm. Average cup lump yield in the 
first year of opening was recorded in the 
peak season in the two PETs planted in 1992. 
The data showed significant clonal variation. 
The y ield o f A C 65 4  (1 0 .98  g / t/ t) and 
M T 1056 (16.36 g/t/t) were statistically on 
par with that of the control clone in the two 
experiments. (9.72 g/t/t and 16.13 g/t/t re­
spectively). Several genotypes were found 
to be more vigorous in growth than the con­
trol clone RRII 105. Fifteen genotypes had a 
girth value more than 40.00 cm in com pari­
son to 32.40 cm for the control clone in the 
first experiment, while 12 clones in the sec­
ond experim ent had values above 40.00 cm 
compared to 37.25 cm  for the control clone 
(Table Ger. 5).

Table Ger. 5. G irth o f selected clones

SI No
Experiment A

SI No
Experim ent B

Genotype Girth (cm) Genotype Girth (cm)
1 M T 1030 40.28 1 M T 454 40.07
2 M T 948 40.41 2 R 0 3 0 3 40.46
3 R O  287 40.47 3 RO  329 40.66
4 RO  338 40.60 4 M T 1056 40.78
5 RO  322 41.31 5 RO 401 40.95
6 RO  868 41.35 6 RO 273 41.28

RO  352 41.81 7 M T 1032 41.38
8 RO  859 42.28 8 RO  292 42.41
9 AC 1043 42.31 9 M T 1022 44.12

10 AC 626 42.45 10 RO  271 4 4 3 8
11 AC 650 42.81 11 RO  297 44.77
12 RO  361 44.60 12 RO  272 ■18.97
13 RO 328 44.80 13 RRII 105 37.25
14 MT 944 45.16
15 M T 1025 49.25
16 RRII 105 32.40



Among die 35 dones in Garden II, RRIM 703 
had the highest annual yield in the thirteenth 
y ea r, w h ile  R R IM  6 0 4 , R R IM  701 and 
RRIM  607 recorded yield com parable with 
that of the control clone RRII 105 (Table 
G er.l). Twenty two clones had an average 
annual girth com parable with or higher than 
RRII 105 over 13 years.

Table G er . l .  Y ield  and girth  o f  selected clones

Clone Yield (%) Girth (cm)

RRII 105 100.00 87.70

RRIM 604 84.00 105.29

RRIM  701 85.00 90.60

RRIM  703 118.00 90.39

RRIM  607 92.00 105.86

T h e 16 clo n es in  G arden III show ed 
significant clonal differences for annual girth 
and y ie ld . A m ong the c lo n es, R R II 203, 
PB 311 and RRII 5 w ere the high yielders and 
RRII 118, RRII 300 and RRII 44 were the vig­
orous clones (Table Ger. 2).

In Garden IV, 1RCA 111 and IR C A 130 had 
h igher annual girth than RRII 105. Scoring 
of Gleosporium  for one season indicated 50% 
res istan ce  for IRC A  109 and IRC A  111. 
G row th of the clones in Garden V  in the 
six th  year o f p lanting  w as m onitored in

Table Ger. 2. Y ie ld  an d  g ir th  p e r fo r m a n c e  o f  16
W ickham  clones

Clone M ean Yield (g/t/t) Girth (cm)
RRII 1 48.99 85.28
RRil 2 33.96 66.49
RRU 3 53.79 86.92
K R JI4 71.92 71.25
RRII 5 82.59 80.84
RRU 6 55.62 88.92
RRII 44 57.45 102.79
RRU 118 50.89 110.21

RRU 203 91.80 101.65
RRII 206 77.00 99.20
RRU 208 52.61 78.56
RRU 300 56.32 104.33
RRII 308 73.01 80.47
PB 260 59.26 79.30
PB 310 82.55 87.05
PB 311 86.93 75.08
C D  (P = .05) 41.75 18.68

term s of the annual girth. A m ong the 20 
clones, RRIC 100 show ed the highest girth 
(32.35 cm) while RRIC 102 (28.22 cm ) and 
RRU 178 (2 7 .43  cm ) w ere on p ar w ith 
RRII 105 (22.31 cm ) (T able G er. 3 ). The 
second round of visual scoring for Oiciiimi 
resistance was carried out in collaboration 
with the Plant Pathology Division.

Table Ger. 3. G irth  o f  20 W ickh am  c lo n es  (S ix th  year
a fte r  p lan tin g )

Clone Girth (cm) Clone G irth (cm)

RRU 12 25.42 RRIC 36 18.11

R R n 15 18.33 RRIC 100 32.35

RRU 20 20.93 RRIC 102 28.22

RRU 22 21.26 PB 255 25.41

RRU 23 25.72 RRIM  609 27.30

RRII 27 19.81 RRIM  618 15.41

RRU 105 22.31 SCATC 88 ■-13  20.90

RRII 108 19.73 SCATC 93 ••114 22.74

RRII 168 24.30 H aiken 1 22.87

RRU 178 27.43 PR 255 14.25

C D  (P = 0.05) 7.90

Statistical analysis of the data on the m a­
ture plants from the experim ent on m u lti­
variate analysis in 25 you ng and m ature 
clones of Hevea, revealed that girth, rubber 
yield, dry rubber content (D RC), plugging 
index (PI), single leaf area (SLA), specific leaf 
weight (SLW), total chlorophyll content and 
biochemical parameters like thiols, inorganic 
phosphorous (Pi), sucrose and m agnesium  
in the latex, showed highly significant clonal 
differences (at 1% level), while total solids 
content (TSC) in latex w as significant at 5%  
level. Relatively high genotypic coefficient 
of variation (G CV) w as seen  for the four 
latex biochem ical traits and yield. M edium  
to  h ig h  h e r ita b il i ty  (H 2-b ro a d  s e n s e )  
followed by high genetic advance (G A) w as 
exhibited by yield, sucrose, thiols and m ag­
nesium (Table Ger. 4). A natom ical observa­
tions of bark and leaf sam ples are in progress.

1.2 Wild genepool

A  total of 3617 wild accessions are being 
conserved in eight source bu sh  nurseries. 
Another 200 accessions from the non-tradi-



Table Ger. 4. G en etic  param eters for 12 traits i:

Traits PCV C.CV JT-GA
CA

( a s % o f  mean)
Yield** 39.76 28.87 52.74 43.19
Girth** 18.26 13.95 58.40 21.96
DRC** 8.90 5.93 44.48 8.15
TSC* 7.51 3.88 26.78 4.14
T h io ls " 33.19 23.58 50.48 34.51
Pi** 29.92 22.60 57.08 35.18
Sucrose** 43.00 35.29 67.39 59.66
Mg** 45.21 29.45 42.42 3951
PI** 26.73 17.99 45.30 24.95
SLA** 26.09 15.61 35.81 19.24
SLW** 17.91 11.08 38.25 14.11
Tot. Chi’ * 23.46 16.78 51.15 24.71

* C lo n al d ifferences 
respectively

ignifican t at 5  and l°/<

tional region of N E India (Guwahati), were 
m u ltip lied  and established in a polybag 
nursery at RRII m ain cam pus, Kottayam, 
along w ith three controls for field planting 
in the ensuing season. Twenty accessions 
w ith distinct morphological variations were 
multiplied and planted in a polybag nurs­
ery for establishing a demonstration plot at 
RRII m ain campus.

In a study involving 75 wild accessions 
in one of the nurseries, girth, bark thickness 
and total num ber of laticifer rows showed 
relatively high correlation with yield. Path 
analysis show ed that total num ber of latici­
fer rows had the highest direct effect on yield.

Six accessions with promising juvenile yield 
were identified from three of the nurseries.

Herbarium specimens of 126 genotypes 
were prepared in the current year. In order to 
induce flowering in the remaining accessions, 
ring barking of 1100 trees was carried out.

2 . C h a ra cte risa tio n  and p re lim in a ry  
evaluation

445 wild accessions are under evaluation 
at CES, Chethackal, in various evaluation 
trials. Yield was recorded from the 1990 pre­
liminary evaluation treal (PET). Four clones 
(M T 196, AC 163, AC 716 and 7.111) showed 
relatively  h igher y ield  am ong the wild 
germplasm. Average cup lump yield in the 
first year of opening was recorded in the 
peak season in the two PETs planted in 1992. 
The data showed significant clonal variation. 
T he y ield  o f A C 654 (10 .98  g / t/ t) and 
MT 1056 (16.36 g/t/t) were statistically on 
par with that of the control clone in the tw o 
experiments. (9.72 g/t/t and 16.13 g/t/t re­
spectively). Several genotypes were found 
to be more vigorous in growth than the con­
trol clone RRII 105. Fifteen genotypes had a 
girth value more than 40.00 cm in com pari­
son to 32.40 cm  for the control clone in the 
first experiment, while 12 clones in the sec­
ond experiment had values above 40.00 cm 
compared to 37.25 cm  for the control clone 
(Table Ger. 5).

Table Ger. 5. G irth  of selected clones

SI No
Experiment A

SI No
Experim ent B

G enotype Girth (cm) Genotype Girth (cm)
1 M T 1030 40.2S 1 M T 454 40.07
2 M T 948 40.41 2 RO  303 40.46
3 RO 287 40.47 3 R 0 3 2 9 40.66
4 R 0 3 3 8 40.60 4 MT 1056 40.78
5 RO  322 11.31 5 R 0  401 40.95
6 RO  868 41.35 6 R 0 2 7 3 41.28
7 RO  352 41.81 7 M T 1032 4 1 3 8
8 RO  859 42.28 8 RO  292 42.41
9 A C  1043 423 1 9 M T 1022 44.12

10 AC 626 42.45 10 RO  271 44.38
11 AC 650 42.81 11 R 0 2 9 7 44.77
12 RO  361 44.60 12 RO  272 48.97
13 RO  328 44.80 13 RRII 105 37.25
14 MT 944 45.16
15 M T 1025 49.25
16 RRII 105 32.40



record ed  re la tiv e ly  h ig h  test tap y ield , 
though m uch less than that of RRII 105.

Table Ger. b. A ccession s w ith girth  com parable w ith
_____________ o r h igh er than that o f R R II 105
A ccession  G irth (cm ) Accession GirthTcm T
A C  442 29.07 M T 1012 32.22
AC  649 28.99 RO  263 29.20
A C  664 33.20 R 0  853 30.62
AC  666 32.42 RO  867 34-25
AC  757 37.25 RO 871 32.10
M T 930 31.99 R 0 8 9 5 34.20
M T 938 31.79 RO  938 31.61
M T 939 30.75 RRII 105 28.79
M T  940 35 .37
C D  (P=0.05) 4.75

In the second PET, 6 accessions had their 
g irth  values on p ar with RRII 105. In the 
third PET planted  in  1994, 11 genotypes 
sh ow ed  h ig h er  g irth  valu es com parable 
w ith  or h ig h e r  than that o f the control 
(T able G er. 7). S ix  c lo n es v iz ., R O  893, 
A C  4 6 5 , A C  6 4 5 , R O  2 7 8 , RO  8 46  and 
A C  605 had a higher girth  than the control. 
RO  274, RO  278 and RO  846 were relatively 
h igh ju ven ile  y ield ers though not on par 
w ith  RRII 105.

Table Ger. 7. A ccessions w ith girth  com parab le with 
_____________or h ig h er  than that o f R R II 105
Genotype Girth (cm)
A C  465 3 2 7 0
A C  605 30.56
A C  645 31.28
AC 651 29.91
AC  649 28.21
AC  849 28.24
R O  278 30.16
R O  274 28.12
R O  893 35.06
RO  884 29.08
R O  846 30.28
RRII 105 24.78
G b  (P «  0,05) 5.31 ------------------

Planting m aterials for two new  PETs con­
sisting  of 168 wild genotypes each, to be 
planted at RRS, Padiyoor, were m ultiplied 
and established in polybags.

3. Further evalu ation  and selection

O ut o f 80 wild accessions, 22 genotypes 
showed higher annual average girth over the 
control RRII 105 at the age o f five years. 
M axim um  girth w as recorded by A C 635 
(23.75 cm) whereas RRII 105 had an average 
girth of 16.5 cm. Test tapping at the age of 
four years showed that only one genotype 
MT 1707 (9.72 g/t/t) had com parable yield 
with that of the control clone RRII 105 (9.40 
g/1/1). Forty three genotypes had higher bark 
thickness over the control RRII 105. The 
genotype M T 68 recorded m axim um  value 
(3.63 mm ) w hereas R R II 105 had a bark 
thickness of 2.5 mm. Visual scoring for pink 
disease incidence was carried out. Two Mato 
G ro sso  (M T  1674 an d  M T  1 9 1 ), tw o 
Rondonian (RO 1347 and RO 136) and one 
Acre genotype (AC 668) showed an indication 
of field tolerance to pink disease w hich will 
be further confirmed in subsequent seasons.

4. Screening
4.1 For biotic stress resistance

A la b o ra to ry  w as se t up  at C E S , 
C h e th a ck a l fo r  ro u tin e  s c re e n in g  o f 
germ plasm  genotypes. The first round of 
scoring for resistance to Oidium  w as carried 
out in collaboration with Pathology Division 
in a ll the so u rce  bu sh  n u rse r ie s . W ide 
variab ility  for the d isease  reaction  w as 
observed. A few prom ising accessions with 
desirable levels of resistance were identified, 
w hich w ill have to be con firm ed  in the 
subsequent seasons.

A nnu al g irth  increm ent w as recorded 
from the three PETs planted in 1994. Sixteen 
genotypes in the first one had girth com pa­
rable w ith or higher than that of the control 
(Table Ger. 6 ). A C  757 recorded the highest 
girth  follow ed by  M T 940 and RO  867. Of 
the 24 clones, M T 1012, M T 940 and RO 263

A prelim inary evaluation trial com pris­
ing 46 ortet clones along with three controls, 
was planted in a simple lattice design with four 
replications. Adequate measures were taken 
to ensure proper establishment and to provide 
summer protection to the young plants.



Field screenin g  o f the genotyp es for 
resistance to Oidium  sp. was carried out in 
the statistically laid out field trials too. In 
the two 1992 trials, five genotypes ( RO 316, 
AC 644, RO 254, RO 256 and RO 319) in the 
first experiment and four genotypes (RO 297, 
AC 457, A C 977 and RO 306) in the second 
experiment showed relatively less infection 
which will be further confirmed. Preliminary 
data from the 1994 PET revealed that seven 
genotypes show ed less dian 30% disease 
in cid en ce  of w hich AC 757 and A C 666 
show ed the least incidence of 7.5 and 17% 
respectively. All the nine ortets in PET (Ortet) 
1994 trial were highly susceptible.

Am ong the Wickham clones screened in 
the Germ plasm  gardens, RRII 2 exhibited 
relatively low disease incidence followed by 
PB 310 am ong the 16 clones in garden 3. All 
the IRCA clones in garden 4 were found to 
be highly susceptible.

4.2 For abiotic  stress resistance

Screening for drought tolerance in wild 
germ plasm  was continued with the selection 
of 10 wild genotypes along with three con­
trols (RRII 105, RRIM 600, and Tjir 1) based 
on the results of thermostability analysis car­
ried out in die previous year. Morphological 
characters like plant height, girth, number of 
leaf whorls, total number of leaves, total leaf 
area and specific leaf weight were recorded. 
The physiological parameters recorded under 
controlled conditions were transpiradon rate, 
stom atal co n d u ctance, lea f tem perature,

photosynthedc acdvity by chlorophyll fluo­
rescence, leaf water potendal and soil water 
potendaJ. The data is being analysed.

For the screening of cold tolerance, 126 
wild genotypes, selected on the basis of 
vigour and otiier superior traits from both 
traditional and non traditional areas, have 
been multiplied and raised in polybags at 
RRS, Nagrakatta, West Bengal and were field 
planted.

4.3 For tim ber latex traits

Based on growth vigour, bole habit and 
branching habit 19 genotypes were selected, 
m ultip lied and established in a polybag 
nursery at RRS, Padiyoor, along with six 
control clones for laying out a field trial in 
the ensuing season.

5. M olecular characterization

Genedc relations among 60 wild geno­
types through RAPD studies have been com­
pleted in collaboration w ith the G enom e 
Analysis Laboratory. The genotypes have 
been grouped based on the genedc distance. 
The results indicated geographical distinction 
betw een the three p rovenances o f A cre, 
Rondonia and Mato Grosso. All the geno­
types showed genetic distincdveness without 
any duplication. M ato G rosso genotypes 
showed maximum genetic divergence com­
pared to other two provenances.

A new  experim ent on RA PD  profiling 
and evaluation of genedc diversity in wild 
Hevea accessions was proposed.

M YCOLO GY AND PLANT PATHOLOGY DIVISION

The Division concentrated its research 
a c tiv ities  on crop  p ro tection , m icrobial 
manipulation of soil fertility, pollution control 
and investigations on agrom eteorological 
basis for disease occurrence. The overall 
d isease  situ ation  during the year under

report w as the severe incidence of abnormal 
leaf fall (ALF) disease m oderate incidence 
o f p ow d ery  m ild ew  and C o ry n esp o ra  
diseases. The studies on Gloeosporium leaf 
disease showed that the isolates of the fungus 
causing raised spots w ere C olletotrichun i



acutahm i and those causing papery lesion and 
anthracnose symptoms were C. glocosporioides. 
The isolates of Corynespora from Karnataka 
an d  K e ra la  sh ow ed  w id e v a r ia t io n  in 
virulence. Studies on m olecular mechanism 
of host pathogen interaction indicated the 
in v o lv e m e n t o f (3-1, 3 g lu can ase  in  the 
resistance of certain clones to the pathogen. 
A m ong the stem  d iseases, pink d isease 
rece iv ed  m ore atten tio n . E valu ation  of 
germ plasm  and pipeline clones for tolerance 
to disease w as also attempted.

The entom ology unit concentrated on the 
m anagem ent ol insects and non-insect pests 
of rubber. Bee keeping was another area of 
investigation and Apis mellifera was compared 
w ith Apis indica  in its perform ance. The 
m icro b io lo gy  unit condu cted  stu d ies on 
microorganism s involved in soil fertility and 
crop m anagem ent. The unit also undertook 
studies on pollution abatement. The presence 
of a low molecular weight RNA was implicated 
to be associated with TPD syndrome.

The agrometeorological studies included 
eva lu ation  o f the ra in fall p attern  of the 
traditional rubber growing tracts for the last 22 
years. Relationship of environmental conditions 
with progress of Corynespora disease inHBSS, 
Nettana and powdery mildew disease at CES, 
Chethackal were also studied.

1. Leaf diseases

1.1 A bnorm al leaf fall

For the control of ALF, an experim ent to 
ev a lu a te  n ew  fo rm u lation s o f sp ray  oil 
w as laid  out in areas p lanted  w ith clone 
R R IM  6 0 0  in  th ree  lo c a t io n s  v iz ., 
Kulathupuzha Estate, Punalur; Cheruvally 
E sta te , E ru m eli an d  B o yce  E sta te , 
M undakayam . Aerial spraying was carried 
out in four hectare p lots at each location 
using the new form ulation of IPOL spray oil 
fo r  d ilu tio n  o f o il d is p e rsib le  co p p er 
oxychloride (COC). Standard IOC spray oil, 
now recommended, formed the diluent in the

control plots. A dosage of 8  kg CO C per ha 
diluted in 401 of respective oils w as followed 
at all locations. The leaf retention recorded 
at the different locations is presented in Table 
P ath .l. IPOL spray oil w as observed to be 
as useful as IOC spray oil for rubber spraying.

Table Path. 1 Evaluation of spray oil form ulations for
le a f retenHon (M

Location
Spray oil

t-test
IPOL IOC

Kulathupuzha 14.39 13.13 NS
Cheruvally 69.80 69.74 NS
Boyce 58.80 67.80 NS

Rubber seed oil (RSO) w as evaluated as 
a carrier for copper fungicides in Pudukad 
Estate in the clone RRIM  600. A 1:2 m ixture 
of RSO  and m ineral oil w as tried. CO C was 
added at the ratio 1:5 to the m ixture of oils 
and sprayed using m icron sprayers. Use of 
COC in norm al spray oil and unsprayed 
areas were kept as controls. Percentage of 
leaf retention show ed m axim um  value for 
spray oil alone (55.52), followed by RSO  plus 
spray o il (50 .07 ) and u n sp rayed  (17 .72 ) 
treatm ents respectively.

In the experim ent to evaluate the crop 
loss due to ALF laid out at CES, C hethackal 
in clones RRIM  600, R R II 105, G T  1 and 
RRII 118, the long term  effect of leavin g  
unsprayed, year after year, on the disease 
incidence and crop loss were assayed. A  pre­
m onsoon spraying with COC in oil a t the 
recom m ended dose using m icron sprayer 
was done every year. Leaf retention  w as 
affected in R R IM  600, G T  1 and R R II 118 
and severe crop loss recorded in R R IM  600 
(Table Path.2).

Evaluation of the effect of dosage of COC 
on the disease severity and its effect on crop 
was carried out in an experim ent laid out at 
Chemoni Estate, Trichur in the clone RRU 105. 
A pre-m onsoon micron spraying w as done 
with 2,4,6 and 8 kg COC per ha in one hect­
are plots. There w as no apparent difference



____________________Table Path. 2. Evaluation of crop loss due to abnorm al leaf fall disease
Leaf retention (%) Yield (g/t/t)

Clone_________________ Sprayed______________Unsprayed______________  Sprayed Unspraved
RRIM  600 -l? 11 11 a7 “  ------
RRII 105 71.02 69.61
G T  1 57.13 32.88
RRII 118_________________ 80.79 72.49

in leaf retention between 6 and 8 kg dosages. 
The effect on the crop w as only m arginal 
in dosages of 2, 4 and 6 kg. There was sig­
n ificantly  h igher yield w hen the dose was 
8 kg/ha (Table Path. 3).

Table Path. 3. Effect o f C O C  on leaf retention and yield
Treatment

(kg/ha)
Leaf retention 

(%)
Yield 

(kg/240 trees)
2 60.84 881.70
4 63.36 881.70
6 61.05 827.75 - s
8 62.73 1139.00

The experiment to improve the efficacy of 
Bordeaux mixtu re by the addition of RSO was 
continued. The evaluation of leaf retention 
indicated that addition of 1% RSO  to 1% 
Bordeaux mixture gave the maximum disease 
control (62% leaf retention) as reported in the 
previous year. However, addition of 1% RSO 
to 0.5% Bordeaux mixture was found as good 
(54% ) as the recom m ended 1% Bordeaux 
mixture (55%) in controlling the disease.

Crown budding has been undertaken on 
clon es su ch as R R IM  600, RRIM  628 and 
G T 1 w ith Phytoyhthora resistant crowns like 
RRII 33, Fx 516 and F 4542. The latex samples 
c o lle c te d  from  the ex p e rim e n ta l areas 
(Punalur, Calicut, Thodupuzha - 1970 trial) 
were analysed for dry rubber content (DRC), 
specific gravity, TS, Po, PRI, M ooney viscos­
ity, etc. and compared with the control. The 
specific gravity of latex w as not found to be 
affected by crow n budding. The DRC of 
latex from  crow n budded plants in clone 
RRIM 628 was lower than control, whereas that 
from the clone G T 1 recorded lower DRC 
compared to the crow n budded. Hie PRI of 
latex from crown budded plants was higher in 
RRIM 600, lower in RRIM 628 and at par in GT 1.

60:98 75.13
42.22 44.35
50.W 46.23

In another experiment in which PB 311 
was crown budded with resistant clones like 
RRII 33 and Fx 516 at M alankara Estate, 
Thodupuzha, yield recording was continued. 
The observations on incidence of ALF disease 
and powdery mildew were recorded. ALF 
disease was negligible on crowns Fx 516 and 
RRII 33. Oidium incidence was moderate ex­
cept in Fx 516 in which it was mild. The analy­
sis of the latex samples collected indicated that 
the specific gravity was on par for crown bud­
ded and control (PB 311). The PRI was higher 
in crown budded plants (Table Path. 4).

To evaluate clones for ALF, leaf retention 
assessment was carried out in two trials at 
RRII Farm. In Trial I, high leaf retention was 
recorded in R R II 105 and the low'est in 
RRIM  600. In Trial II high leaf retention was 
recorded in K R S128 and the lowest in PB 280.

1.2 Shoot rot

Aii experiment on shoot rot w as taken up

Table Path. 4. Latex properties in crow n budded and
control plants o f clone PB 311

Param eter PB 311
Crown
RR U 33 Fx 516

Specific gravity 0.981 0.981 0.983
DRC (%) 36.8 34.9 33.9
T S (%) 39.1 37.6 36.7
Magnesium 0.048 0.05 0.084
Sludge trace trace trace
C opper (ppm) 7.0 8.0 8.0
Iron (ppm) 1.8 1 0 1.0
M anganese (ppm) nil nil nil
Acetone extract {%) 3.3 3.6 2.9
Ash content (%) 0.27 0.32 0.24
Nitrogen (%) 0.59 0.62 0.49
Po 52 55 48
FRI 65 67 75
Accelerated Storage Hardening 28 27 17
Moonev viscosity 76 76 63



to evaluate the efficacy of a system ic fungi­
cide, Benlate and Bordeaux m ixture (1 and
0.5% ) m ixed with 1% R SO . T he resu lts  in ­
d ic a te d  th a t  spraying of 0.5%  Bordeaux 
m ixture with 1% RSO  was as effective as 1% 
Bordeaux m ixture in checking the disease 
(Table Path. 5). The quantity of copper re­
tained w as m axim u m  on leaves sprayed 
w ith  1%  B o rd eau x  m ix tu re  + 1% RSO , 
w h ereas the control recorded the lowest. 
Com pared to Bordeaux m ixture, disease in­
cidence w as m ore in Benlate sprayed plots.

Table Path. 5. C opp er retention  and incid cnce o fsh oo t
rot d isease

Treatment Copper
(ppm)

PD1

1% Bordeaux mixture 764.0 28.0
1% Bordeaux m ixture + 1°-a RSO 872.0 25.0
0.5%  Bordeaux m ixture + i1% RSO 422.0 30.0
Benlate 233.0 38.0
Unsprayed control 152.0 50.0

1.3 Pow dery m ildew

A prelim inary survey w as carried out to 
assess the intensi ty of powdery m ildew  dis­
ease in Kanyakum ari District. Thirty two 
lo ca tion s w ere su rveyed. A n assessm ent 
scale of 1-5 was used based on the intensity 
of defoliation. Severe disease intensity w as 
noticed only in 11 locations.

Observations were m ade on the incidence 
o f p ow dery m ild ew  d isease in the eight 
evaluation trials of Germplasm Di vision and 
also in five source bush nurseries. The inci­
dence of pow dery m ildew  disease on the 
pipeline clones planted in RRU Farm and in 
Cheruvally Estate w as also recorded. For the 
m ultidisciplinary evaluation of clones, ob­
servations on powdery m ildew  disease were 
m ad e from  tw o tria ls of 13 clo n es each 
planted in R R II Farm. In trial I, low est dis­
ease incidence w as noticed in RRII 5 and 
highest incidence w as noticed in PB 261. In 
Trial II, low est disease incidence was noticed 
in PB 255 and highest incidence in PB 312.

1.4 C olletotrichum  le a f disease

The fie ld  trial fo r  the e v a lu a tio n  o f 
different fungicides at M anikal Estate w as 
continued for the third year. The experim ent 
w as laid out w ith eight fu ngicid al treat­
ments, viz., M ancozeb (0.20%), Carbendazim  
(0.025%), Hexaconazole (0.02%), two concen­
trations of M etalaxyl + M ancozeb (0.02% and
0.01% ), Bordeaux m ixture 1% and alternate 
use of M ancozeb and Carbendazim  and their 
com bination and an unsprayed control. All 
the fungicides tested significantly reduced 
the d isease incidence w hen com pared to 
unsprayed control. Alternate use and a com ­
bin ation  o f C arb end azim  and M ancozeb 
were comparable to their separate use in con­
trolling the disease.

Experim ent to evalu ate the efficacy  of 
w eekly and fortnightly  application o f six 
fungicides laid out at Kaliyar Estate show ed 
that all the fungicides were on par in con­
trolling the disease (Table Path. 6). But in 
general, weekly application w as superior to 
fortnightly application.

In a study for the com parison of variabil­
ity  of Colletotrichum  isolates, infected  leaf 
sam ples w hich show ed d ifferent types of 
sym ptom s on different clones were collected 
from Kottayam , Kaliyar and M undakayam  
and single spore isolations w ere m ade from 
these sam ples. Isolates derived from anthra- 
cnose lesions and from papery lesions exhib­
ited sim ilar growth rate but faster than those 
from raised type lesions on m edia. Colony

Table Path. 6. Incid ence of C olletotrichum  leaf d isease
(PP1)

Fungicide Spraying 
Weekly Fortninhtlv

H exaconazole (0.02%) 17.04'
Metalaxyl + M ancozeb (0.2%) 8.42 30.79
Bordeaux mixture (1%) 17.69
Carbendazim  (0.05%) 18.00
M ancozeb (0.2%) 11.67
H exaconazole (.01%)

+ M ancozeb (0 .1%) 
C D  12.57

11.25 28.52



colour of anthracnose and papery lesions 
isolates was light grey to dark grey while 
isolates from raised spots were pink on PDA. 
Conidial shape of isolates from anthracnose 
and papery lesions were cylindrical while 
isolates from raised spots were fusiform . 
Isolate with fusiform conidia were identified 
as C. acutatum  and w'ith cylindrical conidia 
as C. gloeosporioides by IMI. Molecular analy­
sis carried  out also clearly distinguished 
them into two m ajor groups. W hile RAPD 
profiles o f isolates from  anthracnose and 
papery  lesion s w ere alm ost sim ilar they 
differed from the isolates from raised spots. 
H ow ever, variab ility  could  be detected  
within each group.

1.5 C orynespora leaf disease

For studies on variability of Corynespora 
cassiicola isolates, infected leaf samples were 
collected during the disease season from 
various locations of Kerala and Karnataka, the 
pathogen isolated and purified. Virulence of 
these isolates w as tested by detached leaf 
technique on the five clones viz., RRII 105, 
RRIM  600, G T 1, PB 260 and Haiken 1 by 
spraying the conidial suspension. One isolate 
each from Sullia, Teekoy and Adoor exhib­
ited more virulence than the others. Som e of 
the isolates from Nettana, Sullia, Sam paji, 
K a rm ay ee, K o lic h a l, P an ath ad y  and 
Karikattor also showed almost similar viniience 
pattern on tested clones except on G T 1.

A study w as initiated to identify the mo­
lecular m echanism  of host-pathogen inter­
action in Hevea. Pathogenesis related pro­
tein (5 -1, 3-glucanase activity in response to 
infection of C. cassiicola was tested in four 
clones of Hevea, viz., G T 1, RRII 105, PR 107 
and RRIM 600. The (3-1, 3-glucanase activ­
ity w as estim ated and isozym es were de­
tected in PAGE gels. Variation in symptom 
expression was observed between the clones, 
hi RRII 105 and PR 107, the initial symptom 
appeared in 24 h and visible symptom was 
observed in 48 h. In GT 1 hypersensitive area

appeared in 48 h. after induction. In RRIM 600, 
the lesion development was observed in 72 h. 
Very limited lesion formation was observed 
in G T 1, w h ile su scep tib le  reaction  w as 
recorded in all the o ther clo n es tested .

Three m ajor p -1, 3-glucanase isozyme 
bands (G l, G 2 and G3) were detected in in­
duced leaves of GT 1 at 96 h. No positive 
reaction was detected in other clones on both 
induced and control leaves. The (3 -1, 3- 
glucanase activity was maximum in GT 1, 
w h ere a ty p ic a l to le ra n t rea c tio n  to 
Corynespora was observed.

To study the physiology of resistance to 
C orynespora, five different iso lates (three 
from Karnataka and two from Kerala), and 
two Hevea clones RRII 105 and GT 1 were 
selected. Leaves were inoculated with 10 fj.1 
drops of spore suspension (2.3 x 104conidia/ 
ml). After 72 h of inoculation the lesion size 
on the leaves were recorded. Toxin activity 
was studied by leaf wilting bioassay and leaf 
puncture bioassay. The pathogenecity of iso­
lates could be correlated to their toxin pro­
duction. The culture filtrate showed toxic 
activity only on the susceptible clone. There 
was not much variation between the tested 
isolates in their virulence.

2. Stem  diseases

2.1 P in k  disease

H ie experim ent to evaluate the efficacy 
o f sy ste m ic  fu n g ic id e s  su ch  as 
thiophosphate, validacin and hexaconazole 
and the recom m ended chem icals such as 
thiram in controlling pink disease w as con­
tinued. Their efficacy in different carriers 
such as Vinofan, Indtron and Rubberkote 
was also compared. The systemic fungicides 
validacin and hexaconazole were the most 
effective fungicides, whereas there w as no 
significant difference am ong carriers. The 
percentage recovery of trees in various treat­
m ents is presented in Table Path. 7.



Table Path. 7. E ffect o f fungicides and carriers on pink 
______________ d isease control

Fungicide Recovery (";•]
Indtron Rubber kote Vinofan

lniophi'sphatt> S3
Validacin 58 100
H exaconazole b7
Thiram 58 67 67
Bordeaux paste (control) 50

In  a n o th e r  stu d y  fu n g ic id e  su ch  as 
validacin , hexaconazole, thiram  and Bor­
deaux m ixture were sprayed on loci of in­
fection and the disease control assessed. The 
disease progress was monitored periodically. 
Com plete control was not achieved by spray­
ing these fungicides.

2.2 Patch canker

An experim ent was initiated to study the 
effect of various fungicides on the control of 
patch canker. The treatments were applied 
onto the wound by incorporating the fungi­
cides in rubber kote at the dosages indicated. 
The fungicide treatm ents with M ancozeb, 
Ridomil and Kitazin have given slightly higher 
percentage of recover)', than the presently rec­
ommended Bordeaux paste (Table Path. 8).

Table Path. 8. C ontrol o f patch canker disease
D ose per kg 

r ™ tn ,e„ i R u b b e rk jll,
No. o f  tree's

A B C
Akom in (ml) 5 11 9
Benlate (g) 4 11 10
Bordeaux paste (% ) ]() 11 9 81.8
M ancozeb (g) ]fl 11 11
Ridom il M Z <g) -} 11 .'11
Kilazin  (ml) 4 11 11 100.0
A : Treated B : Recovered C :% ■ recovery­

3. Root diseases

3.1 P or ia  root disease

The field trial for the control of Poria root 
disease at Kum bazha Estate w as continued. 
The base and the soil around the collar of 
the infected and two neighbouring plants 
w ere d ren ch ed  w ith  fu n gicid e  solution . 
T reatm en ts im p osed  w ere C alix in  ( 1%), 
C alixin (0.5% ), Tilt (0.1% ), C on taf (0.05%)

and T h irid e  (0.75% ). All the fu n gicid es 
tested were equally effective in protecting the 
neighbouring plants.

3.2 Purple root disease

Budded stum ps from the infested nurs­
ery show ing fruiting bodies at the collar re­
gion were uprooted and their shoot and root 
pruned. The root portion was dipped in any 
one of the fungicide solutions viz., Calixin 
(0.25%), Tilt (0.1%), Contaf (0.01% ), Thiride 
(0.75% ) and p lan ted  in p o ly th en e  bags. 
W hen treated at the in itia l stages all the 
fungicides used w ere equally  effective in 
controlling the d isease but p lants treated 
w ith fu n g icid es  in  the a d v a n ced  sta g e  
sh ow ed  only  50%  recovery . In an o th er  
experim ent, rubber p lants w ere uprooted 
from infested nursery beds and beds were 
treated w ith the above fu ngicid es and 10 
budded stum ps were planted in each bed. 
Results show ed that all the fungicides were 
on par in  co n tro llin g  the d isease  in  the 
nu rsery  bed.

4. R e te n tio n  an d  re s id u a l s tu d ie s  o f
copper in ru bber plantation s

An experim ent was initiated at Pudukad 
Estate, Trichur and CES, Chethackal to study 
the retention and residual effect of copper 
in rubber plantations. At Pudukad, treat­
m ents included (1) 1% Bordeaux mixture, (2) 
1% Bordeaux m ixture + 1% RSO , (3) RSO  : 
Spray oil : COC at 5 : 10 : 3, (4) Spray oil : 
COC at 15 : 3 and (5) Control (unsprayed). 
At CES, Chethackal the treatm ents w ere ( 1) 
C O C : Spray oil at 1:5 (sprayed) and (2) C on­
trol (unsprayed). These treatm ents w ere im ­
posed in four blocks, covering four clones 
(RRII 105, RRII 118, RRIM  600 and G T 1). 
Apart from the analysis of copper residue, 
soil microflora is also being monitored.

5. Pests o f rubber

The insecticides such as chlorpyriphos, 
fen vale rate and endosulfan at various concen­
trations were tried against termite (Odonlotemics



Table Path, 9. Post-treatm ent percent term ite re-infes- 
_____________ tation in  rubber plants

Treatment Dosage (%  ai)
After 

4 m onths
After 

16 months
Chlorpyriphos 0.06 61 71
Chlorpyriphos 0.10 57 62
Chlorpyriphos 0.14 52 66
Chlorpyriphos 0.20 41 67
Fenvalerate 0.02 46 65
Fenvalerate 0.04 40 54
Endosulfan 0.10 64 74
Endosulfan 0.175 60
Control 90 76
CD (P=0.05) 6.09 12.32

obeses). Chlorpyriphos (0.2%) and fenvalerate 
(0.04%) were effective for the control of ter­
mites for four months (Table Path. 9).

Against crickets, (Gryllacrys sp.) damag­
ing rainguards, application of different in­
s e c tic id e s  n am ely  n eem  o il 10 m l/ L , 
m alathion (0 .1%), methyl parathion (0 .1%), 
dim ethoate (0.1%), fenvalerate (0.02%), BHC 
(0.2%) and phorate 2 g/L w as done after di­
lution in water. Neem oil application has re­
sulted in decrease of damage.

Eco-friendly repellents such as castor oil, 
kerosene + neem oil, phenyl, used engine oil, 
m ineral turpentine, neem  oil, maroti oil and 
cashew  kernel oil were also tried against 
Gryllacrys sp. U sed engine oil, cashew ker­
nel oil and maroti oil were found effective.

Borer beetle infestation on rubber trees 
w as observed during Septem ber-October. 
The experim ent for the control of borer bee­
tles revealed that a com bination of carbaryl 
+ quinalphos and carbaryl + chlorpyriphos 
were effective. The treatment with carbaryl + 
malathion and lindane + quinalphos were the 
next effective combinations.

The population of root-knot nematodes 
and total nem atodes from soil sam ples col­
lected from different rubber growing loca­
tions w as assayed. The relative density of 
root-knot nem atode M. incognita w as found 
to vary in soil sam ples collected from differ­
en t reg io n s. T he in fectiv ity  o f the so il 
sam ples w as tested on highly susceptible 
plants such as tomato by evaluating the gall 
indices.

The prior establish m en t of vesicu lar 
arbuscular m ycorrhiza (VAM) fungi by a 
week or two, tended to mitigate the effect of 
M. incognita on the plant growth of Pueraria 
phaseoloides. The presence of root-knot nema­
todes interfered with mycorrhizal root infec­
tion and spore production. The gall form a­
tion by M. incognita and the multiplication 
of nematodes were also found to be ham­
pered by the early establishment of VAM.

6. Pathological aspects o f tapping panel 
dryness

Tapping panel dryness (TPD) is w ide­
spread in all rubber growing areas and is a 
matter of serious concern. Work done so far 
has only attributed TPD  to physiological 
changes and generally believed to be not 
caused by any biotic agents. A study on the 
detection of etiology of TPD was undertaken 
in collaboration with Indian Agricultural Re­
search Institute (IARI), New Delhi. Electro­
phoresis done by the technique of R-PAGE 
show ed the presence of a low m olecular 
w eight RNA associated with TPD affected 
trees.

C h em ical treatm en t exp erim en ts for 
symptom rem ission in TPD  affected trees 
(R R II 105 and PB 235) co n d u cted  at 
Malankara (Thodupuzha) and Vaniampara 
(Trichur) Estates were continued. As in the 
case of the previous year, no sig n ifican t 
effect of the treatm ents w as observed.

As part of the m olecular and biochem i­
cal studies on the etiology of TPD, total nu­
cleic acid extracts purified from leaf and bark 
tissues of affected trees, were analysed by 
polyacrylam ide gel electrophoresis under 
denaturing conditions of low salt and high 
temperature. This show ed the presence of 
nucleic acids sim ilar in electrophoretic mo­
bility to low molecular w eight (LMW ) RNA, 
of 359 nucleotides such as potato spindle 
tuber viroid (PSTVd). The LMW  nucleic acid 
detected from TPD affected sam ples was 
found to be RNA based on its sensitivitv to



RN A ase and insensitivity to D N A ase, phe­
n o l and h eat treatm ents. T he LM W -RNA 
w as purified and cloned in a P V C 19 derived 
vector using prim ers specific to PSTVd. The 
cloned D N A , w h en random  labelled and 
used as probe, reacted specifically to nucleic 
acid  ex tracts from  TP D  affected  trees bu t 
n o t from  h ea lth y  tissu es in d o t-b lo t hy­
b r id isa tio n  assays. Based on the above 
fin d in g s, a v iro id  etiology  for TP D  syn­
drom e w as proposed.

A sym ptam atology study w as initiated in 
1999 w h en  T P D  affected  p lan ts o f clone 
R R IM  605 w ith special sym ptom s of bark 
cra ck in g  w ere  o b served  n ear A n ch al in 
Kollam  D istrict. O ut of the 134 plants, 20%  
showed the bark scaling symptoms with pink 
colour at the time of opening. The nucleic 
acid  an a ly sis o f the sam p les from  these 
trees w as carried  out and the presence of 
LM W -R N A  was observed. The latex yield 
and the DRC were less in affected trees. All 
the trees show ing this particular symptom 
originated from a single nursery. A  survey 
w as condu cted  in the nearby plantations 
where the planting materials were supplied 
from the nursery'. A ll the 28 smallholdings 
surveyed had trees with sam e syndrome.

7. Bee k eep in g  in  ru bber plantations

Survey on bee keeping in rubber planta­
tion and associated problems was carried out 
in  rubber grow ing areas in K ottayam  and 
Kasaragod Districts. Cost of equipm ent and 
inpu ts such as bee hives, bee stand, bee 
colony, honey extractor, bee veil, bee net, 
co m b  fo u n d a tio n  s h ee t (o n ly  fo r A pis  
meUifera), labour expenses, artificial feeding 
(sugar, bengal gram) were studied. The vari­
ous sources of incom e from  bee keeping 
nam ely honey, w ax and bee colony were also 
recorded for the tw o types of domesticated 
honey bees viz., Apis indica and Apis mellifera. 
T he incid ence o f d iseases, attack  due to 
predators and parasites were also recorded. 
T he tota l co st per h iv e  w as Rs. 755 and

Rs. 2900 and the total incom e per hive w as 
Rs. 800 and Rs. 3500 for the tw o kinds of bees 
which show ed only a m arginal profit.

8 . V erm iculture

Vermicomposting units were established 
su c c e s s fu lly  a t  M a la n k a ra  E s ta te , 
T h o d u p u z h a  and P a la m p ra  E s ta te , 
Kanjirapally.

9. M icroorganism s for im proving growth 
o f ru bber and cover crops

In the study on nitrogen fixing m icroor­
ganism s, periodic observations w ere taken 
on grow th and spread of M ucuna bracteata 
in th e  B ra d y rh iz o b iu m  in o c u la te d  and 
uninoculated plots at RRS, Padiyoor. Dense 
growth of M. bracteata  p lants and suppres­
sion of w eeds were observed in plots inocu­
lated with Bradyrhizobium.

The tolerance of five isolates of Azotobacter 
to the weedicide diuron w as studied under 
laboratory conditions at the concentrations of 
250 to 5000 ppm. The bacteria were found to 
survive in these concentrations. But none of 
the isolates survived exposure to glyphosate 
at a concentration of 100 ppm.

A  survey on the occurrence of Beijerinckia  
in different locations of Kerala w as carried 
out. Twenty six soil sam ples w ere screened 
and 10 Beijerinckia isolates were collected.

A pot culture study w as condu cted  to 
find the effect of coinoculation of Beijerinckia  
with Pseudomonas, the plant grow th prom ot­
ing rhizobacteria (PGPR) and VAM at d if­
ferent levels of N  and P. A fter 10 m onths 
growth, dual inoculation of Beijerinckia with 
VAM or PGPR at 100% N and P gave signifi­
cant im provement in girth and height o f the 
plants compared to control (N P K 100% ) and 
at 50% N  and P it w as on par w ith the con­
trol (Table Path. 10).

To study the im provem ent in phosphate 
uptake of rubber and cover crops through 
micro-organisms and to find out the effect 
of m ycorrhizal inoculation on rubber seed­



__________________________Table Path. 10. G row th of plants after 10 months

Treatments

Bcijerinckia + 50%  N + 100% P 
Beijerinckia + 100% N + 100% P 
Beijerinckia + PGPR + 50%  N + 50%P 
Beijerinckia + PGPR + 100% N + 100% P 
Beijerinckia + VAM + 50%  N + 50% P 
Beijerinckia + VAM + 100% N +-100% P 
Bcijerinckia + PGPR + VAM + 50%  N + 50%  P 
Bcijerinckia + PGPR + VAM + 100% N + 100% P 
100 % N P K -C o n tro l 
CD (P = 0.05)

lings under sterile condition, a pot culture 
study was initiated. Eleven isolates of VAM 
were used under three different levels of rock 
phosphate application (50, 75 and 100% of 
recom mended levels). Growth of the plants 
was monitored up to one year. Study revealed 
tha t rubber seedlings responded more to VAM 
inoculation when the phosphate level was low. 
Only a few isolates showed improvement in 
growth of rubber seedlings at higher levels of 
phosphate application.

Genetic engineering of beneficial microbes 
was another area of study. Mutation was in­
duced on Azolobacter and Beijerinckia using 
physical mutagens (UV rays 254 run) and the 
mutants were obtained. Growth and nitroge- 
nase activity at different pH and biochemical 
characters of both parents and mutants of 
Azolobacter and Beijerinckia were studied. The 
effect of curing on stress tolerance of the par­
ent and mutant strains was observed.

10. W aste  m a n a g e m e n t in  ru b b e r  
processing

For the evaluation of the modified efflu­
ent treatment system of crumb rubber fac­
tory, effluent sam ples from  soaking tank, 
rubber trap, composite tank, aerator, clari- 
ficr 1, clarifier 2, filler 1 and final water after 
filler 2 were collected monthly and analysed 
for pollution parameters. The final effluent 
after the treatment was within the safe limit 
specified for discharge into the environment.

Height
(cm)

Girth
(cm)

143.33 12.33
138.67 12.00
10Z33 9.00
143.33 13.00
112.33 11.67
148.00 13.67
125.67 11.00
138.00 12.67
115.33 10.67
21.01__________ 26.00

To study the performance of large size 
anaerobic immobilized growth digester, di­
gesters having 10 and 15 m3 capacity at­
tached with aerobic pond were constructed 
in the RPS group processing centres. The 
digesters were fitted with fixed film  assem ­
bly in order to enhance the surface area for 
the m icro-organism s to act. These digest­
ers were daily fed with 1500 L RSS effluent. 
The effluent sam ples from various points 
were collected and analysed for different 
param eters. The quantity and quality of 
biogas generated were also monitored. The 
biogas generated contained 62% methane and 
was used for the drying of sheets. The colour 
of the RSS produced using this gas was golden 
yellow. A special system for the burning of 
biogas in the smoke house was developed. 
Reduction in the various pollution parameters 
was noted after the anaerobic digestion and 
also after the aerobic treatment.

Water samples from the nearby wells of 
RSS, TSR, latex concentrate and crepe pro­
cessing factories were collected and analysed 
for indicator bacteria and other pollution 
parameters. The pollution param eters were 
within the prescribed lim its fo r drinking 
water in most of the sam ples tested. How­
ever, some sam ples showed the presence of 
indicator bacteria.

M odification of the anaerobic digester 
specific for rubber processing waste water 
was also initiated. In a laboratory study,



natural rubber granules from TSR  process­
ing and polythene shade net p ieces were 
used as flu idised beds in the anaerobic di­
gester as a carrier matrix for the bacteria. The 
effluent before and after the treatment was 
analysed for various pollution parameters.

Biogas generation and the time taken for the 
treatment were also monitored. N R  gran­
ules served, as a good carrier matrix for the 
bacteria and hydraulic retention time in the 
reactor w as considerably low than the con­
ventional anaerobic digester.

PLANT PH YSIO LO G Y DIVISION

The Division is carrying out research in 
six m ajor areas, viz., environm ental physi­
ology, p hy sio lo gy  of grow th and y ie ld , 
s to ck -sa o n  interaction, tapping panel dry­
ness, secondary m etabolism  and ecological 
im pact of natural rubber cultivation cover­
ing both  trad ition al and n on -trad ition al 
zones. Under each area, several experiments 
are underw ay addressing both fundam en­
tal an d  a p p lie d  a s p e c ts  o f  H ev ea  tree  
physiology.

Studies on drought stress in polyclonal 
rubber plants have indicated that peroxidase 
a ctiv ity  in  the leaves m ay be related  to 
drought tolerance. Additional studies on 
low tem perature stress confirm ed the exist­
ence of high light induced down regulation 
of photosynthesis. Investigations on tapping 
induced stress have show ed increase in both 
alternative and cytochrom e c oxidative path­
ways o f respiration. Increased drain of re­
sources including ATP through latex might 
be responsible for tapping induced loss of 
biom ass. Field trials have been initiated at 
RRS, N agrakatta and CES, Chethackal for 
studies on the ecological im pacts of natural 
rubber cultivation.

1. Environm ental physiology

1.1 D rought tolerance

A stu d y  h as been  g oin g  on a t RRS, 
D apchari for physio-biochem ical com pari­
son  o f d rought to leran t and su scep tib le 
clones. Leaf and bark sam ples were col­
lected from the polyclonal trees with high

girth and yield and low girth and yield dur­
ing peak sum m er and stress free post-m on- 
soon seasons. Biochem ical com position of 
lea f and bark  (am inoacid s, p h en ols, g lu ­
tathione, sugars and protein) and activities 
o f  so m e c r it ic a l e n z y m e s  (p e ro x id a s e , 
polyphenol oxidase, ascorbate peroxidase 
and superoxide dism utase) w ere analysed 
w'ith an objective to relate any of these with 
drought tolerance. The results show ed that 
p e r o x id a s e  an d  a s c o r b a te  p e r o x id a s e  
rem ained higher in the leaves in high yield­
ing trees than low yielding trees both dur­
ing sum m er and stress free periods. Leaf 
peroxidase w as also high in high girth trees 
than low girth trees in both the seasons. In 
the bark, polyphenol oxidase activity w as 
less in high yielding trees than low yielding 
trees in both stress and stress free seasons. 
High peroxidase and ascorbate peroxidase 
in the leaf and low polyphenol oxidase ac­
tivity in the bark are suitable m arkers asso­
ciated with drought tolerance in Hevea.
1.2 C om bined  effect o f drought and h igh  light 

The effect of different light regim es on 
growth, photosynthesis and transpiration of 
young rubber plants were studied in four 
clones (RRII 105, RRIM  600, G T 1, PR 255) 
using polybag p lants. Three treatm ents 
(open sun, 70% and 30% sun light) w ere im ­
posed. hi general, the plant height and girth 
w ere significantly high at 70%  sun light. 
There was 24 and 34% increase in leaf area 
per plant in 70 and 30%  light levels, respec­
tively compared to open sun. Specific leaf



weight (SLW) of plants decreased signifi­
cantly under low light. The SLW decreased 
by 14% in 70% light and 26% in 30% light 
compared to plants receiving full sun light. 
Total chlorophyll content increased signifi­
cantly in all the clones grown under low light 
conditions.

Though chlorophyll fluorescence index, 
Fv/Fm in the dark adapted state in three 
seasons did not show any clonal variations, 
significant seasonal variations (p<0.05) were 
observed under different light regimes (Table 
Phy. 1). A t 100%  light the seasonal varia­
tions w ere n o t n o ticed  except in  clones 
RRII 105 and PR 255, where Fv/Fm ratios 
sig n ifica n tly  d iffered  in the m onths of 
N o vem b er and M arch. However, in 70% 
and 30% light regimes, significant differences 
in Fv/Fm  ratios were observed in all the 
clones between different seasons. The Fv/ 
Fm ratio w as found low in the m onth of 
M arch and m axim um  in November.

W hen diurnal variations in Fv/Fm were 
measured in the forenoon (9 AM ) and after­
noon (3 PM) hours (Table Phy. 2), significant 
differences w ere observed only in plants 
grown under open sunlight. Under drought 
stress a sign ifican t d ifference in diurnal 
Fv/Fm was observed in plants grown un-

Table Phy

Clone

Table Phv 1. S easo n al v ariatio n s in  d ark adapted 
Fv/Fm r a tio s  u n d er  d if fe r e n t  lig h t
regim es

i_ione August November March
open sun
RRII 105 0.79+.004 0.8I±.003 0.78+.007
RRIM 600 0.80+.005 0.81+.013 0.80±.004
G T l 0.78±.005 0.78±.008 0.77±.005
PR 255 0.79±.003 0.81+.004 0.78+.005
70% light
RRII 105 0.78±.001 0.82+.003 0.82+.0Q2
RRIM  600 0.78±.002 0.83+.001 0.83±.006
G T l 0.78±.005 0.80±.004 0.80±.002
PR 255 0.78±.005 0.82±.003 0.80+.002
30%  light
RRII 105 0.79±.001 0.82±.001 0.82±.002
RRIM  600 0.80±.001 0.83±.002 0.83±.002
C T 1 0.80±.003 0.82±.003 0.81+.003
PR 255 0.80+ 002 0.82±.003 0.83±.003

der open sunlight as well as 70%  light. An 
increase in initial fluorescence (Fo) and a de­
crease in m axim um  fluorescence (Fm) was 
observed in drought stressed plants com ­
pared to non-stressed plants especially in the 
afternoon.

In a study to determ ine the structure and 
fu nction o f p hotosynthetic apparatu s of 
young rubber plants in relation to its adap­
tation to high light and drought stress, C 0 2 
exchange rate (A) w as m easured during 
morning hours periodically covering three

D iurnal variations in d ark adapted Fv/Fm ratios in  H evea  grown under d ifferent ligh t regim es 
under irrigated and unirrigated conditions

Irrigated____________  L'nirrigated
Forenoon Afternoon

open sun
RRII 105 0.80±.003 0.76±.014 0.75+.005

0.81+.004 0.77±.005 0.75±.007
0.77±.010 0.70±.020 0.74±.009

70%  light
0.81 ±.004 0.79±.(K)7 0.74±.004 0.70±.009

RRII 105 0.82±.002 0.81 ±.002 0.77 ±.006
RRIM  600 0.82+.002 0.82+.003 0.80±.008

0.79±,001 0.79+.007 0.78±.006

30%  light
0.82±.004 0.79±.005 0.76±.007 0.73±.006

RRII 105 0.82±.002 0.81±.003 0.80+.005
0.83±.002 0.81±.CH)5 0.80±.004
0.82±.001 0.81 ±.002 0.78 ±.002

PR 255 0.82±.002 0.81±.004 0.80±.002 0.78±.003



different seasons, during A ugust, N ovem ­
ber and M arch (Table Phy. 3). D uring the 
m onsoon period (A ugust) there w as no dif­
ference in photosynthesis am ong the clones 
grow n under open su nlight except a slight 
reduction in C 0 2 assim ilation rate in clone 
PR  255. In A ugust, at 70% light, G T 1 re­
corded m axim um  photosynthesis rate com ­
p ared to o ther clones. But at 30%  light a 
substantial reduction in photosynthesis was 
observed in all the clones. In general, pho­
tosynthesis during N ovem ber w-as sam e as 
in August.

D uring sum m er (M arch) the open sun 
grow n plants recorded less A than other sea­
sons. The clones G T  1 and PR 255 showed 
less A than RRII 105 and RRIM  600. There 
w as no significant difference betw een open 
and 70% light grown plants in March. Shade 
had only a m odest effect on A in different 
m onths. But significant reduction in A was 
recorded in unirrigated plants (44 -57%). The 
m agnitude o f drought m ediated inhibition 
in photosynthesis was m ore in open sunlight 
grow n plants than shaded plants indicating 
aggravating effect of high light intensity.

The chloroplast polypeptides w ere pre­
pared from  leaves developed at different 
photosynthetic photon flux densities (PPFD) 
and resolved on a 12% SD S PAGE. T he gels 
stained with com assie blue were scanned for 
quantifying the interested bands, viz., the 
large and sm all subunits of Rubisco (55 & 13 
kDa) and light harvesting chlorophyll bind­
ing proteins LH CP (25-27 kDa). In general, 
the relative am ounts o f the large and sm all 
sub units of Rubisco progressively decreased 
as the grow th light intensity decreased and 
the concentration of the LH CP increased in 
the shade treatments. This is an adaptive fea­
ture of photosynthetic apparatus to low light 
condition in order to harvest m axim um  light 
for photosynthetic reactions. Further experi­
m ents are in progress.

1.3 Low  tem perature stress stud ies

A study has been going on to investigate 
the harm fu l effects o f concom itant occur­
rence of low tem perature and high solar ra­
diation on young rubber plants. A  total of 
150 young polybag plants belonging to 14 
H evea clones w ere grow n in  a nu rsery  at 
M attupetty , a h ill station  in the W estern

Table Phy. 3  V ariation in leaf ph otosyn lh etic rate (A) of young Hex’e a  p lants in  d ifferen t ligh t in ten sity  
Carbon dioxide exchange rate (A)

Clone & light A ugust Novem ber March

100% light
RRII 105 11.47±0.380 11.63+ .25 10.06±0.30
RRIM  600 11.82*0.430 11.01 ± 0 .4 5 10.14±0.60
G T1 10.22±0.440 10.62± 0.35 9.05±0.35
P R  255 9.62±0.217 11.3+ 0.38 8.94±0.45
70%  light
RRII 105 10.66+ 0.60 11 ±  0.52 9.41 ±0.25
RRIM  600 11.85± 0.81 11.5± 0.43 10,8±0.30
G T  1 13.5+0.50 9.3 ±  0.53 9.8±0.31
PR 255 10.9± 0.65 9.6 ±  0.44 8.86±0.32
30%  light
RRII 105 9.49± 0.60 7.2 ±  0.26 6.7 +0.60
RRIM  600 9.95± 0.65 7.2± 0.32 6.68 ±0.34
G T  1 7.7± 0.60 7.11 ± 0 .34 5.93±0.30
PR 255 6.8±  0.58 6.3 ±  0.37 5.46+6.00

April
Irrigated Unirrigated inhibition

± SE  is show n, n=b-8

9.24 ±0.42 4 .15±0.25 55
9 .64±0 52 4 .18±0.13 57
9.11*0 ,33 3.88±0.15 57

8.68 ±0.34 3.7 ±0.24 57

9.06±0.28 4 .76±0.08 49
9,44+0.54 4 .9  ±  0.3 47

9.02 ±0.36 4.4 ±0.15 51
8.26 ±0.59 4.2±0.13 49

7.1± 0,26 3.27±0.13 54
7.1±0.39 3.9±0.11 45

6.45 ±0.37 3.14±0.13 51
6.5 ±0.36 3.70±0.24 44



Ghats, in the farm of Kerala Livestock De­
velopment Board with a set of plants at RRII, 
Kottayam  as control. Initially all the plants 
in both the environm ents were pruned to 
equal height from the bud union to bring 
uniformity in growth.

In spite of having successful sprouting in 
all the c lo n es, a d istin ct im p act of low 
tem p e ra tu re  stress  w as n o ticed  at 
Mattupetty. The average height of the plants 
at M attupetty was only 14.3 cm in contrast 
to 64.8 cm at Kottayam  after four months of 
growth. Almost all the plants grown in the 
warm clim ate of Kottayam  were in the two 
whorl stage, while their counterparts in the 
low temperature climate failed to develop a 
co m p lete  w horl excep t in 15 p lants. To 
understand the m echanistic insights of such 
low tem perature effects on gas exchange, 
chlorophyll fluorescence and biochem ical 
studies were conducted during December 
1999 -  January 2000. The CO, assimilation 
rate (A) of Hevea w as significantly lower at 
M attu p etty  bo th  at low  and high PFD s 
(T ab le  Phy. 4 ). A lso , H evea  g row n  at 
M attupetty show ed m uch sm aller A  than 
several native species such as Rose, Seteria, 
Napier and clover adapted to the Mattupetty 
co n d it io n s . T h e m axim u m  p o te n tia l 
quantum  yield of PS II photochemistry as 
studied from  the ratio of the m axim um  to

variable chlorophyll fluorescence (Fv/Fm) in 
the dark adapted state was also significantly 
redu ced in the ru bber p lan ts grow n at 
Mattupetty.

Although effective PS II quantum yield 
(<{> PS II) at a g iv en  PFD  w as lo w er at 
M attu p etty , th ere  w as re la tiv e ly  m ore 
electron transport rate (ETR) across PS II in 
the leaf for every mole of C 0 2 assimilated in 
the low tem perature grow n plants (Table 
Phy. 5). This indicated low tem perature 
induced photoinhibition of photosynthesis, 
which explains the stunted growth observed 
in plants at Mattupetty.

Table Phy. 5 . E ffec t o f lo w  tem p eratu re  on PS II

PPFD
(Mmol n r3 s-') Yield ( 0  PS IT)

ETR 
(pmol n r J s ’)

M attupetty

145.0 ±  5.7 0.239 ± 0.020 13.58 ±  0.80
536.4 ± 2 1 .8 0.068 ±  0.011 15.59 ±  3.69

R R II, Kottayam

141.6 ± 5.6 0.581 ± 0.006 35.33 ±  1.62
712.7 ± 12.9 0.191 ±  0.008 56.58 ± 2.39

2. Physiology o f grow th and yield

Six experim ents on the physiology of 
growth and yield of Hez>ea are in progress.

PPFD
(H mol m ; s ’

or low temperature on gas exchange ot young H evea  plants at li
Gas exchange parameters

ow and high PPFD

Leaf
') tem perature (TL) 

(°C)

Stomatal 
conductance 

(gs) (mol nr- s-')

Transpiration 
(E, mmol nv!  s '1)

C O , Assim ilation 
rate (A) 

(jimol m -3 s ')
A/gs

M attupetty

199.1 ±  25.2
0 ' 3

22.3 ±-00^ 0 .1 2 3  ± 0 .009 1.10 ± 0 .34 1.02 ± 0 .18 7.69 ±  1.04
1206 ± 3 0 .9 30.2 ±  0.4 0.098 ± 0.007 2.12 ± 0 .08 0.60 ±  0.24 6.85 ± 1 .79

R R II, Kottayam

214.4 ± 12 .6  

1100.5 ±  15.9

31.2 ±  0.3 
6 - 2 .  

34.6 -l-9.499-

0.50 ±  0.033 _  5.52 ± 0 .16 ..  5.70 ± 0 .26 13.00 ±  0.63 

^ 0.6*



2.1 Yield and yield  com ponents

In the ongoing study on yield and yield 
com p onents, observations from 12 clones 
at CES, Chethackal were recorded. The clone 
PB 235 recorded the highest girth (94 cm) fol­
lowed by RRU 118 (90 cm) and die lowest in 
PR 107 (68 cm ). RRII 105 continued as die 
highest yielder (56.8 g/t/1) and RRIM 612 was 
die low est yielder (25.7 g/t in 1/2S d/2 sys­
tem). Clone RRII 105 showed higher initial 
flow rate (IFR) and dry rubber content (DRC). 
Clone RRIM  612 recorded higher mean plug­
ging index (PI) and very low DRC. The PI 
values of clones G T 1, PB 235, RRIM  600 and 
R R IM  703 ran ged  b e tw een  4 .5  an d  4 .7  
whereas that of G11, PR 107 and Tjir 1 ranged 
between 7.5 and 8.5.

2.2 M echanism  o f  tapping induced loss of biom ass

A project w as initiated in Ju ly 1997 with 
fiv e  clones in a 1987 p lantation at H BSS, 
N ettana to find out the m echanism  of loss in 
biom ass of a rubber tree subjected to regular 
tapping. The trees were opened for tapping 
during July 1997 and one set of trees w as left 
untapped as control. The girth  increm ent 
during the second year o f tapping in d /2 
tapped trees w as lesser than the control in 
all the clones. Diversion of carbon sources 
to rubber biosynthesis explains the loss of 
biom ass in tapped trees. The reduction in 
tapping induced girth increm ent w as more 
in RRII 105 (59% ) and less in PB 311 (30%).

T he dark respiration m ediated oxygen 
u p ta k e  ra te  w as m easu red  in  so ft  bark

tissue from tapping panel area of the d /2 
tapped trees and from the corresponding 
point in the untapped trees during M ay 1999 
and N ovem ber 1999 representing sum m er 
and post m onsoon, respectively. During the 
post m onsoon season o f 2000 onw ards, die 
m easurem ent of resp iration  w as also  ex­
tended to RRII 105 and PB 235 under d/3 
tapping. The tapping panel respiration rate 
w as significantly higher than untapped con­
trol trees. The high rate o f respiration re­
corded in the tapping panel area could be 
due to die increased rate of m etabolism  for 
biosynthesis of rubber m olecules as well as 
possible wound induced m aintenance res­
piration. There w as seasonal changes in the 
respiration rate of tapped trees. Respiration 
w as h igher in post m onsoon (N ovem ber) 
than su m m er (M arch ) in  a ll the c lo n es. 
A m ong the tapped trees, clones PB 235 and 
RRII 105 recorded the m axim um  respiration 
d u r in g  s u m m e r  a n d  p o s t  m o n s o o n , 
respectively and clones PB 260 and RRII 300 
recorded the m inim um  respiration (Table 
Phy. 6 ). hi clone PB 235, d/3 tapped trees 
recorded significantly less respiration than 
d /2 tapped trees indicating  that low  fre­
quency of wounding leads to sm all respira­
tory activity. The total sugar content in tap- 
ping panel area w as higher than untapped 
trees in all the clones in sum m er season but 
the difference w as not significant in post 
monsoon. There w as no difference in starch 
content between tapped and untapped con­
trol trees in both the seasons.

_________ Table Phv- h  P a rk  resp iration rate o f so ft bark tissues in tapped and untapped H ev ea  c lones
____________________ Respiration rale (n m ole O. g-' dry w t. min ')

C lone Sum m er ‘ f w ,  mrmoinn------------------
Untapped

RRU 300 269.3 ±  08.30 423.6 ± 27.0 339.4 ±  29.00 497.0 ±  42.4
RRII 105 295.8 ±  05.14 534.8 ±  29.3 311.4 ± 19.60 708.4 ± 16 .1

210.3 ± 06.70 541.3 ± 18 .2 360.0 ±  33.80 682.0 ± 46.8
271.13 ± 14 .60 472.9 ±  17.1 178.0 ±  08.87

PB 311 253.5 ± 13 .0 0 527.3 ± 1 7 .7 255.0 ±  08.50 69Z14± 46.0 ~



Table. 7. S a le  o f  various pathways nf dark respiration and ATP content in  tanned and

-r j " ' T O te _______ : Untapped tree---------- “ ----------TTr,n,” t r ~  '
Iotal respiration (n m oles O ./g dry vvt/min) 266.9 ± 1 6 .9  -- ------- s i i  73 ±  33 8--------

Cytochrom e-c oxidase 236 ± 15
A lternative oxidase 47  3 ± 4 4
Residual respiration 9 8 ± 2 9  o
ATP content in soft bark (n m ole/ g fresh  wt) 347 + 129  4 7 3  ± 3 0 4
ATP in C- serum  (n m ole/ml)__________ ___________________ 551 a 7 2 _______________ 2532 ±  77

386.5 ± 25 .6  
258.3 ±  10.05
168.6 ± 3 .2

2.3 T a p p in g  in d u ce d  r e s p ir a tio n  and  R O S  
scavenging

A study was taken up for examining the 
in te rre la tio n s h ip  b e tw een  the ra te  of 
re s p ira t io n , A TP co n te n t and R O S 
sc a v e n g in g  a c t iv itie s  in tap p ed  and 
untapped H evea  trees. The rate of dark 
respiration was measured in soft bark tissue 
o f tapped and untapped trees of RRII 105 
w ith different inhibitors, namely, KCN  to 
in h ib it  cy to c h ro m e  p ath w ay  and 
Salycylhydroxam ic acid (SHAM) to inhibit 
a ltern ativ e  oxid ase (A O ) pathw ay. The 
tapped trees recorded significantly higher 
rates of total cyt-c oxidase, cyanide resistant 
alternative oxidase and residual respiratory 
activ ities com pared to the untapped tree 
(Table Phy. 7). The ATP content in untapped 
bark tissue w as found to be seven fold higher 
than that in tapped trees when the samples 
w ere collected after harvesting the latex. 
Contrary to this, a very high ATP content was 
noticed in C -serum  of tapped tree. The 
result indicated that a metabolically active 
tapped rubber tree (as indicated by increased 
respiration) produces enorm ous amount of 
ATP, w hich is lost through serum and hence 
not detected in the soft bark tissue. A tapped 
tree is also loosing considerable amount of 
resources through the non-phosphorylating 
AO pathway.

2.4 C lo n a l v a r ia tio n  in  A TP p o o l and  la te x
regeneration

A project w as started in N ovem ber 1999 
at RRII to study the clonal variation and 
effect of stimulation in the adenylate content, 
its biosynthesis and regulation in the latex

regeneration mechanism and thereby yield. 
Clones RRII 105, RRIM 600 (high yielders), 
R R II 38 and H P 20 (low  y ie ld ers) w ere 
selected. Latex sam ples were analysed for 
su cro se , in o rg a n ic  p h o sp h o ru s and 
a d e n y la tes . H ’ A T P ase  a c t iv ity  w as 
determined from lutoids and pH of C serum, 
B serum and latex was measured. The initial 
results of th is study sh ow ed sign ifican t 
correlation of ATP content, ATPase activity 
and C-serum pH with yield irrespective of 
clones. This study is in progress.

2.5 P h y s io lo g ic a l  c h a n g e s  in  le a v e s  d u r in g  
w intering and refoliation

The project to study the changes in leaf 
biochem ical param eters of untapped and 
tapped trees of Hevea during wintering and 
refoliation was continued. The changes in 
total chlorophyll, soluble protein, free amino 
acid , su gar, sta rch , M D A  and p e r  cen t 
membrane damage during refoliation phase 
were recorded. Correlation coefficients of 
various leaf biochem ical param eters from 
pooled data of untapped and tapped trees 
of Hevea during wintering are presented in 
Table Phy. 8 . The chlorophyll content during 
the post m aturation and w intering phases 
w as positively correlated w ith the contents 
of soluble protein, sugar, starch contents of 
the leaf and w as negatively correlated with 
free am ino acid, MDA and per cent leakage. 
T h e free  a m in o  a c id  c o n te n t  d u r in g  
w intering phase w as negatively correlated 
with the soluble protein content. Soluble 
p ro te in  c o n te n t  sh o w ed  a p o s it iv e  
correlation w ith sugar and starch contents 
and it show ed a negative correlation with



C hlorophyll' 
Protein 
Free AA 
Sugar 
Starch 
M DA

Mj f e Ha i j : . bi - ch- ml f „  prnpCT„ es durin>, ^___ FAA
-0.74
-0.62

Sugar 
+0.85 * 
+0.93 * 
-0.50 *

^ S ig n if ic a n t a t 5%  level 5  Significant a t 'i%  level '

M D A  and per cent leakage. Free am ino acid 
w as negatively  correlated w ith su gar and 
starch  contents and p o sitively  correlated 
with M DA and per cent leakage. Su gar was 
positively  correlated w ith starch and w as 
negatively  correlated  w ith M D A  and per 
cen t leakage. Starch sh ow ed a negativ e  
correlation with M DA and per cent leakage. 

.A  p o s it iv e  c o r r e la t io n  w as o b se rv e d  
betw een M DA and per cent leakage during 
w intering.

The correlation coefficients of various leaf 
biochem ical param eters from  pooled data of 
untapped and tapped trees of Hevea  during 
refoliation phase (Table Phy. 9) show ed a 
positive correlation am ong the various pa­
ram eters during refoliation phase.
2.6 I n t r a c lo n a l v a r ia t io n s  in  y ie ld  an d  y ie ld  

attribu tes

An experiment was conducted to study the 
intraclonal variations in yield, yield attributes 
and th e ir  a ss o c ia tio n s in  R R II 105 in a 
plantation at Vennimala, Kottayam. Twenty 
three healthy trees of the clone RRII 105 were 
selected at random from 400 trees-, which were 
planted in 1985 and opened for tapping in 1992. 
The parameters viz., yield per tree per tap, DRC 
and co n cen tra tion s of su crose, thiol and 
inorganic in the latex were recorded monthly

Starch MDA % leakage
+0.89 ** -0.95 ** -0.96 **
+0.97 •* -0.84 " -0.95 **
-0.57 * +0.74 »* +0.72 *•

+0.98 ** -0.67 ** -0.83 ”
-0.73 ** -0.88 "

+0.92 •*

for a period of two years. The m ean dry rubber 
yield per tree per tap varied from 12 to 126 g 
and the coefficient of variation of the monthly 
mean rubber yield ranged from 22 to 46%. The 
m ean DRC varied from 29 to 50%  and its 
coefficient of variation ranged from 4 to 11%. 
There were large variations in the m ean PI 
computed for each month. H ie concentrations 
of sucrose, inoiganic P  and thiol present in the 
latex also show ed fairly large coefficient of 
variation for their respective means computed 
for every month. Among the variables studied 
here, DRC showed relatively smaller coefficient 
of variation through out the year.

Path coefficient analysis with yield as the 
dependent and DRC, PI, sucrose, inorganic 
P and thiols as the independent variables 
was made. Results revealed that direct and 
in d ire c t e ffec ts  o f  th e  v a r ia b le s  P I and 
in o rg an ic P w ere sig n ifica n t. D R C  has 
m oderate influence on yield, w hile the other 
tw o variables sucrose and thiols have no 
influence on yield. Inorganic P w as found 
to be a crucial param eter in assessing the 
yield capability of a clone ju st sim ilar to PI. 
The results of the study show  the existence 
o f large tree-to-tree variation  n ot only in 
yield and yield attributes such as DRC but 
also in the biochem ical com position of the

Tgble Phy 9. In ter-relation ships am ong biochem ical properties during refolia iln n  phase
1 rotein FAA Surar c. -...i. r~.w;----- --------

+0.75
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+0.78
+0.83

Chlorophyll 
Prolein 
Free AA 
Sugar 
Starch 
MDA

* Significant a t 5%  level ”  Significant at 1% level

+0.72 “  
+0.59 ** 
+0.75 **

Starch MDA % leakage
+0.89 ** +0.70 "

+0.56 * +0.81 “ +0.62 «
+0.68 ** +0.93 ** +0.75 **
+0.88 •* +0.83 ** +0.75 **

+0.73 ** +0.81 ** 
+0.71 *♦



latex w ithin the clone RRII 105 grown in the 
traditional rubber growing area.

3. Stock-scion interaction

An experiment was initiated at RRII Farm 
in M ay 1999 to observe the in terclon al 
variability  in grow th and yield. M onthly 
recordings of yield, PI, DRC, etc. of 13 clones 
were made from the first m onth of opening 
the trees. G irth  recording once in three 
months, was also done. Biochemical analysis 
was carried out in seven of the above clones. 
C onsiderable coefficient of variation was 
observed in all these param eters among the 
trees within each clone suggesting genetic 
heterogeneity of the root stock as the source 
of the variations.

The experim ent on upward (high panel) 
and norm al tapping of healthy and TPD 
affected trees w as continued in the clone 
RRII 105 at CES, Chethackal. The study is 
b e in g  co n d u cted  to  fin d  ou t w h eth er  
translocated type of incompatibility exists in 
TPD  affected trees.

3.1 Scion  - scion in teraction

To study the performance of budded plants 
having the rootstock and scion of the same 
clone (for a homogenous condition for stock 
and scion) a seedling nursery was raised at 
RRII comprising of polyclonal and monoclonal 
seedlings. Clones selected were RRIM 600, 
G T 1 and PB 86. Now the seedlings are ready 
for budding and replanting in polybags.

The project on scion-scion comm unica­
tion in terms of the w intering behaviour of 
Hevea is in progress. After field planting of 
single and double budded plants percentage 
.survival of plants of each clone was noted. 
Gap filling was done to compensate the casu­
alty. Prim ing w as carried out in a uniform 
manner.

4. Tapping panel dryness

Tapping panel dryness (TPD) decreases 
the ability of the Hevea  tree to synthesise

rubber and thus reduces the productivity of 
the crop. Susceptibility to TPD was reported 
to be related to high exploitation of the tree. 
Despite the investigations on cytological and 
pathological aspects as w ell as the latex 
physiological and biochemical characteris­
tics associated with the onset of TPD, the real 
cause of this disorder remains unclear. E ar­
lie r  s tu d ies  h ave sh ow n th at the avail­
ability of carbohydrate substrates for cis- 
polyisoprene biosynthesis was not a limit­
ing factor. Instead, the metabolic conversion 
of su gars, the prim ary processor for rub­
ber biosynthesis, into IPP w hich is an ex­
trem ely energy  con su m in g  p rocess w as 
probably affected.

4.1 Biochem ical changes

A study initiated in 1999 to assess the 
biochem ical changes associated with TPD 
continued and b ioch em ical com ponents 
were analysed in the norm al and affected 
trees of RRIM  600. The high peroxidase 
activity and accumulation of phenols in the 
soft bark  tissue of H evea  trees indicate 
possible oxidative stress in the TPD affected 
tissue. The other free radical scavenging 
systems like superoxide dismutase (SOD), 
peroxidase (Px), thiols and phenols along 
with sugars and proteins in the soft bark tissue 
from the wet and dry stretches in the tapping 
panel and its back side in TPD affected trees 
in comparison with norm al trees (Table Phy. 
10) were analysed. The over expression of 
some of the free radical systems was noticed 
during the advanced stages of TPD. The bark 
tissue of RRIM 600 also indicated the possible 
oxidative stress during the onset of TPD as 
shown earlier in clone RRII 105. Thus the bark 
tissue are metabolically damaged due to the 
o x id a tiv e  stress , w h ich  in h ib ite d  the 
metabolic conversion of sucrose into rubber 
during TPD.

4.2 R espiration  and ATP status

Studies w ere condu cted  in the clones 
G T 1, RRIM 600 and RRII 105 to exam ine the
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Table Phy. 11. Respiration rale and tolal soluble so Ear and slarch contem s 
norm al and T P D  affected trees (n -  7-10) ± S  E o f the so ft bark tissue from  the

Param eter Tappiing panel Back side of 
the panel

Non-yielding
stretch

TPD
Yielding Back side of

Respiration
(n m oles O ./g dry w t/m in)

647 ± 34 549 ± 30 772 ±  7 849 ±  17 459 ±  26
Total soluble sugars 
(m g/g fresh wt)

42.7 -  2.50 5 2 3  ±  3.85 51.3 ± 1 .30 62.8 ±  7.6 57.1 ±  8.85
Starch (m g/g fresh wt) 47.1 ± 1 .1 0 50 5 ± 2 .29 57.7 ±3.11 60.3 ± 3 .6 7 58.0 ± 1 .0 9
C lone G T  1
Respiration 669 ± 55 465 ±  20 901 ±  52(n m oles 0 ,/ g  dry wt/m in) 659 ±  55
Total soluble sugars 43.5 ± 1 .44

65.0 ± 8 .67(mg/g fresh wt) 68.8 ± 4 .6 4
Starch fm g/g fresh w t) 45.8 ± 2 .33 81.1 ± 6 .70 66.7 ±0.98 61.2 ± 5 .72 90.8 ± 5 .4 3



^-----------------------Table Phy. 12. D ifferent types o f respiration in  soft bark Ussup n( H „ ,*n  - w —
Re!'P 'ra"o n  RRII 105--------------------------------------RRfMAfX-
(nM O ./m m /g dry wt.)_____________  Normal
Total
SHAM  inhibited (Cytochrome) 
KCN inhibited (AO)
Residual

558 ±  19 
361 ± 2 7  
275 ± 2 2  
194 ± 0 8

TPD 
670 ± 25’ 
368 ±  25 
346 ±  22* 
221 ± 14

Normal 
572 ± 2 7  
365 ± 22 
316 ± 2 0  
147 ± 4 .48

385 ± 1 8  
403 ± 20* 
166 ± 24

ates of isoprene pathway such as HMG CoA 
and m evalonate were found at a higher con­
centration in TPD affected tissues. It appears 
that poor conversion of mevalonate to IPP 
due to the poor supply of ATP may be the 
cause of retarded rubber biosynthesis in TPD 
trees. Investigations are in progress.

5. Secondary m etabolism

P h o to sy n th a te s  are co n v erted  in to  
different secondary m etabolites in plants. 
Inositols are one of the secondary metabolites 
found in rubber latex. A project w as initiated 
to study the inositols in Hevea latex.
5.1 In osito ls

An experim ent was carried out with 13 
clones viz., RRII 5, RRII 105, RRII 118, RRII 208, 
RRII 300, RRII 308, RRIM  600, RRIM  703, 
PR 255, PR 261, SCATC 88-13, SCATC 93-114

and Haiken 1 to determine the seasonal and 
clonal variations in total inositol content in 
latex. Yield, DRC, total latex volume and ini­
tial flow rate were also recorded. Total inosi­
tol content in latex, estimated monthly ranged 
from 0.16 to 0.89% by weight and varied with 
the done and season. Clonal variation in in- 
ositol-l-phosph ate synthase w as also ob­
served. The study is in progress.

6. Ecological im pact o f H ev ea  cultivation

The first phase of this interdisciplinary 
study to assess the im pact of rubber cultiva­
tion on the m icroenvironm ent is nearing 
completion. Studies on water consumption 
by rubber and o ther forest tree sp ecies, 
m ic ro c lim a te  ch a n g es in s id e  d iffe re n t 
monoculture plantations, soil nutrient status, 
litter production, decom position etc. have 
been carried out.

RUBBER CHEMISTRY, PHYSICS AND TECHNOLOGY DIVISION

Tine focus of research of the Division was 
on natural rubber (NR) processing, chemical 
modification, rubber composites, elastomer 
blending/compatibility and latex technology, 
evolving of m ethodologies to upgrade the 
q u a lity  o f d iffe re n t fo rm s o f N R and 
identification of new  areas of consumption.

Pilot plant production of styrene-grafted 
natural rubber (SGNR) was initiated and the 
m aterial was supplied to a premier footwear 
m a n u fa c tu r in g  u n it fo r  e v a lu a tio n . 
Epoxidised natural rubber (ENR) was iden­
tified as a reinforcem ent m odifier in  silica- 
filled elastom ers viz., NR, SBR and NBR and

efforts were m ade to patent the above find­
ings. Collaborative studies were initiated 
with a m ajor clay manufacturing industry 
on the application of chem ically modified 
clays. By adopting the already developed 
enzym atic deproteinization process, pilot 
plant-scale trials were carried out to produce 
low protein latex. Attem pts were also made 
to develop fimctionalized NR lattices for bio­
medical application.

A study w as in itiated  to an aly se  the 
quality and level o f consistency o f sheet 
rubber being produced in four major rubber 
growing regions. The effect of storage of



field coagulum  un d er various conditions 
p rior to its p rocessin g  to TSR , w as also  
studied.

1. Prim ary processin g and storage 

1-1 Prim ary processing

The study to assess the effect of drying 
sh eet ru b b er u n d er d irect su n lig h t w as 
concluded w ith  five rep lication s. It was 
observed  that though plasticity , m ooney 
viscosity and gel content of die rubber dried 
under sunlight, fully or partially were high, 
significant differences were not observed in 
the breakdown behaviour. Com paratively 
low er p lasticity retention index (PRI) w as 
observed for sun dried sam ples and a slight 
e xcess exp osu re  to su n d eteriorated  the 
q u ality / ap p earan ce  o f the sh eet rubber. 
Drying in sunlight during tine initial period 
w ith su bsequ ent dryin g in sm oke house 
render sheets conform ing to grades not less 
than RSS 4.

A  stu d y  to  find the fa c to rs  affectin g  
co a g u la tio n  o f fresh  N R  la tex  w ith  the 
objective to standardise a method for rapid 
estim ation of the dry rubber content (DRC) 
o f fresh N R  latex  w as in itia ted . It w as 
observed  that fresh N R  latex coagu lates 
quickly by addition of acids in presence of 
definite quantities of higher fatty acid soaps. 
The efficiency of fatty acid soaps in increasing 
the coagulative pow er of acid depends on its 
solubility in water. O ther factors which were 
examined for their role in coagulation of latex 
were pH  and DRC of latex and concentration 
o f metal ions present in latex. Based on a 
series of experim ents a calibration graph was 
m ade. The DRC of N R latex can be obtained

directly from the calibration curve by noting 
the valu e  o f D RC  co rresp o n d in g  to  the 
volum e of acid required for coagulation . 
Action was taken to refine the m ethod.

A study w as un dertaken  to identify  a 
coagulant which is as effective as form ic acid 
but cheaper and having less adverse effect on 
properties of rubber. The prelim inary obser­
vations of the coagulum  m ixture in com pari­
son to form ic acid are given in Table Chem. 1.

The m ajor m arketable form of N R avail­
able in India is tine ribbed smoked sheet (RSS), 
that is predom inantly produced by the small 
grow er sector. The visual grading system has 
constraints in assessing die quality and level 
o f consistency of the sheet rubber. Therefore, 
a study has been initiated to assess the above' 
param eters of RSS 4  grade sheets produced 
in the major rubber growing regions. Regions 
and centres of collection were identified and 
a method of sam pling with statistically sound 
layout was derived. Sam ple collection has 
been initiated.

1.2 Storage of NR

Longer storage o f N R leads to hardening 
w h ich  a d v erse ly  a ffe c ts  its  p ro c e s s in g  
behaviour. A lso  it could  lead to  m ould  
growth on the surface o f the sheet, m aking 
it unacceptable in the m arket. The factors 
such as humidity, tem perature and m ode of 
s ta c k in g  co u ld  in f lu e n c e  th e  s to ra g e  
behaviour of rubber, h i the present context, 
different storage spells could be expected at 
the level of farm er/dealer/other procure­
ment agencies. Hence, a study w as initiated 
to investigate the effect o f storage on the 
properties of NR and to optim ize the condi­
tions of storage.

Param eter

M inim um  m aturation tim e required for
sheeting the coagulum
Clarity of serum
pH  o f serum
D rying tim e of sheet

Table Chem. 1. C om parison of coagula

Form ic ad d
Coagulant

7  h
Coagulant m ixture

"  4.5 h

Clear serum Almost clear (like control) 
5.1

Sam e as control



The properties of the NR sam ples stored 
in different environment of temperature and 
humidity were tested periodically. M ooney 
viscosity and gel content were observed to 
increase as the storage period increased. 
Plasticity (Po) value recorded an increase up 
to 6 months find then remained more or less 
the sam e. PR I o f sam p les k ep t in low  
hu m idity  reg ion  rem ained m ore or less 
constant whereas a reduction in PRI was 
o b se rv e d  fo r sa m p les  k e p t in  a h igh  
hum idity condition. Acetone extractables 
were observed to d ecrease w ith storage 
period. Volatile m atter of sheets kept in both 
locations increased and the increase was 
m ore p ron o u n ced  in the low  h u m id ity  
region. Sheets stored in high hum idity area 
were affected by mould growth after three 
months. The sam ples are proposed to be 
stored for a period of two years.

To evaluate the effect of preprocessing 
co n d itio n s on the q u ality  of N R, latex 
sam ples were allowed to auto coagulate and 
the coagulum  was processed into crepe rub­
ber periodically. Samples were dried and the 
PRI and initial plasticity were determined. 
It was observed that the PRI of sam ples de­
creased w ith in crease in storage period. 
Im m ersing the coagulum in different alka­
line m edia did not improve the raw rubber 
properties. GPC measurem ents have shown 
that the m olecular weight of sam ples stored 
for four w eeks prior to processing reduced 
considerably  w ith low m olecu lar weight 
fractions predominating.

2. Chem ical m odification

N R cou ld  be m od ified  in to  different 
form s to m ake it suitable for specific appli­
cations. ENR, therm oplastic NR, graft co­
polym ers and chlorinated NR are the com ­
mercially significant chemical modifications 
of NR. Focusing was initiated on two modi­
fied form s of NR viz., SG N R and N R modi­
fied with functional monomers.

In the project on graft copolym erisation 
of styrene onto NR, the effect of age of field

latex, stabilizers and sensitizer on the graft­
ing efficiency was studied. The technology 
for the production of SGNR was transferred 
to P&PD Department and necessary techni­
cal support was offered during its produc­
tion. As a process of seed marketing, SGNR 
was supplied to one of the premier footwear 
manufacturing units. The material is being 
evaluated as a reinforcem ent m odifier in 
microcellular soles.

In the study to develop a process for the 
production of functionalized NR lattices for 
biom edical applications, initial trials were 
conducted to graft copolym erise glycidyl 
m ethacrylate (GMA) onto NR in latex stage 
using gamma irradiation. The stability  of 
the modified latex was observed to be com ­
paratively less when the m onom er content 
was above 10 phr. Efforts were started to 
improve the sam e using different antioxi­
dant combinations.

3. B lends / Com patibilizers

Elastomer blends have gained much impor­
tance due to their superior properties compared 
to single elastomers. H ie blending of small 
amount of ENR with N R  SBR and NBR was 
found to substantially improve the dispersion 
of silica and therefore the technological proper­
ties of the filled system. The focus was to ex­
plore the possibility of using ENR as low cost 
modifier in place of the costlier silane coupling 
agents which are being used at present.

Studies to ascertain the effect of ENR as 
a reinforcement modifier in N R-silica com ­
posites were continued. Rheological char­
acterization of N R-silica com posites were 
done in a capillary rheometer. Lower vis­
cosity w as noticed for the ENR modified 
sam ples, especially  at low er sh ear rates. 
Experiments were also initiated to study the 
effect of ENR in SBR-silica composites. Cure 
characteristics, technological properties and 
resistance to ageing were found to be im ­
proved with incorporation of ENR.

The NBR-silica system containing ENR 
as a reinforcem ent m odifier were compared 
with 1SAF and silica filled system s contain­



ing silane coupling agent. Two accelerator 
systems in the above compounds viz., CBS and 
CBS/DPG were evaluated. Both single and 
binary accelerated systems showed improve­
m ent in properties w ith ENR addition. To 
assess the rubber-filler interaction, bound rub­
ber content was measured and the same for 
few typical mixes are given in Table Chem. 2.

Table Chem . 2. E ffe c t o f  m o d if ie rs  on th e bound
ru b b er con len l

M ix Bound rubber
N BR-Silica 27.16
NBR-1OEN R-Silica 40.44
iVBR-lSEfsfR-Silica 41.59
N BR-2% Si69 29.12
N BR-8% Si69 31.36
N BR-IA SF 34.82

N BR-silica system  containing ENR as the 
m odifier w as observed to have higher bound 
rubber content. Also these compounds ex­
hibited ageing resistance comparable to those 
m odified with conventional coupling agent.

4. R u b b er com posites

Various rubber composites are being used 
for different applications. The potential of 
NR m odified bitum en asphalt m ixes to im­
prove the serv ice  life  o f h ig h w ays have 
b een  w ell establish ed . To overcom e the 
co n stra in ts  ex p erien ced  in ca rry in g  out 
the b itu m en -la tex  b len d in g  at the w ork 
site , it  w as p rop osed  to effect the b len d ­
in g  at the refin ery  lev e l. T h is en su res 
m ore e ffec tiv e  con tro l o f the p rocessin g 
co n d itio n s and h ence better consistency for 
the m odified bitum en.

Necessary technical support was given to 
Kochi Refineries Limited for the production 
of rubber m odified bitum en on a pilot plant 
at the refiner}'. The quality param eters re­
quired for the latex to be used for modifier 
were finalised.

Coconut shell pow der (CSP) at present 
finds application as a flooring material and

as a com ponent for hard/sm oothly finished 
therm oplastic m ouldings. A study w as ini­
tiated to evaluate the use of the sam e as a 
filler in rubber com pounding. It w as ob ­
served that the Hexamethylene/Resorcinol/ 
Silica treated CSP im proved all properties of 
the vulcanizates In  com parison w ith the un­
treated CSP and other sem i-reinforcing non­
black fillers. Also the incorporation of C SP 
w as observed to im part high abrasion resis­
tance, low heat build up and better electri­
cal resistance.

A s clays are mostly sem i-reinforcing and 
have lower cost than other fillers, any at­
tem pt to im prove its reinforcing potential 
deserves attention. The surface m odifica­
tions of clays can significantly im prove the 
properties of resulting  vu lcanizates. The 
study w as proposed in collaboration w ith a 
m ajor clay m anufacturing unit. T he am ino 
silane and m ercapto silane m odified clays 
w ere observed to have im p rovem ents in 
properties com pared to the co n v en tio n al 
clays. Evaluation o f less costlier grades of 
m odified clays w as initiated.

5. Latex technology

N R  latex products are facing serious chal­
lenges owing to the allergic effects of extract- 
able proteins (EP). Several techniques are 
being adopted for m anufacturing product 
with very low EP content, so that allergic ef­
fects can be m inim ised. U se of low protein 
centrifuged latex could substantially  reduce 
the EP content of the products. A ction w as 
taken to standardise a m ethod for produc­
tion of deproteinised latex using a proteolytic 
enzyme in a single centrifuging process.

Su lphu r vu lcan izatio n  ess e n tia lly  re ­
quires accelerators w hich m ay  lead to re­
sidual nitrosoamines. Radiation vulcaniza­
tion has been suggested to overcom e the 
above problem. However, inferior strength 
properties of radiation vulcanized N R  latex 
(RVNRL), compared to sulphur vulcanizates 
im poses lim itations on its w ider ap p lica­



tions, especially in the biomedical field. Ef­
forts are being carried out to overcom e the 
above aspects.

5.1 Enzym atic deprotein izalion  o f NR latex

Pilot plant studies were carried out at 
Pilot Latex Processing Centre, Chethackal, 
adopting the m ethod standardised earlier.

Com pounds were prepared using the 
above lattices and tensile properties and age­
ing characteristics of the film were deter­
mined. The EP content of the films were de­
termined before and after wet/dry gel leach­
ing (70 °C for 2 min). The properties of the 
raw latex and latex film vulcanizates were 
found to be satisfactory. EP content of 
vulcanizates from the low protein latex was 
low, even before leaching.

The enzym e treated sam ple has compa­
rable level of EP content with double centri­

fuged latex. A lso the form er was found to 
be suitable for dipping operations and the 
vulcanizate properties of the sam e were 
satisfactory.

Towards upgradation of the quality of 
RVNRL, the effect of maturation on the prop­
erties of RVNRL was attempted. The RVNRL 
films were prepared, dried at room tempera­
ture and leached for 24 hours. The proper­
ties of the film s were evaluated. The initial 
studies showed that the storage period of 
latex up to 45 days before irradiation showed 
better strength properties.

6. Characterization o f m olecular param ­
eters o f lattices o f different clones

Collection of three sets of sam ples was 
completed and the characterization of mo­
lecular parameters of the selected 13 clones 
was continued.

AGRICULTURAL ECONOMICS DIVISION

The D ivision concentrated  on studies 
pertaining to econom ic aspects of natural 
rubber cultivation, processing, m arketing, 
end uses, ancillary sources of income and by­
p rod u cts. In ter-d iv isio n al co llab orative 
studies were also undertaken to analyse the 
econom ic viability of experimental findings.

During the period under review four ma­
jor projects were completed by the Division, 
which included one interdivisional collabo­
rative project. Results and findings of two 
major projects were published by the Divi­
sion as monographs, viz., (1) 'Com mercial 
yield performance of Hevea clones in India: A 
comparative analysis' and (2) 'Indian Rubber 
Products Manufacturing Industry: Evolution­
ary Dynamics and Structural Dimensions.' 
These monographs are expected to be valu­
able sources of reference material for plant­
ers, researchers, policy makers as well as those 
interested in the development of Indian rub­

ber products manufacturing industry. The 
Division has eleven ongoing projects.

1. Com m ercial yield perform ance o f H evea  

The study was undertaken with the ob­
jectives of (a) analysing the trends in yield and 
related factors of Hevea clones during differ­
ent decades (b) comparing the yield perfor­
m ance and other factors during different 
phases (c) examining the clonal stability in 
yield over seasons, locations and age of the 
tree and (d) assessing the overall performance 
of clones in a comparative perspective of the 
planting material recommendations in India 
vis-a-vis M alaysia. A  comprehensive report 
has been published in the form of a mono­
graph covering yield and related aspects of 
27 clones under comm ercial cultivation in 
India. The study forms part of a continuous 
commercial yield evaluation scheme initiated 
by  the R u b b er R esearch  In stitu te  of



Table A g e.l. Yield and related variables over decades (1-10 vear phase)
---------------- I95°s 1960s 1970s ---------------198

Variables 
Yield (kg/ha)
Yield / tree (kg)
Tappable stand (no./ha) 
Share of field coagulum  (%) 
Tapping intensity (%) 
Im m ature phase (years)

India in 1974. Inform ation on yield per ha, 
y ield  p er  tree, sh are o f field  coagulum , 
tapping  in tensity  and tappable stand of 
different clones were analysed for different 
p h ases. The rep orted  m ean du ration  of 
im m ature phase of the 27 clones was 8.01 
years, the clonal difference being 5.7 years 
in the case of PB 260 to 9.3 years in the case 
of PB 5/63 and RRIM 628. Inform ation on 
yield was supplem ented with an analysis of 
seasonal and locational yield stability. The 
peak season (October to January) and lean 
season (February to M arch) accounted for
4 5 .4  an d  19 .6%  o f th e  a n n u a l y ie ld  
resp ectiv e ly . T h e  h ig h  y ie ld in g  clo n es 
reported low er seasonal stability compared 
to low yielders. Except in the case of G1 1, 
PB 235, RRII 105 and PB 217, w h ich are 
reported to have higher level of locational 
stability during the 1-5 year phase, all other 
clones show ed a steady increase in locational 
stability in the 5-10 year phase.

M ean yield and related attributes of the 
plantations belonging to the 1-10 year phase, 
established during the decades between 1950 
and 1980 are given in Table A ge.l.

M ean yield during the 1-10 year phase 
was 1100,1229,1389 and 1514 kg/ha respec­
tively during the four decades. The steady 
increase in yield/ha over the decades can be

1100 1229 1389
3.62 3.7 4.15
304 332 335 336
29.2 31.1 27.3
94 88 82 77
8.4 8 7.9 6.9

attributed m ainly to the adoption of m od­
em  high yielding varieties and im proved 
cultural practices.

2. R ubber products m anufacturing sector

A  com prehensive report in  the form  of a 
m onograph w as published analysin g  the 
origin, evolutionary grow th and current sta­
tus of Indian rubber products m anufactur­
ing industry and its structural dim ensions. 
The analysis on the evolutionary  grow th 
identified the historical, econom ic and po­
litical factors contributing to the develop­
m ent of the nascent industry. T h e m ajor 
structural dim ensions of the industry were 
analysed from sectoral and regional perspec­
tives so as to draw relevant guidelines for 
appropriate policy inputs. Based on the rela­
tive shares in the total consum ption of NR 
in the country during 1996-97, the im portant 
N R consum ing states were grouped as high, 
m edium and low propensity states (Table 
Age.2). The main objective o f the classifica­
tion was to assess the growth potential of NR 
consumption in the country.

Table A ge.3 show s the grow th rates in 
N R and total rubber consum ption across the 
states. The m ost im portant trend evid ent 
from  Tables Age. 2 and 3 is that am ong the 
four states, w hich have recorded h ig her 
grow th rates in N R co n su m p tio n , three

c“ ___
W g -w d ™  ,»ove 1°% )-----------

Kerala Hary ana
U ttar Pradesh Rajasthan
M aharashtra Tamil Nadu

________________________________ West Bengal

Andhra Pradesh 
Delhi
Goa & Daman 
Karnataka 
M adhya Pradesh



Table Age.3. Com pound rate of growth in the con­
sum ption o f  d ifferent types of rubber 

________________(1985-86 to  1996-97)
State NR SR RR Total
Andhra Pradesh 9.26 14.08 13.44 10.6
Delhi 3.60 2.89 7.24 3.72
Goa & Daman 11.15 3.69 7.09 9.61
Gujarat 11.96 12.56 11.83 12.03
H aryana 3.29 0.94 4.27 2 7 9
Karnataka 4.41 2 4 0 5.56 4.05
Kerala 5.54 9.33 3.63 6.15
M adhya Pradesh 21.56 17.59 31.05 21.14
M aharashtra 3.28 3.17 2.31 3.15
Punjab 5.97 3.62 2.82 5.09
Rajasthan 9.77 5.07 6.79 5.63
Tamil Nadu 4.37 3.13 2.79 3.93
Uttar Pradesh 4.95 4.52 3.32 4.72
West Bengal 2.69 0.04 (-)0.04 1.88
Others 2 .% (-)14.40 5.57 (-)0.86
All India 5.53 4.55 3.53 5.14

states (M adhya Pradesh, Goa and Daman 
and Andhra Pradesh) belong to the low pro- 
p e n s ity  grou p  an d  the rem a in in g  one 
(G ujarat) in the m edium  propensity group. 
A positive aspect of the observed trend is 
that the com bined share of these four 'high 
grow th states in total rubber consum ption 
is only 15.49%  and therefore, the potential 
for the grow th of N R  based industries is 
relatively  h igher in the new  regions. C on­
versely, am ong the high propensity states, 
K erala has achieved m axim um  grow th in 
total rubber consum ption (6.15 %) and it 
is im portant to note that the State has a 
h ig h e r  gro w th  rate in SR  con su m p tio n  
(9.33 %) com pared to that in N R consum p­
tion (5.54 %).

3. Im pact o f econom ic reform s on auto­
m otive tyre industry

The study is perceived in the backdrop 
o f the ongoing process of econom ic reforms 
in Indian econom y and the objective w as to 
assess the im pact of econom ic reforms on 
production, export and im port of the m ajor 
tyre segm ent, viz., the truck and bus tyres.

The analysis indicated that there are well- 
defined limitations in sustaining the dom es­

tic demand-dri ven export growth to reap the 
advantages of scale economies. The tyre pro­
duction sector in India is on the verge of a 
major shake up with the entry of m ulti-na­
tional corporations (MNCs) in the post-re- 
form s phase w ith its concom itant conse­
quences on the structure of production un­
derlying the need for rationalization of prod- 
uct-mix favouring radial tyres with large- 
scale investment.

4. Rubber by-products sector

The studies on the production and con­
sumption of ancillary products viz., rubber 
wood, rubber seed and honey are continu­
ous in nature. D uring 1999-2000 the esti­
m ated availability of rubber wood was 1.40 
m illion m3. But the actual production dur­
ing the period was around 20% low er than 
the projected availability due to slackened 
demand and low prices. The stem  wood, 
which forms 60 per cent of the total is used 
for industrial purposes and the branch wood 
as fire wood. The end use pattern of stem 
rubber wood show s that 56.50%  of the stem
w ood is consumed by the packing case in­
dustry (Table Age.4)

Table Age.4. Consumption pattern of stem  rubber wood
Consum ing sector Consum ption (%)
Packing cases 56.5
Safety matches 3.0
Plywood 2 6 5
Processed wood * 12.0
Others 2.0
* includes rubber wood treated through diffusion pro-
cess also.

T he estim ated  p rod u ction  of ru bber 
honey during the period remained 1750 t. 
The production of rubber seed oil and cake 
was estim ated to be 2 0 0 0 1 and 3 2 5 0 1 respec­
tively (Table Age. 5).

Table Age.5. Production of ancillary products
Production Quantity
Rubber wood 1.12 (  000 m 3)
Rubber seed oil 2 0 0 0 1
Rubber seed cake 3 2 5 0 1
H oney 1 7 5 0 1



Table Age.l. Yield and related variables over decades (1-10 year phase)
Variables 1950s 1960s 1970s 1980s
Yield (kg/ha) 1100 1229 1389 1514
Yield/tree (kg) 3.62 3.7 4.15 4.5
Tappable stand (no./ha) 304 332 335 336
Share of field coagulum (%) 29.2 31.1 27.3 26.6
Tapping intensity (%) 94 88 82 77
Immature phase (vears) 8.4 8 7.9 6.9

India in 1974. Information on yield per ha, 
yield per tree, share of field coagulum , 
tapping intensity and tappable stand of 
different clones were analysed for different 
phases. The reported m ean duration of 
immature phase of the 27 clones was 8.01 
years, the clonal difference being 5.7 years 
in the case of PB 260 to 9.3 years in the case 
of PB 5/63 and RRIM 628. Information on 
yield was supplemented with an analysis of 
seasonal and locational yield stability. The 
peak season (October to January) and lean 
season (February to March) accounted for
45 .4  and 19.6%  o f the annu a] y ield 
respectively . The high y ie ld in g  clon es 
reported lower seasonal stability compared 
to low yielders. Except in the case of G1 1, 
PB 235, RRII 105 and PB 217, which are 
reported to have higher level of locational 
stability during the 1-5 year phase, all other 
clones showed a steady increase in locational 
stability in the 5-10 year phase.

Mean yield and related attributes of the 
plantations belonging to the 1-10 year phase 
established during the decades between 1950 
and 1980 are given in Table A ge.l.

Mean yield during the 1-10 year phase 
was 1100,1229,1389 and 1514 kg/ha respec­
tively during the four decades. The steady 
increase m yield/ha over the decades can be

attributed mainly to the adoption of m od­
em  high yielding varieties and im proved 
cultural practices.

2. Rubber products m anufacturing sector 

A comprehensive report in the form  of a 
m onograph w as published an alysin g  the 
origin, evolutionary growth and current sta­
tus of Indian rubber products m anufactur­
ing industry and its structural dim ensions. 
The analysis on the evolutionary  grow th 
identified the historical, econom ic and p o­
litical factors contributing to the develop ­
m ent of the nascent industry. T h e m a jor  
structural dimensions of the industry were 
analysed from sectoral and regional perspec­
tives so as to draw relevant guidelines for 
appropriate policy inputs. Based on the rela­
tive shares in the total consum ption of NR 
in the country during 1996-97, the im portant 
NR consuming states were grouped as high, 
medium and low propensity states (Table 
Age-2)- The main objective of the classifica­
tion was to assess the growth potential o f NR 
consumption in the country.

Table Age.3 show s the grow th rates in 
N R and total rubber consum ption across the 
states^ The m ost im portant trend evid en t 
from Tables Age. 2 and 3 is that am ong the 
four states, w hich have recorded h igher 
grow th rates in N R  con su m p tion , three

HjKh propemitv s la l^  " 'i'I'im '101'  ° f  SlatCS b —gd ° n N R cons«mDtion h Q M .an
(relative share above 10 %) ^  ™  propensity s la te , ----------------^-------------------------
"  —  -----------  (relative share between 5%  and 10%)rU Z ja b -
Kerala 
Uttar Pradesh 
Maharashtra

Gujarat 
Haryana 
Rajasthan 
Tamil Nadu 
West Bengal

Low propensity states 
(relative share less than 5%) 
Andhra Pradesh 
Delhi
Goa & Daman 
Karnataka 
Madhya Pradesh



Table A ge.3. Com pound rate o f growth in the con­
sum ption  of d ifferent types of rubber 

________________ (1985-86 to 1996-97)
State NR SR RR Total
Andhra Pradesh 9.26 14.08 13.44 10.6
Delhi 3.60 2.89 7.24 3.72
Goa & Daman 11.15 3.69 7,09 9.61
Gujarat 11.96 12.56 11.83 12.03
H aryana 3.29 0.94 4.27 2.79
Karnataka 4.41 2.40 5.56 4.05
Kerala 5.54 9.33 3.63 6.15
M adhya Pradesh 21.56 17.59 31.05 21.14
M aharashtra 3.28 3.17 2.31 3.15
Punjab 5.97 3.62 2.82 5.09
Rajasthan 9.77 5.07 6.79 5.63
Tamil Nadu 4.37 3.13 2 7 9 3.93
Uttar Pradesh 4.95 4.52 3.32 4.72
West Bengal 2.69 0.04 (-)0.04 1.88
Others 2.96 (-) 14.40 5.57 (-)0.86
All India 5.53 4.55 3.53 5.14

states (M adhya Pradesh, Goa and Daman 
and Andhra Pradesh) belong to the low pro­
p e n s ity  g ro u p  and the rem a in in g  one 
(G ujarat) in the m edium  propensity group. 
A  p ositive aspect of the observed trend is 
that the com bined share of these four 'high 
grow th' states in total rubber consum ption 
is only  15.49%  and therefore, the potential 
for the grow th of N R based industries is 
relatively  h igher in the new regions. Con­
versely, am ong the high propensity states, 
K erala has achieved m axim um  grow th in 
total ru bber consum ption (6.15 %) and it 
is im p ortant to note that the State has a 
h ig h e r  gro w th  ra te  in SR  consum ption  
(9.33 %) com pared to that in N R  consum p­
tion (5.54 %).

3. Im pact o f econom ic reform s on auto­
m otive tyre industry

The study is perceived in the backdrop 
o f the ongoing process of economic reforms 
in Indian econom y and the objective was to 
assess the im pact of economic reforms on 
production, export and import of the major 
tyre segm ent, viz., the truck and bus tyres.

The analysis indicated that there are well- 
defined lim itations in sustaining the domes­

tic demand-driven export growth to reap the 
advantages of scale economies. The tyre pro­
duction sector in India is on the verge of a 
major shake up with the entry of multi-na­
tional corporations (MNCs) in the post-re­
form s phase with its concom itant conse­
quences on the structure of production un­
dedying the need for rationalization of prod- 
uct-mix favouring radial tyres with large- 
scale investment.

4. Rubber by-products sector

The studies on the production and con­
sumption of ancillary products viz., rubber 
wood, rubber seed and honey are continu­
ous in nature. During 1999-2000 the esti­
mated availability of rubber wood w as 1.40 
million m3. But the actual production dur­
ing the period was around 20% lower than 
the projected availability due to slackened 
demand and low prices. The stem wood, 
which forms 60 per cent of the total is used 
for industrial purposes and the branch wood 
as fire wood. The end use pattern of stem 
rubber wood shows that 56.50% of the stem 
wood is consumed by the packing case in­
dustry (Table Age.4)

Table Age.4. Consumption pattern o f stem  rubber wood
Consuming sector Consum ption (%)
Packing cases 56.5
Safety matches 3.0
Plywood 26.5
Processed w oo d * 12.0
Others 2.0
* includes rubber wood treated through diffusion pro­
cess also.

The estim ated  p rod u ction  o f ru bber 
honey during the period rem ained 1750 t. 
The production of rubber seed oil and cake 
was estimated to be 200 0 1 and 3 2 5 0 1 respec­
tively (Table Age. 5).

Table Age.5. Production of ancillary products
Production Q uantity
Rubber wood 1.12 ('(XX) m 3)
Rubber seed oil 2000 t
Rubber seed cake 32501
Honey 17501



4.1 Rubber seed processing industry
The study is based on primary surveys 

conducted during 1996 and 1999. During 
1996, data was collected from 20 rubber seed 
dealers and 10 seed processing units in 
Kerala and Tamil Nadu. Data for the period 
from 1996-97 to 1998-99 was collected in 1999 
from 10 processing units in Tamil Nadu. The 
study revealed that the rubber seed process­
ing sector was enveloped by hurdles at pro­
curement, processing and marketing front 
such as declining collection of seeds, diffi­
culties in getting molasses, falling prices and 
declining demand for oil, competition from 
substitutes etc. Further, rubber seed proces­
sors cannot avail the benefits of promotional 
schem es enjoyed by other oil processors 
since rubber seed oil is still included in the 
category of hill products. The volume of 
rubber seeds collected is declining annually 
and m ost of the former full time processors 
have switched over to other non-edible oil

seeds and rubber seed processing is confined 
to the slack season of other seeds. D ue to 
the low procurement price of seed and high 
wage rates, the annual collection is expected 
to decline in the forthcoming years as well. 
The rising cost of processing and the diffi­
culties at the marketing front also predict a 
bleak future for this industry. R & D activi­
ties to identify commercially sustainable uses 
are vital in improving the status of the rub­
ber seed processing sector.

Other studies such as operational effi­
ciency of rubber plantations under different 
levels of management, an investigation into 
the development and structural changes of 
Indian rubber plantation industry during the 
colonial era (1902-1947), analysis o f stock­
holding practices of the rubber sm all grow ­
ers in Kerala, analysis of the im pact of price 
change of NR on investm ent and em ploy­
m ent in rubber sm allholdings secto r and 
price stability and growth of rubber cultiva­
tion in Kerala are in progress.

WORLD BANK-ASSISTED RUBBER PRO JECT  
RESEARCH COMPONENT

1. Exploitation studies . • -

Low frequency tapping trials laid out in 
\ ous estates and medium holdings as well hons were needed (Tables Wb 1 & 2 ) 
as in experimental farm at RIT, Pampady
progressed well during the period undor ™ ,  ?  SyStem' S1X Sim u lations were
report. In general, 15-30% sustainable yield v i e ld Z h ^  *  ^  105 '°  gel °>1timum
increase is possible under d/3 frequency of L  j  ™ m G T 1 seven stim  ula'

a a t s s s s s s i s ;

....
Pafampra Estate,Kanjirapallv B O -1 S 5 S ( " 6>

'  „ n . ,  ®  “  23° 3<" ‘”  2435,1161
^  .. ■ 1734(130)
of five years. There was no de. Im, ...........- - - - - -  -



Location
HML, C heruvally 
New Am badi, Kulasekharam  
New  Am badi, Kulasekharam

~P02U  
KRIM 600

Stim ulation - I’B 217 (3-5)1 ® T M  600 (4 ^ jT C T T & T T

Panel 
1 )0-1 

BO-1 
B O -2

ping in other clones
— IT 5 n  ----------- T3~

1473( UHj) 1 W U (W1 1708(116) 1795(122)'
1573(100) 1936(123) 1827(116) 1991(126) 

J8 6 3 U ° 0 )  2364(127) 2351(126) 22<WMr»

Table W b. 3. Y ield  perform ance (ke/400 „ ni1ri . . .  f
ion -----------?------------s^yearMmder d/4 frequency in the Slh v « r  n (
r r - .  ----------------------  Clone [ C j -------------- ----------- -------=rr-

Location 
TR & T  E state ', Am banad 
Kannukuzhy, Kottayam  
TR & T Estate, Ambanad 
New  Am badi, Kulasekharam  
HML, Konney

There w as go  slow  during peak season

Clone 
” RRII 105 

RRII 105 
G T 1
RRIM 600 
PB 217

Panel
BO -1
BO-1
BO-1
BO -1
BO -1

if tapping

1713
2173

1949
2054

1143
2047
2279

1219*
1913
2292

U n d e r  d / 6  freq u en cy  of tap p in g , with 
m onthly stim ulation, there was higher yield 
from third year. Low yield during the ini­
tial years of tapping could be solved by ad­
ju sting  the frequency of stimulation. Cost 
b e n e f it  a n a ly s is  of the d ata  from  
Vengathanam  Estate show ed that in clone 
RRII 105, in a tapping block of 400 trees, 
m ean annual additional incom e generated 
w as Rs.6634/- per block. Additional income 
for the tapper was Rs.604/- per block. In 
c lo n e  R R IM  600 (N ew  A m badi E sta te ), 
stim u lation  under d/3 frequency resulted 
in  a d d it io n a l m ea n  an n u al in com e of 
Rs.7414/- per block. Additional incom e for 
the tapper w as Rs.706/- per block.

In the experim ental farm at RIT, yield 
under d/3 and d/4 frequencies of tapping 
with stim u lation  w as com parable. How­
ever, under weekly tapping there was sig­
nificant yield depression during the initial 
tw o years.

Three year data on yield performance in 
the rain guarding experim ent showed a sig­
nificant yield reduction of 38% in the absence 
o f  ra in g u a rd  u n d er  d / 2 freq u en cy  of 
tapping. By stim ulation, yield loss could not 
be reduced. Sim ilar reduction in yield un­
der d/3 frequency of tapping was 44% in 
the absence of rainguard, which could be sig­
n ifican tly  redu ced (22% ) by stim ulation. 
D ata from  co n tro lle d  u p w ard  tap p in g  
(C U T) experim ent (clone GT1) showed that,

under monthly stimulation, alternate daily 
tapping of 1/4S cut was more productive 
than third daily tapping. Results o f the 
m in icut exp erim en t show ed p rom isin g  
results and yield from stimulated minicuts 
were comparable to that of 1/2S d/3.

2. Latex diagnosis studies

Latex diagnosis studies condu cted  in 
smallholders' plots from North and South 
regions in the traditional area, showed m axi­
mum variation in thiol levels and were lower 
than the base value fixed under optim um 
yield in the Central region. The levels of in­
organic phosphorous, su crose and DRC 
could explain the differences in exploitation 
pattern practised in these two locations.

A TPD survey of RRII 105 under d/2 and 
d/3 frequencies in small holders' plots cov­
ering North, South and Central regions of 
the traditional rubber growing tract revealed 
that up to 5% of trees were affected by total 
dryness in the BO-1 panel, 5 to 9%  in the 
BO-2 panel and upto 15% in the Bl-1 panel. 
The trees affected by partial dryness were 
up to 10%, 12% and 20% in the BO-1, BO-2 
and Bl-1 panels respectively.

In  an e x p erim en t la id  o u t at RIT , 
Pampady with clone RRII 105 under 1/2S 
d / 3 fre q u e n c y  in  B O -1 p a n e l ,  la te x  
diagnosis param eters did not show  any 
s ig n ifica n t d ifferen ce  w ith the co n tro l



Table Wb. 4. Growth and yield performance of clones

RRIM 600 1982 42.90
RRII 105 1 *  42.80 36.80 ® .1 0
RR II105 1982 32.90 34..-.0
GT 1 1980 38.96
G Tl 19S5 20.50 _ _

— ----------------------- -- 35ii8

Girth (cm; Feb 2000)
Clone Year o f planting Yield (g/t/t)-----------... ---------------------ztpstt

37.00 67.80
28.20 56.20
3 l6 7  62.38

Location
Kamalghal
Falikcherra
Taranagar
Fatikcherra
Kamalghat
Anandanagar

suggesting that the stimulation treatment 
imposed did not affect tlie health of the tree.

3. Clone evaluation
In thel994 trial at Arasu Rubber Corpo­

ration, Keeriparai, Tamil Nadu, among the
11 clones, four clones recorded significantly 
higher yield than RRII 105. In the trial at RRS, 
Padivoor, IRCA 230 showed the highest girth 
followed by PB 314. A new clone trial was 
initiated at Dhenkanal, Orissa and field 
planting for the trial was completed.

In die 1994 onfarm trial at Arasu Rubber 
C orporation , K eeriparai, six test clones 
recorded better growth rate than the control 
clone (RRII 105) of which PB 235 ranked first. 
Lowest girth was recorded for PR 261. In 
the onfarm  tria ls  at Pu lleng od e and 
Thirumbadi Estates and in the smallholdings 
at Manappally, Suranadu, Vallikunnam and 
Tham arakkulam , recording of girth and 
disease occurrence was carried out. At 
Suranadu, Oidium was severe on PB 260 
while at Vallikunnam, severe pink inci­
dence was noticed in the test clone (RRII 351).

To study the performance of clones in the 
m ature phase at A gartala, all the three 
Category 1 clones, viz., RRII 105, RRIM 600 
and GT 1 were selected from four different 
locations. The observations and results are 
given in Table Wb. 4. The results showed that 
clone RRIM 600 attained more girth than 
RRII 105 at Fatikcherra, while RRII 105 
recorded better growth at Taranagar.

M ean dry rubber yield of the clones 
revealed that RRIM 600 at Fatikcherra and 
RRH105 at Taranagar have comparable yield.

Clone RRIM 600 ranks first in yield followed 
by RRII 105 and G T 1. In all the clones 
studied, N ovem ber is the peak- yield ing 
month regardless of the locations. Dry rubber 
content (D RC ) d eclin ed  from  O cto b er  
onwards and it was lowest during January, 
in all the clones. Clone G T 1 at Kamalghat 
and RRII 105 at Taranagar showed the highest 
DRC, while that of GT 1 at Anandanagar w'as 
the lowest. Regardless of the clones, DRC was 
comparable at other places. Regardless of the 
clones DRC was comparable at other places. 
Poor yield and low DRC of GT 1 noticed at 
A n and anag ar m ig h t be due to p o o r  
management of the plantation.

During immature phase, four clones, viz., 
RRH 105, RRIM 600, GT 1 and PB 235 were 
selected from  one location to study their 
perform ance. D u rin g  im m atu re  p h ase  
GT 1 attained highest girth followed by RRIM 
600 and RRII 105. Annual girth increment also 
showed GT 1 as the vigorous clone after seven 
years. Clone PB 235 attained a m ean girth 
of 40.4 cm and an annual girth increm ent 
of 6.6 cm after six years (Table Wb. 5).

4. Biotechnology

The effect of polyam ines, g lu tam in e, 
casein hydrolysate, gibberellic acid, light etc. 
on the frequency of somatic em bryogenesis 
and plant regeneration revealed no signifi-

Table Wb. 5. Growth of planting perform ance o f  clones
in im m ature phase

Clone Year Girth (cm; Feb-2000)
1992

RRII 105 1992
G T l 1992
PB 235 1993 40.4
Mean - 45.1



cant effect o f polyam ines. Embryo induction 
efficiency w as prom oted by supplementing 
g lu ta m in e  at 15 0 -2 0 0  mg/1 and casein  
hydrolysate at 400 mg/1. Incorporation of 
low  levels o f g ibberallic  acid (2.0 mg/1) 
stim ulated em bryo induction and plant re­
generation. Plan tlet regeneration frequency 
increased at higher levels (3-5 mg/1), however, 
the transfer o f germ inated embryos to hor­
m one free m ed iu m  w as required. Dark 
incubation favoured induction and prolifera­
tion of callus and embryogenesis.

Tran sgen ic p lan ts initially  developed 
w ith the gene coding for sorbitol-6-phos- 
phate dehydrogenase did not grow satisfac­
torily alter the second leaf stage. Efforts are 
u n d erw a y  to o v erc o m e th is p rob lem . 
Transgenic plants transform ed with SOD 
gene w ere produced successfully.

5. G erm plasm  evaluation

In  the 1996, tria l w here 36 Brazilian 
germ plasm  clones were under evaluation at 
RRS, Sukm a, Chathisgarh, significant varia­
tion in grow th w as observed am ong the 
clones. The W ickham  clones showed more 
vigour, com pared to the gennplasm  clones. 
High girth increment was recorded for R05554 
(8 .48  cm ), M T  2594 (8 .28  cm ), RO 5363 
(7.61 cm ), RO  2635 (7.42 cm ) and RO  2629 
(7 .12  cm ). Low  girth  increm ent of 5.52 cm, 
4 .83  cm , and 4 .5 0  cm  w as recorded in AC 
685 , A C  607 and A C 707, respectively.

hi the trial for cold tolerance laid out at 
the RRS, Nagrakatta, Brazilian clone AC 68 
show ed highest girth in the second year of 
planting followed by RO 5408. The Wickham 
clones had less vigour and the girth ranged 
from 9.0 a n  in G T 1 to 7.1 cm in RRII 105. The 
lowest girth recorded was for AC 607.

5.1 G en o m e analysis

R A PD  p rofiling  o f 60 wild genotypes 
along with two cultivated clones (RRII 105 
and G T 1) was done using 22 informative ran­
dom  prim ers and a database of the RAPD

profiles was constructed from the images, for 
genetic analysis. The study indicated consid­
erable genetic variation among the wild geno­
types from three d ifferent prov en en ces 
namely, Acre, Rondonia and Mato Grosso of 
Brazil. Primers have been identified which 
could detect geographic distinctness of the 
genotypes.

Two hundred primers (20 random prim ­
ers from each OPA to O PJ series) w ere 
screened against Phytophthora tolerant (RRII 
105) and susceptible (RRIM 600) clones, for 
identifying a marker for the disease. The 
primers, identified for polymorphism in tol­
erant clones, have been subjected to tests for 
the consistent polymorphic pattern for dis­
ease resistance against 15 genotypes, includ- 
ing 12 popular clones. Preliminary studies 
have indicated that a =0.6 kb RAPD frag­
m ent may be a m arker for resistan ce to 
Phytophthora leaf fall disease. Further con­
firmatory studies are in progress.

A study on RAPD profiling of Con/nespora 
isolated from different regions, has revealed 
the existence of seven different genotypes of 
Con/nespora cassicola among the Kerala and 
Karnataka isolates. Considerable genetic 
variations were detected among the Kerala 
isolates, and three of them were expected to 
be different species. Putative virulence spe­
cific RAPD profile of Corynespora w as iden­
tified among the isolates where the disease 
became epidemic.

In  an o th er study, the 26 iso la te s  o f 
Clomerella could be classified into two sub­
grou p s, w hich sh ow ed  d is tin c tn e ss  in 
relation to the type of disease sym ptom s. 
Wide genetic variability of the pathogen w as 
observed among the isolates under each sub­
group.

6. D R IS fertilization

Results from the experim ents on appli­
cation of fertiliser based on two types of rec­
ommendations, viz., Discriminatory Fertil­



izer Recommendation (DFR) and Diagnosis 
and Recommendation Integrated System 
(DRIS), did not give significant difference. 
In the regional and satellite laboratories a 
total of 16152 soil and 1350 leaf samples were 
collected. 14736 soil and 1312 leaf samples 
were analysed and 8000 discriminatory fer­
tilizer recommendations were offered. Be­
side these, 7411 latex samples were collected 
and 7207 samples analysed. Conducted 57 
numbers of mobile soil testing programmes 
in central and regional laboratories at vari­
ous places. Fertiliser recommendations were 
offered on the spot.

On the basis of the survey report on the 
ru bber grow ing  so ils  o f K erala  and 
Tamilnadu, conducted by NBSS & LUP, a 
new project on “the refinement of DFR" was 
initiated. For this study, three locations at 
Kozhikode, Pala and Adoor were selected. 
Six smallholdings in each series were iden­
tified and initial work such as plot marking 
and tree numbering were completed.

7. Rubber based sustamablefanningsystem 
Four experim ents under this project 

were in progress. All the trials except the 
4 *  one, were laid out at Taranagar Farm, 
RRS, Agartala. Tlie fourth trial was con­
ducted at a farm er's field near Taranagar 
Farm. Annual crops were taken as inter­
crops in this trial. Pineapple and banana 
were planted as intercrops in model I & 11 
and tea in model ill.

.Annual average yield of banana in alter­
nate row intercropping over three years was

lear
nneapple

if
 

i
l

l 1690 
2271 
1873 
1945

1294
1576
1179

1998
1999 
Mean

1437
1634
1540
1537

1165
1226
1041
1144

655 kg per hectare from of 416 plants. In strip 
intercropping com bined w ith p ineap p le, 
the annual average yield w as 688 kg per 
hectare from 476 plants. The annual aver­
age yield from a pineapple population of 
2770 plant in alternate row intercropping 
was 1144 kg per hectare, whereas from  strip  
planting of banana and pineapple the yield 
was 1350 kg per hectare from a population of 
3572 plants/ha (Table Wb. 6).

In tercrops o f ban ana and p in e a p p le  
produ ced h igher am ount o f b io m ass in 
model I. This was in com parison to that of 
model II and was m ainly due to a h igher 
stand per unit area. Nutrient recycling stud­
ies also revealed higher recycling of all n u ­
trients except K and Ca in m odel I. In gen­
eral, total nutrients added through fertilizer 
and manure exceeded the nutrient rem oval 
and maximum nutrient rem oval occurred in 
the case of K followed by N.

The comm ercial crop ginger was tried in 
the gaps available between two banana plant 
points in model II. Ginger produced 0.5 kg 
of rhizome per square meter. Tea leaf har­
vesting in experimental plots have been in i­
tiated in model III.

In the fourth experim ent, chiili, ground­
nut, pigeon pea and sesam e w ere in ter­
cropped with rubber. All the intercrops ex­
cept chilli recorded high yield. G row th of 
rubber girth and height increm ent w as 
also highest in the intercropped plots w hich

i d ifferent years

Bunch/ha kfi/ha
240 1084
170 654
90 325

167 688
221 1030
151 645
74 289

149 655
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m ay be due to additional application of fer­
tilizers in the intercropped area compared 
to a pure rubber stand.

The Benefit C ost Ratio (BCR) of banana
in norm al planting w as found to be 2 74 
However, tor the strip planting it was higher 
than norm al planting. The BCR of pineapple 
in norm al p lan tin g  w as 1.47, w hich was 
higher than that in strip planting. The BCR 
will increase substantially if family labour 
is inducted. Yield and profitwise intercrop­
ping  of banana and pineapple in strips in 
m odel I show ed good prospect. The banana 
cu ltivation  seem ed to be m ore economic 
w ith round the year m arketing facility.

8. R & D  activ ities on N R processing

As part of the project on improvement of 
d ry in g  co n d it io n s  o f  sh eet ru bber in 
sm allholdings, establishm ent of solar cum 
sm oke dryers at H BSS, Nettana was com­
pleted and that of Dapchari is in progress. In 
the trials on sun-cum-smoke drying of sheet, 
as the intensity of sunlight was low, the dry­
ing time of sheets during April to August var­
ied betw een 5 and 6 days. Drying trials re­
vealed that more than 50% firewood savings 
during sum m er season and 15-20% in rainy 
season could be accomplished with the new 
drying system. For popularising the design, 
d e m o n stra tio n s  w ere co nd u cted .

Upgradation of low quality sheets by the 
sheet cleaning machine was tested by clean­
ing 500 kg of fungus affected sheets received 
from GAICO, Kuravilangadu. The sheets 
were graded before and after the cleaning.

Natural Rubber -  Polypropylene blends 
having a blend ratio of 60 NR and 40 PP were 
prepared. To avoid the m olecular weight 
mismatch of the components of the blend, 
natural rubber was masticated to different 
levels for reducing its m olecular weight. 
GPC analysis showed that NR of molecular 
weight 7.5 lakhs can be reduced to 4.3 and
3.7 lakhs respectively by 10 and 15 minutes 
of mastication. Mastication of NR was found 
to improve the processability without affect­
ing the technological properties of the blend. 
Dynamic vulcanisation of the rubber phase 
using DCP and sulphur improved the tech­
nological properties. However, reducing the 
molecular weight of N R to below 3 lakhs ad­
versely affected the technological properties.

9. UPASI component

In the project being implemented through 
UPASI, 2152 soil and 352 leaf sam ples were 
analysed. Number of growers benefited was 
1350. Training classes on soil collection and 
campaigns and exhibitions were conducted 
for popularising the discriminatory fertiliser 
application.

CEN TRA L EXPERIM ENT STATION, CHETHACKAL, KERALA

T h e C en tra l E xp erim en t S tation  was 
established in the year 1966 with the main 
objective of conducting experimental projects. 
The Station is situated at a distance of about 
50 km from  RRII, Kottayam. The Station has 
a total area of 254.79 ha and is divided into 
two divisions for efficient management. The 
entire area has been utilized for different trials, 
w hich include progeny trials, exploitation 
trials, intercropping trials, density trials, etc. 
In a d d itio n , the .screenin g  of over 4000

genotypes of wild Brazilian gennplasm  as 
well as their conservation is being undertaken 
in this Station.

During the period under report, total crop 
realized was 14724 t. A total of 297 tapping 
days was possible in the year and 19844 
mandays were engaged for tapping. The total 
mandays engaged was 61616. The dispensary 
caters to the needs of the workers and the total 
patients attended during the reported year 
were 9742.



REGIONAL RESEARCH STATION, GUWAHATI, ASSAM

The thrust areas of research of the Station 
are evalu ation of clones, assessm ent of 
nu tritional requirem ent under different 
fertility  status of soil, disease and pest 
m an ag em en t and evo lv in g  su itab le  
exploitation systems. The research projects 
undertaken by the Station can be broadly 
classified into four categories, viz., crop 
im provem ent, crop m anagem ent, crop 
protection and exploitation studies. During 
the reporting period the Station had 14 
projects under four different categories : 
three under crop improvement, six under 
crop  m an ag em en t, fou r un der crop  
p rotection  and one under exploitation  
systems. Results revealed positive response 
on growth and yield up to the application 
of NPK @ 60:60:40 kg/ha/year. Insoluble 
forms of phosphatic fertilizer (MRP) were 
found better than soluble forms of P (SSP) 
for growth during immature phase. High 
dose of K (40 kg/ha) along with Mg (75 kg/ha) 
recorded better growth during immature 
phase over control. Maximum yield (72,3 g/t/t) 
was observed under 1/2S d/4 6d/7 with 
three m onths rest during winter. Clone 
R R IM  6 00  co n tin u ed  to be the best 
performer in terms of growth and yield.

1. Crop improvement 

11  Evaluation of clones

In the 1985 clone trial, highest girth over 

) L ŷ S Wf S observed 111 clone RRIM 600 
(69.07 cm) followed by RRII 118 (68 51 cm) 
and RRfl 203 (68.28 cm ) and the minimum 
in PB S /51 (50.16 cm). Annual mean yield 
f '  L i ) / ^ :orded was highest in RRIM 600 

(33.75) followed by PB 235 (32.63) and mini­
mum in PB 5/51 (22.53). Maximum dry rub- 
te r  content (DRC) was recorded in PB 235

N e a l )  m m m u m  “  Gl 1 <29.35) (Table

In the 1986 clone trial, clone RRIC 102 
registered highest girth (72.27 cm) foUowed

Table Nea.l Growth and 
H evea  clones

yield perform ance of len 
(1986 clon e trial)

A nnual mean
Clone Girth (cm) Yield

(g/t/t)
D RC
(%)

RRII 105 
RRII 118 
RRII 203 
RRIM 600 
RRIM 605 
PB 86 
PB 235 
PB 5/51 
G T 1 
G i l

59.71
68.5.1
68.28
69.07
63.98
67.94
65.05
50.16
64.61
55.11

30.95
30.26
26.86
33.75
25.79
26.29
32.63
22.53
30.55
25.28

31.04
32.73
30.27
32.28 
31.56 
30.51 
32.91 
30.24 
31.37 
29.50

CD (P=0.05)
1.29
3.58

1.70
4.79

1.68
NS

by PB 310 (64 .97  cm ) and m in im u m  in 
RRh 5 (60.79 cm). The annual m ean yield 
(g/t/t) recorded w as h ig h est in  P B  311
(38.97) followed by PB 310 (32.92) and m in i­
mum in PR 255 (20.87). DRC recorded w as 
highest in PR 255 (32.09) followed by PB 310
(31.98) and minim um  in RRIC 105 (27.79) 
(Table Nea. 2).

Table Nea. 2. Grow th and yield  p erform ance o f  eigh t 
H evea  c lones (1986 clone trial!

C|
Girth (cm)

Annual m ean
Yield

(g/t/t)
D RC
(%)

RRII 105 
RRII 208 
RRII 5 
PB 260 
PB 310 
PB 311 
PR 255

72.27
63.33
64.45
60.79
60.87
64.97
63.22
62.92

23.60
23.23
27.56
27.66
25.08
32.92
38.97
20.87

3 0 5 6
27.79
29.34
31.54
29.37
31.98
30.10
32.09

CD (P=0.05)
2.11
5.85

2.46
6.9

1.45
NS

1 2  Evaluation o l polyclonal population

Out of the 278 polyclonal trees, 177 t n vs 
w « e  tapped (1/2S d/2) and the crop effi­
ciency (g/cm) of 15 selections in terms of yield 
was found to be promising (Table Nea. 3). The 
annual mean yield (g/t/t) recorded highest



Selections 
Code No,

Girth
(cm)

510
511
512
513
514
515
“Polyclonal
seedlings

68.7
73.8
76.5
81.5
82.5 
62.2
62.5
67.2
60.5 
63.1
68.5 
8 2 5
70.0
95.0
56.6
62.3

Annual girth 
increment (cm

> polyclonal seedlings
Length of Crop efficiency

Jing panel (cm) (g/cm)
41.0 2.72
44.5 1.88
47.0 1.87
49.5 1.82
48.0 1.75
34.5 1.65
38.0 1.62
36.0 159
34.0 1 5 7
40.0 15 6
40.0 152
54.0 1.48
4 7 5 1.44
53 5 1.42
34.6 1.41
37.5 0.57

in selection S I  (111.89) and minimum in se­
lection S15 (48.85). The stability of increas­
ing yield trend in 10 different selections out of 
15 was also maintained for the last four years. 
A m ong the selections, S14 showed highest 
girth (95.0 cm ) followed by S5 (82.5 cm) and 
minim um  w as in S15 (56.6 cm).

1.3 E valu ation  o f  w ild  germ plasm

G ro w th  p a ra m e te rs  w ere record ed  
during pre- and post-m onsoon and also in 
pre- and post-w inter periods for evaluation 
of vigour and cold tolerance among 150 out 
of the 200 wild genotypes raised in polybag 
nu rsery  (100 each in 1997 and 1998). No 
indication of cold injury was noticed in 70 
g e n o ty p e s  in  199 7  p o ly b ag  nu rsery. 
Sym ptom s of cold injury were noticed in 
1998 poly bag nursery where five genotypes 
out of 80 dried up. Cataloguing of 70 wild 
gen oty p es in 1997 polyb ag  nursery was 
com pleted.

2. Crop m anagem ent

2.1 N u tritio nal stud ies (M ature phase)

The 1987 nutritional trial at Nayekgaon 
in K o k ra jh a r , to fin d  ou t the optim um  
requirem ents of N, P and K for the growth 
and yield of Hevea  under the agroclimatic

condition of Assam was continued. Results 
showed that treatm ents have significant 
effect on average girth and yield. Effect of 
N  application on girth increased with higher 
d oses bu t the sig n ifica n c e  is m a in ly  
confined to 40 kg N/ha. However, highest 
dose of N (60 kg/ha) resulted in highest 
m ean y ie ld . In the case  of P, th ou gh  
application of highest doses (40 kg/ha) was 
found num erically superior in term s of 
average girth, its effect on average yield was 
not significant. In the case of K, significant 
increase in girth as well as in y ield w as 
observed due to im p o sitio n  o f the 
treatments. However, significance was more 
pronounced with application of 20 kg/ha 
(Table Nea. 4). It was also observed that the 
effec t of trea tm en ts on an n u a l g irth  
increment was non-significant. Interaction 
effects among the treatm ents on grow th, 
annual girth increment and average yield 
were calculated and found non-significant 
except N x P on yield.

2.2 interaction effect of K and Mg on growth and yield 

G row th data  u n d er b o th  the tr ia ls  
(Sorutari and Nayekgaon) revealed that the 
effect of treatments on average girth and 
annual girth increment were non-significant.



Table Nea. 4. Effect o f  NPK on average girth, annual girth increm ent and m ean y ield 
Nutrient level Average girth Annual girth Mean yield
_________ _ _____________ (cm )______________ increment (cm)
Nitrogen (N)

C D  (P=0.05) 
Phosphorus {P;O J

C D  (P=0.Q5)
Potassium(K.O)

CD  (P=0.Q5) 
C D  (P=0.05)

51.31
53.53
55.38
55.38

1.57

54.28
52.71
54.68

0.49
NS

53.10
54.47
543 5
0.49
1.36

1.96
1.73

1.87
1.66
1.74

1.69
1.81
1.78

(g / t / t )

28.51
35.88
41.24
52.78

1.53
4.25

36.70
39.67
42.44

1.32
3.68

36.76
40.15
41.89
01.32
3.68

NS (0.982) 
NS (0.982) 
NS (0.850) 
NS (1.700)

NS (0.22) 
NS (0.22) 
NS (0.19) 
NS (0.38)

7.36 (2.64) 
NS (2.64) 
NS (2.30) 
NS (4.60)yT------ -̂------— —--------------------------   ________________ 1-0

i ne values o l Sh  are given in parenthesis for NP, NK, PK and NPK

Highest doses of Mg (15 kg/ha) effected sig- as well as average yield was. fim nd non-sm -
m licant increase in yield in both the trials, nificant (Table N ea 5 )
However, significant increase in yield due 
to K ap p lication  w as restricted  only to 
Sorutari. Interaction effect between K and 
M g on average girth, annual girth increment

Nutrient level 
(kg/ha)

Table Nea. 5. Interaction effect o f K

2.3 R ock phosphate and  S u p e r ph osp h ate  as source 
o f  P for m ature ru b b e r

Girth data under the tw o trials, w hich 
w ere laid  out in  tw o d iffe re n t lo ca tio n s

yield-------- Q h '“ incm j Girth incrempni (rm) ____

SE ------------------
CD  (P=0.Q5)

Magnesium(MgO)

C D  (P=0.05) 
b t  lor K x Mg
CD for K x  M e

55.93 
54.32 
55.75 
T s T  
NS •

56.60 
55.30 
54.10 

“ '1.51 “ 
NS 

2.62 
NS

Girth increm ent (cm)
_ Sorutari Nayekgaon

55.74
54,55
55.43
0.59
NS

54 3 3
55.57
55.81

0 3 9
NS

1.03
NS

"Average yield (g / t / t )  
Nayekgaon

2.32
1.98
2.47
0.25
NS

2.76
1.70
2.31

0.43
NS

2.12
1.65
1,90
0.20

NS

1.78
2.07
0.20
NS
0.5
NS

30.38
33.83
38.89
0.55
1.65

32.29
34.46
36.35
0.55
1.65 
0.95 
NS

32.17
34.70
38.15

1.96

26.94
35.64
42.43

1.96
5.87
3.39
NS



(Sorutari and N ayekgaon) revealed (hat ef 
feet of treatm ents on average girth and an­
nual girth  increm ent was statistically non 
significant. At Sorutari, the plants receivine 
w ater insoluble phosphatic fertilizer regis 
tered highest average girth as well as high­
est annual girth increment compared to other 
treatm ents. In case of Nayekgaon, the treat­
m ent T. (w ater soluble P a  60 kg/ha) is nu­
m erically superior in  terms of average girth 
com pared to other treatm ents whereas T 
(w ater insoluble P 0  40 kg/ha) resulted in’ 
highest annual girth increment during the 
year reported upon. Effect of treatments on 
yield was statistically significant in both the 
experim ents. It was also observed that ap­
plication of rock phosphate effected signifi­
can t increase in y ield com pared to other 
treatm ents. Significant increase in leaf ni­
trogen w as observed at Sorutari (Table Nea. 
6) due to im position of treatments. How­
ever, effect of treatments on leaf P and K was 
non-significant.

Table Nea. 6. I n f lu e n c e  o f  tre a tm e n ts  on le a f  
n utrients (% ) at RR S Sorutari

N P K
3.66 0.24 1.25
3.46 0.22 1.10

T3 3 5 2 0.24 1.14
T4 2.97 0.22 1.13

0.06 0.01 0.12
C D  (P=0.05) 0.18 NS NS

2.4 K dynam ics in the rubber growing soils

Seventy two surface and subsurface soil 
sam ples were collected from three districts of 
Assam, viz., Kamrup, Goalpara and Kokrajhar

each d is,rict> and *h« r physicochemical properties were analysed.

2 5 Effect of sulphur on growth of im m ature H evea

Two experiments were carried out under 
is project. In the incubation study to 

assess the dissolution pattern of sulphur in 
so i , rep resen tative  so il sam p les w ere 
collected  at the depth o f 0 -30  cm from  

ifferent rubber grow ing areas and pH, 
total and available sulphur were estimated.

“ 8  each of the soil sam ples were filled 
in plastic containers. Different levels (0 ,20  
40, 60 80 and 100 ppm) of sulphur were 
applied. The soil moisture was m aintained 
at about 27-30%  (fie ld  ca p a c ity ) . S o il 
samples were collected from each pot at 15 
30 ,6 0 ,9 0 ,1 2 0 ,1 5 0  and 180 days interval for 
analysis of total and available sulphur and 
soil pH. In the second experim ent, where 
effects of different concentration of sulphur 
to you ng  ru bber w as stu d ied , bu dded 
stum ps of RRIM  6 00  w ere p la n ted  in 
polybags. Agricultural grade sulphur was 
applied in six different doses. Pre-treatment 
and p o st-tre a tm e n t m o rp h o lo g ic a l 
parameters were recorded and presented in 
Table Nea. 7. The data revealed that effect 
o f treatm ents on g irth  w as sig n ifica n t, 
whereas it was non-significant with respect 
to plant height and num ber of whorls.

2.6 Comparative efficiency of cover crops

O bjectives of this experim ent w ere to 
compare the influence of the two cover crops, 
viz. Puerarin phaseoloides and Mucuna bracteata 
on soil nutrient enrichment, building up of 
m icro b ia l p o p u la tio n , im p ro v in g  so il

Table Nea. 7. Effect o f sulphur on mo rphological parameters o f young H evea
Sulphur (ppm) M orphological parameters

Average girth (cm) Plant height (cm) No. o f whorls
4.01 147.2 4.0

20 3.83 133.4 3.6
40 3.76 140.6 3.8
60 4.39 152.4 4.0
80 3.89 141.3 3.8

100 4.83 182.4 4.4
0.25 135 0.3

C D  (P=0.05) 0.73 NS NS



moisture retention, soil nutrient recycling, 
suppression of weeds and growth of Hez’ea 
during imm ature phase. The experiment 
w as laid out at Jorhat, Assam, in 1999 as an 
on farm trial with clone RRIM  600. The 
p la n ts  w ere  ra ised  and co v e r  crop s 
established. Pretreatment soil sam ples were 
collected for nutrient analysis. Pretreatment 
girth data of H eim  plants were also recorded.

3. Crop protection

3.1 Survey o f diseases and pests

Incidence and severity of various pests 
and diseases and the dam ages caused by 
them in non-traditional areas such as North- 
East and northern part of West Bengal are 
not sim ilar to that of die traditional zone of 
rubber plantation. Therefore, a survey was 
carried out to highlight the association of 
p ests  and d is ea s e s  w ith  ru b b er in  88 
lo ca tio n s  co v e r in g  24 d ifferen t ru bber 
g ro w in g  tra c ts  in  A ssam , M eg h alay a , 
Tripura, Arunachal Pradesh and Northern 
p art o f W est B engal. H igh in ten sity  of 
pow dery m ildew  disease w as noticed in 
ce r ta in  lo c a tio n s  in A ssam , T rip u ra, 
M eg h a la y a  and n o rth ern  p a rt o f W est 
Bengal, w hich caused repeated premature 
defoliation, die-back of twigs and branches 
and d ly ing  o f flow ers. The incidence of 
secondary leaf fall disease was noticed on 
ten d er leaves in both m ature trees and 
nursery- plants during June to September in 
some of the locations in Assam, Meghalaya 
and n orthern  part of West Bengal The 
intensity of the disease was very high in 
nu rsery  p la n ts  w here severe prem atu re 
defoliation was noticed. Leaf blight disease 
w as n o ticed  on ten d er le a v e s d u rin g  
N ovem ber to M arch in nursery plants in 
m ost of the locations surveyed In some 
lo cation s in A ssam  and M eghalaya leaf 
b lig h t a lso  ca u sed  sev ere  p rem atu re  
defoliation and dieback of shoots.

Purple root disease, which caused a total 
loss of affected plant, was noticed on one- 
y e a r-o ld  H evea  see d lin g  in n u rsery  at

Jenggitchakgre in M eghalaya. Intensity of 
the disease at Jenggitchakgre w as 45%  and 
the incidence of the disease w as a new  re­
port from North East region. Brow n root 
disease w as noticed in som e plantations at 
Sorutari, Tulakona, N agorlung and Subroom. 
The intensity of brown root diseaseat Subroom 
plantation (Tripura) was five p er cent. Mild at­
tack of weevil {H ypom eces squaniosus) w as 
noticed only in nursery plants at Sorutari 
(Assam) during February/M arch. M inor in­
festation of scale insects, term ites, slugs and 
snails were also noticed in som e plantations 
in Assam and M eghalaya.

3.2 Iso la tio n , id e n tif ic a tio n  and  m a in ten a n c e  o f 
fungal pathogens

Isolation of fungal pathogens from  vari­
ous diseased sam ples collected from  differ­
ent locations during the survey w as m ade 
in the laboratory and identified after cultural 
and microscopic studies. Fungal pathogens, 
viz., Corynespora cassiicola, Fusarium  solani, 
Colletotrichum gloeosporioides, Phellinus noxius 
P e n c o n ia  U eveae  an d  H e lic o b a s id iu m  
compactw n  were cultured in the laboratory 
and studied under m icroscope fo r regional 
strain differentiation.

3.3 C ontrol o f  pow dery m ild ew  disease

l'or evaluation of the econom ic efficacy i >) 
sulphur dusting in the control o f pow dery 
m ildew disease, a trial w as initiated in m a­
ture rubber (RRII 105) at RRS, N agrakatta 
(West Bengal). Dusting of agricultural grade 
sulphur (85%) was carried out in other trials 
at Sorutari Farm (Assam) and com pleted by 
three rounds because of late wintering. After 
final round of dusting the incidence oi pow 
dery mildew disease was assessed and found 
below 20% except in 1985 clone trial.

To find out the role o f zinc in the control
o pow dery m ildew  disease in RRIM  600 at 
nursery stage, a trial was initiated a t RRS, 

a g ra k a tta . D if fe re n t  t re a tm e n ts  lik e  
untreated control, Chelazin 5 m l/L o f w ater 
as io liar application, Chelazin 7.5 m l/ L  of



Table N m . 8. V ariation in growth anH vi»u  of H 

Treatm ent

T1 - 
T2 - 
T3 - 
T4 - 
T5 - 
T6 - 
17 - 
T8 - 
T9 - 
T10 - 
T i l  - 
T12 - 
Sem + 
C D  (P=

1/2S d /2  6 tl/7  - regular tapping -----------
1/2S d /2  6d/7 - one month rest (Feb.)

1/2S d /2  6d/7 - tvvo months rest (Feb &  March)
1 /2S d /2  6d/7 - three months rest (Jan-March) 
l /2 S d /3  6d/7 - continuous tapping 5 Stim.
1/2S d /3  6d /7  - one month rest -do- 
l /2 S d /3  6d /7  - 2 months rest -do- 
l /2 S d /3  6d/7 - 3 months rest -do- 

1 /2S d /4  6d /7  - continuous tapping -  7 Stim.
1 /2S d /4 6d /7  - lmonth rest -do- 
l/2 S d /4  6d /7  - 2 months rest -do- 
l/2 S d /4 6 d /7  - 3 months rest -do-

=0.05)

^sterns
Girth
(cm)

tjirth increment 
(cm)

Yield

1.16
56.49 1.09
57.65 0.75

1.36
61.49 1.19 44.96
6553 1.23 51.71
63.75 1.25
6355 1.35 60.35
62.87 1.27 59.49
63.13 1-33 59.84
62.61 1.41 56.82
63.32 1.62 72.83
2.35 0.19 5.37
NS NS 15.04

w ater in soil application near root base, Zn 
SO :Trasco zinc active (21%) 3g/L of water as 
soil application near root base, S; (no dusting 
of sulphur) and S2 dusting with sulphur 85% 
agricultural grade were completed for the first 
year. A fter com pletion of all treatments for the 
first year, the in c id en ce  and severity  of 
pow dery m ild ew  disease w as assessed in 
different experim ental plots. Plants under 
treatm ents T3S, and T2S , showed very low 
in cid en ce  o f pow dery m ildew  disease as 
com pared to control and other treatments.

4. E x p lo ita tio n  system s

An experim ent on tapping rest and fre­
quency interaction studies in Hevea was initi­

ated during 1999 with clone RRIM 600. Nor­
mal tapping (1/2S d/2 6d/7) with and with­
out rest is being compared with other tapping 
systems, viz., l/2Sd/36d/7and l/2Sd/46d/
7 where stimulation has been imposed. De­
tails of treatments and data on average girth, 
girth increment and mean yield are presented 
in Table Nea. 8. The data revealed that treat­
ments are non-significant with respect to girth 
increment. However, the yield was signifi­
cantly influenced by the treatments. Maxi­
mum yield (72.83 g/t/t) was noticed for the 
treatment T u followed by T , (70.27 g/t/t). 
Maximum annual average yield was obtained 
under the treatment T, (1391 kg/ha) followed 
by T7 (1377 kg/ha).

REG IO N A L RESEARCH STATION, AGARTALA, TRIPURA

The thrust area of research in the Station 
is the d evelop m en t o f su itable agrotech­
nology for this region. Rubber based sus­
tainable farm ing system  experiments were 
in p ro g ress  u n d er W orld Bank assisted 
project. Studies on nutritional aspect, clone 
evaluation, physiology and embryo culture

were also continued. Higher fertilizer dose 
up to 60:60:40 NPK kg/ha has shown posi­
tive response to growth and yield. The or­
ganic carbon (C) content of soil under rub­
ber was found to be on par with that of for­
est soil and also substantially higher than in 
barren land. Clone PB 235 recorded highest



Table Net. 2. Average yield  at d iffe ren t nutrient Ip„,i, 
Nutrient 1  Average yield^TTTT) — -

yield in the clone trial. Selected clones were 
taken for onfarrn evaluation. In exploitation 
study, the h ig h er y ield w as recorded in 
1/2S d/2 system o f tapping with 10-10 °C 
rest during winter. Efforts to predict yield. P
by using antecedent atmospheric parameters K
were also in progress. The advisory service CD (P=0.05)
on fertilizer recommendation and process- * under l  /2S d /3  system o f tapping
ing technology continued.

1. Agronom y and so ils

The experiments on the effect of different 
planting densities and fertilizer levels and the 
impact of rubber on physico-chemical prop­
erties o f soil were continued, hi the planting 
density trial, three densities with three NPK 
com binations were studied in two clones 
(Table Net. 1). During this year also, highest 
girth and yield per tree were recorded in the 
low est density p lanting . Clone RRII 118 
showed higher girth than RRU 105 whereas 
yield showed reverse trend.

Table Net. 1 . Effect o f different densities and fertilizer 
doses on rubber under 1/2S d/3 system  

_____________ o f  tapping

Planting density Yield
(g /t/ t)

42.5
35.1
27.8

m i  <**40:20kg/ha)
M2 (tSO:60:30 kg/ha) 
M 3 (80:80:40 ke/ha I
CD  (P=0.05) --------
C l (RRU 105)
C2 (RRII 1J8)

In the nutritional trial, three com bina- 

were experim ented on clone

T o  ,W H 0bT Ved fhat 60 N and
viP,H h produced significantly higher 
yield w’hereas the effect of K , 0  was not 
sigm ficant though increasing levels of K  O 
increased the yield (Table Net. 2).

The study of changes in physico-chemi- 
properties of soil under different plant.!-

. -----
total number o f  tapping days w as 67

tions was initiated during the report period 
Soil sam ples were collected from  plantations 
o f rubber {Hevea brasiliensis), teak (Tectona 
grandis) and gam ai (Gnielina arborea) and bar­
ren land surrounding the area. Soil analysis 
showed that the organic C, available P ,0  
Ca and M g content were significantly higher 
in soils under rubber, teak and gam ai com ­
pared to barren land. Significant differences 
were not observed in available K  content and 
p H  of soil under various p lan tation s and 
barren land.

2. Biotechnology

Im m ature em b ry os (2-16  w eek s o ld ) of 
c lo n e s R R II 105, R R IM  6 0 0 , G T  I and 
SCATC 93-114 were excised out and cultui cd 
on media containing different concentrations 
and com binations of K inetin, N A A  and 2ip 
It was observed that 7-8 w eeks old  em bryos 
ot all m e clones responded very well in this 
experim ent. Pre-treatm ent w ith K inetin  1.0 
m g/L for 10-20 days induced m u ltip le shoot 
buds, which developed into m u ltip le shin.ts 
w hen cultured on the m ediu m  contain ing 
Kinetin 0.5 + 2,p  l.O m g/L. H igher p er cent

R R n ^ a« f , n mbryOS p o n d e d  lo r  clone 
RRU 105 (55-60 /») followed by G T  1 (45-50”/,). 
M axim um  n u m ber o f sh oo ts p er exp lan t

(6-O V f u  j  by  USinS c lo n e  RRI1 105 (6-12) followed by SCATC 93-114 (6-10) and

Second Uhy ,3 P  r0 0 tS  an dondary roots w ere obtained  w hen the 
2 ?  " T  transferred on the m edium  
without cytokmins but with 1BA (1.5 mg/L).

3- Breeding and se lection

of J l S f  “ f 30® *  f° r breedinS  and selection
of suitable plan ting materialsfor the North East



reg ion  fall under four categories, viz evalua 
lion of exotic/indigenous clones, recombina 
Hon breeding, evaluation of polycross pros 
enies and conservation, evaluation and u t i t  
zation of wild Brazilian germpiasm

3.1 Evaluation o f cloncs

Four clone evaluation trials, two each in 
mature and im m ature phase were continued 
A m ong the 20 clones being evaluated over 
the years, clone PB 235 continued to give 
highest yield. Other promising clones selected 
for ortfarm trials were RRII 203, RRIM 600 
RRII 208, RRII 118, RRIM  703, Haiken 1 and 
SC A TC  8 8 -13 . C lo n e evalu ation  during 
im m ature phase revealed that clones 82/17 
and 82/29 w ere prom ising.

Recom bination breeding has resulted in 
su ffic ie n t  n u m b e r  o f h y b rid s Involving 
W ick h a m  a n d  A m a z o n ia n  a ccession s . 
E v a lu a tio n  o f p o ly c lo n a l seed lin gs has 
resulted in identification of a few ortets for 
further evaluation. Two hundred and forty 
tw o  w ild  B ra z ilia n  a c c e ss io n s  w ere 
m aintained in a gene pool garden and action 
w as taken for field evaluation for secondary 
characters.

Trees of two clone trials, viz., 1979 and 1987 
were under tapping. Yield over ten years in

for reC° rded the hi8h « ty ie ld

A egression L l v !
I Z u  P  y‘eid ° ver “ vironmental 
yield of two regimes was carried out with 
clones PB 235 and RRIM 600. The regres­
sions were of cross over type, where the 
meeting points of regression lines repre­
sented  the threshold  y ield  (28 g / t/ t). 
Estimation of coefficient of variation in yield 
over months found RRII 5, RRII 203, PB 235 
and GT 1 as having the lowest values. A 
covariance analysis of yield data through 
bifurcating lean and peak yielding periods 
revealed RRII 5, RRIM 703, PB 5/51 and 
PB 235 as consistent over the periods.

Analysis of girth data from the second 
clone trial (1987) revealed Haiken 1, PR 107 
and SCATC 93-114 to be w ith h ig h est 
stability (Table Net. 4). Bifurcation of yield 
contributions during two regimes revealed 
RRII 208 to be with near equal contributions. 
Calculation of per cent yield contribution 
during regime I showed RRII 208 with least 
depression. RRII 208 exhibited an ascending 
trend from Ju ly  onw ards, w hich w as a

Clone

Table Niel. 3. Projected yield of 15 clones over ten years
Yield (kg/ha)

PB 235 
RRII 203 
RRIM 600 
RRII 118 
RRIM  703 
RRII 105 
PB 86 
RR IC  105 
RRIM  605 
G T  1 
RRII 5 
RRIC 52 
PB 5/51 
Harbel 1 
Cl 1

90-91 91-92 92-93 93-94 94-95 95-96 96-97 97-98 98-99 99-2000
1554 1333 1844 1557 1785 1680 2030 2212 2845 1943
875 1102 1347 1477 1414 1193 1711 2117 2800 2021

1085 1207 1501 1592 1417 1232 1466 1494 2250 1940
859 1001 1312 1291 1340 1326 1743 2033 1995 1615
906 1053 1473 1074 1309 1053 1.557 1666 2254 14%

1011 1092 1305 1120 1211 1053 1400 1344 1956 1403
749 889 1092 1078 1092 976 1064 1211 1816 1231
836 973 1116 955 1078 850 966 1326 1697 126b
752 780 1211 1064 1032 780 1050 1169 1491 1379
577 707 833 1001 969 864 1123 1169 1S16 1458
665 710 861 840 808 777 1113 1155 1806 1266
521 689 833 815 1018 833 931 1256 1711 1153
665 717 854 787 1011 840 955 1067 1494 964
472 707 766 689 742 357 717 878 1337 828
497 556 710 570 675 374 525 553 948 601

n o  2 Panel from  O ctober 1993; BI 1 Panel 
days : 100; Trees/hectare : 350; Data fro

from September 1999; 
large-scale clone trial;

Tapping system : 1 /2S d/2 t d / 7 ;  No. o f tapping 
Season: M ay to January



Table Net. 4. S tab ility  and yield  o f  cloncs

C ta *
Stability varianct

for girth
? Regression coefficient 

(bi)  for yield
Mean yield 

over four years 
(g / t / t )

Unit yield 
(g/cni)

RRII 208 8.936 0.937 42.9 1.25
RRIM 600 7.979 1.353 28.2 0.62
PR 107 0.265 0.629 12.9 0.38
SCATC 88-13 4.116 1.153 26.3 0.81
SCATC 93-114 1.834 0.567 13.0 0.38
H aik en  1 0.226 1.360 27.9 0.80

desirable attribute since the clone assures 
h ig h er y ield  d u ring  all m onths. These 
observations clearly demonstrated the utility 
o f R R II 208  as a  p o te n tia l c lo n e  to be 
evaluated. Analysis of yield data through 
calculation o f regression  co effic ien t (bi)  
under two yield ing  regim es revealed  RRII 
208, SCATC 93-114 and PR 107 to be the most 
stable clones (Table Net. 4). Depiction of 
yield and regression coefficient rationalize 
the su p rem acy  o f RRII 208 in term s of 
stab ility  and y ie ld in g  p o ten tia l. W hen 
p a ra m e te rs  lik e  g irth  and y ie ld  w ere  
considered, selection goes in favour of RRII 208, 
SCATC 88-13, H aiken 1 and RRIM  600.

In the third trial (1995) having 10 clones, 
analysis of girth data through calculation of 
regression  co effic ien t (b i)  revealed  that 
SCATC 93-114 w as the m ost stable for girth 
followed by SCATC 88-13, Haiken 1 and PB 311. 
In the fourth trial (1996), among the 13 clones 
the hybrid clone 82/29 attained the highest 
girth followed by RRII 203,82/30 and PB 217. 
Test tap yield revealed 82/17 as' the highest 
yielding clone (Table Net. 5).

Onfarm clone trials were undertaken for 
confirmation of the results from experiments 
for future planting m aterial recom m enda­
tions. A clonal b lock  trial w ith 300 trees 
involving eight clones (RRII 118, RRII 203, 
RR II 208, RRIM  600, RRIM  703, PB 235, 
PB 260 and Haiken 1) was initiated at Bagafa 
(TFD PC Centre).

3.2 Evaluation o f  polycross progenies

A  field trial o f full sib progenies of 1993 
hybridization program me was opened for

Table Net. 5. Performance o f 13 clones in  large-scale 
trial

Clone Girth
(cm)

Yield 
(g/10 tapping)

RRII 5 19.9 57.0
RRII 105 18.1 61.3
RRII 176 18.7 54.4
RRII 203 21.5 56.4
RRIM 600 19.2 56.5
PB  217 20.3 52.7
PB 235 18.2 48 .7
RR IC  100 16.5 39.5
82/14 19.9 42.0
82/17 18.4 78.6
82/22 17.6 50 .7
82/29 23.3 60.7
82/30 20.5 59.4
Mean
CD  (P=0.05)

19.4
3.01

55.2
24.01

test tapping and identified a few  potential 
selections for further evaluation. A  total of 
75 hybrid  progenies evo lv ed  from  seven 
cross com binations during 1998 w ere m ain­
tained in the field and these attained a m ean 
girth of 9.63 cm at a height of 50  cm . The 
progenies of 1999 season from  12 crosses 
were maintained in the polybae nu rsery  for 
field planting.

Growth, yield and secondary attributes 
of a polyclonal seedling evaluation trial were 
compared w ith a m u lticlon al bud grafted 
population. Based on the yield perform ance 
of individual trees over five years, ten high 
yield ing elite  trees having secon d ary  at­
tributes were selected  and m u ltip lied  for 
evaluation in sm all-scale trial with RRIM  600 
as control. The trial with 49 half-sib revealed 
that progeny of PB 5/51 attained the highest 
girth. However, early yield revealed  that



Fem ale  p a re n t
T able  Net. 6. Girth and test lap vield of fomai

Girth (cm)---------— ~ -----_Jg™aleparents and their half-sib

PD 5/51 
PB 86 
G T l 
RRII 2(13 
RR IM  600

Parent
28.0
34.7
35.6
36.6
35.6

Progeny 
37.50 (33.97) 
34.80(00.29) 
41-10(15.45) 
36-50 (-0.27) 
37.00 (10.40)

Parent
Vield ( g / t / i i  ~

3,61
5.32

_Progem 1_

_________________ I. — .uu UU.4U]
Values in parenthesis in d ica tep erce n t increment m g ir lh lH ^ iik T

progenies of done G T 1 gave the highest yield 
in comparison with their parents (TableNet. 6).

3.3 Evaluation and utilization of w ild  germplasm 

Two field trials were laid out with 87 wiJd 
genotypes and RRIM  600 as control. Early 
g irth  d ata  sh ow ed that am ong the prov­
enances Rondonia and Acre genotypes were 
vigorous than M atto Grosso genotypes. A 
screening program m e for resistance to Oidiwn 
Iteveae involving various genotypes during 
nu rsery  p h ase  g iv in g  due im portance to 
A m a z o n ia n  c lo n e s  h as b e e n  envisaged 
through creation of epiphytotic conditions.
Twelve wild germ plasm  accessions, nine ori­
ental clones and three polyclonal selections 
show ing various levels of resistance, judged 
through visual observations, have been mul­
tiplied and laid out in a nursery trial with sus­
ceptible clone PB 5/51 as spreader rows.

4. Ph ysio log ical and exploitation studies

Low  w in ter tem perature is one of the 
stresses in  the N orth East region. Late drip­
ping is a com m on phenom enon during win­
ter period which m ay lead to TPD syndrome. 
Experim ents w ere conducted to fix the tap­
ping rest during this period and also to in­
crease yield during low yielding period by 
stim ulation. The study on the response of 
scavenging enzym es in TPD  affected and 
non-affected genotypes is also in progress.

4.54
6.82

8.08(123.82) 
4.02 (-24.43) 
9.96 (156.71) 
6 .82(50.22) 
6.91 (1.32)

4.1 Effect of d ifferent tapping systems in 
combination with tapping rest during winter 

The experiment was continued and the 
annual yield data for three consecutive years 
showed that the 20-20 °C rest in any combi­
nation of tapping system had significantly 
low yield in comparison to that of the con­
trol (continuous tapping). Moreover, the 
15-15 °C and 10-10 °C rest in 1/2S d/3 also 
showed significantly low yield. Data on TPD 
revealed that in all the com binations of 
1/2S d/1, the percentage of TPD occurrence 
was higher than any other com bination. 
Among 1/2S d/2 as control, the 10-10 °C and 
15-15 °C combinations and 1/2S d/3 as con­
trol, 15-15 °C rest showed lowest TPD. Un­
der 1/2S d/2 frequency rest during 15-15 °C 
was found optimum (Table Net. 7) whereas 
under d/3 frequency all the three rest peri­
ods resulted in lower yield. A similar study 
was conducted with clone RRII 105 in grow­
ers field, where the temperature rest treat­
ments were 15-15 °C, 12-12 °C, 10-10 °C and 
1 /2S d/27d/7system of tapping as control. 
From the last two years result, it w as ob­
served that there was significant difference 
among the treatments. However, no signifi­
cant differences were observed in yield 
among the control, 12-12 °C and 10-10 °C 
temperature rests. However, the 12-12 °C

T ap p in g  sy s te m
1 /2 $  d /1  
l / 2 S d / 2  
1 /2 S  d / 3

Table Net. 7. Average annual yield kg/ha over three years (400 plants per ha)—
-----------------E S d  lo-io jc  B B S ®

1700
1871
1872 
1967

1874
2006
1544

1839
1356

1442
1188



treatments performed better when the occur­
rence of TPD was considered. This experi­
ment was initiated at Tura and Nagrakatta 
also under 1/2S d / 1 ,1/2S d/2 and 1/2S d/3 
tapping systems with four regimes of tap­
ping rests based on minim um  temperature 
of 20-20 °C, 15-15 °C, 10-10 °C and control.

4.2 Effect o f stim ulation

A nother exp erim en t w as in itiated  to 
study the effect of stim ulation during low 
yielding period with tapping rest during 
winter (rest below 12 °C) with five clones, 
viz., RRII 105, RRIM  600, PB 235, RRII 203 
and RRII 118. The preliminary result showed 
that the effect of stimulation on yield was 
more in clone RRII 105 compared to other 
clones. In the m ajor yield com ponent study 
in clone RRIM  600 the highest yield w as ob­
served during November. The initial flow 
rate, plugging index and dry rubber content 
have show n decreasing trend in cold stress 
period.

4.3 B iochem ical sfudies on TPD

A study on isozym e banding pattern in 
C-serum  of TPD tolerant and susceptible 
healthy genotypes was initiated during 1999 
to kn ow  the v a ria tio n s in su p er o xid e  
d ism utase (SOD) and peroxidase (POX) -  
scavenging enzymes. Seasonal variations in 
the isozym e pattern of these two enzym es 
w ere noticed . DRC d u rin g  w in ter w as 
found to be lower in all the genotypes and 
occurrence of TPD increased with time.

5. Processing

The study on the processability of latex 
into form s other than sheets showed that the 
major portion of latex produced in the North 
East India is processed into sheets and only 
negligible quantity is processed into centri­
fuged latex and pale latex crepe (PLC), The 
latex produced in other north eastern states 
at present is insufficient to establish process­
ing factories other than sheet processing The 
study further revealed that the transportation 
of processed latex to other states and procure­

ment of chemicals and other accessories is dif­
ficult in Tripura. Advisory services in process­
ing and small-scale product development have 
been rendered to 13 growers/manufacturers 
during the reporting period.

6. Prediction o f y ield u sing  atm ospheric 
param eters

The antecedent and prevailing environ­
mental param eters which significantly influ­
enced daily yield during the w inter and non­
w inter tapping periods w ere quantified and 
regression equations w ere form ulated  for 
five clones, viz., RRII 203, RRII 118, RRIM  600, 
RRII 105 and G T  1 in the region. O ptim um  
agrom eteorological conditions for the five 
clones were found out. D ependence of yield 
on the observed and com puted param eters 
were also studied by working out the m eans 
with respect to d ifferen t lag  p eriod s from  
1 to 30 days prior to tapping. The estim ated 
soil m oisture storage value w as found to be 
the m ost im p ortan t fac to r  fo r  p red ictin g  
y ield  in rubber. T he rela tiv e  lag  in  soil 
storage corresponding to three days prior to 
tapping during the w inter period show ed 
higher association w ith yield com pared to 
that of one day prior during the non-w inter 
period. Clones RRIM  600 and RRII 105 with 
high yielding tendencies show ed prim e de­
pendence on average temperature of the pre­
vious day of tapping during the non-w m ter 
period. Clones RRII 118 and RRII 105 were 
more susceptible to w ater deficit conditions 

6 ' ^ n ‘er laP P in8  P eriod < w hile
KK1M 600 performed well under w ater stress

T O n ™ ? 5' H ^ S th e w in te r te ip p m g p er io d ,RRII 203 was found to be susceptible to wa- 
ter deficit conditions.

7- Advisory services

During the reporting period, 1096 soil 
sam ples and seven leaf sam ples w ere col 
ected and analysed. Discrim inatory fertil­

izer recom m endations w ere g iven  to 548 
g ro w ers  fro m  S o u th , N o rth  a n d  W est 
Tripura.



REG IO N A L RESEARCH STATION, TURA, MEGHALAYA

The Station w as established in 1985 to 
study various aspects of rubber cultivation 
under the ag roclim atic conditions of this 
region.

1. E valuation  o f clones
, . “ uucta tnat plants

attained an average girth of 60.2 cm while—-o -  w .i  u n  wnue
Results from the 1985 trial at Ganolgre maxm" ™  yield was recorded in September

Farm  indicated highest girth m RRIM 600 and 0 ctobi’r. Generally it has been noticed
(75.12 cm ) followed by RRII 118 (73,93 cm) that rubber and tea are performing better in
PB 235 (73.63 cm ) and RRII 203 (72.58 cm) lerms of S™wth and vield while orange
while for yield, R R IM 600 (43.8 g/t/t) ranked PIan,s showed poor growth, 
first am ong the ten clones followed by R RII

203 (33.6 g/t/t) and RRII 118 (33 g/t/t). In Plant physiology
the 1986 trial highest girth was recorded in During 1992, a project was initiated to find
RRIC 105 (75.23 cm ), PB 311 (73.67 cm), RRII out <he effect of low temperature on growth, 
118 (72.13 cm ) and PB 310 (71.83 cm) while ^ d  and foliage pattern of Hr^va at 600 m al-
lowest girth w as recorded in PR 255 (58.95 cm). «u d e  of Garo Hills. It was noticed that when
On the basis of yield, PB 311 (38.2 g/t/1), RRII average air temperature dropped below 10 °C,
208(31.1 g/t/t) and RRII 118 (30.9 g/t/t) were growth and yield of all clones were adversely
perform ing better than the other clones. affected. All clones defoliated in the second

G irth data w ere recorded at monthly in- week of February and remained so till air tem-
tervals from the polyclonal seedlings plan ted perature rose to 15 °C which normally observed
in 1999, in an area of 0.25 ha at a spacing of UP to second week of March in the region.
3 x 3 m  at 600  in altitude. Population aver- An experiment was laid out during 1992
age girth w as 50 .j8  cm. Even seedlings, in in 1987 block plantation to assess the effect
the population show ed vigorous growth and 0 f different aspect of slopes. One hundred
w ere u n d er observation  for their perfor- plants of RRIM 600 clone has been selected

This trial w as started in 1987 with rubber Uuri" K the >'ear 1998' "  experiment was 
(RRIM  600, spacing 6.6 x 3.3 m; no. of plants initiated to find out the low temperature et-
125), tea (spacing 60 x 90 cm ; total no. of fed  on growth, yield and yield components
plants 3000) and orange (spacing 15 x 15 it, o f H a m  clone at 600 m altitude. Three hun-
no. of plants 300) planted in separate block dred plants of RRIM 600 were selected for
(each block o f 0.25 ha) to assess the perfor- monthly girth data recording and 35 plants

("u m au u ii, ozu ui m sg. csraonsnm enr or a 
bud w ood nu rsery  of the selected trees was 
in progress.

R u b b er based  cropping system

West aspect of slope attained an average 
girth of 64.3 cm while plants grow ing in 
North North East aspect of slope attained an 
average girth of 60.5 cm.



treatments performed better when the occur­
rence of TPD w as considered. This experi­
ment w as initiated at Tura and Nagrakatta 
also under 1 /2S d /1,1 /2S d /2 and 1 /2S d /3 
tapping systems with four regimes of tap­
ping rests based on minimum temperature 
of 20-20 nC, 15-1.5 °C, 10-10 °C and control.

ment of chemicals and other accessories is dif­
ficult in Tripura. Advisory services in process­
ing and small-scale product development have 
been rendered to 13 growers/manufacturers 
during the reporting period.

4.2 Effect o f stim ulation

A n oth er exp erim en t w as in itiated  to 
study the effect of stimulation during low 
yield ing period with tapping rest during 
w inter (rest below 12 °C) with five clones, 
viz., RRII 105, RRIM  600, PB 235, RRII 203 
and RRII 118. The preliminary result showed 
that the effect of stimulation on yield was 
m ore in clone RRII 105 compared to other 
clones. In the m ajor yield com ponent study 
in clone RRIM  600 the highest yield w as ob­
served during November. The initial flow 
rate, plugging index and dry rubber content 
have show n decreasing trend in cold stress 
period.

4.3 Biochem ical stud ies on TPD

A study on isozym e banding pattern in 
C -serum  o f TPD  tolerant and susceptible 
healthy genotypes was initiated during 1999 
to  know' the v a ria tio n s in su p e r  o xid e 
d ism utase (SOD ) and peroxidase (POX) -  
scavenging enzym es. Seasonal variations in 
the isozym e pattern o f these two enzym es 
w ere noticed . D RC  d u rin g  w in ter w as 
found to be lower in all the genotypes and 
occurrence o f TPD increased with time.

5. Processing

The study on the processability of latex 
into form s other than sheets showed that the 
m ajor portion of latex produced in the North 
East India is processed into sheets and only 
negligible quantity is processed into centri­
fuged latex and pale latex crepe (PLC). The 
latex produced in other north eastern states 
at present is insufficient to establish process­
ing factories other than sheet processing. The 
study further revealed that the transportation 
of processed latex to other states and procure-

6. Prediction of y ield using atm ospheric 
parameters

The antecedent and prevailing environ­
m ental parameters which significantly influ­
enced daily yield during the w inter and non­
winter tapping periods w ere quantified and 
regression equations w ere form ulated  for 
five clones, viz., RRII 203, RRII 118, RRIM  600, 
RRII 105 and GT 1 in the region. O ptim um  
agrom eteorological conditions for the five 
clones were found out. D ependence of yield 
on the observed and com puted param eters 
were also studied by w orking out the m eans 
w ith respect to different lag  p eriod s from  
1 to 30 days prior to tapping. The estim ated 
soil moisture storage value w as found to be 
the m ost im p ortan t factor fo r  p red ictin g  
y ield in rubber. T he rela tiv e  lag  in  so il 
storage corresponding to three days prior to 
tapping during the w inter period show ed 
higher association with yield com pared to 
that of one day prior during the non-w inter 
period. Clones RRIM  600 and RRII 105 with 
high yielding tendencies showed prim e de­
pendence on average temperature of the pre­
vious day of tapping during the non-w inter 
period. Clones RRII 118 and RRII 105 were 
more susceptible to water deficit conditions 
„ ™ g ‘he w inter tapping p eriod , w h ile  
RRIM 600 performed well under water stress

D f  ‘“1S !1,6 ™ tertaPP ^gp eriod ,
| 203 was four>d to be susceptible to w a­

ter deficit conditions.

7. A dvisory services

During the reporting period , 1096 soil 
sam ples and seven leaf sam ples w-ere co l­
lected and analysed. D iscrim inatory fertil­
izer recom m endations w ere g iven  lo 548 
g ro w ers  fro m  S o u th , N o rth  a n d  W est 
iripura.



R EG IO N A L RESEA RCH  STATION, TURA, MEGHALAYA

The Station  w as established in 1985 to 
study various aspects of rubber cultivation 
under the a g ro clim atic con d itio n s of this 
region.

1. Evaluation o f clon es

Results from the 1985 trial at Ganolgre 
Farm indicated h igh est girth  in RRIM  600 
(75.12 cm) follow ed by RRII 118 (73.93 cm), 
PB 235 (73.63 cm ) and RRII 203 (72.58 cm) 
while for yield, RRIM  600 (43.8 g/t/t) ranked 
first am ong the ten clones follow ed by RRII 
203 (33.6 g/t/t) and RRII 118 (33 g/t/t). In 
the 1986 trial highest girth  w as recorded in 
RRIC 105 (75.23 cm ), PB 311 (73.67 cm ), RRII 
118 (72.13 cm ) and PB 310 (71.83 cm ) while 
lowest girth was recorded in PR 255 (58.95 cm) 
On the basis of yield, PB  311 (38.2 g/t/t), RRII 
208 (31.1 g/t/t) and RRII 118 (30.9g/t/t) were 
performing better than the other clones.

Girth data w ere recorded at m onthly in­
tervals from  the polyclonal seedlings planted 
m 1999, in an area o f 0 .25 h a  at a spacing of 
3 x 3 m  at 600  m altitu de. Population aver­
age girth w as 50 .38  cm . Even seedlings, in 
the population show ed vigorous grow th and 
were un der o b serv atio n  fo r their p erfor­
mance. On the basis o f grow th, bark  thick­
ness, disease resistance, TP D  and yield per­
formance, ten trees from  the plantation at 
Bagapha (1967 p lantation , 400  m  m sl) and

n m oth er trees w ere selected from an 
area of two ha p lan tation  at Tebrongre (1974 
plantation, 620 m  m sl). Establishm ent of a 
oudwood n u rsery  of the selected trees w'as
111 progress.

Rubber based cropping system

(R m u ^ 1 W'1S Star,ed  “ 1987 w ith rubbCT 
RRIM 600, sp acing  6.6 x 3.3 m ; no. of plants
1 '■ m  (sp acing  60  x 90  cm ; total n o . of

no. 1 and orarlKe  (spacing 15 x 15 ft,
(earh n  a^tS P a n te d  in separate block
1 Ch block ° {  0-25 h a) to assess the perfor-

ancc. In the current year, 388.5 kg green 
tea leaves worth Rs.2331 /- were h a l t e d  

600cln yieId were collected from RRIM
itta in eJT  “  been notlced * a t  plants
attained an average girth of 60.2 cm while
maximum yield was recorded in September

“ at m bh ‘?eneiall> 'il has noticed 
that rubber and tea are performing better in
term s of grow th and yield while orange
plants showed poor growth.

3. Plant physiology

During 1992, a project was initiated to find 
out the effect of low temperature on growth, 
yield and foliage pattern of H m a  at 600 m al­
titude of Caro Hills. It was noticed that when 
average air temperature dropped below 10 ”C, 
grow th and yield of all clones were adversely 
affected. All clones defoliated in the second 
week of February and remained so till air tem- 
perature rose to l5  °C which normally observed 
up to second week of March in the region.

An experiment w as laid out during 1992 
in 1987 block plantation to assess the effect 
of different aspect of slopes. One hundred 
plants of RRIM  600 clone has been selected 
from two different aspect of slopes, i.e., West 
South West and North North East to find out 
the suitable aspect of slope for the region. 
Girth data were recorded at quarterly inter­
vals from both the slopes and the results in­
dicated that plants growing in West South 
W est aspect of slope attained an average 
g irth  o f 64.3 cm  while plants grow ing in 
North North East aspect of slope attained an 
average girth of 60.5 cm.

During the year 1998, an experim ent was 
initiated to find out the low tem perature ef­
fect on grow tli, yield and yield com ponents 
o f Hevea clone at 600 m altitude. Three hun­
dred plants of RRIM  600 were selected for 
m onthly girth data recording and 35 plants



for yield and yield components analysis at 
m onthly intervals. Results indicated that 
RRIM 600 has attained an average girth of 60.2 
cm but girth increment was lowest (0.01 cm) 
when air temperature dropped below 10 °C 
for three m onths (D ecem ber - February). 
Similarly, minimum yield (9.0 g/t/t), latex 
volum e (50 m l/t/t) and DRC (26%) were 
recorded from December to February. During 
w inter period, low tem perature adversely 
affected grow th and yield of Hei'ea clone 
under agroclimatic conditions of Garo Hills.

4. Pathology

The second ary lea f fall (SLF) d isease 
caused by G. alborubrum  was noticed affect­
ing the young rubber plants. However, the 
PDI calculated w as alw ays negligible.

During March-April, a severe outbreak 
of Powdery m ildew disease w as noticed in­
fecting newly flushed leaves leading to de­
foliation. During a survey, 86.4%  of PDI was 
recorded at DDC, Jungitchakgre where re­
peated defoliation was noticed. In other pri­
vate holdings, the recorded PDI varied from
9.7 % at Chibragre to 80.8%  at Danakgre in 
West Garo Hills.

A new root disease, com m only known as 
purple root disease, caused by Helicobasidium  
com paction  w as noticed infecting the seed­
ling nursery at DDC, Jenggitchakgre. The 
disease has been occurring in a severe form

and as a result a num ber of seedling died 
off. An experim ent with different fungicides 
to control the disease are in progress.

Soil sam ples from forest, rubber, bam boo 
stands and barren land were collected to as­
say the qualitative and quantitative d istri­
bution of m icrobial population. It w as ob­
served that the m inim um  population w as re­
corded during Jan uary  and thereafter the 
p o p u la tio n  in creased  grad u ally . A few  
saprophytic fungal species w ere found to be 
very  co m m on  an d  w id ely  d is tr ib u te d . 
A m ong the species, Penicilliuni spp ., M ucor 
h iem alis, filam en tou s yeast, C ladosporiu m  
Iterbanmi and Fusarium  spp. w ere isolated 
with a very high percentage of relative abun­
dance. There was not m uch difference in the 
distribution of m icrobial population and the 
above ground vegetation does not seem  to 
exert any influence in the com position of 
fungal species.

To assay the role of Rhizobiuin  sp. on the 
growth of leguminous cover crops, an experi­
m ent w as initiated in polybags. T he soil 
sam ples were sterilized by autoclaving and 
cover crop (Pueraria phaseoloides) seeds were 
sown. After germination, the seedlings were 
thinned to four per polybag and Rhizobium  
sp. were inoculated. M onthly harvesting will 
be done and various growth param eters will 
be recorded. The study is in progress.

REG ION AL RESEARCH STATION, KOLASIB, M IZO RAM

The Station is conducting experim ents 
m ainly to identify suitable clones of rubber 
for the M izoram  region. In addition, the sta­
tion is also engaged in finding out suitable 
tapping system s, optim um  fertilizer dose to 
m ake rubber cultivation m ore economical.

find out optimum fertilizer dose with N PK coi 11 
binadons in foothili condition. There are four 
fertilizer  treatm en ts in R B D  w it), clo n e 
KRiMfiOO. Girth data were recorded at monthlv 
interval and is presented in Table Nez. 1.

1 . N utritional trial 2. Evaluation o f  clon es

This experiment was initiated in 1998 to '



Table N<?z. I Effect of d ifferent doses o f fertilizers on
growth

Nutrients 
(N:P:K kg/ha)

G irth  (cm ) 
in Feb. 2000

A nnual girth 
increm ent (cm)

0:0:0 44.0 5.8
20:20:20 44.7 5.9
3535:35 46.9 6.9
50:50:50 45.5 7.2
CD (P=0.05) N S NS

ditions in d ifferent land form s. The perfor­
mance of these clones in different land forms 
viz., foot hill, m id hill and hill top were re­
corded in terms of grow th (girth) and yield. 
The highest m ean girth w as observed in mid 
hill condition and the clones SCATC 93-114 
showed the highest girth am ong the clones. 
The highest yield w as observed under foot hill 
with respect to mid hill and hill top condition 
(Table Nez. 2). A m ong the clones, PB 235 per­
formed well in foot hill and hill top condition.

3. E ffect o f  tap p in g  sy stem s on yield

The principal objective o f this experim ent 
was to id en tify  a su itab le  tapping system  
under M izoram  conditions. The average drv

Table N e z  2.
Vieid of clones in different land ,om „  
under 1/2S d/2 system ot Unpin.

Yield (g/t/t)
Foot lull Mid hill Hill top

PB 235 
RRII 300 
G T l 
RRII 118 
RRII 105 
RRLM 600

44.6
37.1
28.2 
33.2 
27.1 
33.5

38.1
28.2 
39.1
32.9 
33.5
31.9 
25.3

24.2 
36.8 
25.7 
29.5
21.3 
24.2

34.1 32.7 26.2

rubber yield (g/t/t) of the seven Wended 
clones for seven months under different tap- 
ping systems is presented in Table Nez. 3. 
H ie highest yield per tree was obtained in 
1/2S d/3 system, however, the annual yield 
was high in 1/2S d /1 system of tapping due 
to more num ber of tapping days.

Table Nez. 3- Yield under different tapping systems
Tapping system  Yield (g/t/t)

l / 2S d / l  S B ------------------
l / 2S d /2 34 2
l/2 S d /3  429

R EG IO N A L RESEARCH STATION, 
N AG RAKATTA, W EST BENGAL

Research priorities of the station are to find 
out the suitable clones for the region, evolv­
ing appropriate fertilizer recom m endations 
and developm ent o f sui table exploitation sys­
tem for the region. Ten experim ents are in 
progress, out of w hich four are on clone evalu­
ation, two on nutritional studies and one each 
on clone blending, G enotype x Environm ent 
uiteraction and exploitation system .

Nutritional studies
data during the third year of tap- 

nolfox m  n u tr’^ona* requirem ent trial 
d r  ^ caled ho significant effect. H igher 

°ses o f N sh ow ed  d e p ressin g  effec t on 
0r y*e ld. N P K  com b ination  at 30  kg N,

0  kg P and 40 kg K/ha recorded m axim um  
yield (32.31 g/t/t) while 0  kg N , 20 kg P 
and 0 kg K/ha recorded the low est yield 
(13.34 g/t/t). In the trial on split fertilizer 
a p p lic a tio n  a lso , s ig n if ic a n t  e ffec t w as 
noticed on girth.

A  study on of intercropping rubber with 
tea was initiated. Rubber was planted at five 
different spacing (5 x 5 m , 10 x 2.5 m , 10 x  5 
m , 12 x 2.5 m  and 3 x 3 x 18 m). A ll cultural 
operations were com pleted for planting tea 
during June 2000.

2. Evaluation of clones

O bservations from  the 1990 trial, where
11 clones w'ere under evalu ation , highest



girth (58 a n )  was recorded for RRIM 703 and 
the lowest (47.07 cm) for PB 5/51. Clones 
SCATC 93-114, Haiken 1, RRII 203, and RRD 118 
recorded similar girth. Meld recorded for dif­
ferent clones produced significant effect. 
Among the different clones, SCATC 88-13, PB 235 
and PB 311 recorded significantly higher yield 
during the second year of tapping compared 
to other clones. Clones Haiken 1, RRIM  703 
produced low est yield (Table Nag. 1).

Table Nag. 1 Clone wise girth, girth increment and
mean rubberyield during second year

Clone Girth (cm) Meld (g/t/t)
PB 311 54.10 31.67
RRII 300 52.97 23.49
H aiken 1 57.80 14.72
SCATC 88-13 54.80 35.92
G T l 52.93 19.77
SCATC 93-114 57.97 20.11
RRJI 203 56.43 19.77
RRIM 703 58.00 17.14
PB 5/5] 47.07 23.82
RRII 118 56.28 21.87
PB 235 5 623 35.71
SE 1.61 3.87
C D  (P=0.05) 4.76 11.38

In another trial, where seven clones were 
under evaluation, RRIM  612 recorded the 
highest girth (59.33 cm ) w hile PR 107 re­
corded the low est girth (51.43 cm ). In the 
second year of tapping differences in yield 
w as not statistically significant (Table Nag. 2).

In the 1991 trial, PB 235 recorded highest 
g ir th  (5 4 .7 7  cm ) a n d  SC A T C  9 3 -1 1 4 , 
RRIM 600, PB 86, RRII 208, PB 310 recorded 
almost similar girth and PR 107 recorded low­
est girth (45.86 cm ). In 1993 trial, RRIM  600 
and RRII 105 recorded significantly higher 
girth (42.6 cm ), while RRIC 104 and RRII 308 
recorded lowest girth (310 cm).

Table Nag. 2. Clone wise girth, g irth increment and 
mean rubber yield during second year 

___ _________ of tapping__________________  ^
Clone Girth (cm ) Mem1 yield (g/l/t)
PB 86 56.33 19.45
RRII 105 54.07 20.10
RRIM 605 57.50 14.40
RRIM 612 59.33 15.23
RRII 208 55.60 19.88
G ll 52.87 15.92
PR 107 51.43 15.64
SE 0.92 1.66
C D  (P=0.05) 0.92 NS

A m ong the d ifferent genotypes in  the
1996 m ulti-locational trial, RRII 203 recorded 
significantly higher girth (44.58 cm ) during 
the fourth year of planting. Sim ilar girth was 
recorded in RRII 51, RRII 105, RRIM  600, 
PB 217, 82/ 14, 82/17 and 82/30.

3. Exploitation system

An experim ent on the effect of com bina­
tion of tapping systems (l/ 2 S d / l,l/ 2 S d / 2 , 
1/2S d/3) w ith tapping rest based on tem ­
perature regime (18-18 °C, 15-15 °C and 12-12 °C) 
and control w ithout rest w as started  and 
treatm ents were imposed. The design o f the 
experim ent w as split plot w ith tapping sys­
tem as m ain plot and tem perature rest as sub 
plot treatment.

4. E v alu ation  o f g erm p lasm

A trial to evaluate the H evea  g erm plasm  
(4 W ickham , 4 M ato G rosso, 6 A cre and 11 
Ron donia accession s) for co ld  to lera n ce  
was planted in 1998 in sim p le la ttice  d e­
sign with two replications. D u rin g  the sec­
ond year no significant e ffect on g irth  w as 
noticed.

REGIONAL RESEARCH STATION, DAPCHARI, M AHARASHTRA

M ajo r thrust areas of this station are evaluate low frequency tapping system s,
developm ent ot su,table planting materials studies on the growth and yield potential of
and location sp e c h c  agrotechnology for this various clones / p o ly lo n e s  and a c lone
d rou g h t p ron e reg .o n . Expenm ents to evaluation trial w ith 15 clo n es including



RRII 105 are being carried out. The total crop 
production during the period w as 18950 kg 
from 23 blocks. The total num ber of labourers 
engaged in 1999-2000 w as 11425 (mandays).

1. Env ironm en tal p h y sio logy

The research concen trated  on evaluation 
of suitable clones for this agroclim atic region 
with desired  ch a ra cte rs  like tolerance to 
water and high tem perature stress. Tliree 
irrig a tion -b ased  e x p e rim e n ts  w ere con ­
ducted to study the effect of irrigation and 
irrigation system  on yield  o f rubber.

The irrigation exp erim en t 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 treatm ents in clone RRII 105 
continued. T he ob jective w as to standard­
ize and evalu ate the ad vantages of drip irri­
gation system  over basin  irrigation in terms 
of w ater saving and total econom y in the 
quantity of w ater and m ethod s o f irrigation. 
From February  2000 onw ards the 0.75 ETc 
basin and 0.50  ETc drip w ere reduced to 0.25 
ETc (basin and drip) w ith an objective to test 
whether irrigation requ irem en t can be fur­
ther redu ced. O b se rv a tio n s on the fo rt­
nightly cu p lu m p  w eig h t, m on th ly  g irth  
m easurem ents an d  season al D RC , P I, TP 
were recorded.

A trial to stu d y  the effect o f different lev­
els _of irrigation (1.00 ETc, 0.75 changed to 
0-25 ETC from Febru ary  2000 onw ards and
1 0 ETc) on yield and yield  com ponents of 
clones ind icated  that c lo n e  R R II 118 per- 
° p h Cd b e *ter in te rm s o f gro w th  w h ile 

'•I 105 sh ow ed  b e tte r  y ie ld  an d  y ie ld  
Param eters in resp on se to different levels 
ot l ig a t i o n  treatm ents.

In the cost evalu ation  trial, the expenses 
incurred tow ards variou s inputs, farm prac- 
l'<W7 anc* irri8 a tion w ere m onitored  since 
Rr ‘n  irrigated  and u n irrigated  trees of

I .  N o sign ifican t redu ction in block
l . anc* grow th w as observed in m ature 

6S even a ^er redu cing the irrigation level

M e l t e d  f c  t™ 11"  to” * hTO I * * *  which r o t a t e d  that irrigation level can be reduced
oiMeT" aGaining maturi!v lf the

depth is good (Table D ap.l). '

Table Dap. 1. Yield of clone RRIM  600 tllld c rd ifftr  

- ___________ enl levels o( irrijjalion (Feb-May 20001
Irrigation Project yield Yield

u s s i s i a ------------------------------------- S S I
1 0 0  ETc (shallow soil)
ETc (deep soil)

295.4 
651.3
707.5

22.3 *  17
49.0 x  4.1
53.1 ± 4.7

2. Exploitation studies
Based on the evaluation of low frequency 

tapping system (1 /2S d/3), two experiments 
were laid out to identify exploitation svstem 
suitable to North Konkan conditions.

Two trials were initiated for evolving the 
optim um stimulation schedule under 1 /2S 
d/3 tapping system in RRII 105 (Trial I) and 
RRIM  600 (Trial II) under irrigation. Trial I 
was started in December 1999 with RRII 105. 
Stimulation treatments TO (control, no stimu­
lation), T1 (2/y), T2 (4/y) and T3 (6 /y) were 
im plemented as per schedule under irriga­
tion (0.50 ETc). Observations on DRC before 
and after stimulation, annual girth increment 
and TPD were monitored. Am ong the vari­
ous treatments cumulative yield kg/tree/ha 
w as highest in T3. Results indicated high 
rubber yield in the ethephon treated plants 
as compared to control. With a low incidence 
of TPD, ethephon stimulation (6/y) appeared 
to be optimum without any significant effect 
on growth under irrigation in this non-tradi- 
tional agroclimatic region. No change in DRC 
w as noticed after stimulation.

Trial II w as started in February 2000 with 
clone RRIM  600. (BO l panel) under 1/2S d/ 
3 system  of tapping. Stim ulation treatments 
T1 (2/y), T2 (4/y), T3 (6 /y), and T4 (8/y) were 
implemented as per schedule under irrigation 
(0.50 ETc) to all treatments. O bservations on 
DRC before and after stim ulation, annual 
girth increment and annual scoring of TPD  
were recorded.



An experim ent w as started in 1999 to 
stud>- the tapping rest-cum-stimulation in­
teraction under low frequency tapping sys­
tem (1/ 2S d/3) in clone RRII 105 under 
rainfed condition with an objective to find 
out best tapping rest period during summer. 
Higher yield was observed in treatment with 
tapping rest in May and June with four stimu­
lations/year, without any significant effect on 
the growth of trees. Results indicated that 
stimulation did not affect the DRC at all.

3. Plant breeding

The clone evaluation trial, started in 1985 
with an objective to evaluate growth and 
yield perform ance of 15 modern clones in­
dicated that clone RRII 208 performed bet­
ter in terms of growth, whereas RRII 105 was 
better in terms of yield (Table Dap. 2). hi 
another trial, prom ising polyclonal trees se­
lected during 1996 were categorized as high 
girth, low girth, high yielder and low yielder 
trees. The selected trees were cut back to 
generate sprouts, which were used for m ul­
tiplication through budding. Observation on 
fortnightly yield, seasonal girth, soil mois­
ture and yield com ponents were recorded, 
th e  grow th and yield of latex were pooled 

and stable high yielders were identified for

Table Dap. G row th  an d  y ie ld  o f  H e v e a  c lo n e s  
(M arch 2000)

Clone M ean girth (cm) M ean yield (cTFTTT
RRII 5 53.30 28.40 ~
RRII 6 57.19 31.49
RRII 105 52.84 33.16
RRII 208 60.12 36.15
RR n 308 50.91 24.02
RRIM 605 52.03 26.32
PB 260 53.08 30.12
P B 3 I0 53.67 26.33
PB 311 52.36 22.65
RRIC 52 58.97 17.03
RRIC 100 55.29 29.34
RRIC 102 55.88 24.00
R R IC  105 52.61 17.41
PR 255 51.75 29.02
PR 261 51.32 26.05
SEs 2.35 3.26
C D  (P=0.05) 4.81 6 .67

further selection. Selected m other trees with 
good yield throughout the year including 
drought season were studied.

4. Plant pathology

Experim ent w as started to evalu ate the 
susceptibility / tolerance of various H ei’ca 
clones and polyclonal seedlings to pow dery 
mildew. Results indicated no incidence of
powdery m ildew disease in this region. I his
might be due to prevailinghigh temperature.

r e g i o n a l  r e s e a r c h  s t a t i o n , d h e n k a n a l , O RISSA

The Station concentrates its research activi­
ties on agromanagement techniques, water 
conservation and evaluation of clones tolerant 
to drought condition existing in the region.

1- Evaluation of clones
In the clone trial planted in 1987, with 

three elite clones (RRIM 600, GT 1 and RRH 105) 
difference in girth w as observed' 

Both G T 1 (51.5 cm ) and RRIM  600 (50.1 cm) 

“ ^ ^ e r  girth  than

Regula r observations were collected from 
the polyclon al seedlings planted in 1989.

Variations in girth was vexy high. Tappinn ot 

s f i r t ^ S .̂aVe a^a’ned tappable girth was 
h S , ^  Promisi" g  seedlings have 
been identified. The highest average yield 
was recorded for tree 26 (76.4 g) and m ini­
mum in tree 280 (23.3 g) during 1998-99

d if f e r ™  1990 d ° nt' tria l- n o  s ig n ifican t d i f f e re n c e  in  g ir th  w a s r e c o r d e d .

93 114 m  f , l l h .w as record ed  in  SC A TC

(50.5 cm , w h i S l T C  88 H  ^  * ? ! .  T  
low est g irth  (41 5^on)^ recorded the

p a r f !h e U’r “ ’f" 1 WaS “ to te d in 1 » 1  to com ­
p are the p erform an ce o f d ifferen t H evea



clones with polyclonal seedlings. C lones did 
not d iffe r  s ig n if ic a n t ly  o n  g irth  w h ile  
polyclonal p o p u la tio n  record ed  h ig h est 
girth (49.5 cm ). Low est g irth  w as observed 
in PR 2 55  ( 3 5 .7  c m ). M a x im u m  g irth  
increm ent w as n o ticed  in PR 261 (21.5% ) 
and PR 255 (19.8% ).

2. G x E in teractio n  in  H ev ea

An onfarm  trial w as started at Regional 
R esearch  L a b o ra to ry  c a m p u s , C SIR , 
Bhubanesw ar and 12 clon es w ere planted 
during 1996. T h ree  y ears a fter  p lanting, 
m axim um  girth  of 19.4 cm  w as recorded in 
clone PB 217 and R R IC  100 follow ed by 82/ 
30 (19.3 cm ), 82 / 1 7  and R R II 203 (19.0 cm). 
Clones 82/14 and R R II 176 show ed the low ­
est girth of 16.7 and 17.5 cm  respectively. The 
result show ed that 82/ 30, R R IC  100, PB  217, 
RRII 203 ,82/ 1 7, R R IM  600 and RRII 105 were 
stable clones.

The World Bank assisted  project on clone 
evalu ation  w as la id  o u t in 1999-2000, to 
evaluate the grow th and yield perform ance 
of few m od ern  clo n es o f H evea  under the 
environm ental con d ition  o f O rissa. G row th 
and m orp h olo g ica l p a ra m eters  w ere col­
lected. The trial is un der progress.

FYM having NPK fe r tiliz e  in three levels

All th 10|0’“’) ° f tlW recom™ n d ed  dose. 
A the growth pa rameters were recorded d ur- 
mg the period. Soil and leaf samples were col- 

for micr°bial and chemical analysis.

Treatments N lP lK l found superior for 
all the growth parameters (growth, height 
and number of whorls). Maximum girth and 
number of whorls in seedling nursery was 
observed at 75% doses each of N, P and K 
fe rtiliz ers  along w ith the b io fertilizers 
(Azospirillum and PSM), height of the plants 
were on par among them. It saved 25% each 
of N, P and K fertilizer.

Trial w as laid out w ith RRIM  600, to 
study the effect of water soluble and water 
insoluble forms of P on growth of H eim  and 
the effect of higher dose of N PK fertilizer 
with appropriate num ber of split applica­
tion needed for optimum growth of rubber 
in Orissa. During the period under report 
all growth parameters were recorded (Table 
Ori. 1). The trial is under progress.

4. D isease m anagem ent

An observation trial to study the status 
of powdery m ildew disease in rubber plan­
tations of non-traditional areas was started 
in 1998. The objective was to evaluate the 
su sceptib ility/tolerance of various Hevea 
clones and polyclonal seedlings planted in 
these areas against powdery mildew disease. 
Till now  rubber plantation w as not affected 
by pow dery m ildew disease. Experim ent is 
under progress.

lah leO ri. I. E ffec t o f  w ater-so lu b le  and w ater in solu ble  form s of P fertilizers on the grow th of H evea

3- N utritional s tu d ies

The experim ent w as laid out to assess the 
nutritional requirem ents and the efficiency of 
N and P biofertilizers on the grow th of Hevea 
seedlings. The treatm ents included N  and P 
biofertilizers alone and in com bination with

Stem  d iam eter (cm T~
1.04 
1.16 
1.12 
1.09 
0.93 
0.92 
1.19

W horls (cm)
w

1.93
1.85
1.49
2.03

~ m r

124.40
144.20
124.70
144.70 
121.90 
118.30 
141.00
13.05



REGIONAL RESEARCH STATION, SUKM A, CHATTISGARH

The major research activities of the Station 
are identification of suitable planting mate­
rial fo r the reg io n  and refin em en t of 
agromanagement recommendations for op­
timal growth and yield of rubber. To meet 
these objectives, experiments on performance 
o f modern clones, polyclonal seedlings and 
germplasm material are in progress.

In the trials initiated during 1990,1992 and 
1993, girth was recorded at regular intervals. 
In the 1990 trial, an average girth of 56 and 50 
cm were recorded for RRII 105 and RRIM 600 
respectively. Polyclonal seedlings planted in
1997 were growing satisfactorily and have at­
tained an average girth of 20 cm.

The trial on screening of H eim  germplasm 
for drought tolerance showed wide variations 
in growth and adaptability. Morphological and 
phonological studies also showed significant 
variations suggesting good scope for selection 
o f genotypes with desired traits for the region 
Budded stum ps of H evea germ plasm  were 
generated at the station for a trial on screening 
for cold tolerance at RRS, Nagrakatta. A stud v 
on p h en ology  and a rch itectu re  o f H evea  
germ p lasm  w as co n d u cted . S ig n ifica n t 
variation was observed am ong the clones. 
Brandling behaviour varied significantly. The 
low est num ber o f prim ary branch ing w as 
observed in A C 707 and highest in RO 5069 
and M T 196 respectively.

REGIONAL RESEARCH STATION, PA D IYO O R, K ERA LA

The Station w as established in 1994 in an 
area of 40 ha in K annur D istrict w ith the 
m ajor objective of developing clones suitable 
for the region and for screening of clonal tol­
erance to drought/disease incidence. The 
long-term field trials initiated include evalu­
ation ot Brazilian germ plasm , investigations 
on Genotype \ Environm ent in teraction , 
clone evaluation, large scale testing of p o ­
tential hybrid clones, m ulticlone blend trial 
and disease evaluation.

1. Ph ysico-chem ical properties o f  soil 
Tlie experiment was initiated in 1998 with 

the objective of building a database on soil 
physico-chemical properties. Survey of the 
entire experimental area has been completed.

Table Pad. 1. P lant diam eter (cm) at periodic in tervals

— Interval after treatm ent im position f n w I ^ T

G rouping the area into different slope classes 
using the Abney level is in progress.

2. Water requ irem ent in seed lin g  nursery 

The p u rp ose  of th is ex p erim en t is to 
study the w ater requirem ent of H evea  seed ­
lings in the nursery. The treatm ents com ­
prised of five irrigation regim es, viz., irriga­
tion at 0, 25, 50 and 75%  depletion of avail­
able soil m oisture (dasm) and an unirrigated 
control. O bservations on grow th and soil 
moisture were carried out at periodic inter­
vals. Fifty per cent depletion of available soil 
moisture was found to be the optim um  level 
of moisture depletion for grow th o f rubber 
seedlings (Table Pad. 1).

C D  (P=0.05)

0.42 
0.46 
0.47 
0.46 
0.4,S

~ m t

0.58
0.60
0.62
0.57
0.59

NS

0.74
0.75
0.76
0.67
0.64

~(U)2 ' 
0.06

0.93 
0.93 
0.91 
0.79 
0.69 

~ 0.03 “

1.12
1.03
1.01
0.89
0.79

“ 0.04
0.12



HEVEA BREED IN G  SUB-STAT.ON, NETTANA, KARNATAKA

The experim ental farm  com prises an area 
of 47.6 ha w herein  d ifferent trials on clone 
evaluation and oth er breeding trials have 
been laid.

1. Yield and e x p lo ita tio n  system s 

Two experim en ts are constituted in this 
trial, one p lanted  in 1987 and the other in 
1988 to com pare the effect of different sys­
tems of exploitation  on the y ield  of the con­
stituent clones and a lso tile grow th of clones 
Each exp erim en t com p rised  of five clones 
planted in a sp lit p lo t design. In the first 
experim ent, clo n e P B  235 w as superior in 
growth in term s o f average girth (74.73 cm) 
while RRII 300  w as p o or in girth (60.48 cm) 
(Table Kar. 1). T he percentage contribution 
to the annual grow th  w as m ore during the 
second quarter (40.41 % ) fo llow ed by the first 
quarter (30.41 % ). T h e last qu arter contrib­
uted the least to the grow th (12.58 %). In the 
second experim en t, clo n e R R II 118 show ed 
better grow th by m ea n s o f  average girth 
(72.22 cm ) w h ile  P R  255 w as p o or in  girth 
(52.83 cm ). T h e h ig h est p ercen tage contri- 

n n t f not0 § rovvt^ vvns by  the third quarter 
(. O.08 %) w hile it w as low est during the last 
quarter (21.84 %).

The trial in itiated  during 1987 w as under 
thud year of tapping. The data on dry m bber

S h  iysttm 8 oTt ^  taP * * *

Snd PB 311 .' R R n  1 0 5 '  ^  3 0 0 , P B 2 ® .  PB 260

f o r ^  te' ! aied 5i8nifi‘“ »  variation tor yield among the clones tapping systems 
months as well as interaction between these 
factors. RRII 103 recorded the highest yieki 
of 83.73 g/t/t, while RRII 300 recorded the 
lowest (42.611 g/t/t,. Similarly, under the 
different tapping systems, system 5 regis- 
e« c  ? ! ^ fh e sty ie ld  of 106.97g/t/t while 

I / - .  d/4 6d/7 w ith stim ulation level 2 
system of tapping recorded the lowest yield 
o f 38.47 g/t/t. The peak yield ing m onths 
w ere N ovem ber (106.31 g/t/t) follow ed 
by D ecem ber (94.99 g/t/t) and O ctober 
(92.21 g/t/t).

2. Crop improvement

2.1 Evaluation of ortet clones

This trial constituted of three experi­
m ents laid out w ith the com m on control 
clones RRII 105, RRIM  600 and G T l. The first 
two experiments have 17 clones each and the 
third experiment had 14 clones. Am ong the 
control clones, RRIM  600 show ed better

---------- ----------Table Kar- 1 G row th  perform ance o f  d ifferent c lones in 1987 and 1988 experim ents

Cl(’n'-1 M ean  g irth  (cm ) _____________ Percentage girth increment____________________

r ~ -------------------------------------- —  APr i l ----------------- M l ____________October January

1.002
1.620
1.806
1.164
1.070
1.332

1.320
1.450
0.980
1.490
1.210
1.290

1.134
2.195

1.803
1.424
1.770

1.180
1.260
1.560
1.470
1.370
1.368

0.522
0.622
0.632
0.926
0.934
0.727

2.280
1.510
1.610
1.500
1.650
1.710

0.571 
0.492 
0  345 
0.718 
0.631 
0.551

1.830
0.980
1.220
1.250
0.840
1.224



fey G T i  m
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&%*n- Ai-t f)«W 5. ^ fw tarly, two
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0  39>A, O W,  O 53, O  5*. O 64, C 32 and 
C Mf>> teg^«lrrfd b**Ur flfOv/fh over the thr* ■ 
control cfofm .

2.2 f.*r*£ >4*r*l* rUm*
The first experiment for the evaluation of 

rmxtern clones was planted in J989 and con­
sisted of 14 clones. The second experiment 
for the evaluation of second selections and a 
few modern clones was planted in 1990 and 
consisted of 15 clont s

In the 1989experiment, RRII 203 registered 
better growth (70.44 cm) while Haiken 1 con­
tinued to show  poor growth (46.49 cm). In 
the 1990 experiment, clone PB 235 registered 
better growth (58.35 cm) while Tjir 1 exhibited 
the lowest growth (48.38 cm) (Table Kar. 2).

2.3 C om posite clon e trials

This constitutes of three sm all - scale ex­
perim ents planted in 1991. The first experi-

■i 2 Perform ance o f cl ones in large-scale Irials
1969 Experiment 1990 £xpcrim ent

Clone Girth (cm) Clone Girth (cm)
RR fl 105 59.19 bed RRII 105 . 54.00 a-c
RRII 203 70.44 a HP 185 52.97 a-f
RRII 300 58.90 bed HP 187 50.65 c-f
RRII 308 60.83 bed HP 204 50.09 def
RRIM  600 55.78 de HP 223 56.50 ab
PD 255 59.78 bed HP 372 56.46 ab
P R  255 50.10 f g PB 217 53.70 a-f
PR 260 57.50 cd PB 235 58.35 a
K R S25 60.98 bed PB 260 58 2 0  a
K R S128 64.02 b PB 311 53.71 a-f
K R S 163 61.81 be I 111 28 52.67 b-f
SCATC 88 -1 3 52.21 ef M IL 3/2 5 4 3 7  a-d
SCATC 93 -1 H 50.91 efg G T l 55.86 abe
Haiken 1 46.49 g G i l 48.83 ef

T jir 1 48.38 f
• Clone’s  followed by sam e letters are not significantly 
different by DM RT at 0.05

mrt* a#it**ied at 16 done* while «!*■ 'Witror̂ i 
m d  thtrd e% pertm en I*  included 13 clones 
tack with GT 1 »  the common control. 
0 e» ld ** , R R II 105  h a *  b e e n  in c lu d e d  in 
r*pert/n en l  1 an d  2  while RRIM  600 included 
in experim en t 1 and 3. G T  I recorded an 
average girth of 49 .17 ,49 .26  and 46.51 cm  in 
fhe three exp erim en ts respectively . In  the 
experiment 1, clones vtz-, PB 235, PB  2£0, PB 
217. PB 310, PB 314 and RRIC 100 showed 
better growth perform ance. In the second 
experim ent RRII 5 , RRII 3 08  and N ab 17 
recorded better grow th perform ance.

2 4 Estim ation of genetic param eters

This trial consisted o f 12 clones and their 
respective half-sib progenies planted during 
1990 with the objective of estim ating the ge­
netic parameters. Considering the grow th of 
the clones, PB  235 registered  the h igh est 
growth (80.97 cm ) while T jir 1 recorded the 
least (69.12 cm ). A m ong the half-sib s, the 
progenies of clone PB 235 recorded the high­
est growth (66.00 cm ) while the progenies of 
IAN 873 registered the least (43.67 cm ).

2.5 I’o lycross garden

This trial consisted of n in e pre-potent 
clones that were planted in a polycross fash­
ion in order to evaluate their perform ance. 
Girth recording has been initiated in 3 se­
lected plots of 9 x 9 dim ension.

3. Crop protection

Survey on Con/nespora leaf d isease was 
conducted in m ajor rubber grow ing areas of 
M an galore, K u n d ap u r (K a rn a ta k a ) and 
Kanhangad (Kerala). In C oastal K arnataka, 
higher d isease in cid en ce  w as n o ticed  in 
Subramanya where the CLP disease w as first 
observed in dam aging dim ensions. Puttur, 
Sullia and M adikere, the adjoining areas of 
Subramanya, recorded m oderate incidence. 
Kundapur and Belthangady registered few er 
incidences. In North M alabar, K anhangad 
recorded h ig h er in c id e n ce  fo llo w ed  by 
H osdu rg and N ile sh w a r  (T ab le  K ar. 3). 
Am ong the clones su rveyed, the popular



j f r t o KM. 3. Average in cid cn ce o f  C o ry n esp ora  leaf fall d isease in different locations during three survey seasons
------- "  Disease intensity (%)
Location -1998

26 .42  (3n.OO) be 
24.85 (29.17) c 
36 .00  (36.26) be 
40 .46  (38.82) abc 
32.50 (33.94) be 
52 .26  (46.57) a
45 .42  (42.12) ab

1999 
31.14 (3330) b 
29.83 (32.51) c 
5 8 5 6  (5032) a 
58.96 (51.44) a 
53.11 (47.04) ab 
66.00 (56.12) a 
6 1 3 5  (52.13) a

2000 
1745(23.% ) d 
15.82(22.98) d 
32.87(34.07) abc 
34.20(34.93) abc 
31.64(33.04) a-d 
36.56(36.47) ab 
38.80(37.76) a 
18.00(24.44) cd 
3.80(27.95) bed

39.40
Figures in parentheses in d icate arcsine transform ed average values.
Location m eans h avin g sam e letters under each  season are not significantly different by L.S.D test at 5%  level.

d one RRII 105 widely planted in these loca­
tions showed severe infection as compared to 
other clones (Table Kar. 4).

Experim en t co n d u cted  to  evalu ate  the 
water d isp ersib le p o w d er form ulations of 
fungicides for the control of Corynespora leaf 
disease at Sam paje Estate, Sullia, Karanataka 
showed that M an co zeb  and C arbendazim  
were superior lo  copper oxychloride (COC) 
and Bordeaux m ixture (1%).

Experim ents w ere  condu cted  in rubber 
plantations ow ned by K arnataka Forest De­
velopment Corporation  Ltd. (K FD C) with oil 
d is p e rsib le  p o w d e r  fo rm u la t io n s  of 
M ancozeb, C O C  an d  M an co zeb  + CO C

(m ixed) liquid form ulation of M ancozeb. 
Results of the experim ent indicated that 
M ancozeb both liquid and powder form ula­
tions were more effective and recorded less 
d isea se  in c id en ce . C O C  m ixed  w ith 
Mancozeb and COC alone were also found 
to be effective for disease control.

Experiment carried out at plantations of 
K FD C  Su b ram an y a  d iv is io n  w ith  
Hexaconazole (2% dust), Carbendazim (1.5% 
dust) and Tridemorph (1.5% dust) indicated 
that Hexaconazole dust was more effective. 
However, Carbendazim and Tridemorph dust 
also recorded less disease incidence and were 
equally effective for the disease control.

d ifferent c lones in n ine locations

Clone K PR BTD PTR SLA SBM MDK

RRII 105
PB 260 
G T l
RRIM 600 
PB 217 
PB 235

2.81 a 
1 .40  be 
0 .5 0  d 
0 .80  cd 
1.47 b

2.30 a 
1.22 b 
0 .47  d 
0.78 c 
1.23 b

3.20 a 
1.80 b 
0 .67  c 
1.00 c 
1.79 b

3.15 a 
1.68 b 
0.82 c 
0 .84 c 
1 .57 b

3.37a" 
2.20 b 
0.86 c 
1 .17c  
2.12 b 
2.07 b

1 1 7  b 
0.65 c 
0.97 c 
2.13 b 
2.00 b

2.21 b 
0.75 e 
1.27 d 
2.22 be 
2.04 c

1.85 b 
0.97 d 
1.07 d 
1.57 c

1.90 b 
0.80 c 
0.85 be

K G D : Kanhangad, N L S : N ileshw ar, H S D : H osdurg i,.. i q d  lest at s i:, level.
Clone m eans h av in g sam e letters under each  location M oderate: 3.01 - 4 .0 0 :  Severe;
Disease score: 0 .0 0 : N o  d isease ; 0.01 - 1 .(X): Very light; 1.01 - 2.00 Light, t u J 
4.01 -  5 .0 0 ; Very severe

HEVEA BR EED IN G  SUB-STATION, PARALIYAR, TAM IL NADU

The research pro jects bein g  pursued in 
Ihis station are tw o  onfarm  tria ls at New 
Ambadi Estate, M aniankuzhy, three large- 
scale clone evalu ation  trials initiated  as part 
° f  World B an k  A ssisted  Project and one unit

of the m ultilocational d o n e evaluation trial, 
undertaken by the Botany Division.

Evaluation o f clones
With a view to generate new  clones with



so

high yield and prom ising secondary charac­
ters, this project was initiated during 1987.

°  breeding orchards were laid out in an 
area o f five ha and a total of 51 parental 
clones were planted at w ider spacing. By 
co n s ta n t p ru n in g  and p o lla rd in g  of 
branches, the canopy of the parental plants 
were m aintained in such a way that hand 
pollination could beatfem pted conveniently 
from theground itself. Hand pollination was 
attempted with different parental com bina­
tions. I I ,e  hybrid plants obtained from hand 
pollination , carried out during 1997 and

evaluation.1*3156^ “  ^  P ^ a r y

Green budded stumps of RRII 105 and PB 215 
were planted in root trainers and polybaes 
and o b se rv a tio n s w ere rec o rd ed  evprv 
m onth. Pattern of root d evelopm en t was 
observed by visual and d estru ctive  sam 
pling. Initially grow th w as found better in 
polybags, but grow th w as found to be more 
vigorous in root trainers from second whorl 
on w ard s. Tap ro o t rea ch ed  b o tto m  of 
polybags 6 to 8 w eeks a lter p lan tin g  and 
coded inside. In root trainers, coiling was 
avoided completely. They were planted in 
field m RBD with four replications.

40 A s P f f  ° rtet selection program m e

tluri y ielders w ere se|K ‘> d .md
a budw ood nursery was established.

2. Standardisation o f root trainer nursery 
A field trial w as initiated to com pare the 

perform ance of plants in root trainers and 
p o ly b a g , a fter transplanting to the field

3- Polyclonal seed garden
A project was initiated to establish a se-

wi,“h P^ V r !  S“ d S arde" s in this re...... .
“ X m o d em h ig h  yielding d o n es as parents. 
A seed garden was initiated at N ew  Am badi 
Estate, Maniankuzhv. Planting w a s h e d  
out as one-directional polycross design of nine
rental’ , flC’ent M 'b a g  plants of the pa- 
ental clones have been m aintained for \ i- 

cancy fillmg during the next planting seasc,n.

L I B R A R Y  a n d  d o c u m e n t a t i o n  c e n t r e

The library continued its im portant role 
of com m unicating and dissem inating infor­
m ation on natural rubber and allied subjects

s m ’icfs  a 'd  C° JlecKon' ln formation 
s e n  ices and publications. The library facili

iT d  r  f aX‘ended ‘°  ® “ ufacturers
R e t a r d  h i ' °  " aK'raJ ™bb«  industry. Research scholars and students from Univer

1. Library resources developm ent

s s s & ^ s s
2. Documentation and Information services

articles were sent to various librar-

■ ^ W u t e s a s p e r  request and also  pro­
cured 16 num bers o f photocopies/renrints 
of articles by inter-library loan servKv:.!

3. C om puterization activ ities

E sved from the above databases.
4■ Pu blications

W s f c r a t f i lh h  haS 5 r° Ught out a hook,
C rop  P r o c e s s in "  : A S r° ™ W = m e n t  and 

P ocessmg as a revised and enlaropH

Product f o n t '  iH" ndb0ok N atural Rubber
X  b « L  "  r  P UbUshed d ‘™ S  1980.
cultivation .^P^cts of natural rubber
crop The centre al^3^  processin g o f the



a g r o m e t e o r o l o g y

M onthly rainfall d a t j for 22 years since 
1976, covering 12 districts of Kerala was col­
lected from the Indian M eteorological Depart­
ment (IMD). Rainfall data w as also collected 
from the plantation tracts representing each 
district. Mann-KendalJ rank statistic test at 95% 
level of confidence w as used for finding the 
trends in rainfall, if any. N o  specific trend has 
been observed in any o f these districts and the 
state as a whole (Table Agrom et. 1). Planta­
tion area show ed an increasing trend in an­
nual rainfall. Contribution o f post monsoon 
rains to the annual rainfall is notable. H ow ­
ever, more data are to be analysed to confirm 
the results. D isease initiation and progress at 
HBSS, N ettana and CES, C hethackal has been 
observed in  the unsprayed areas to find out 
the environmental conditions congenial for the 
outbreak of the diseases. W eekly disease in-

o f  d alJ

District No. of year M ann-Kendall rank 
Correlation coefficient 

^03 
0.31 
0.31

Trivandrum
Kollam
Alieppy
Idukki

Ernakulam
Thrissur
Palghat

Malappuram
Calicut
Wayanad
Kannur
Kasaragod

tensity has been calculated in the case of pow­
dery m ildew disease.

The m eteorological data recorded from 
different stations are summarised in Table 
Agromet. 2.

0.05
0.07

-0.12
-0.06
0.03
0.15
0.04
0.13
0.06

Table A grom et. 2. M eteorological data from  d ifferent station
iviax.

Tem p.
(°C )

M m .
Temp.

(°C)

RH %) Wind
speed

(km/h)

Sunshine
(h)

Evapo­
ration

(mm)

Rainfall
(mm)

AM PM

33.0 21.5 84 49 1.4 7.8 4.1 000
34.6 23.3 88 51 1.6 8.5 4.6 041
35.3 24.6 90 57 1.9 8.4 013
32.4 24.5 87 69 1.7 4.8 204
30.6 23.7 93 78 1.3 4.5 565
30.3 23.3 95 80 1.3 5.6 612
29.4 22.9 97 86 1.6 3.2 2.5 474
30.3 23.4 96 84 1.7 5.6 215
32 .0 23.4 95 80 1.6 7.2 4.0 061
30.4 22.9 87 74 1.4 4.5 2.3 796
32.6 23.0 93 64 1.0 4.5 2.3 209
33.3 22.4 90 56 1.0 7.6 3.7 007

34 .3 19.8 85 62 1.5 5.2 008
35.4 20.0 89 45 8.1 126
35.9 22.3 91 48 9.1 49
32.5 22.9 91 70 5.3 432
31 .0 23.1 92 78 3.9 541
30.5 22.6 93 73 5.8 536
29.3 22.4 94 82 3.3 580
30.3 22.4 91 71 5.2 244
31.8 22.3 92 64 7.0 119
30.7 22.4 92 70 4.3 961
32 .9 21.6 91 61 6.9 97
34.0 20.9 88 54 4.5 011



Guw ahati
January
February
March
Aprii
May
June
July
August
September
October
N ovember
D ecem ber

AgartaJa
January
February
March
April
May
June
July
August
September
October
N ovember
D ecem ber

Tura
January
February
M arch
April
May
June
July
August
Septem ber
O ctober
Novem ber
Decem ber

K olasib
January
February
March
April
May
June
July
August
Septem ber
O ctober
Novem ber
Decem ber

Table Agromet. 2. M eteorological data from d ifferent station (co n t in u a l)  
Max. Min. RH (%) Wind

Temp. Temp. ----------------------  speed
_________ (°Q __________ AM________PM (km/h)

24 .S 11.5 87 56
2 9 5 14.8 81 52
32.6 14.6 74 37
33.5 19.] 85 59
31.4 20.6 92 79
33.2 24.2 94 77
31.9 24.3 94 83
31.8 24.7 94 81
32.1 24.0 94 80
30.0 22.4 90 77
29.1 18.2 88 68
25.9 12.9 84 62

27.0
28.3
33.5
34.5
32.9
31.7
31.1
30.7
31.4
30.7
30.4
27.9

28.6
33.1
35.1
36.1
34.3
34.3
34.1
33.6 
33.8
33.3
31.7 
29.5

25.5 
2 4 9
25.6
25.3
25.7
24.7 
24.1
19.8
12.4

Sunshine E vapo- Rainfall 
(h) ration (mm) 

________  (mm)

11.7 
12.6
15.3 
21.1
21.4
22.4
22.8 
22.9 
22.6 
22.7
17.4 
13.3

93
91
91
90
98
90
90
90
91

25.5 7.7 80 56
28.3 10.6 75 41
31.2 12.8 66 3931.1 19.0 86 62
30.5 20.1 87 75
30.4 2 2 5 92 8030.2 21.8 92 80
28.3 2 2 3  ' 94 86
29.6 20.5 92 8229.5 19.5 88 7827.6 15.6 81 6125.8 30.9 79 54

81
82
74
66
77
76
81
79
76
81
73
71

2.7
2-2

1.2
0.6

7.1
7.2 
7 5  
4.0
2.3 
3.2
2.4
4.8
2.5
5.9
5.9

6.5
7.1
7.2
7.5 
4.0
2.3 
3.2
2.4
4.8
2.5
5.9
5.9

7.4

4 .7
5.4

2.7 
3.1 
2.0 
1.4

1
0.9
0.9
1.8 
2.3

000
000
000
017
158
220
240
311
135
136 
002 
013

7.9 1.4 000
9.2 2.5 000
8.0 3.8 117
8.4 4.5 008
5.6 3.5 216
5.3 2.6 270
3.8 3.0 470
3.3 3.4 338
4.1 2.6 164
3.0 2.0 273
8.4 2.1 001
6.8 1.9 002

7.1 2.4 000
8.4 2.7 000
8.1 - 014
6.4 3.5 285
4.5 3.0 289
3.5 2.6 438
3.5 2.8 171
2.2 2.5 515
3.9 2.3 034
5.0 2.8 112
7.6 3.1 000
7.9 2.3 000

000
000
129
045
405
210
343
281
302
199
017
001



Month

Nngrakatta
January
February
March
April
May
June
July
August
September
October
November
December

Dapchari
January
February
March
April
May
June
July
August
September
October
November
December

Dhenkanal
January
February
March
April
May
June
July
August
September
October
November
December

Nettana
January
February
March
April
May
June
July
August
September
October
November
2S£ember

_  LVin.-J c __-i •------ :
Tem p.

Min.
Temp.

(°C) (°C) AM PM

26.8 5 .5 94 47
29.3 10.5 93 42
30.6 12.5 87 41
32.0 21.8 84 57
31.1 24.7 94 70
3 1 .5 24.7 96 75
3 1 .7 25 .7 96 84
3 0 .7 24.9 92 82
31.3 25.1 90 78
30.8 22.2 90 67
29.7 16.0 90 54
26 .8 10.8 95 55

30.4 13.1 95 81
34.0 17.1 92 69
36.1 18.6 85 65
36.6 22.7
35.0 25.7
3 1 .9 25.6 89 72
29.1 25.1 93 88
29.1 25.1 93 88
30.7 24.0 95 76
33.2 21.8 90 67
33 .6 17.0 84 49
32.6 14.1 83 45

27.5 8 .9 87 44
31.7 14.9 93 42
38.1 19.1 84 35
41.3 24.2 91 86
36.8 23.2 84 77
33.2 23.6 89 83
31.6 23.8 90 76
31.6 22.9 91 80
31.0 23.0 92 81
29.8 21.0 93 82
27.2 14.2 94 76
26.3 12.1 89 75

34.0 15.4 88 44
36.7 17.7 89 36
37.0 22.0 87 40
35.3 22.7 87 49
31.5 22.9 91 72
29.8 22.3 92 76
27.4 22.2 93 88
29.0 22.7 92 81
31.5 22.2 91 70
31.5 22.6 92 84
33.5 20.1 87 68
33.5 17.3 85 55

Wind
speed

(km/h)

0
0

0.6
0.8
0.1

0

S u n sh in e  Evapo- Rainfall

2.0
3.1
1 3
1 4

9.1
8.2

4.9
7.5

ration
(mm)

7.9 2.3 000
7.8 2.1 000
8.4 3.2 016
5.9 3.5 203
4.9 4.6 313
3.9 1 9 487
3.0 2.6 1158
2.4 3.1 852
4.7 3.1 524
5.9 1 6 143
8.3 1.9 082
7.8 1.9 000

000
000
000
008
568
640

8.9 - 000
8.8 000

8.3 3.3 000
9.0 4.5 000
9.2 6.3 000
9.5 7.9 014
7.8 5.8 116
5.8 3.4 194
3.3 3.4 253
4.5 1 3 410
3.9 2.5 193
7.2 3.2 583
7.8 1 4 000

8 2.8 000

000
000
000
036
398
825

1718
836
320
760



Table Agromet. 2. M eteorological data from  d ifferent station (continued) 
M a*  RH (%) Wind

Temp. Temp. -----------------------  s p m l
___ J 1 9 __________C Q __________ AM  PM (km/h)

ParaJiyar
January 32.0 21.0 93 52
February 33.6 22 5 93 52
March 35.4 22.8 89 49
April 32.5 24.2 91 69May 30.8 24.2 93 73
June 30.2 23.5 93 73July 29.7 24.3 83 72August 31.2 23.9 91
Septem ber 33.0 22.9 92 61

83
O ctober 29.7 23.0 97
Novem ber 31.6 22.8 95
Decem ber 31.8 21.6 89 57

Sunshine Evapo- Rainfall 
(h) ration (mm) 

____________ (m m )

7.9
8.1

3.5
6.0

006
074
067
156
285
353
161
036
090
404

a n n u a l  e x p e n d i t u r e

Expenditure at a glance 1999-2000— —----  ------  -----------------------------------------— a i.yyy-/uuu
Head of Account ------------------- ~e-------- r------------------ ------------ -

General charges
Schem es
Projects (CES) ™ f

Total 11453
Plan 550-53

General charges
Schem es 110.99

N ERD S Research Com ponent i o J
Total ; v  136-36
World Bank Project 421.82
G rand Total 170.59

------ ------------------ ------------------ _ _ ------------------------1142.94
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Scientist S3 
Scientist S3 
Scientist S3 

Assistant Anatomist 
Scientist S2 

Junior Scientist 
Junior Scientist 

Senior Scientific Assistant 
Assistant Farm Superintendent 
Assistant Farm Superintendent

Deputy Director 
Botanist 
Botanist 

Scientist (GA) 
Scientist S2 
Scientist S2 
Scientist S2 

Assistant Technical Officer

Deputy Director 
Mycologist 

Plant Pathologist 
Entomologist 

Scientist S3 
Scientist S3 
Scientist S3 
Scientist S3 
Scientist S3 

Agrometeorologist 
Assistant Mycologist 

Junior Scientist 
Junior Scientist 
Junior Scientist 

Assistant Technical Officer 
Assistant Technical Officer 

Assistant Farm Superintendent



Plant Physiology and Exploitation Division 
'K .R . V ija y a k u n w , M .S e .(A g .), Ph .D .

Ja m e s  Ja c o b , M .S c .(A g .), P h .D ., D IC , P h .D .

*N . U sh a N air, M .S c .(A g ), P h .D .
P. So b h a n a , M .Sc.

M o lly  T h o m a s, M .Sc., P h .D .

**K .U . T h o m a s , M .Sc., Ph .D .

R . K rish n ak u m ar, M .S c., P h .D .

* 'R .  R a ja g o p a l, M .S c., M .P h il., P h .D , D ip . S ta t.

K . A n n a m a la in a th a n , M .S c., M .P h il, P h .D .

D . B h u v a n e n d ra n  N air, M .S c ., P h .D .
S . S re e la th a , M .Sc.

B a d re  A la m , M .S c ., M .T ech ., P h .D .

K . K a ru n a ich am y , M .S c ., P h .D .

M .B . M o h a m m ed  S a th ik , M .S c ., M .P h il.

** Ja y a s re e  G o p a la k ris h n a n , M .S c ., M .P h il.
N . G e e th a , M .S c ., P h .D .

S . V isa la k sh y  A m m a l, B .Sc.
C .C . Jo s e p h  

*C .G . V arg h e se

R u bb er Chem istry, Ph ysics and Technology D ivision  
B a b y  K u r ia k o s e , M .S c ., LPR 1, P h .D ., P G D P M  

K .T  T h o m a s , M .S c ., L PR 1, M .T ec h ., P h .D .
N .M . C la ra m m a , M .Sc.

M a ria m m a  G e o r g e , M .S c . P h .D .

N . R a d h a k r is h n a n  N a ir , M .S c ., M .T ech ., P G D H R M , Ph 
Ja c o b  K . V ark ey , M .S c ., M .T ech .

L e e la m m a  V a rg h e se , M .S c ., P G D H R M  

R o s a m m a  A lex , M .S c ., L P R I, M .T ech , P h .D .
*S ib y  V a rg h e se , M .S c ., P h .D .

K .N . M a d h u s o o d a n a n , M .Sc  
B en n y  G e o r g e , M .Sc.

C .K . P r e m a la th a , B .S c ., L P R I, D ip . N R P  
C . M a d h e s w a r a n , B .A .

A gricultural Econom ics D ivision
K . T h a ria n  G e o r g e , M .A ., P h  D.

P. R a ja s e k h a r a n , M .S c .(A g .), Ph .D .
T o m s Jo s e p h , M .A .

B in n i C h a n d y , M .A ., B .E d .

S . M o h a n a k u m a r, M .A ., M .P h il.
S . V e e ra p u th ra n , M .A ., M . P h il.
P.K . V isvvan ath an, M .A .

S . L e k s h m i, M .S c .( A g j

World Bank Sch em e
’ M .A . N a z e e r , M .5k ., P h .D .

Joint Director 
Deputy Director 

Senior Scientist (BC) 
Plant Physiologist 

Scientist S3 
Scientist S3 
Scientist S3 

Plant Physiologist 
Plant Physiologist 

Scientist S3 
Scientist S3 

Environmental Physiologist 
Scientist (ES) 

Scientist S2 
Scientist S2 

Junior Scientist 
Assistant Technical Officer 

Assistant Farm Superintendent 
Assistant Farm Superintendent

Joint Director (Rubber Technology) 
Deputy Director 
Rubber Chemist 

Scientist S3 
Scientist S3 
Scientist S3 
Scientist S3 

Rubber Technologist 
Scientist (Rubber Technology) 

Rubber Chemist 
Scientist S2 

Assistant Technical Officer 
Technical A ssistant (G lass Blow ing)

Deputy Director 
Economist 
Economist 

Scientist S2 
Junior Scientist 
Junior Scientist 
Junior Scientist 
Junior Scientist

Joint Director (PM)



R egional R esearch Station s
T homson T. Edathil, M.Sc., Ph.D 

Sta tistics Sectio n
T.V. Mathew, M.C.A., M.C.S.E 
Ra mesh B. Nair, M.Sc.(Ae. S t )
’ B. Biju, M.Sc., PGDCA 

Library  and D ocu m entation  Centre 
Mercy Jose, B.Sc., M.L.I.Sc 
Accamma C. Korah, B.Sc., M.L.I.Sc 
Kurian K. Thomas, B.Sc., M.L I Sc 
A.S. Ajitha, M.A., B.L.I.Sc.

In stru m en tation  Section
S. Najniul Hussain, M.Tech., AMIETE 
Thomas Baby, M.Sc„ M.Phil Ph D 
R- Rejikumar, M.Sc., M.Tech’

Art/Photography Sectio n  
K.P Sreeranganathan 

M ain ten an ce  W ing
E.R. Subramanian 

A d m in istration  Sectio n  
T.R. Mohankumar 
PC. Joseph 
T.M. George 
Annamma Joseph 
K.P. Chandrasekharan Nair 

A ccoun ts Sectio n
*G. Rajasekharan Nair 
PJ- Franklin Raphy 
R- Muraleedharan Pillai 
J- Anandavally Amma 

Experim en t S ta tion  at RRH
S. George 

Security  W ing

C.K. Abraham, B.A., B.Ed.

C h ethackal, Kerala
Jacob Pothen, M.Sc.(Ag.)
Jacob Abraham, B.Sc., M.B.B.S.
Zacharia Kurian, M.Com., A.C.A 
Mary Varghese, M.Sc.(Ag.)
N- Bhargavnn 
M.D. Isaac 
K.S. Thomas
Annamma Andrews, H.S.C.
'•T. Varghese 
M.T. Varghese 
T.R. Divakaran

Deputy Director

Programme Analyst 
Assistant Statistician 
Computer Assistant

Documentation Officer 
Senior Librarian 

Junior Publication Officer 
Librarian (Documentation)

Instrumentation Engineer 
Instrumentation Officer 

Assistant Instrumentation Officer

Senior Artist/Photographer

Assistant Estate O fficer

Deputy Secretary (up to 14.12.1999) 
Assistant Secretary 

Administrative Officer 
Assistant Section Officer 
Assistant Section Officer

Dy. Director (Finance) 
Assistant Director (Finance) 

Assistant Accounts O fficer 
Assistant Section Officer

Assistant Farm Superintendent

Assistant Security Officer

Deputy Director 
Medical Officer 

Accounts Officer 
Junior Scientist 

Farm Superintendent 
Ass,slant Estate Superintendent 

Assistant Section O fficer 

Nurse (HC) 
Assistant Farm Superintendent 

Assistant Security Officer 
Assistant Farm Superintendent



Regional Research Station, Padiyoor, Kerala
Radha Lakshmanan, M.Sc.(Ag.), Pli.D.
P.M. Narayanan

R egional Research Station , G uw ahati, Assam 
Dhurjati Chaudhuri, M.Sc.(Ag.)
Gopal Chandra Mondal, M.Sc., Ph.D.
Ram Phool Singh, M.Sc,(Ag.), Ph.D.
Debashis Mandal M.Sc.
Tankesvvar Gohain, M.Sc.(Ag.)
A X. Hazarika, M.Com.

Regional Research Station , Agartala, Tripura 
Sushil Kumar Dey, M.Sc., Ph.D.
P. M. Priyadarshan, M.Sc., Ph.D.
’ M X  Sudhasoumyalatha, M.Sc., Ph.D.
Gitali Das, M.Sc, Ph.D.
Shammi Raj, M.Sc., Ph.D.
Krishna Das, M.Sc., Ph.D.
S. Sasikumar, M.Sc.
"Santhanu Roy, M.Sc.(Ag.)
Mrinal Chaudhuri, M.Sc.(Ag.)
Joy Joseph, M.Sc.
Jiban Chakraborty, B.Com.
* K X  Kunjachan 
N X . Balasubramaniyam

R egional Research Station , K olasib , M izoram
G.C. Satisha, M.Sc.(Ag.)

R egional Research Station , Tura, M eghalaya
A P. Thapliyal, M.Sc., Ph.D.
H X. Deka, M.Sc., Ph.D.
M.J. Reju, M.Sc.
K. Arunkumar, M.Sc., M.Phil.

R egional Research Station , N agrakatta, West Bengal 
Haradhan Bhowmik

R egional R esearch Station , D apchari, M aharashtra 
Meena Singh, M.Sc.(Ag.), Ph.D.
Gawai Prakash Pandharinath, M.Sc.fAg.)
K.N. Vijayachandran Nair 
V.J. George

Regional Research Station , D henkanal, Orissa
Chandra Gupta, M.Sc.(Ag-), Ph.D.
T.S. Sukumaran Nair 
P.J. George

Agronomist 
Assistant Farm Superintendent

Deputy Director 
Plant Pathologist 

Scientist S2 
Scientist S2 

Junior Scientist (up to 19.11.1999) 
Assistant Accounts Officer

Deputy Director 
Plant Breeder 

Scientist (CE) (resigned on 12.05.1999) 
Plant Physiologist 

Agrometeorologist 
Scientist S2 

Junior Scientist 
Junior Scientist 
Junior Scientist 

Assistant Rubber Processing Technologist 
Accounts Officer 

Assistant Farm Superintendent 
Assistant Section Officer

Soil Chemist (on study leave)

Deputy Director 
Scientist S2 

Junior Scientist 
Junior Scientist

Assistant Farm Superintendent

Plant Physiologist (from 24.05.1999) 
Scientist S2 

Assistant Section Officer 
Assistant Farm Superintendent

Agronomist 
Assistant Section Officer 

Assistant Farm Superintendent



R egional R esearch Sta lio n , Sukm a, M adhya Pradesh
*Bal Krishnan, M.Sc., Ph.D.
K. Nageswara Rao, M.Sc.(Ag.)

H ev ea  B reed in g  Su b-station , N etlana, K arnataka
K.K. Vinod, M.Sc.(Ag.)
M.J. Manju, M.Sc (Ag)
M. Sasikumar, M.Sc (Ag)
C.K. Thomas

H ev ea  B reed in g  Su b-station , Paraliar, Tam il N adu
T.A. Soman, M.Sc., M.Phil., Ph.D.
V. Vijayan

R egio n al S o il Testing  Laboratory, Adoor, K erala
Thomas Happen, M.Sc.

R eg io n al So il Testing Laboratory, M uvattupuzha, K erala
C.P. Mary, M.Sc.

R egional S o il Testing  Laboratory, C alicu t, K erala
Joyce Cyriac, M.Sc.
P.K. Madhusooddhanan, B.Sc.

Scientist (Germplasm Evaluation) 
Junior Scientist

Plant Breeder 
Junior Scientist 
Junior Scientist 

Assistant Farm Superintendent

Scientist S3 
Assistant Farm Superintendent

Junior Scientist

Assistant Technical Officer

Junior Scientist 
Senior Scientific Assistant

* Under World Bank Scheme 
Under World Bnnk Scheme on working arrangement



r e s e a r c h  e s t a b l i s h m e n t s

r u b b e r  RESEA RC H  IN ST ITU TE  O F IN D IA
Rubber Board, Kottayam -  686 009, Kerala, India 

Phone : 353311-20 (10 lines, Fax : 9 ! 481 353327

"  : ™ «  r«M *rboard .co,n  E -m a il: rrii@vsnl.con,

REGIONAL RESEARCH STATIO\ S

Centra] Experim ent Station 
RRII, Rubber Board, Chethackal 
Inom pikandom  P.O.

Ranru, Pathanam thitta - 689 676 
Kerala.

P h on e : 9 1 4 7 3  526130 / 561176

R egional Research Station 
RRII, Rubber Board, Bhalukjn Tilla 
Kunjaban P.O.
A gartaIa- 7 9 9  006
Tripura.
Phone : 91 381 225287 
Fa* : 91 381 323149

E m a il: agtns@ dte.vsnl.net.in

R egional Research Station 
RRII, Rubber Board 
Padiyoor P.O.
K annur -  670 703 
Phono : 91 498 273003

R egional R esearch Station 
RRII, Rubber Board 
Central Block II (1» fioor) 
H ousefed Complex 
Beltola Basista Road 
Dispur, Guw ahati -  781 006 
Phone : 91 361 228220 / 228245
E m ail: dydirectl@ sancham et.in

R egional Research Station 
RRII, Rubber Board 
Dapchan -  401 610 
Thane District 
M aharashtra.
Phone : 91 2521 20071

Hevea Breeding Su b-station
RRII, Rubber Board 
College Road, Kadaba - 5 7 4  221 
D.K. D is tr ict Karnataka 
Phone : 91 8251 60336

Hevea Breeding Su b-station
RRII, Rubber Board 
Tliadikarankonam  P.O. 
Kanyakum ari -  629 851, Tamil N adu 
P h on e : 91 4652289119

R egional Research Station
RRII, Rubber Board

D h e n k a n a l-7 59  001, O rissa .
Phone : 91 6762 34946

R egional Research Station
RRU, Rubber Board, Sukm a -  494 111 
Bastar, Chattisgarh.
Phone : 91 778284 2301

R egional Research Station

M “ rB M rd ' T u ra- ^ 0 0 1  
Phone : 91 3651 23965

ppft‘°n 31 Roseai'cl ' Station 
RRII. Rubber Board 
Grassmore, Nagrakatta

W p a ig u r i -735 2 2 5 , W est B en g a lPhone : 91 3563 72316

RR?|0R ai ,ReSCarch S la lio ' ’
S r a m bbCTB° ard' K o,- b - ^ 0 8 1  

P h on e: 91 3837 20357

mailto:rrii@vsnl.con
mailto:agtns@dte.vsnl.net.in
mailto:dydirectl@sanchamet.in


REGIONAL SOIL TESTING LABORATORIES

Regional Soil Testing Laboratory
Hevea Breeding Su b-station 
RRII, Rubber Board 
College Road, K adaba -  574  221 
D.K. District, K arnataka 
Phone : 91 8251 60336

Regional Soil Testing Laboratory
Rubber Board R egional Office 
Taliparamba -  670  141 
Kerala.

Regional Soil Testing Laboratory
Rubber Board, E ast N adakkavu 
Kozhikode -  673  O il .
Kerala.

Regional Soil Testing Laboratory
Rubber Board, Peram angalam  
Manappady, Trichur -  680  545, Kerala.

Regional Soil Testing Laboratory
Rubber Board, P.O. Ju nction  
M oovattupuzha -  686  661 
Kerala.

Regional Soil Tesiing Laboratory
Rubber Board, T.B. Road 
Pala -  686 575 
Kerala.

Regional Soil Testing Laboratory
Rubber Board, Arm's Buildings 
Old Church Junction 

K anjirappally- 6 8 6  507 
Kerala.

Regional Soil Testing Laboratory
Rubber Board,
Parvathy Mandiram 
K.P. Road,
Adoor -  691 523 
Kerala.

Regional Soil Testing Laboratory
Rubber Board 
East Benglow 

N edum angad -  695 541 
Kerala.



R esearch  d iv ision s and function s

The m ajo r research divisions are Agronom y and 
Soils; Biotechnology; Botany; G erm plasm ; M ycology 
and  Plant Pathology; Plant Physiology and Exploitation; 
R u b b e r  C h e m istry , P h y s ics  an d  T e ch n o lo g y  and 
A gricultural Econom ics.

The thrust areas o f research of the Agronom y and 
So ils  D iv isio n  are  in vestigation s o n  the n utritional 
requirem ents o f  rubber, soil and w ater conservation, 
intercropping, w eed m anagem ent and the stud y of the 
rubber grow ing soils. D evelopm ent o f  tissue culture 
and an ther culture system s for propagation and crop 
im provem ent o f  H evea  are the im portant areas in  which 
the Biotechnology D ivision is engaged. The im portant 
fields o f research  o f  the Botany D ivision are breed in g  
evaluation  and selection  o f new  clones, propagation 
techniques, planting m ethods, anatom ical studies and 
cytogenetic investigations. The Germ plasm  Division 
is concentrating on the introduction, conservation and 
evaluation  of H evea  germ plasm . Th e M ycology and 
Plant Pathology D ivision is engaged in investigations 
on the d iseases and pests o f rubber and associated cover 
cro ps and th eir  con tro l. T h e Plant P h ysiolog y and 
Exploitation D ivision conducts sh jd ies on identification 
of characteristics related to y ield , physiology of latex 
flow  and yield  stim ulation . The Ru bber Chem istry, 
P h y sics  an d  T ech n o lo gy  D iv is io n  c o n ce n tra tes  on 
im p ro v e m e n t in p rim ary  p rocessin g  o f  rubber, its 
chem ical m odification, rubber product m anufacture and 
quality control o f  processed rubber. The Agricultural 
Econom ics D ivision undertakes stud ies on  econom ic 
aspects related to rubber plantations.

The research  supporting sections include Library 
an d  D o cu m e n ta tio n , In st ru m e n ta tio n , S ta tis t ic s , 
C om puter and A rt/Photography. There is also a sm all 
experim ental farm  of 33 ha at the headquarters of the 
RRII.

C entral E xperim en t S ta tio n

T h e  2 5 5  ha C e n tra l E x p e rim e n t S ta t io n  a t 
Chethackal (Ranni), 50 km aw ay from  Kottayam , was 
started in 1966. Field trials laid ou t by th e research 
divisions cover alm ost the entire area.

R egion al R esearch  Statio n s

f he RRII has established a N orth-Eastern  Research 
C o m p le x  w ith  h e a d q u a rte rs  a t A g a rta la , h a v in g  
reg ion al research  s ta tio n s  a t  A g a rta la  in  T rip u ra , 
Guw ahati in Assam , Tura in M eghalaya and Kolasib in

M izoram . The RRII has also set up  regional research 
establishm ents at D apchari (M aharashtra), Dhenkanal 
(O r is s a ) , N a g ra k a tta  (W est B e n g a l), S u k m a 
(C h a ttis g a rh ) , P a r a liy a r  (T am il N a d u ), N e tta n a  
(Karnataka) and Padiyoor (Kerala).

R e g io n a l s o il te s t in g  la b o r a to r ie s  h a v e  b e en  
established at M angalore, Thaliparam bu, K ozhikode, 
Thrissur, M uvattupuzha, Pala, Kan jirappally, A d oor 
and N ed um angadu . M obile u n its  for so il an d  leaf 
analysis are available at the Kozhikode, M uvattupuzha 
an d  A d o o r  la b o r a to r ie s ,  a p a r t  fro m  th a t  a t  th e  
headquarters.

N ational / In ternatio n al collabo ration

Th e RRII is a m em ber o f  the International Rubber 
R e s e a rch  an d  D e v e lo p m e n t B o a rd  (IR R D B ), an 
a sso c ia tio n  o f  n a tio n a l o rg a n iz a tio n s  d e v o te d  to 
research  and d eve lo p m ent on natu ral rubber. The 
Rubber Board is a m em ber of the Association o f  Natural 
Rubber Producing C ountries (A N RPC ).

The RRII has research/academ ic linkages w ith the 
B a n a ra s  H in d u  U n iv e rs ity  (V a r a n a s i ) , K e ra la  
Agricultural University (Thrissur), Kerala U niversity 
(Trivandrum), M ahatma Gandhi University (Kottayam ), 
Cochin University of Scien ce and Technology (K ochi), 
Indian  A gricu ltural Research  In stitu te (N ew  D elhi), 
Indian Institute of Sciences (Bangalore), Indian Institute 
o f  T ec h n o lo g y  (K h a r a g p u r) , N a t io n a l C h e m ic a l 
Laboratory (Pune), U niversity o f A gricultural Sciences 
(Bangalore) and U niversity o f  G oa (Goa).

Pu blication s

Books

N atural R u b b e r ; Agrom anagem ent and 
C rop  Processing 

Rubber Wood : Production and Utilization 
Plant and Soil Analysis

Serials

Indian Jou rnal o f Natural Ru bber Research 
RRII Annual Report

Correspondence

T h e D irector
Ru bber Research Institute o f India 
K ottayam  -  686 009, Kerala, India 
Phone : 91 481 353311 (10 lines)
Fax  : 91 481 353327
Email : rrii@ vsnl.com
W ebsite : w w w .rubberboard.com

mailto:rrii@vsnl.com
http://www.rubberboard.com

