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SYNOPSIS 

Title of the thesis:- 

CHARACTERIZATION OF TAPPING PANEL DRYNESS (TPD) OF 

HEVEA BRASILIENSIS IN CLONE RRII 105 

INTRODUCTION 

Tapping panel dryness (TPD) syndrome is a serious concern in all rubber 

growing areas since, methods to prevent or cure the disorder are not known. The most 

important symptom of TPD syndrome are reduced latex yield, eventually leading to 

total drying of tapping panel which gives the name to the syndrome. 

Symptoms and prevalence of TPD 

Brown bast syndrome of rubber (TPD) has been reported from the plantations 

from the very early days of rubber cultivation (Rutgers and Dammerman, 1914). TPD 

is observed with or without symptoms other than panel dryness. It can be reversible or 

irreversible panel dryness, partial or complete with inner or outer bark affected. The 

panel dryness may or may not be preceded with late dripping, or necrosis. It can be 

chronic or necrotic TPD (Sethuraj 1992). Excessive meristamatic activity and unusual 

cell division leading to nodule and burr formation and distortion or cracking and 

sloughing off of the bark are also noticed (Petch 1921; Gomez and Gandhimathi 

1990). 

The incidence of TPD in smallholdings can be about 5% in the first few years 

of tapping which can eventually go up to as much as 10% or even higher (Sethuraj 

1992;  Sivakumaran et al.,1994; Nair 2004). According to Chan (1996), up to 10% of 

the trees are affected by TPD in the A panel (about five years of tapping) and up to 

15% in the B panel (about 10 years of tapping). Rands (1921) observed 52-85% 

incidence of brown bast in seedling trees in Java. Observations from China 

(Shaoqiong; 1989), Malaysia (Sivakumaran and Haridas; 1989) and Sri Lanka 

(Samaranayake and Yapa; 1989) revealed clonal differences in susceptibility. 

Studies on the etiology of TPD 

There have been several efforts to investigate the cause of the TPD syndrome, 

but so far, no clear picture has emerged. Anatomical changes were observed in TPD 

affected trees by several workers (Rands, 1921; de Fay, 1981; Gomez et al, 1990; 

Paranjothy et al., 1975). TPD is present in widely varying (10-40
0
C) climatic 

conditions (Abraham et al., 2006; Chandrasekhar et al., 2006). Occurrence of TPD in 
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almost all the clones with varying intensity (Mydin et al., 1999) indicates that it may 

not be a clonal character. There have been several studies on the agronomic and 

nutritional aspects of TPD, but no clear trends were reported (Pushpadas et al., 1974; 

Sivakumaran et al., 1997). Venkatachalam et al., (2006) and Sathik et al., (2006) tried 

to identify genes, which are differentially expressed in rubber trees during TPD 

development. The theory of genetic distance contributing to stock-scion 

incompatibility predisposing trees to TPD (Sobhana et al., 1999) and the theory of 

impaired cyanide metabolism due to cell decompartmentalization near stock scion 

junction (Chrestin et al., 2004) fails to explain the occurrence of TPD in young (test 

tapped) seedlings, mature plantations of seedling population and meristem cultured 

trees. The observation of TPD in the first month of opening trees for tapping (de Fay, 

1981) and failure to cure TPD by leaving trees untapped (Paranjothy and Yeang, 

1977; Le Shizong et al., 1984) raise questions on the validity of the theory that 

tapping stress causes TPD. Leaving trees untapped (resting) could not cure TPD 

affected trees in many cases (Paranjothy and Yeang, 1977; Le Shizong et al., 1984). 

Krishnakumar et al., (1997, 1998, 1999, 2001, 2002, 2003, 2006) observed various 

distinct physiological changes in TPD trees in comparison with healthy trees. The 

hypotheses that TPD is the result of physiological factors such as wound-induced 

ethylene, peroxidative damage due to reactive oxygen species (ROS), reduced ATP 

content and the increased tissue respiration has the limitation that these were based on 

comparison of data recorded from healthy and fully dry trees. Brown bast is generally 

recognized as a physiological disorder caused by excessive tapping or over-

exploitation (Rands, 1921; Sivakumaran and Pakinathan, 1983). The observation that 

high rubber yield is positively correlated with TPD (Premakumari et al., 1991) and 

that high yielding clones are more vulnerable to TPD (Sivakumaran et al., 1988) 

suggest that TPD is not merely a wound reaction. But, by monitoring the 

physiological parameters of the latex preceding the onset of the TPD, its occurrence 

could not be predicted (Sivakumaran et al., 2002).  

Pathogens are known to induce physiological changes in plants due to their 

infection (Qi and Ding, 2003). Occurrence of TPD in adjacent trees in the same line 

(Taysum, 1960; de Soya et al., 1983; Mydin et al., 1999) is common in rubber 

plantations. This points to a possible spread of the disorder by a biotic agent from an 

infected point. In almost all cases when one tapping panel is fully affected, the other 

panels also show TPD symptoms upon tapping (Krishnakumar et al., 2002) indicating 
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that once the tree is infected, it continues to be in the same condition. Symptoms 

noticed in TPD trees are similar to other virus and viroid diseases in other plant 

species (Peries and Satchuthananthavale, 1964; Diener, 1979; Visvader and Symons, 

1985). Detection of ricketssia like organism (RLO) in TPD affected trees was reported 

from China (Zheng et al., 1997).  But, investigations by Mathew et al (2006) did not 

reveal association of biotic agents like fungi, bacteria, virus, MLO or protozoa with 

TPD. 

A detailed study on the TPD symptoms on clone RRII 105 is essential as it is a 

high yielding clone planted in more than 85% of rubber cultivated area in India but 

highly susceptible to TPD. Hence, a systematic study was performed with the aim of 

understanding different symptoms of TPD and its prevalence in clone RRII 105. 

Symptoms on different plant parts like roots (which were not studied in detail earlier) 

and on trees at different ages and tapped on different tapping panels were studied in 

detail. In this context, the possibility of association of viroid with TPD syndrome 

(Ramachandran et al., 2000) was also investigated. 

MATERIALS AND METHODS 

Study of symptoms and prevalence of TPD 

Trees at different years of tapping and unopened (untapped) plants at different 

years of planting from various locations were selected for the detailed studies on 

symptoms and prevalence of the disorder. Plants were selected from two experimental 

farms of RRII and from various large estates within and outside of Kerala State. In 

order to understand the phenomenon of TPD, rubber plants were studied at different 

ages of the tree and with different symptoms from the first year to the final year of 

tapping. External symptoms on trunk and root were closely observed on each tree. 

External symptoms on tapping cuts were observed during and immediately after 

tapping for the nature and colour of the bark, wet and dry areas in bark and flow of 

latex. The pattern of latex flow was observed at the time of tapping. The dry area 

affected by TPD on the tapping cut was marked with a chalk piece and the length of 

the dry area and the total length of panel cut were measured. The per cent of tapping 

panel dryness in each tree was calculated and thereby the prevalence of the disorder in 

each plantation was identified. 
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Molecular studies on the etiology  

Bark samples (trunk and root) and tender leaf samples collected from TPD 

affected as well as healthy plants were used for the isolation of RNA. Samples 

powdered in liquid Nitrogen was homogenised with extraction buffer, added 

Chloroform isoamyl alcohol mixture followed by Tris saturated phenol, kept at room 

temperature for 15 min. and centrifuged at 8500 rpm for 20 min at 4
0
C. RNA was 

precipitated by adding ammonium acetate and alcohol and stored at –20
0
C, overnight. 

Pellets were recovered by centrifugation at 10000 rpm and dissolved in double 

distilled water and used immediately for further analysis by R-PAGE, RT-PCR etc. 

A technique referred to as R-PAGE (Return Poly Acrylamide Gel 

Electrophoresis) has been used by many workers (Singh and Boucher, 1987) for 

detection of viroid RNA by using denaturing conditions of heat and low salt in the 

acrylamide gels that are used to resolve the total nucleic acid (TNA). The LMW RNA 

is heat resistant and due to its circularity, trails behind. 

R-PAGE was carried out in a vertical electrophoresis unit with the gel 

containing 7.5% acrylamide and 0.125% bis-acrylamide, TEMED (0.08%) in high salt 

buffer and 0.07% ammonium persulphate. The first electrophoretic run was carried 

out under native conditions using high salt buffer (89mM Tris-HCl, 89mM boric acid, 

2.5mM EDTA, pH 8.3) at room temperature and 46 mA constant current.  After the 

first electrophoresis the buffer was exchanged for a low salt boiling buffer (1:8 

dilution of high salt buffer). The gel was re-run at 70
0
C, 46 mA current with reverse 

polarity for 90 minutes. The bands in the gel were resolved by silver staining 

following Mishra et al., 1991.  

The isolated RNA from untapped and tapped apparently healthy as well as 

TPD affected trees were used for cDNA synthesis. Commonly used viroid primers as 

well as newly designed primers based on the conserved region in the viroid sequences 

were used for PCR. RT-PCR was carried out using M-MuLV Reverse Transcriptase. 

First strand cDNA synthesis was performed at 42
0
C for 60 minutes. 

 PCR amplification was performed in a thermal cycler with the following 

cycles and temperature profile. Initial denaturation of DNA at 94
0
C for 2 minutes, 35 

cycles which had 3 segments, denaturation at 94
0
C for 30 sec., annealing at 60

0
C for 

30 sec., chain extension at 72
0
C for 30 sec. The final extension was performed at 72

0
C 

for 10 min and the amplified product was stored at 4
0
C. The amplified product was 

excised from the gel, purified and cloned in pGEM®-T Easy Vector using Promega 
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cloning kit. Competent cells were prepared and transformed on selective media. The 

presence of insert in the colony was confirmed by colony PCR. For reconfirmation of 

successful cloning, the plasmid was cut with specific restriction enzymes to liberate 

the insert. The restricted plasmid was run on 1% agarose gel to confirm the molecular 

size of the insert. The transformed colonies were sequenced and the sequence obtained 

was BLAST analysed in NCBI database to identify the sequence similarity with 

known viroids.  

Transmission studies  

Seedlings that are LMW RNA +ve or -ve were bud grafted with scion 

collected from LMW RNA +ve TPD affected trees and LMW RNA -ve healthy trees 

in all four possible combinations. Three years after planting, 20 plants were selected at 

random from each group and leaf samples collected from each plant was tested by R-

PAGE to study the presence/absence of LMW RNA. 

In order to study the symptom development in the next generation when the 

source of bud (scion) was TPD affected/healthy, 250 seedlings (LMW RNA status 

unknown)  each were bud grafted with scion taken from TPD affected trees (LMW 

RNA +ve) as well as healthy trees (LMW RNA -ve) and planted in RRII Farm (CES) 

at Chethackal. Test tapping was performed after four years from planting to study the 

appearance of TPD symptoms.  

Tomato seedlings which were used as indicator host was inoculated with the 

total nucleic acid extract isolated from both healthy and TPD affected rubber trees 

using carborundum as abrasive. Eight weeks later the symptomatic leaves from the 

plants in which TPD sample was inoculated and leaves healthy extract inoculated 

plants were analysed by R-PAGE as well as RT-PCR by following the same 

procedure for analysis of samples from rubber described earlier. The amplified 

product was excised from the gel and cloned in pGEM®-T Easy Vector. The 

transformed colonies were sequenced and the sequence obtained was BLAST 

analysed to identify the sequence similarity if any, with the viroids. 
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RESULTS AND DISCUSSION  

Symptoms of TPD 

Close observations of the tapping cut and panel on the trees of clone RRII 105 

showed mainly two types of panel dryness. In first case (observed in the initial years 

of opening of a panel), dryness was noticed in the complete stretch of the tapping 

panel all at once and only the inner most layer of latex vessels produced latex with 

abnormally low DRC.  De Fay and Jacob (1989) observed that partial or intermittent 

drying of panel leads to TPD. But, in such cases when complete stretch of tapping 

panel is dry, the inner bark also will be completely dry.  

In the second case, partial dryness of varying degrees was noticed with tapping 

panel devoid of latex even from the inner latex vessels. As the tapping progressed on 

such trees, the dry area continued to remain as dry patches or in some cases the dry 

areas coalesced leading to complete drying of the tapping panel as observed by De 

Fay (1988). In such trees excessive pre-coagulation of latex on the tapping cut with 

abnormally high DRC was observed.  

In this study it was observed that TPD is initiated mainly by two ways either 

with extreme fluidity of the latex in which the latex flows from the cut for a long time 

as observed by Petch (1921) and Rands (1921) or with very viscous latex leading to its 

premature coagulation on the cut as observed by Compagnon et al., (1953). 

The phenomenon of bark cracking was observed by earlier workers in other 

clones (Petch, 1921; Rands, 1921). But, interestingly in the clone RRII 105 when 

dryness was observed in the BO 1 (first) panel, the cracks were seen extended to the 

opposite panel which is yet to be opened for tapping. This is not common in other 

clones. It is generally considered that dryness begins at the tapping cut and then 

extends sideways and downwards very rapidly (Rands, 1921). In some TPD trees 

cracks and necrosis started from the tapping panel. But, there were cases where the 

cracks were seen only at the bottom of the panel, near the bud union, which later 

extended towards the tapping cut.  

Formation of woody burrs was also observed in clone RRII 105 as reported in 

other clones (Pillay, 1968; Bobilioff, 1919; Petch, 1921; Rands, 1921; Compagnon et 

al., 1953). TPD affected trees without any visual symptom on the bark and untapped 

trees with bark cracking symptoms were also observed. 
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Various external symptoms such as cracking, flaking and nodule formation are 

reported to be associated with panel dryness (Rands, 1921; Petch, 1921; Gomez and 

Ghandimathi, 1990; Gomez et al., 1990; de Fay and Jacob, 1989; Sharples, 1936) in 

different clones although tapping panel wise progression in symptoms have not been 

studied systematically. The present study revealed that cracking and bulging of bark 

increased with the age of trees and with progression in period of tapping. 

Higher total latex volume in BO 1 panel compared to the subsequent panels 

was observed at Nedumangadu Region where management practices are poor. It may 

be due to the unscientific method of exploitation practices followed in that region. 

As the TPD intensity increased, a considerable reduction in total latex volume 

was observed in all the locations irrespective of the age of the tree or tapping stage. 

About 40% reduction in total latex volume was observed on trees in the category of 

less than 50% TPD and nearly 90% reduction was observed when the trees were in the 

category of more than 75% TPD in panel BO 1.   

DRC of latex was found to be increasing with age. Contrary to total latex 

volume, an increase in DRC was noted as the TPD intensity increased. Late dripping 

was reported as the initial indication of TPD. But, once the tree succumbs to dryness, 

even if it is partial dryness only, the DRC was found to increase with increasing 

dryness. Gomez et al., (1990) reported partial emptiness of the latex vessels and 

coagulation of latex inside the vessels which indirectly supports the finding of high 

latex DRC in TPD affected trees.  

Although different symptoms like late dripping with low DRC and partial 

dryness leading to complete dryness are reported as TPD symptoms, the present 

systematic observations could relate each initial symptom to the DRC of latex. 

Dryness of root system was observed along with necrosis, cracking and 

bulging (as observed on the trunk) in TPD affected trees. The roots corresponding to 

the dry portion of scion showed dryness although it originated from a root stock.  

Prevalence of TPD 

When the occurrence of TPD trees in different years and on different panels 

were analysed it was observed that the number TPD affected trees increased as the 

year of tapping progressed at all the locations both in small holdings and in large 

estates. The linear trend line of per cent of healthy trees plotted against year of tapping 

showed a definite trend of decrease from the first year to the last year of tapping. The 
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results clearly showed that maximum TPD incidence is seen in older panels as 

observed by Chan (1996).  

Percentage of trees without TPD symptoms was high when the panel was 

changed but it again decreased a year after such panel change. This shows that once a 

tree succumbs to TPD, it does not recover from it, though symptom remission for 

short periods can sometimes be noticed. Remission of symptoms has been reported in 

virus diseases. In pepper plants infected with Pepper golden mosaic virus, the newly 

emerged leaves showed a reduction in severity of symptoms (Carrillo-Tripp et al., 

2007).  

Among the Nedumangadu, Adoor, Kanjirappally, Pala, Mannarkadu and 

Thaliparampa regions in which observation were recorded from small holdings, Adoor 

and Nedumangad region showed the highest number of TPD trees and Kanjirappally 

the lowest. Out of the 18900 trees observed at Adoor region 3508 trees (18.56%) 

showed more than 50% TPD, while it was 2425 out of 13700 (17.70%),  2153 out of 

12700 (16.95%), 2821 out of 17300 (16.30%), 3106 out of 20200 (15.37%) and 2273 

out of 15100 (15.05%) at Nedumangad, Taliparampa, Mannarkad, Pala and 

Kanjirappally respectively. Panel wise comparison of TPD incidence in more than 

50% of panel length showed that Adoor region exhibited the highest number of TPD 

trees in the category of >50% in panel BO 1, BO 2 and BI 2 which is 11.4, 17.4 and 

30.1% respectively. Nedumangadu region also showed comparatively high incidence 

of TPD in all panels. Kanjirappally region showed lowest number of TPD trees in the 

category of >50% in panel BO 2, BI 1 and BI 2 which is 13.9, 19.4 and 26.4%  

respectively. The field management practices in Adoor and Nedumangad were in 

general poor compared to that in Kanjirappally. For instance, the planting density is in 

general higher than the recommended in Nedumangad. The proximity of trees 

influences disease spread. The occurrence of TPD affected trees in clusters was 

maximum in Nedumangad indicating such probability.  

The percentage of trees in the category of very high TPD intensity (>75%) 

showed a clear trend of increase from the first year to the last year of tapping at all the 

locations. The number of TPD trees in the other categories (low, medium and high) 

did not show such a remarkable trend of increase from BO 1 to BI 1 panels. This 

could be since such trees were converted to more than 75 per cent TPD during the 

course of time as the age of the tree advanced and tapping progressed. Therefore, it is 

very important to give the best management care at a young age. 
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The increase in incidence of trees with more than 50% of panel showing 

dryness within a period of 16 months was 4% in BO 1, 9% in BO 2, 18.7% in BI 1. 

This shows that the scale of increase in TPD is more in older trees than in trees at the 

initial stages of tapping. Such a definite trend of increase was not observed in trees 

with less than 50% TPD. It was interesting to note that reversion of TPD symptoms 

was observed only at a younger age as evidenced by higher number of symptomless 

trees at the final observation in BO 1 panel. Hence, appropriate management care at a 

younger age may be beneficial for remission of symptoms and improvement in tree 

health. De Fay and Jacob, (1989) reported that certain forms of bark dryness are 

transitory and do not display the characteristic symptoms of the formation of tylosoids 

or activation of the phenolic metabolism.  

Progressive occurrence of TPD in clusters suggests the possibility of tree to 

tree spread of a biotic agent. On continuous monitoring of the trees tapped 

immediately next to the TPD affected trees, it was observed that some of the healthy 

trees tapped immediately after tapping a TPD tree turned to TPD after a few months. 

This observations shows that, though at a limited level TPD is spreading from one tree 

to the next. Viral contamination by the tapping tool and the existence of micro 

conditions in the soil were suggested to account for the rows of dry trees (De Fay and 

Jacob, 1989).  

The most commonly recommended practice to manage TPD is taping rest 

(leaving the trees untapped) (de Silva, 1961). But, in the present study, it was 

observed that only 23.8% of the small holders give rest when TPD was observed. This 

could be due to their experience that resting cannot not cure TPD. Nair, (2004) 

reported the re-occurrence of TPD in majority of the TPD affected trees left untapped 

for varying periods. Paranjothy and Yeang (1977) observed that the practice where 

TPD affected trees are rested and periodically re-opened is not considered beneficial 

and it was shown that any latex obtained from trees which ‘recover’ after tapping rest 

is derived largely from regenerated bark beneath diseased tissues. It was therefore 

recommended that TPD trees be exploited on yielding bark without a tapping rest. 

But, in the present study it was observed that when the TPD affected trees were tapped 

in the upward system of tapping, more than 50 per cent of the trees showed dryness 

after four months of tapping. Hence, it is not a long term solution for TPD 

management. Lukman (1992) observed that panel change resulted in high percentage 

of TPD incidence. Eschbach et al., (1994) also reported increase in the intensity of 
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bark necrosis with panel change. Krishnakumar et al., (2002) reported that in almost 

all cases when one panel is fully affected, the other panel also gets affected upon 

tapping.  

Molecular studies on the biotic etiology of TPD 

The infectious LMW RNA was detected from different samples drawn from 

varying ages of trees from different locations. In most of the cases trees in which 

LMW RNA was detected invariably showed TPD syndrome. Therefore, it can be 

hypothesized that the presence of LMW RNA has a relationship with TPD incidence. 

Similarly the consistency in the presence of LMW RNA over three years of 

observation in TPD affected trees and its absence in the healthy ones also points to the 

association of the LMW RNA with TPD. Most of the trees that showed advanced 

symptoms of TPD tested positive for LMW RNA. More than two third of all the 

samples from TPD affected trees across seven popular rubber clones and seedlings 

tested positive for LMW RNA showing that the association of TPD with the LMW 

RNA is independent of the genetic constitution of the trees. 

About 30 percent of the apparently healthy trees showed presence of LMW 

RNA band similar to the band observed in TPD affected trees. The apparently healthy 

trees having the presence of LMW RNA could be symptomless carriers as observed in 

Citrus exocortis viroid (CEVd). CEVd infects all varieties of citrus but is symptomless 

in most (Gillings et al, 1991). 

Presence of bands in apparently healthy samples also indicates that the biotic 

agent can be detected in the tree much before the TPD symptoms are visible. Such 

trees later showed TPD symptoms. Thus R-PAGE can be used as a diagnostic tool for 

early detection of TPD. In grapevine, the intensity of vein-banding symptoms was 

directly correlated with an enhanced titer of grapevine yellow speckle viroid GYSVd-

1 and GYSVd-2 (Szychowski et al., 1995). In the present case, most of healthy trees 

that tested positive for LMW RNA eventually became TPD affected.  

The PCR amplification of the cDNA using viroid specific primers consistently 

amplified products in the range of viroids in R-PAGE positive TPD affected samples 

but was absent in R-PAGE –ve apparently healthy samples. The amplified LMW 

RNA when sequenced showed 98% homology to Potato Spindle Tuber Viroid 

(PSTVd) on BLAST analysis. By routine indexing of diagnostic samples, Hammond 

and Owens (2006) revealed that several viroids are more widely distributed than 

previously thought. Viroids are also being detected in crop species where they were 
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not previously known to occur. In some cases, these infections are latent, but in others, 

severe disease symptoms develop.  

Transmission studies 

The R-PAGE test of bud grafted plants under transmission studies showed that 

all the plants tested from the group in which both stock and scion were viroid +ve, 

maintained the viroid bands. But, in plants where stock is viroid –ve and scion is 

viroid +ve, only 70% plants showed viroid band. The reason for non-detection of 

viroids in the remaining 30% might be because the budwood and shoot cuttings from 

symptomatic trees sometimes do not contain viroid as reported by Steve (2008) in 

Avocado Sunblotch Viroid (ASBVd).  

Plants which had viroid +ve stock and viroid –ve scion showed viroid band in 

50% of plants. This shows that viroid was transmitted from viroid +ve stock to viroid 

–ve scion. 25% of plants in which both stock and scion were viroid –ve showed viroid 

bands. This could be due to the buildup of viroid titer to a detectable level in the later 

stage which was below the detectable level in either stock or scion earlier. It was 

reported that the amount (titre) of viroid particles present in avocado trees varied a 

great deal. Viroids levels can vary by 1000 times between branches on the same tree 

and by 10000 times between trees (Steve, 2008). Rootstocks are known to cause 

disease transmission (Szychowski et al., 1988). Since rubber is mostly vegetatively 

propagated by grafting buds of high yielding clones on random rubber seedlings used 

as rootstock, transmission of TPD through root stock is possible.  

Test tapping showed TPD in both group of plants, namely plants budded with 

scion taken from TPD affected trees as well as healthy trees. This shows that root 

stock also plays a role in the development of TPD. Viroid present in the stock 

seedlings may have induced the healthy scion to show TPD symptoms. Szychowski et 

al., (1988) demonstrated that infected rootstock was one of the major factors in the 

widespread distribution of viroids in Grapevines.  

Epinasty symptom development on tomato plants inoculated with total RNA 

isolated from TPD affected trees and absence of any symptoms on plants inoculated 

with total RNA from healthy trees showed that the viroid present in rubber can be 

transmitted to an indicator host. Total RNA from inoculated tomato with epinasty 

symptoms showed LMW RNA band in R-PAGE showing that the inoculated LMW 

RNA can be reisolated. The sequence homology of the RT-PCR product obtained 

from the inoculated tomato with that of Potato Spindle Tuber Viroid proved its viroid 
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relationship. These experiments confirmed that the LMW RNA could be transmitted 

to indicator host plants to express the characteristic epinasty symptoms and can be re-

isolated thus indirectly satisfying the Koch’s postulates. 

The evidence for field or natural transmission of TPD from one tree to the 

other was observed in the present field studies. The observations that the number of 

TPD trees in clusters of two or more showing a remarkable increase compared to the 

single TPD trees, from the first year of tapping to the last indicates that there is a 

chance of spread of TPD from one tree to the neighbouring tree. The present study 

clearly shows the transmission of rubber viroid through seedlings and bud grafts. 

Viroids are known to spread by graft transmission. Seed transmission has been 

demonstrated for many, but not all, viroids, and pollen-borne transmission is also 

known to occur in tomato (Kryczynski, et al., 1988). PSTVd is transmitted through 

true potato seed (Fernow et al., 1970; Singh, 1970) via infected pollen or ovules 

(Grasmick and Slack, 1986; Singh et al., 1992).  

For potatoes, PSTVd may be introduced into a field by planting infected seed 

tubers or true potato seed. For Avocado Sun blotch viroid (ASBVd) vertical 

transmission has been demonstrated (Whitesell, 1952). Such transmission is also 

observed for PSTVd in tomato and pepino (Hollings and Stone, 1973; Singh, 1970) 

but not Tomato planta macho viroid (TPMVd) in tomato (Galindo, 1987). PSTVd can 

also be transmitted by insect vectors (Salazar et al., 1995; Querci et al., 1997). 

The evidence for field or natural transmission of TPD from one tree to the 

other was observed in the field studies. But, viroids are highly transmissible by 

mechanical inoculation and on contact with contaminated tools. As rubber trees in 

plantations are tapped using the same tapping knife, the expected incidence of TPD is 

much larger than what is observed in the field. Moreover, the roots of rubber trees are 

reported to get anastomosed or interlinked when canopy of the trees closes. It is 

evident from this study that many trees which are LMW RNA or viroid +ve do not 

show the TPD symptoms and may later turn to TPD. Severe pruning of symptomless 

carriers and other severe causes of tree stress, are suspected of causing Avocado Sun 

blotch Viroid to become active in the new growth, inducing previously symptomless 

trees to exhibit symptoms (Steve, 2008). Stannard et al., (1975) reported that 

mechanical transmission varied with the citrus scion. It was easier to transmit CEVd 

between lemons, than lemon to orange or orange to orange showing that transmission 

of viroid is a complex phenomenon which involves many factors.  
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CONCLUSION 

Various factors which were assumed to be the cause of TPD could not 

conclusively prove its etiology. Occurrence of TPD in adjacent trees in the same line, 

consistent increase in its incidence with age, similarity in symptoms and anatomical 

abnormalities to some known diseases, inability to revive the affected trees by resting 

and the presence of dry rubber trees from the start of exploitation prompted 

investigation on biotic etiology for TPD. Earlier investigations (Jacob et al., 2006) did 

not reveal association of fungi, bacteria, virus, MLO or protozoa as biotic agents. 

Hence, possibility of association of viroid with TPD syndrome was investigated. A 

protocol was standardized to detect the presence of LMW RNA in leaf, bark and root 

tissues of rubber trees. The infectious LMW RNA was detected from different 

samples drawn from varying ages of trees from different locations. In most cases the 

trees in which LMW RNA was detected showed the TPD syndrome. Therefore, it was 

hypothesized that the presence of LMW RNA has an association with TPD. 

Presence of bands in apparently healthy samples indicated that the biotic agent 

also occurs in symptomless carriers and hence, this technique can be used as a 

diagnostic tool for detection of TPD before the symptoms are visible. Majority of 

healthy trees that earlier found positive for LMW RNA eventually became TPD 

affected. Presence of LMW RNA in seedlings from different sources indicates 

possibility of its transmission by vegetative propagation in rubber trees. The 

sequencing results of amplified LMW RNA showed homology to Potato Spindle 

Tuber Viroid (PSTVd).  

Although the primary natural host of PSTVd is potato, it is reported that this 

viroid also infects a variety of other crops. It has a wide host range, infecting 94 

species in 31 families (Jeffries, 1998). In Peru, PSTVd has been detected in Avocado 

(Persea americana), which is a perennial tree species where infections are often latent 

unless the tree is co-infected with Avocado Sun blotch Viroid (Querci et al., 1995). 

Bar-Joseph (2003) suggested that for woody perennials, old vegetatively-propagated 

crops should be located and evaluated as possible symptomless carriers and sources of 

viroids capable of causing disease in newly planted cultivars.  


