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1. PREAMBLE

Tapping Panel Dryness (TPD), commonly known as brown bast, is a syndrome encountered in

rubber plantations, characterised by spontaneous drying up of the tapping cut resulting in abnormally low
yield or stoppage of latex production. The disorder was reported for the first lime in Brazil in 1887 in wild
Hevea trees in the Amazon forestand at the beginning of the century in plantations in Asia (Rutgers and
Danunennan, 1914).

1.1 Symptoms

TPD symptoms range from partial dryness with no browning of the tapping cut, browning and
thickening of the bark to cracking and deformation of the bark in some instances. The syndrome is
characterised by the appearance of tylosoids and the coagulation of latex insitu (de Fay, 1981; de Fay and
Hebant, 1980; Paranjothy et al. 1976), abnormal behaviour of parenchyma cells adjoining the lalicifers
and general mcrease in synthesis of polyphenols (Rands, 1921). A detailed review of the histological,
histochemical and cytological study of the affected bark has been presented by de Fay and Jacob (1989).

1.2 Causative organisms

Tlie involvement of a causative organism in TPD was suspected by early workers (Keuchenius,
1924; Rands, 1921; Sharpies, 1922). But tliese workers were unable to demonstrate the existence of an
agentresponsible forcausing tappingpanel dryness. Later, the possibility of pathogenic causes forccrtain
types of cortical necrosis which leads to stoppage of flow was reported by Nandris ct al. (1984), Perics
and Brochier (1965) and Zheng Guanbiao et al. (1982). Though rickettsia-like organisms (RLO) was
implicated by Zheng Guanbioa et al. (1988), no confirmatory evidence could so far be obtained. This
aspect needs a thorough re-investigation utilising modem methodology.

1.3 Soil, climatic and clonal characters in relation to TPD

*Influence of climate and growth period on tlie incidence of brown bast disease was reported by
early workers (Harmsen, 1919; Vollema, 1949; Compagnon et al. 1953; Bealuig and Chua, 1972).
Through the analysis of soil, leaves and latex, the effect of unbalanced nutrition favouring the incidence
of disease was reported by Pushpadas et al. (1975). Clonal sensitivity to tapping panel dryness was
observed by many workers (Bangham and d’Agremond, 1939; Dijkman, 1951; Heusserand Holder, 1930;
Ostendorf, 1941; Vollema and Dijkman, 1939).

1.4 Biochemical and physiological changes

A variety of bioclicmical and biopliysicji! changes t;ikc place at the different suigcs of this
Hyiid”~uiiio.  Tliu ffioMi uuiuiiuiM HS'injudiiiH liiuludu ii piiaBO of u>ieo8HIvu Imu tJr|)ipltig of liU«N taud n
simuluineousfall inihc rubber conicntand after a period of lime, gnidualdeclinc in the volume per tiipping.
Colloidalstiibiliiyoflhc latex also get reduced resulting inparticledamage, floccuiatlonofrubbcrparticles



dinsitu, and cariy plugging of lalcx vessels (Chrcstin etai 1984). Arcduclion in lurgor pressure(Selhuraf
ctal. 1977), change in lalcx nowpallcrn (Sethuraj, 1968) and asharp increase in bursting index (Eschbach
et al. 1983) Wr-*re also found associated with TPD.

Acnxdin.n toCluia(I'J(i7)tlieteseives(ifsl;iR’li(in(lc,'irb(liy(Ir;il(!Stireiinl(Icpl(;U'il. liiU:tcslin|"ly,
(lel'ay (19K1) rrjtoiicd ahiiiui.'nice ofslaicl) giaiiis in Iliewuod ofnllccied (icasjuul the vascular liiys wcie

found to (unciion norniaily.

Exisi*r.cc of an endogenous NAD(P)H oxidase in luloids which generates toxic forms of oxygen,
responsible for the peroxidase degradation of organelle membranes in the latex from affected trees was
reported by niaay workers (Chrestin, 1984; Clirestin et al. 1984; Chiestin, 1985; Cretin and Bangratz,
1983). Sirnulcaneously, decrease in concentrations of latex cytosol scavengers (reduced tliiols and
ascrobate) as v.'ell as virtual disappearance of scavenging enzyme activities (SOD and catalase) was
reported (Chresun, 1984,1985). The combination of increased peroxidalive activities and considerably
diminished quaaLilies of scavengers in latex from affected trees result in destabilisation and lysis of luloids
leading to coagulation (Chrestin, 1989). A possible damage lo all the membrane structures in laticifers
and resulting impairment of nutrient supply and water exchange at plasmalemma was suggested by Chai
Kim Chun et oL (1969) and Pushpadas et al. (1975).

High intensity of exploitation is known to promote incidence of lapping panel dryness in
plantations; the proportion of dry trees increases with tapping intensity, particularly the frequency
(Sealing and Chua, 1972; Chua, 1967;Paranjothy e/a/. 1976). Intensive exploitation is reported to result
in excessive outflow of latex and consequent nutritional stress (Chua, 1967; Schweizcr, 1949; Sharpies
andLambource, 1924;Taylor, 1926), inadequateorganicresources(Chua, 1966;Tupy, 1984), and Cu and
K deficiency (Compagnon et at. 1953). Changes in mineral ratios, especially KaO/CaO and Mg/P, were
reported by Beaufils (1957). An inaease in K conteni and K/Ca and K/P ratios in latex was observed by
Pushpadas et oL (1975).

Certain forms of bark dryness are transitory and do not display Ihe characteristic symptoms of the
formation of tylosoids or activation of the phenolic metabolism (de Fay and Jacob, 1989). Traumatism
resulting from tapping, chemical application or pathological infection can cause formation of ethylene
(Yeangand Prau, 1978) and its influence in biochemical, anatomical and histological parameters is known
(L’iibermann, 1973). Over stimulation (dose and frequency) or over tapping can lead to excessive
endogenous ethylene production and deleterious effects .on cellular systems (Chrestin, 1984, 1985).
Induction of bark dryness through deliberate over stimulation with ethrel results in imbalance in
peroxidase acm-iiies and consequent disorganisation of lhe membrane structures. This may lead to the
onset of bark dry'ness.

According to Eschbach et al. (1986) a reduction in sucrose, thiol and Mg contents and increase
in redox poteniial (RP) are connected with high incidence of bark dryness. Reduced availability of
assimilates and the essential enzyme systems may be the principal cause of more frequent occurrence of
the disease. . .

Incidence of TPD can be reduced by reducing the exT"loitation intensity. Tapping rest imposed
for varying periods may revive some of the trees, but in majority of cases, re-occurrence of the syndrome
is encountered.

Recen: thinking centres round the question why only certain percentage of trees in a monoclonal
population get affected. Genclics of root stock has been implicated and this aspect will receive adequate
attention in the international network rese<irch programme envisaged by the International Rubber
Research and De\-eiopmcnt Board (Sethunij, 19S9).



2. IRRDB INITIATIVE FOR AN INTERNATIONAL RESEARCH
PROGRAMME ON TPD

With Uic release of many precocious high yielding cloncs from different member Research
Inslilules of Ihe IRRDB, the conccm for TPD increased considerably because most of the high yielding
clones evolved were found to be highly susceptible to TPD syndrome. Fifteen to twenty pcrcent dry trees
in about five years of lapping has become acommon feature inma;iy plantations and there were also cases
where the iiicideno; was over 305c. This disturbing situation became a focus of attention during technical
discussions in IRRDB. It has been projected that the global loss in production of natural rubber due to
TPD with an average 10% incidence would be as high as 5,00,000 tonnes, which in value is equivalent
to US$ 400 million. Eightdecades of research on TPD by different institutes neithercould reveal the cause
of this syndrome nor could suggest any effective preventive or curative treatment Thesituation being so,
the priority assigned to research on TPD by different member instituies of IRRDB at present is totally
inadequate.

The Physiology Group of the IRRDB convened a Symposium on TPD in Penang inJune 1989.
Further discussions look place in the Physiology Group meetings of the IRRDB in Kunming, China in
October 1990 and in Manila, Philippines in October 1991. The need to organise an international research
programme to pool the expertise and facil ities existing in the IRRDB Institutes was realised and the Board
nominated me (Dr. M.R. Sethuraj, Director, Rubber Research Institute of India) as the Team Leader to
formulate and coordinate an international research programme in its Manila meeting. lvisited the RRIM,
SCATC and IRCA and held detailed discussions with the Core Groups of scientists working in the area
of TPD. This was done w'ith the idea to formulate an international research programme with four major
centres of research: RRII, RRIM, SCATC and IRCA with provision for scientists from other member
instituies of the IRRDB to get atiached to one of these centres for varying periods.

3. SUMMARY OFDISCUSSIONS

The present knowledge base and results of current experiments were reviewed. Tneoretical
analysis of the possible causes and strategies for management was made in these discussions. The
constraints, both in terms of logL'tics in conducting experiments and in technical competence in certain
specialised areas were identified. The discussions also brought out the fact that some of the sophisticated
and modem approaches required may be outside the present competence of the IRRDB Institutes and it
would be prudent to identi fy external centres of excellence forassigning such work on contract basis. The
salient points of these discussions were presented to the Secretary, IRRDB and he was appraised of the
need forsome initial IRRDB funding tostartan international network research programme. This will form
Phase | of the project proposals. Phase Il would involve investigations utilising most modem method-
ological approaches and molecuiar level interventions. Such studies will necessarily be coUaborative
projects between IRRDB Institu-.es and recognised outside centres of excellence where ex-penise and
facilities are available to undertake studies at such level, i

Takingstockofthe expertise and infrastructure availablewiththelRRDBmembcrinstitutes, four
rubber research institutes were identified as main centres. These are IRCA RRH, RRIM and SCATC.
Scientists from the other IRRDB Institutes will be given opportunity for attachment lo these cenires for
varying periods.

3.1AtRRIM, Alalaysia

I had discussions with various Groups at the Rubber Research Institute of Malaysia on 271h and
28th April, 1992. On 27th | had ceuiilcd discussions with the Leader and Members of the project team

onTPDi ThisprojeGltenm wflB ffirmed in IP90,eompriflina IntcrMJopnnmenUi! rcHcnrchersand has already
conductcd a study to assess the physiological parameters under various cx'ploltiition irealmcnts aimed at

inducing dryness. Tlie results are being analysed. A



The Ic”rn is now engaged in conducling comprehensive studies from an experimenl laid out inan
esiaie. The treaimenls in the experiment include: 1/2S d/3, RRIMFLOW, 1/2S d/3 with stimulation and
1/2S d/2. The concept of target yield is followed in this cxperimenL Tlie clone studied is PB 260.

In addiiion to the above, cxpcrimciiLg covering dcasity of planting and nutrilional levels arc al;;0
conducicd for studying different aspects of TPD.

Some new approaches suggested to the team were;

. Individual tree approach for comparisons.

. Field comparisons when differences in the incidence of TPDbetween fields are signifi-
cantly high.

. Strengthening of multi-disciplinary team approach, and the emphasis on using the same
samples for such studies.

. Need for reinvestigation on the involvement of a pathogen using modem immunological

techniques (possibility of contracting this work to any well equipped competent
international or national laboratories is to be explored).

. Studies on the possible role of genetic variability of the root stockon the development
of TPD syndrome in the scion in a monoclonal population.
. Possibility of mass multiplying identified ‘resistant root stock’. This can be attempted

through tissue culture or rooting of cuttings and experiments using such genetically
identical root stock may be taken up.
. Genetic mapping of such root stocks.

The Group was of the opinion that a correct definition of TPD is necessary to ensure uniformity
in thesyndrome understudy invarious centres. The Group also agreed thatwork at molecular level should
be im'tiated, as only then many unresolved fundamental questions related to the onset of TPD would be
answered. It was also agreed that the IRRDB should suggest structured common experiments for all the
four centres. The IRRDB may try to give some seed money to each Institute to acquire facilities for
strengthening the logistic capability for conducting the experiments strictly as per schedule on a regular

basis. ,
/1 » .,

In conclusion it was stated that all theoretical and practical approaches should be explored, all
leads are worth looking for obtaining clues (even certain observations by the farmers may be critically
assessed). International funding to strengthen the logistic capability of the Institutes, for properly
conducting the experiments as per strict schedule, initiating research at molecular level and also to assign
contract work to recognised centres of excellence in specialised areas should be sought. The IRRDB
Physiologists Group should discuss and agree upon common structured programme to be conducted in ¢
all the fourcenu” and the methodology to be followed shouldbestandardised. Special emphasis onsingle
tree approach as well as on studies of the root stock should be given. A re-investigation on the possible
involvement of a pathogen should also be made. i

I hid detailed discussions with the Members of the Industry on 28th April 1992. En. Chai Chan
Tat, En. Ong Tee San, En. Gan Liong Tiang, En. Teoh Cheng Hai, En. Santhana Kumar and En. Shamsuri
represented the natural rubber industry in Malaysia. Detailed review of the experiences in the industrj’
was made. Relationship of TPD with clones, nutrient levels, topography, exTiloiUition systems, etc. was
critically examined and it was generally agreed that no definite pattern normally emerges except for the
fact that there is clonal variation in regard to susceptibility and that tlie incidence of TPD is always higher
v.'ith intensive exploitation. The possible relationship between gcnotypic variability of the root slocks
in a field with the incidence of TPD was extensively discussed. It was made clear that the industry can
cooperate with ihcluslilute(RRIM) in carrying out large scale trials using geneticaliy identiail rootstocks

developed either by lisBUOculture or rooted cuttings. It was also opined that wc should also siinullaneously
deveiop methods of management for TPD. Various potential approaches including simple agronomic



rriclhods like higher inlcasily of planting, skipping Uipping in cxcessivc laic dripping trees on alternate
days of tnpping cic. were suggested and the industry again expressed willingness to cooperate with the
Institute and the IRRDB for carrying out sucli studies and to record observations.

| had disciLSsioris will) the Director and Assl. Director, RRIM. Tlicy were in full agrccmeni on
the need to have an intcrnalional network rescaich programme on’I'l’D. They also shined the- view;: and

concerns exjuc”ssed in the Group Meetings.
3.2. At SCATC, China

I had discussions at SCATC on 30th April and 1st and 2nd May 1992 with the Core Group of
Scientists working on TPD. The following points emerged from the discussions.

The researchers of SCATC classified TPD mainly into two types:

() Inner bark dryness: The inner bark, ie. that part of the bark which is adjacent to the cambium becomes
necrotic or brown first, while the outer bark can still produce latex normally. The necrotic part however,
may expand very quickly and invade large areas of panel and it seems that this type of dryness can hardly
be cured.

(b) Outer bark dyrness: Tne dryness of the bark starts at the outer bark first, and gradually expand to the
inner part of the bark. This kind of symptom can be treated by surgical removal of the affectcd part and
application of curative chemcials.

Causeof TPD: Most of the researchers in SCATC consider that TPD is caused by overexploitation or over
stimulation. They however consider that stress of any kind like typhoons, root disease and other
mechancial shock may also induce TPD.

Some researchers suspect a pathogenic agent (RLO or MLO). ResulLs of an experiment indicate
that the buds from trees with fasciations will lead to TPD when they are budded to healthy plants and
allowed to grow into budded trees. It has been suggested that the pathogen that leads to TPD is an RLO.
It was however evident that Koch’s postulates were not followed in these studies and therefore the results
are not very convincing. The rate of TPD in the field is about 10-15%, while the rate of switch broom
disease in the field isonly 0.4% indicailng lack of any strong relationship between.the two. A model for
the incidence of TPD involving various physiological and biochemical stages was presented by the
Researchers of SCATC. The model integrates views expressed by different IRRDB member institutes and
can be of much use at the lime of formulation of an international programume.

Treatment of TPD trees: The bark under the tapping cut of the TPD tree is first segmented into several
vertical bark columns by making vertical grooves on the bark, upto the bottom of the trunk, and then the
bark is peeled, column by column. Due care is given to ensure that the cambium is not damaged. After
the bark under the cut is peeled off, the ex7)osed surface is pasted with petrolatum. It takes 7-8 years of
renewal before itbecomes ready for ex-ploiuition. During thatstage, puncture lapping isdoneat high panel.

Based on the discussions it was concluded that; The observations and ex-pcrimcnts on TPD
described above show that much more work should be done both to elucidate the mcchanism of ITD and
to develop methods of treatment. Research work in the future should be done with more planning and
scicnlific inpuL We should meticulously describe the process of TPD generation, and study the various
factors that are related to various sL'iges of TPD. Fundamental studies at ccllular and moiccular le\'cl
should be strengthened. A comprehensive reinvestigation of any pathogenic involvement using Koch’s
postulates mu.slbcaltempicd. Further, anatomical studies must go parallel with the physiological.studies.



3.3 AtIRCA, France

I hckl dLsciLSsioas wiih Ihc Core Group of SciciULsUs of IRCA and Prof. d’Auz;ic on 5lli and 6tli
June, 1992. The main poinLs emerged are summarised below;

Ilie necessity for invesiigaiions on the role of root stock on the incidence of TPD was stressed
by me. The theoretical aspects ofthisviewwcre explained to the Group and they have ingeneral accepted
this idea. It was also stated by them that the vigour of the tree depends to a great extent on the success
of grafting and that a degree of incompetability may cause biological disorders which may be related to
Ibis syndrome. It was felt that much research is needed to verify this hypothesis. In this respect, tissue
culture should make it possible to multiply clonal grafting stock and thus to measure its influence. Ifa
root stock genotype is identified which can render some resistance to the scion from the onset of this
syndrome, then itcan be mass multiplied and used as rootstock forsusceptible clones. It was also pointed
that the root system and its environment (composition, structure, soil water availability) may also play a
role in the appearance of bark dryness. Itwas also agreed that it is necessary to collect samples on asingle
tree basis rather than on a field basis to get correct Information on comparative biochemistry and
physiology of affectcd and normal trees. The Group generally agreed to the suggestion that studies on
ethylene metabolism in response to tapping should find an important place in the total programme. The
Group was interested in learning the Chinese finding that the trees affected by TPD can be classified as
(a) Inner brown bast (b) Outer brovai basL The Group also showed interest in the treatment procedures
adopted in China.

J.L. Jacob reminded the meeting of IRCA’s position, presented at the meeting on brown bast held
by RRIM in Penang in 1989. The term ‘browTi bast’ coveR different phenomena which are all finally
expressed by dryness of the lapping cut This results in confusion in symptomatological analysis,
complicating research on the problem. *‘Reversible brown bast’ may be observed. This depends on the
season and may also be caused by a certain fatigue of laticiferous tissues caused by over-intensive
exploitation. In the latter case, reducing tapping intensity or stimulation intensity can significantly reduce
the phenomenon, which remains limited to the tapped area of the bark. Biochemically, it is shown by a
decrease in the hydrocarbon reserves of latex, activation of the systems generating toxic ox>'gen and
decrease of the activity of the enzymes involved in intracellularanti-senescence mechanisms. Tnis results
in local thrombosis in the latex production system caascd by insiiu bursting of lutoids; this causes in situ
coagulation and the appearance and spread of bark dryness. The other type(s) of brown bast are related
to tissue necrosis involving not only the laticifers but also surrounding tissues in the phloem. This
irreversible type spreads at var>’ing rates along the whole trunk. In addition, it is not necessarily related
to the tapping cut and does not always smrt there. Its symptomatology is different in histology and
cytology and also in analysis of the biochemical functioning of the laticiferous tissues. The phenomenon
is induced by stress related to soil structure or compositionj stress related to drought or stress caused by
physiological fatigue. In the latter case, reversible brown bast may be a prior suite to irreversible brown
basL In other words, the inducing agent may be over-tapping in the long term. The oncogenic nature of
the phenomena observed i/j Aim (especially tylosoids and theiranarchicmultiplication) and the frequently
non-random distribution of diseased rubber trees lead to suspecting a presence of apathogen (virus, viroid,
mycoplasma, rickettsia) in spite of failure to date to identify any such organism insitu. Molecular biology
can be valuable aid in solving this problem.

From a practical point of view, although there is no cffectivc cure so far (bark scraping, panel
excision etc. are not satisfacior>"), unsuiuiblc exploitiUion of clones leading to fatigue and finally to
irreversible necrosis should be avoided. Latex diagnosis can be extremely useful. Inaddition, the planting
of sensiiive clones (with a low threshold for the induction of brown bast phenomena) should be a\'oided
in siluaiions whcrK epacliindiit ftiruae iiitiy bu tJoiuslLiuriiblo.



3.4 Discussion with the Scatclary, JRJIDB

Summary of discussions with the SccrcUiry, IRRDB on 8lh June is given below;

I'rograinnie slioulcl be based on llie deployment of IRRDB experts on carefully planned
cxpcrinicnls, willi some IRRDB seed money lo cover extra costs. In addition, it is essential to use ouLside
centres of exccllence for specific items of work at the molecular/cell level using immunologiail
techniques. Overall, to get this programme properly worked out and ojierated, the difficult problem of
logistics needs to be tackJed; some IRRDB Institutes have cost problems associated with, for example,
provision of vehicles, fuel etc.

The general plan will be to combine

* experiments in a few countries, with a different clone in eachcountry
* use of the full range of physiological and biochemical tests
* use of outside experts for techniques which are outside IRRDB expertise

Tlie main components of the common project will be:

(a) Field Experiments

Experiment . Surv'ey of existing monoclonal fields, marking individual trees as completely dr>7parlially
dry/normal. Select small groups comprising normal (five trees), partially dry (five trees) and dry (five
trees) for comparative studies on biochemistry, physiology, soil etc.

Experiment Il. Monoclonal field divided up for different ex"ploitation systems (1/2S d/1 to 1/2S d/7).
Record all parameters (physiological, biochemical) every 15 days: observations on onset of TPD
symptoms.

Experiment I11. Monoclonal field with normal ex”ploitation system. Case histor}' of trees from Day 1 of
opening. Record all parameters once every 2-3 weeks and monitor symptoms of onset of TPD.

(b) Fundamental studies to establish the role of root stock, if any n

(c) Effect of generally uniform root stock (jiroduced through tissue culture or rooting of cuttings) on
incidencc of TPD in different cloncs.

(d) Ex-perimenls to cope with existing fields with high incidence of TPD

This includes (i) experiments on management methods (chcmicals, change of panel, tapping rest
during stress period etc.), and (ii) investigation of novel exploitation systems.

(e) Search for pathogen, using appropriate laboratory, eg. NFvl (UK), Advanced Centre of
Virology (New Delhi), University of Malaysia, IRCA.

Note: When TPD is deiccted, the symptoms must be recorded in a descriptive manner, eg.
‘pariially-dr)’ - no colour* ‘dry, brown ring’ etc.

(Q Projects on investigations at molecular level manipulations will fomi Phase 11 of tlie project
proposals and international centrc,? of cxccllencc will have to be identified for collaboration.

The Secretary, IRRDB requested thal 1should make a presenl'ition of Project pio[nisals lor
Iniernaiional Utjnoareh rfo~niiiiiiiu on TPD ul U nuNI muolliig oTIRKDIi (u Jakiirt;i.



4 PROPOSALS FOR THE INTERNATIONAL NETWORK RESEARCH PROGRAMME
4.1 The conccpt

'‘Die \d.zi Ui:ii ihcTPD incidcncc in rubber rcmaiiis an unresolved problem inspile of eight dccades
of r:;sc;ircli ir. vp.rious ccnlrcs is suggc\slive of llie coiiiplexily of this disorder. liirlier work hris discouiilcd
the possibiliiv of any pathogenic involvement. Failure to isolate any organism, absencc of any usual
symptom associated with MLO, RLO, virus or viroids, the random pattern of occurrence of TPD in
contention tr™°t no pathogen is involved. AJthough it has generally been described Jis a physiological
disorder, no abiotic factor either could be firmly established as the cause for the onset of this syndrome.
Clonal variations in the rate of incidcncc has been established indiailing that the pronencvss to this
syndrome is perhaps genetically determined. At the same lime itis intriguing why only certain pcrccnuige
of trees succumb to this syndrome when all the plants in a monoclonal population are genetically
homogeneous and are subjected to tlie same stress and exploitation levels. The various biochemical
changes reported to be associated with the onset of this syndrome could be the conscquence rather than
the cause per se of TPD. The possible random distribution of varv'ing genotypes of the root stock,
originating from seeds, perhaps present a parallel to the randomness of the occurrence of TPD. Factors
related to root activity and metabolism may vary from plant to plant as every rootstock is different from
the other gecotypically. This aspect has not been studied in detail.

A comprehensive analysis of the factors which predisposes the onset of this syndrome; of the
physiological and biochemical changes associated, and ofany genetic character of the root stock that may
contribute tov.-ards development of this syndrome may give us some useful leads and future approaches
in research aimed at various methods for the management of this disorder can be formulated. The IRRDB
initiative to pool the resources, expertise and facilities of member institutes of IRRDB to address this
problem can yield results only if properly planned structured ex-perimenls, both in the field and in the
laboratory ar” carried out in different centres; such division of work and experiments having been decided
upon by the level of specialisation in each centre. The studies should address a variety of questions and
would range from basic field experiments to most sophisticated fundamental studies at molecular level.
Certain aspects of such studies would be outside the present competence of the member institutes of
IRRDB and itwould be prudent to identify outside ‘centres of excellencc’toassign suchworkon a contract
basis rather than to build up the expertise and facilities in IRRDB institutes.

4.2 Investigaxionsproposed

The proposed studies can be divided into the following aspects.

4.2.1 Phase 1

4211 Structured field experiments in four IRRDB institutes: IRCA. RRII, RRIM and SCATC.

4212 Fundamental investigations related to the question of influence of root stock. (Part of this
programme can be carried out at tlie IRRDB centres and certain aspects such as genclicmapping
of root stocks can be assigned to an identified outside centre of excellence).

213 Experiment to evaluate the effect of genetically uniform root stock on TPD in different clones.

421-.  Prophyiactic and curati\'c meihods of TPD management

m2.i." A rcii;. -j.-iigaii()ii into the Jio;;.sihlc role of any palhogcnic agcnu (To be assigned to a selecicd
exlcrr..'il c-i.*nirc of c.xcclluncc),



4.2.2 r hii.se 11

4.2.2.1 Idcnlifiailion of gciics coding for enzymes involved in clliyicne syiUlicsi.s in rcspoasc lo t<'ipping
and molccular inlcrvenlion to regulate the rale of synlliesis. '

4.2.22 ldcnlificalion of genomic ‘anli-TPD factors’ and molccular level nianipulation.s to evolve
traiLSgcnic plants incorporating such factors.

4.2.23 Molccular level invcstigatioi:is on key enzymes involved in biosynthesis of rubber and their
relationship, if any, with TPD.

4.3 Essential Details of Experiments

43.1General aspccts
Some amount of commonality should be ensured among the experiments conducted at various
centres. Every Institute should try lo follow unlformily in;

* Definition and descriptionof the syndrome

* Technical tcnns used

* Methodology followed foranalysis of commonly selected parameters.
* Frequency of observation.

* Stiitistical methods of analysis, etc.

It is now evident that there are different kinds of TPD with varying symptoms. There may be
practiciil dirficulties inselecting a particular symptom alone, becausc these varying symplom.'~ are vaguely
described and there is some amount of confusion. For example, TPD has been classified us

|
Reversible type

Irreversible type

Inner brown bast

Outer brown bast

Panel dryness always preceeded by excessive late dripping

Panel dry'ness not neccs.sarily preceded by any late dripping

Bark dryness followed by abnormal oncogenous growth.

A practiail approach would be to succinctly describe these symptoms tree-wise and caicgorise.
The cxjierinicnters may come across different categories in the same field and a corrcct rcconJ of these
symptoms of TPD may become highly u<~cful for lateranalysis of the dat;i. In all the common c.xpcrinienLS
uiu'L'tii ttucl, Litwcrs-iulciti.'! will he cniliu'f tiniii fIL'ldrhiificU liuL'iiUiiu ttMiii'‘proacli mncetissary

considering the unpredicuibilily and nuidomncss of its occurrcncc.



Fpc-i innTifs Tincier Pliiisc |
43.2.1 Stnictiirrcl Tivia expcriineiiLs in IRRDB Institutes
Experiment |
Physiologiccil and biochemicalparameters in normal, partially dry and completely dry trees

Objective: To dctecl if there is any consistant variations in physiological and biochemical paratinetcrs
associated with TPD.

Experimental approach

All trees in a monoclonal population should be critically examined and categorised as normal,
partially dry and completely dry. Further descriptions (inner brov,-n basL, outer brown bast, with late
dripping, without late dripping, etc) can also be attempLed and recorded. Groups of three to five trees from
these three main categories distributed in a compact area can be taken as a ‘unit' of study for comparative
purposes. Physiological, biochemical and anatomical parameters may be studied in latex, bark, roots,
leaves and soil etc. as indicated inTable I. The Institutes are free to add more parameters bjiscd on facilities
and expertise. These comparative studies may be repeated for many such units comprising the three
categories, ie. normal, panially dry' and dry trees, indifferent fields and for different clones. Tlic data may
be analysed using appropriate statistical methods to find out ifthere are significant differences among these
categories in terms of any parameter.

Experiment 1l
Changes in physiological parameters before the onset ofthe TPD syndrome

Objective: TO monitor changes in physiological and biochemical parameters in individual trees in a
monoclonal population at periodic intervals and to associate such changes with the onset
of TPD syndrome.

Ex'pcrimental approach

200 normal trees of a known high yielding susceptible clone (suggested - India, RRII 105;
Malaysia, PB 260; IRCA, PB 235 and China, RRIM 600) may be selected from a field in its first month
of lapping. The trees may be monitored for the onset of any symptom associated with TPD at regular
inten.’als (fortnightly). Physiological and biochemical parameters may also be monitored at regular
intervals on a tree basis and case histories maintained. The number of trees to be selected at random for
each parameter is to be decided by the complexity and time requirement for estimation of each of these
parameters. Table 2 indicates a pattern which can be followed. Once an incipient TPD syndrome is
detected the pattern of change, if any, of the parameters prior to the onset should be critically examined.
After substantial number of trees acquire TPD syndrome, a critical evaluation is to be made to find out
if there is any commnonality in the pattern of changes of parameters before the onset of TPD syndrome.
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Table 2. Case liistory ol' trees - parameters to be recorded.
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Bursting index

Membrane lipids

Membrane proteins by electrophoresis

Lipid peroxidase
SOD activity
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Effect of different intensities of Tapping on physiological parameters of latex and hark and
their relationship with the onset ofdryness.

Objective: To elucidate Ilicroleof tapping intensity inpromoting tlie incidence of tapping panel drj'ncss.

Experimental approach

A statistically laid out experiment may be started to compare different intensities of tapping. The
treatments suggested are: d/1, d/2, d/3 and d/7; number of replications 6. Tlie trees may be observed for
any syndrome of TPD once in a fortnight A few trees at random may be selected from each plot for

physiological observations. The following parameters may be recorded,

1. Yield (on every tapping day)

2. drc (on every fortnight)

3. Plugging index (on every fortnight)

4, Bursting index (on every fortnight)

5. Sucrose (on every fortnight)

6. Pi (on every fortnight)

7. Thiols (on every fortnight)

S. SOD (on every fortnight)

9. Turgor pressure of the bark (on every fortnight)

»

In addition to the above, other useful and relevant parameters can also bestudied by the Institutes
depending on the facilities and expertise available. Once symptoms of TPD appear, extensive physiologi-
cal and biological studies both of the scion and stock may be carried out. Descriptive charactcrisation of
the symptoms of individual trees may be attempted.

43J1J). Fundamental investigations related to the question of influence of root stock

Objective: To ascertain whether genotypic variation in the root stock and the resultant variations in root
activity have any role in predisposing the scion to the incidence of TPD.

Experimental approach .

A direct approach by attempting genetic mapping of the root slock aswell as an indirect approach
by recording parameters in the scion budded on to “resistant” and “tolerant” genotypes of the root stock
arc suggested. A susccptibic precocious high yielding done is to be subjected to intensive t;ippiiig. I'iic
incidence of TPD may be recorded at regular periodic intervals. (If such records are already available the
suggested studies can be conducted in that field).

Classifiaition of root stock as “tolerant” and “susceptible” in tcniis of tlic time taken for llic
Ayndronn; tu igipcar ni.iy be made. The supgcslcd studies sliould be conducted on iiidiviiliial rooij;iock

plnnis wiihin cacii [:roi."i). Inlia-f;,roi)p and in(cr-[;roup comp-'uisoiis shoul'l joc maclt™.



{a) Genetic mapping
RAPO, RFLI’ niappini; or Iso/.yinc aiiiilysis.

RAJ’'D markers liavc been shown to be higlily useful in llic construction ofgenetic maps and many
researclicrs now prefer this approach compared to IU'LP mapping. It isstrongly suggested tiiat member
institutes having facilities may initiate studies in this direction. Collaboration with renowned national
institutes having expertise and cxpcricncc in this technique may also be cncouragcd to rcduce the time lag
to acquire tlic necessary expertise and facilities in individual institutes.

1
Isozyme analysis:

TTie Institutes which have already acquired sufficient expertise iii isozyme analysis may extend
such studies to the root stocks of 'tolerant’ and 'susccptible’ groups. .

Any common factors among the individuals in a group or contrasting factors between the two
groups may give ussome clues of possible 'predisposing factors'or ‘anti-TPD factors’. Generation ofsuch
fundamental information is necessary for any meaningful conceptual development required for Phase Il

of the project proposals.

(b) Developmenl of methodsfor generation ofplantlelsfrom the identified root stockfor

mullipUcation,

The identified rootstocks will have to be multiplied by first inducing regeneration by remo\al of
swcion plant and then multiply the genotype either through tissue culturc methods or rooting of cuttings'.
Even before this isachieved, high yielding normal genotypes may be identified from polyclonal seedling
populations from an area of high incidence of TPD and methods perfected to multiply such plants either
through tissue culture or rooting of cuttings assuming ‘genetic tolerance’ to TPD in such selected’
genotypes. - e

(c) Indirect methods to assess the influence orroot stock

Tlie levels of cytokinins and ABA may be quantified in latex and bark of individual trees from
the above two groups. Attempts may also be made to collect xylem sap forsuch measurements as itwould
bean ideal material to study the influence of rootstock interaction. A method may also be perfected for
in situ measurementofethylene generation in the bark. Intra-group and inter-group compari.sons of these

parameters may reveal some pattern which will become useful; for planning Phiuse Il experiments.
4323 EfTecl ofgenelically iinironn root stock on the incidence of TPD in d: ,'ei-ent clones.

Objective: To asccrUiin whether incidcncc of TPD can be controlled by u.sing genetically

uniform’TPD resistant’ root stock.

Experimental approach

Once tiic method formass niultiplicationofan identified genolyiieofroolsiock ispcifeclcd.eiihcr
through tissue cullurc or rooting of ciUtings, these materials may be ased as root slocks in a slatisticaliy
laid out experiment employing three clones. Root stock raised from genetically heterozygous seed.s will



be used as conlrol. Tlic cxperimciil would involve six Ircalmcnls; with two types of root slock
(homozygous and hclcrozygous) and liircc cloncs. Tlic.cJcsign suggested is RBD with foui .'jplicaiions.
I'lui cxperlmciil tMij lio ropLniicd willi dll'fcronl ficnolypos of rool slockH. Incldciicc of'IT!) Kilioiild u
inu.illoied at icgular Inlcfvuis.

4.32.4 Exi)cninents on T1*D inauageniciit

Investigations on different propliylactic and curative metliods may be carried out.Tlie mei.hods
chosen can include experinienls founded on scientifically sound assumptions, cxpcrinicnts b;iscd on
observations and experience of planters and other emperical! approaches. Each inslitute may be given the
freedom to design such experiments. However, certain basic principles of approach can be enumerated.

* Novel methods of pxploitation (eg. RRIMFLOW). >

* Red uction in lapping intensity for trees showing late dripping and partial dryness (reversible type)
by avoiding Uipping on every allernate tapping day.

* Application of chemicals aimed at reducing the generation of etliylene.
* Application of ciicmicals with anli-senescencc propcrlies.
* Surgical treatments for removing the affected parts followed by application of chcmicals to

promote renewal of bark.
* Other cmperiail methods based on observations and expcricnce.

it issuggested thatthenumberofu”~eatmentsandnumberofreplicationsmay be determined insuch
a manner that the dal;i can be analysed sUitislically.

43.2.5 A reitivesligalioii Into the possible role of any palliogcnic agent

Objective: To investigate the possible association of any biotic agcnt(s) with TPD, employing modern
biochemical immunologiciil and molecular methods.

Expcriment;il approach

Search for any possible association of biotic agenLs such as fungi, bacteria, virus, viroids, MLO,
RLO, BLO and phytomonas will be made employing the most modern and appropriate immunological
and molecular techniques. Such studies will also be supported by standard techniques (EM, field icsling).

As most modern methods and approaches arc to be employed, such aspects of study w'ill have to
be assigned to a recognised external Institute of excellcncc (two project proposals; one from Nalural
Resources Institute, UK and anolhcr from Advanced Centre of Virology, IARI, New Delhi have been
received. There issubst;intial difference in the level of fundingspught for by these two institutes. A critical
evaluation of the project proposals is required, to lake a decision).



4.3.3 Kxperiincnl.s under Pli.-ise Il

‘Ihc iclev.'Micc of llic I’lojccLs lislcel iiiicler I’h.iiic 11 would depend on llii: ic.'uilis of u'l.ikil
experiments listed under Phase I. Tlie conceplual tbundalions of Iliesc projccLs rests on some ot llic
assnmplions made in planning Ihe Plia.sc | cxperiinenLs. Basiailly, liiese projccLs aim al /.*cnoniic
iiUervciiiioMS lo instil anii-'I'I’D cliaracleiislius and lo evolve transgenic plaalLs iiicorporaliiii; siirli
altiiljules. :

The member institutes of IRRDB arc not, at present, adequately equipped interms of facilities and
skill, lo lake up all aspects of lhesc projects, Il would, lherefore, be prudenl lo c"irefAlly idenlify
L;iboralorics/Ccnlrcs with proven compctencc lo carry out experiments involving lalesl Iccluiiques in
phinl molecularbiology and geneliccngineeringand assign iheseprojects lo these laboratories on cbnlracl.
Cerlain IRRDB member lastitutes (IRCA, RRII, R.RIM) however, have perfected Uie protocol for
regeneration of plants from callus through somatic cmbryogenesls. Experiments with protoplast euUuve
also arc under way. Tlierefore, the suggested projects can be collaborative projects between IRRDB
Laboratories and outside Centres ojf excellence.

Ideiiliilculioii of genes coding lor enzyjiies involved in ethylene synthesis in respon.se (0
tapping and molecular interveullon lo regulate (he nile orsynthesis.

The concept

Abnormal endogenous synthesi.s of ethylene as a result of tapping injury is implicated with the
incidencc of TPD. Many of the biochemical changes at cellular and sub-cellular level, rejiorlcd to be
associated with different phases of TPD have been reported to be associated with the action of elhylcne
in vivo. This abnormal and cxccssive production of ethylene may have similiarities with the climacteric
synlhasis of elhylene during the senescence of cells as well as during ripening. The approach suggested
is to identify the genes coding for enzymes such as ACC vSynthiUse and ACC Oxidase and lo construct
anlisense RNA, which can reduce the expression of the rancerned genes in a gene dosage-dependent
manner. Tiie melhodology to be followed will be similar to that reported by Hamilton, c/a/ (1990) inihcir
work involving anlisense technology in tomato.

The deL'iils of experimental ajiproach and methodology can be decided only after discussion with
Ihe scienlists of llic laboratory identified as a '‘Centre of Excellence' by IRRDB for assigning this jiroject.

4.7TJ.2 ldentificjidon orgcnoinic 'anli-TI’D factors' and iiioleeuhir level iiiani])uhilions lo evolve
transgenic plants incoqgjoraling such factors.

Ohjeciive: To evolve irarLSgenic plants incorporating genomic'anli-TPD factors’.

The concept

Aiiydislilic(JK)!yniotphisni in DNA between Ihc’TPD-su.scciUible'groupofroolslocksaiu! 'I'PD-
rcsisLul' grouji of root slocks obtained from RI'LIVIMFD analysis (high level of sequence divergence
based on results of Phase | Experiment No. 4.2.1.2) would indicalc genomic involvement in eiiher
jiromoting or preventing the development of TPD in the scion. Theoretically it should be possible lo
identify the relevant DNA fragments and lo use it for identification and cloning of the gene encoding
enzymes related to 'anli-TPD factor'. With the rapid progre.ss that is being made in plant transgenic
technology, an objective lo design a tran.sgenic jilanl of rubber incorporating such character is williin tlie
realm of po.ssibility.



The clcL'iils of experimental approacli and mclliodology can bcdccidcd only aficrdisciissionwilli
ihe scienlisLs of llie laboratory identified as a 'Centre of Exccllencc' by IRRDB for assigning this project.

4333 Molecular level iiivestigalions on key enzymes involved In biosynthesis of nibber and
their relutionship, ifany, with TPD.

Objeclive: To characterise genomic clones encoding imporLint enzymes in the rubber biosynthesis
pathways and to examine if there is any abberation at gcnomic level in TPD-affected
pianLs.

The Concept

Cliaracterisation of cDNA genomic clones encoding 3-hydroxy-3-melhylglut;iryl-cocnzynie A
reducliise from Hevea brasilicnsis have already been achieved (Chye ei al., 1991). FundamcnUil
investigations at molecular level to elucidate the relationship, if any, between TPD and such gcnomic
abbcralions aifccting the clficicncy of rubber biosynthesis would be rewarding.

The detx'iils of experimental approach and methodology can be decided only after discussion with
the scienlisLs of the laboratory identified as a 'Centre of Excellence' by IRRDB for assigning this projcct.

5 NEED FOR EXTERNAL FUNDING AND FINANCIAL OUTLAY

The four IRRDB member Institutes, selected as Centres, have adequate facilities and personnel
to implement most of the pmjecls listed under Phase I. Howevor, certiiin practical constrainLs have been
identified during the discussions | had in these centres. Regular recording of a number of panimelcrs
strictly as per the schedule is a prerequisite for the succcss of these experiments. For eg., the trees go dry
at random and spontaneously and if the recordings of parameters in the weeks prior to the onset of the
syndrome have not been done due to constraints, the very purpose of the experiment, to esl;iblish
relationship between changes in cert;iin parameters with the development of TPD Syndrome will be
jeopardised. Some funding to these centres would improve their logistic capability. (Eg., To provide a
vehicle with ruiming expenses exclusively lor tiie purpose). The quantum of laboratory analysis involved
is tremendous and the centres would need hiringof laboratory and field staff on a temporary basis for these
ProjecLs. Provision should also be made for training/attjichmcntofScientists from oilier IRRDB Instiliilcs
in these centres for varying periods as well as for international travel for monitoring and discussions.

In view of the above, the four centres should be provided with modest funding to meet their
innnedialerequiremenLs. Provision should also be made forconlracl work with recognised ouLsidecenlrcs
of excellence to carry out cert;iin aspects of the Projcct envisaged (Causative organism, genetic mapjiing
of root stocks). As there can considerable time lag in obt;iining any international funding, it is strongly
suggested that IRRDB should try to raise this fund, and considering the economic importimce of the
Project it would be a step in the right direction.



5.1 Proposed hudf~cffor Phase |

A model budget is given in I'ablc 3.

Tal)le3. Proposed Budget

(IN US DOLLARS)

1993 1994 1995

Contribution lo four IRRDB 1,20,000 60,000 60,000
Member Institutions
(RRII, RRIM, IRCA & SCATC) (30,000x4) (15,000x4) (15,000x4)
Contract Rcsearch;-
A. Pathogen aspccLs 35,000 15,000 10,000
B. Molecular aspects 15,000 10,000 10,000
Altachment of trainees 25,000 20,000
Inlcrnalional travel 5,000 10,000

Tot;il 170,000 115,000 110,000

Toljil for three years = US$ 395,000

5.2 Fundingfor Phase Il

Inlcrnalional funding will be however nccessary for Ihc ProjccLs under Phase 11and llic IRRDB
sliould Uikc appropriate steps. These Projects may have to be assigned to sclectcd centres of exccllencc
and some such laboratories arc likely lo be located in Europe or USA. These Project proposals can be
formulated only after in-dcpth discussion with the conccrncd scientists of these scleclcd laboratories.
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