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'"ABSTRACT;'. 

. Rigidiporus lignosus (Klotz.) Imazaki cause the white root disease 
of rubber (Hevea brasiliensis). Five isolates of the fungus, Tl, 01, 
SI, Fl arid H2, obtained from different rubber growing districts of Sri 
Lanka, were examined for their growth patterns in different solid media. 
The secretion of cell-wall degrading enzymes was also studied in the 
isolates Tl', SI . and H2. when grown in different "media with different 
sources of carbon. \ ; J ; *' 

The isolate Tl , which; is known to be. the most.virulent, grew fast 
and densely on nutrient rich-'solid.media.-such as potato dextrose"agar 
(PDA) and malt extract agar (MEA), but its growth' was poor on Czapek 
Dox agar, Knop-Glucose agar and the medium for wood, rotting fungi 
The other four isolates; also grew best on PDA-and MEA, but the growth 
was less, than'that in Tlv The-growth, of SL, 01,'El and. H2 on the other 
media however, was. more-, than that ofisolate Tl,..; ."All-isolates except 
Tl formed branched, strand-like aggregations when growing on solid 
media. 

• Statistical analysis of- the growth studies indicated, that a significant 
difference existed among the. isolates and also between the isolates 
arid the media. 

The isolate Tl. secreted polygalacturonase, pectin lyase, B-glucosi-
dase and cellobiase. The isolates SI and H2 secreted only pectin 
lyase, B-glucosidase and cellobiase. In t l , the secretion of all the 
enzyme3 occurred'earlier: and the*'amount, of enzyme secreted was 

1 Address for all correspondence: 
2 Presently, University of S. Pacific, Western Samoa. . 
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also higher than in the other two isolates.. No polygalacturonase', 
however, was detected when Tl was grown in the medium with the 
water insoluble component of rubber" roots as the main source of carbon. 

The pH for optimum activity of polygalacturonase was 6.5, while 
that for pectin lyase was 10.0. 

INTRODUCTION 

The white root disease caused by'Rigidiporus lignosus (Klotz.) 
Imazaki is the most destructive-disease, affecting the rubber tree Hevea 
brasiliensis and is characterized by the production of a white rot in the 
butt-end of infected trees. The disease is of considerable economic 
importance in the plantations throughout the tropics including^Sri Lanka. 
In Sri Lanka many isolates of R. lignosus with varying^virulencejl have 
been obtained from different rubber growing regions (Liyanage et 
al., 1977). 

The fungus R. lignosus-enters the roots of rubber~treejeither" by 
direct penetration or via natural openings and during its growth in. root 
tissue the fungus causes large scale tissue disruption (Peiris^and Irugal-
bandara, 1973). The tissue disruption is thought to|be due to the 
secretion of cell wall degrading enzymes by the fungus (Nicole et al., 
1982) and the tissue damage will ultimately destroy the entire root system 
thereby causing the death of the tree. . 

Most of the work on the white root disease in Sri Lanka has been 
confined to epidemiological aspects. Except1 for the work of Riggen-
bach (1960) no attempt has been made to study the physiological aspects 
of the disease. 

Hence, the objective of this study was to compare the different 
isolates of R. lignosu? with respect to their growth* patterns and to assess 
their ability to secrete cell wall degrading enzymes under varying 
conditions. 

MATERIALS AND METHODS 
Organism 

Five isolates of Rigidiporus lignosus namely TI ,"SI , 01, F2Tartd 
H2 were used in this study. All the isolates were obtained from the 
Plant Pathology department, Rubber Research Institute," Dartonfield, 
Agalawatta, Sri Lanka. Details of the isolates are given in Table 
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Growth Media 

The solid media used in the study were, ..potato dextrose agar 
(PDA), Czapek-Dox agar. (CDA), malt extract agar (MEA), Knop-agar-

. glucose medium described by. Riggenbach (1960) and a medium1 for 
wood rotting fungi (Liyanage et al,, 1977) having glucose 40 g, potassium 
dihydrogen .phosphate 4 g,^ ammonium hydrogen phosphate. 2 g, 
magnesium sulphate 7H 20 2 g,, calcium carbonate 0.2 g, - calcium 
chloride 0.1 g, agar"15 g and distilled water 11. 

The liquid medium described by. Riggenbach; (1960) was" also 
used but without glucose and thiamine. ;Ins.tead..l0,g.of either citrus 
'pectin: or sodium polypectate or carboxy methyl cellulose or the water 
insoluble,comppnent-of fresh rubber roots were included in. 1 1 of the 
medium. ; / 

All media were sterilised by~autocla\ring for 20 min at 120°C4, 
under a pressure of 15 lbs. 

Preparation of water insoluble component of rubber roots. 

Fifty g of-ground fresh rubber roots (from clone PB 86) were 
macerated 3 times each in 100 ml of cold acetone (-5°C) for |10 rnin. 
The macerate was filtered through Whatman -no. 1 filter paper using 
a Buchrier fimnel : under suction, The filtrate; was discarded. The 
residue was air dried and suspended in 150 ml of distilled water and 
washed by filtering £as before. This was repeated till ["the filtrate 
was-free of any-reducing sugars. The filtrate'was examined for the 
presence of reducing sugars by Nelson's (1944) modification of the 
Somogyi method. 

Growth studios 

Petri dishes of 9 cm diameter each having 20 '.ml of solid media 
were inoculated at the centre with plugs 0.5'cm diameter taken from 
the periphery of 6-day old cultures of each isolate of R. lignosus growing 
on MEA:at 308C. - The inoculated'plates were'incubated at'SO^C for 
a period of 5 days and growth assessed as described by Senaratna 
et al., (1992). Five replicates were used in each experiment 
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Secretion of cell wall degrading enzymes 

Three isolates -..of R.'lignosus 'differing"-in me type and. rate of v 

growth were selected for the study of secretion of cell wall degrading 
enzymes. - The'isolates selected were Tl , H2 and'SI. 

Twenty nil of the modified Riggenbach liquid medium described 
above-were dispensed in 100 ml Erlenmyer flasks, and used to grow 
the fungal isolates for enzyme" secretion 'studies. The medium in each 
flask was inoculated with two 0.5 cm diameter plugs taken from the 
periphery of 6-day old cultures of the isolates growing on MEA at 30°C. 
The inoculated media were incubated at 30°C without shaking. The, 
cultures were harvested at 3-day vintervals for a period of 27 days by 
filtering through Whatman no 1 filter paper.' The pH, of the filtrates 
was measured immediately afterwards and the filtrates were used to 
test for cell wall enzyme degrading activity. 

Enzyme assays 

Polygalacturonase (PG: E.C. 3.2...1.15). w . T 3 i e agar plate method 
(Dingle etal, 1953) was used to determine PG Iactivity. Activities 
were expressed relative to an aqueous solution (1.0 mg ml - 1 ) of pectinol 
TOM which was defined as having 100 units of PG activity ml"1. 

The release of reducing sugars from buffered solutions of poly-
galacturonic acid (Sigma Chemical Co.) was also used to determine 
PG activity (Wijesundera et 'al., 1989). . 

Pectin lyase (PL: E.G. 4.2.2.10). PL was assayed and activity 
expressed as described in Wijesundera et al., (1984). 

Cellulose degrading enzymes. B-Glucosidase and cellobiase 
activity were measured by the hydrolysis of the chromogenic subs­
tances p-nitrophenyl o-B-glucopyranoside and p-nitrophenyl B-D-' 
cellobioside respectively (Byrde & Fielding 1968). The reaction 
mixture consisted of 3.0 ml 0.1M sodium acetate buffer of pH 4,5, 0.5 ml 
aqueous solution of the substrate (1.0 mg ml"1) and 1.5 ml of the test 
solution. After -incubation at 30°C for 3h the reaction was 'terminated 
by adding 1.0 ml saturated Na 2Co 3 solution, and the colour of the 
phenate ion was estimated at 403nm. 1 Necessary corrections were 
made for substrate and enzyme blanks and the activity was expressed 
arbitrarily as the absorbance over a unit period of time. 
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• DISCUSSION 

A significant difference'existed in growth on solid media among 
the five isolates of the fungus used in this study. In addition the inter­
action between the. isolates and the media was-also significant. -, The 
isolate Tl which is very virulent (A. de S. Liyanage pers. comm.) grew 
Very fast on nutrient rich media such as PDA and MEA, but on other 
media it exhibited very poor growth. T l d i d n6t, at any time/form 
branched strand-like. aggregations like the other isolates which were 
examined. This agrees with the observations made in the soil where, 
even when adverse conditions are present Tl does not form strand-like 
aggregations or rhizorriorphs (A. de S. Liyanage pers. comm.). = 

... The growth'of SI, 01; F2 and H2 was also slow on CDA, jKnop-
glucose agar and the medium for wood rotting fungi, but unlike; in Tl -
very thin colonies were formed,, the. extension beingJby means of 
branched mycelial strands. " Hence, one possible reason for the poor' 
growth of Tl on media othei than PDA and MEA may be its inability, 
to form such branched mycelial strands. ' 

. . The isolate T-l'-secreted PL, PG, B-glucosidase and cellobiase. 
The other two isolates examined secreted only PL, B-gluco'sidase and 
cellobiase. "No PG was detected in cultures- of SI ...and. H2 at any time. 
Isolate Tl always produced larger quantities of the enzymes and the • 
enzymes were. produced at "earlier, stages of growth than the. other 
isolates. . •;' ' ' ' -/ • - ' : : ' ' ' 

In the medium with the water insoluble component of rubber 
roots PG was not-detected even in cultures of- isolate Tl . However^ 
the failure to detect the enzyme does not rule out the possibility that 
PG is secreted by the isolate in this medium. The npn detection of 
PG in this medium could be due to the inhibition of the enzyme by the" 
wall material such as wall bound proteins or "the absorption of the enzyme 
by wall material or a combination of both factors (Ceryone et al.j 1981;. 
Jones et ah, 1972). • 

The pH optima obtained for. both PG and PL of isolate Tl agrees 
with those reported for the two enzymes of several other plant patho­
genic fungi (Cooper ef al., 1983)." This therefore, serve' as further 
confirmation of the secretion of both PL and PG. 
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Electron micrograph studies' (Nicole et al., 1982) have revealed 
that the destruction of the cell wall and middle lamella by [R. lignosus 
is without doubt due to the action of cell wall degrading enzymes 
secreted by the pathogen. This implies a crucial role for these enzymes 
in the infection process. Hence, a large amount of enzymes at an eaily 
stage will result in a rapid and successful colonization of the host tissue. 
The isolate Tl is highly virulent, and its ability to produce PG, PL and 
also B-glucosidase and cellobiase in large quantities and at early stages 
of growth is a likely contributory factor in its high virulance (Byrde, 1979). 

Formation of mycelial strands by Tl was not observed in this 
study and even in nature Tl is not known to form such structures. This 
may be related- to the fact that when sufficient enzymes are secreted 
which]j will help to colonize plant tissues fairly easily the necessity of 
forming rhizomorph like strutures, which are means of growing over 
nutrient poor substrates, does not arise. 
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Table 1 The isolates of Rigidoporus lignosus used in the study ,. 
with the clones and the plantation districts from which 

they were isolated 

Isolate 

Tl ' 

• Estate 

Pitiyakande 
Estate 

Division\District Clone 

Pitiyakanda Division ' - RRIC 41 
Kurunegala District 

01 Padukka State 
Plantation . 

Main Division 
Colombo District 

PB 86 

SI Peenakanda State 
Plantation 

Parawatta Division 
Ramapura District 

PB 86 

F2 Nakiyadeniya 
'State Plantation 

Digoda. Division 
Galle .District: 

PB 86 

•HE- • -Woe-dent Estate •" • ;Rangegarha Division RRIC 100 
• Ratnapiira District • 

Table 2 Growth of the isolates o/.Rigidoporus lignosus on differ en \ 
:, media, measured as the mean diameter (cm) of . 

colonies, on the 5th day after, inoculation. 
(Five replicates were used for each experiment) 

Media/Isolates T l S I O.l . .. FZ H2 

Potato Dextrose Agar 8.7±0.64 7.4 ±0.43 5.2±0^5 6.2±0.69 4.6±0.2S 

Czapek-Dox Agar 0.4±0.10 2.8±0.S7 2.2±0.54 3.1 ±0.43 1.4±0.63 

Malt Extract Agar 8.7±0.30 2.7±0.32 2.6±0.25 2.5 ±0.23 1.6±0.26 

Knop-Glucose Agar 0.0 2.3±0.3 1.3±0.2S 2.8±0.2S 2.3±0.78 

W o o d Rotting Medium 1.7±0.48 3 r 7±0.4 1.9±0.32 4.2±0.60 1.9±0.80 

(38) 
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Table 3 The AN OVA table for the growth of the isolates of 
Rigidoporus lignosus on solid media Growth was 
measured as the mean diameter of the, colony and five 

replicates were used 

Source df SSQ MSQ F Ratio F Value 

Days . . S 784 15.28 8.846 2.220 

Isolates . . 4 268.8 67.18 30.085 2-378 

Media • • 4 . 1803.0 378.78 188.347 2.378 

Isolate Media . . 16 838.4 32.4 23.47S ... 1-651 

Isolate Day . . 2 0 . 12.8 0.62S 0.280 1.875 

Media Day • • 20 31.8 1.878 0.708 

Residual . . 1430 3191.6 2.232 

Total . . 1489 5921.8 

The difference between the isolates, among the media and the interaction between the 
isolates and media are significant at 95%. 



Table 4 Secretion of pectin lyase (PL) by isolates of R. lignosus 
when grown in Riggenbach liquid medium with 

different carbon sources 

Days after inoculation 

Isolate Carbon 
Source 

3 6 8 12 18 18 21 

PL activity in PL units/ml 

24 27 

T 1 Pectin 0.06 ±0 .02 0.07 ±0.01 0.07 ±0 .01 0.10 ±0.01 0.38 ± 0.06 0.21 ± 0 . 0 3 0.20 ±0.02 0.08 ±0 .01 0.04 ±0.01 

W1C N A N A 0.04 ±0 .01 0.18 ±0.01 0.18 ±0 .03 0.12 ± 0.02 0.04 ±0.01 0.04 ±0.01 N A 

S I . . Pectin N A N A N A 0.04 ±0.01 0.07 ±0 .02 0.12 ±0 .01 0.04 ±0.01 0.02 ±0.01 N A 

W I C N A N A N A N A 0.03 ±0.01 0.08 ±0 .01 0.07 ±0.01 0.03 ±0 .01 0.02 ±0.01 

H 2 Pectin N A N A N A N A 0.08±0.01 0.16±0.01 0.03±0.01 N A N A 

W I C N A N A 0.04 ±0 .01 0.06 ± 0.02 0.09 ±0 .02 0.11 ± 0 . 0 3 0.03 ±0 .03 0.04 ±0 .01 N A 

*'ftVerage of 8 replicates 
NA-£- N o Activity 
W I C — W a t e r insoluble component 

- - - - ' 
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Table 5 Secretion of polygalacturonase (PG) isolate Tl of 
" R. lignosus when grow in Riggenbach liquid medi 

with different sources of carbon 

PG Activity - PG Units* 
Days after 
inoculation Source ol carbon 

' y, Pectin • NaPP 

3 N A ; " . NA 

6 ' : NA NA 

•9 68±8 J l ± 3 

12 ; 405±91 . .20±4 

15 1721+201 •' . -55db 11 

18 . 370±53 ' :569±50 

21 ' -47±12 ,343±40 

. 24 . ' SSdbll 9.0±2 

2. NA - N A 

* Average of 5 replicates' 
NA—No activity 

(41) 



Tabled Secretion of B-glucosidase by isolates of R. lignosus 
when grown , in Riggenbach liquid medium with 

different carbon sources ^ 
o 

Days after inoculation Q 
3 6 6 12 13 18 21 24 27 M 

Isolate Carbon ^ 
Source B-Glucosidase activity-Relative units* O 

c-
>. 

T l CMC 0.28±0.07 0.60±0.08 0 .87± 0.06 0.94 ± 0.07 0.38 ±0 .08 0.61 ±0 .06 0.74 ± 0.04 0.86 ± 0.03 0.23 ±0 .02 
to O 

WIC 0.20 ± 0.04 0.74 ± 0.06 0.48 ± 0.03 0.46 ± 0.06 0.64 ±0 .03 1.01 ±0 .08 0.72 ± 0.08 0.84 + 0.02 0.24 ±0 .03 

c5 

S I . . CMC 0.14± 0.02 0.1S±0.03 0.18 ± 0.03 0.13 ± 0.02 0.20 ± 0.04 0.26 ± 0.02 0.20 ± 0.03 0.19 ± 0.03 0.15 ±0 .03 B 

W I C 0.08 ±0.01 0.10 ±0.01 0.09 ±0.01 0.08 ±0.01 0.07 ±0.01 0.12 ±0.01 0.10 ±0 .02 0.08 ± 0.02 0.06 ±0.01 * 

H 2 . . CMC 0.18±0.02 0 .17± 0.02 0.14 ±0.01 0 .18± 0.02 0.27 ± 0.02 0.20 ±0.01 0.19±0.01 0.16±0.01 0.14±0.02 t-

W I C 0.07 ±0.01 0.12 ± 0.02 0.08 ±0.01 0.10 ±0.01 0.1S±0.02 0.14 ±0.02 0.17 ± 0.02 0.18 0.12 + 0 02 P 
* Average of 8 replicates 
CMC—Carboxy methyl cellulose 
W I C — W a t e r insoluble component 

J4 



Isolate 

Table 7 Secretion of cellobiase by isolates of R. lignosus when 
. grown in Riggenbach liquid medium with the 

,WIC as the main carbon source 

Days after inoculation 
3 6 8 12 13 18 21 24 27 

• Cellobiase activity-Relative units* . 

T l .0.17 + 0*01 0.70± 0.02 0.38 + 0.04 0.38 +0.02 0.32 + 0.02 0.26 ±0 .01 0 .38± 0.02 0.32 ±0 .02 0.20±0.04 

S I N A N A 0 .0 4 ±0.01 0.10±0.01 0.08±0.01 01.3±0.02 0.14±0.02 0.21 ±0 .02 0,11±0.02 

H 2 0.06 ± 0.02 0.09 + 0.01 0.11 + 0.02 0.27 ± 0.02 0.20 ±0.01 0.34±0.01 Q.52±0.02 0.57 + 0.03 0.22±0.02 

•Average of S replicates 
N A — N o Activity 
W I C V - W a ' e r insoluble component 


