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L nsmc'r o _ .
ngzdzporus Irgnosus (Klotz) Imazaki cause the whlte root d13ease

‘of rubber (Hevea brasiliensis)..  Five isolates of the fungus, T1, 01,
'81, F1 and H2, obtained from different rubber growmg districts of Sri
. Lanka, were examined for therr growth pattems in different solid media.
- THe secretion of cell’ wall degradmg enzymes ‘was "also studied in the
, 1solates Tl Sl and H2 when grown 1n dlfferent rnedla with drfferent

~ sources of carbon. e : . o

The isolate T1, whrch is known to be the most vrrulent grew fast :
and: densely on nutrient rich solid media. such as- potato dextrose agar - -
'(PDA) and malt extract agar (MEA), but its ‘growth’ was ‘pooron Czapek -

Dox agar, Knop-Glucose agar and the medium for wood. rotting - fung1

The. other four isolates, also: gfew best.on PDA-and MEA, but the growth

was less.than that in TI.  The growth.of Sk, O1,El. and H2 on the other
media however, was. more: than that of- isolate T1,:  All‘isolates except
T1 formed branched stra.nd-hke aggregations when growing- on solid
medla ‘ . . .

Statistlcal analysw of the growth stuches mdrcated that a srgmflcant- :
drfference existed - among the isolates and also between the isolates"

and the medla

: The isolate Tl secreted polygalacturonase pectm lyase B—glucosr-
dase ‘and cellobiase. -~ The isolates S1 and H2 secreted only pectin
lyase, B-glucosidase’ and cellobiase. In T1, the secretion of all the

enzymes occurred earher and the amount of enzyme secreted was

.r~:- -
n

* 1 Addressforall corr'espondance;

'szeéequ'y, Uttive‘rsity of S.. Pacific, Western Samoa. .

(39

K




A STUDY OE ISOLATES OF RIGIDIPORUS LIGNOSUSS

also ‘higher than in the- other two isolates.. No polygalacturonase',
however, was detected when Tl was grown in the medium with the v
water insoluble component of rubber roots as the main source of carbon.’

The pH for opnmum activity of polygalacturonase was 6.5, while
that for pectin lyase was 100 _ :

INTRODUCTION
' ‘ . ~
The white root disease “cauSed’by‘,Rigidiporus lignosus (Klotz.) -
N Imazaki is the most destructive.disease. affectihg the rubber tree Hevea i
‘ 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.

l In Sri Lanka many isolates of R. lignosus with varymg“wrulencee have

' ~been obtained from different rubber growmg regions (Llyanage et
al., 1977). y

The fungus R. lignosus. enters the’ roots of rubber& tree ;either by
direct penetration or via natural openings and during its growth in. root
tissue the fungus causes large scale tissue disruption- (Peirisfand Irugal-
bandara, 1973).- The tissue disruption is thought tojbe due to the

| secretion of cell wall degrading enzymes by the fungus (Nicole et al.,
1982) and the tissue damage will ultimately destroy the ennre root system
thereby causing the death of the tree.

4 a4 4 2 0 2

FEE Sy I 3

Most of the work on the wh1te root dlsease in Sri Lanka has been
confined to epidemiological aspects. Except for the work of Riggen-
bach (1960) no attempt has been made to study the physiological aspects

. of the disease. -

Hence, the objeclive of this study was to compare the different
isolates of R. lignosus with respect to their growth'patterns and to assess
their ablhty to- secrete cell wall degradmg enzymes under varymg‘
conditions. .

MATERIBLS - AND METHODS _ -
Organism o
Five isolates of R1g1d1porus 11gnosus namely -T1,"S1, O1, F2"and
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 1.
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nGrowtb Medla _ L T AL

. The sohd med1a 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 medium' for

wood totting fungi (Liyanagde et al,, 1977) having glucose 40 g, potassium
dihydrogen . phosphate 4 g,, -ammonjum  hydrogen  phosphate: 2 g,
magnesium sulphate “TH,0 2 g,. calcium’ carbonate 0. 2 g calcrum
ohlonde 0.1 g, agar 15 g and dlstllled water 1 1.° : .

The 11qu1d medmrn descrlbed by. nggenbaoh (1960) was also
used but without glucose and thiamine. Instead 10:g.of either citrus
'pectin or sodium polypectate or carboxy methyl cellulose or the water.
msoluble component of fresh rubber roots were: mcluded in. 1 1 of the
mechum e . -

_All media were stenhsed by autoclavmg for 20 xmn at. 120°C,.. .

“under a pressure of 15 Ibs.

Preparauon o! water Insoluble component of rubber too(.s. _

Fifty' g of ground fresh rubber ‘Toots (from clone PB 86) were;
macerated 3 tunes each in 100 m! of cold acetone (-5°C) for 110 min.
The macerate was filtered through Whatman -no. 1 filter paper using
a Buchner funnel under suction, The filtrate- was discarded. The

_residue was air dried and suspended ‘in 150 ml of - distilled water ‘and

washed by filtering fas before. This was repeated t111 ithe filtrate

_was “free of any-reducing ‘siigars. - The filtrate’ was examined for the

presence of reducing sugars by Nelson's (1944) modification of the
Somogy1 method '

_'crowth studles ST o

Petn dlshes of 9 cm d1ameter each havmg 20 ml of solid media.

- were moculated at the centre with plugs 0.5"cm diameter taken from

the penphery of 6-day old cultures of each 1solate of R Ilgnosus growing

-on - MEA at 30°C. . The inoculated plates were- incubated: at ‘30°C for

a period of. 5.days and .growth assessed as described by Senaraina
et al, (1992). Five replicates were used in each experiment, * )
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Secretion of cell wall degrading enzymes N

growth were selected for the study of secretion of cell Wall degradmg
enzymes - The isolates selected were’ Tl H2 and Sl

Twenty mi of the mod1f1ed nggenbach hqu1d medlum descnbed
above-were dispensed in 100 ml Erlenmyer flasks and used to grow

;.. Three isolates-of R. lignosus- dlffermg ‘in the’ type ‘and rate of °

the fungal isolates for enzymé secretion stidies. =~ 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 incubaited at 30°C without shaking. The',

cultures were harvested at 3-day intervals 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

Polyga.lacturonase (PG: E.C. 3.2.1.18). .., The agar plate method

(Dingle et al,; '1953) was used to détermirie PG Factivity, ~ Activities
were expressed relative to an aqueous solution (1.0 mg ml™!) of pectmol
10M which was defmed as having 100 umts of PG actmty ml

The réléase of reducmg sugars from buffered solutlons of poly-

galacturonic acid (Sigma "Chemical Co) was also used to _determine
PG activity (W1]e5undera et al., 1989).

Pectin lyase (PL: E.C. 4.2. 2 10). PL was assayed and activity
expressed as descrlbed in leesundera et al., (1984).

Cellulose degradmg 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 mi

aqueous solution of the substrate (1.0 mg ml™") and ‘1.5 ml of the test-

solution.  After -incubation at 30°C for 3h the reactlon was ‘terminated
by adding 1.0 ml saturated Na,Co; solution, and the colour of the
phenate ion was estimated at 403nm. ' Nécessary corrections were
made for substrate:and enzyme blanks and the activity was expreSsed
arbltranly as the absorbance over -a unit period of time.

A
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DISCUSSION

E A srgmfrcant dtfference exrsted in growth on sohd medla among
the: fwe isolates of the fungus used in this $tudy. In addition the inte1-

_action Dbetween the.isolates and the media was- ‘also significant. - The
.isolate T1 which is very virulent (A. de S. nyanage pers. comm:) grew .
- very fast on nutrient rich media such as PDA and MEA, but on other -
~ -media it exhibited very poor growth. Tl did not, at any time “form -
" branched strand-like aggregations like the other isolates which were

exammed This agrees with the observations made in the soil where,

" even when adverse conditions are present T! does not form strand-like '

aggregatlons or rhrzomorphs (A de S. Ltyanage pers. comm)

The growth of Sl 01, FZ and HZ was also slow on CDA ;Knop-.

. 'glucose agar and the -medium for wood rotting fungr, but unlike:in T1-

very thin colonies were formed,. the - extension ‘being fby means -of °
branched mycelial strands.” "Hence, one possible reason for the poor )
growth of Tl on media othet than PDA and MEA may be its mabthty.
to form such branched mycehal ‘strands.- \ :

.+ . .The lsolate Tl secreted PL, ‘PG, B—glucos1dase -and cellobiase.

The other two 1solates ‘examined secreted only: PL,’ B—glucosrdase and
cellobiase. "No PG was detéected in cultures of Sl .and H2 at - any tvme '
Isolate Tl always produced larger quantities of the enzymes and the )
enzymes were - produced at earher stages of growth than the other‘

Lo
s

'In the medlum w1th the water msoluble component .of rubber °

roots ‘PG. was not- detected even in cultures of tsolate Tl. Howeverr

the failure to detect the enzyme does not rule out- the possrbtlty that
PG is secreted by. the isolate in this medium.. " The non detectlon of "',

PG in thls medtum could be due to the 1nh1b1t10n of the enzyme by the". -

'by wall matenal ora. combmatlon of both factors (Cervone et a] 1981 :
 Jones . et al., 19’12) ' s . .

The pH optlma obtairied for both PG and- PL of isolate Tl agrees“.f

' with those reported for the two enzymes of several other plant patho-

genic fungi- (€ooper et al., 1983),  This therefore. -serve as - further
confrrmanon of the secretion of both PL and PG. St
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A STUDY OF ISOLATES OF RIGIDIPORUS LIGNOSUS

- Electron micrograph studies (Nicole et al., 1982) have revealed
that the destruction of the cell wall and riiddle 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 T! was not observed m 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‘I will help to colonize plant tissues fairly easily. the necessity of
formmg 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 ©= +  Estate " -+ Division|District . Clone
T1 - Pitiyakande Pitiyakanda Division ~- RRIC 41
. Estate ~ Kurunegala District

ol " Padukka State Main Division ' PB 86
Plantation . - -. Colombo District

si . Peenakanda State - ., . Parawatta Division. . .PB 86
Plantation ... Ratmapura District.

F2 - Nakiyadeniya ' .~  Digoda Division -  PB 86 .
‘State Plantation = - . Galle District: .- - :

‘H2.* - . .Woébdent Estate - j*"Rangegéﬁia Division RRIC 100 -

Ratnapiira- District

Table 2 Growth of the isolates of Rigidoporus lignosus on different
media, measured as the mean diameter (cm) of
colonies, on the 5th day.after inoculation:
(Five replicates were used for each experiment)

Media|Isolates : rT1 : s1 " 01 , - F2 . H2

. Potato Dextrose Agar. - 8714064 = 1.4:+043 ° 5.24028 6.2+069 4.640.28
Czapek-Dox Agar 044010 284057 224054 . 311043 1.440.63
Malt Extract Agar 874030 274032 264025 254028 1.64:0.26
Knop-Glucose Agar 0.0 2.3+03 1.34-025 2.8-+0.28 2.3--0.78

Wood Rotting Medium 1.740.48 3.7+04 194032 424060 1.940.80

(38)
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Tablé 3 The’ ANdVA table for the growth of the isolates of
Rigidoporus lignosus on solid media Growth was

‘measured as the mean diameter of the colony and fzve
‘replicates were used

Source . df . - 8sQ MSQ FRatio  F Value

.
Days s 764 1828  6.848 2.220
loltes . .. 4 . %868 - 6115 30085 _.2'378.
Media . - .. 4 . 18030 37318 188341 2378
lolate Media . .. 18 84 w4 mas 168
lolte Day - .2  ..128 - 065 020 1.678
Media Day . o © 818 1675 0.208
Residial . BT  aene mar |

Total CT.. 1489 89218 ..

The difference between the 1solates, among the media and the mteractxon betweéen the
isolates and media are s:gmﬁcant at 98%,. '

(39)




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

different carbon sources

Days after inoculation
18 18 21

PL activity* in PL units/ml

0.06+0.02 0.07+0.01 0.07+0.01 0.10+0.01 0.38+0.08 0.21+0.03 0.20+0.02 0.08+0.01 0.04+0.01

NA
NA
NA
NA

NA

NF-Z No Activity

NA

NA

NA

NA

NA

WIC—Water insoluble component

0.04 i‘ 0.01 0.181+0.01 0.18+0.03 0.12+0.02 0.04+ 0.0} \0.04 £0.01 NA

NA 0.041+0.01 0.071+0.02 0.12+0.01 0.04+0.01 0.02+001 .- NA
NA NA 0.081+0.01 0.081+0.01 0.0710.01 0.03+0.01 0.02+0.01
NA NA 0.08+0.01 0.186+0.01 0.031+0.01 NA NA

0.04+0.01 0.08+0.02 0.09+0.02 0.111+0.03 0.03+003 0.04+001 NA

SNSONOIT SNY¥OdIAUNY JQ- SALVTOS! JO Adnls ¥




" RL. C._WTIESUNDERA /5. P. PRELIS and N. L S. IYANAGE

3 : Table § ° Secretion of polygalacturonase (PG) isolate TI of
_ : . " R.lignosus when grow in Riggenbach liquid medium
P e A with different sources of carbon o

‘PG Activity - PG Units*
Days after. o
inoculation

. . Source ot carbon
‘Y. Pecin - NaPP
LA . _NAT 7 NA
= R . esk8 - nE3

12 o 405491 2044

d’:

CR 2o .55i1i_
18 L soss ~ Go0450
21 - 4T+12 - 343440
24 o T sl | g0z
2. S ~na  na

: * Averagé of 5 replicates'
= o -NA—No activity

(41




Table 6 Secretion of B-glucosidase by isolates of R. lignosas
when grown, In Riggenbach liquid medium with
different carbon sources

Days after inoculation
18 18 21 - 24
Carbon )
Source . B-Glucosidase activity-Relative units*

0.281+0.07 0.60+0.08 0.57+0.06 0.84+0.07 0.35+0.08 0.61+0.08 0.7410.04 0.8610.03 0.23 +0.02

0.20+0.04 0.7410.08 0.481+0.08 0.46+0.08 0641003 1.01+0.08 0.721+0.08 0.84+0.02 0.24+0.03

0.14+0.02 0.151+0.03 0.181+0.03 0.131+0.02 0.201+0.04 0.26 +£0.02 0.20+0.03 0.19+0.03 0.18+0.03

0.08+0.01 0.1040.01 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

0.18+0.02 0.1710.02 0141001 0.18+0.02 0.27+0.02 0.20%0.01 0.19+0.01 0.16+0.01 0.14+0.02

WIC 0.07+0.01 012+002 008+0.01 0101001 0.18+0.02 0.14+0.02 0.1710.02 0.18 0.12+0.02

SNSONOIT SNYOdIQISIN: JO. S3LYT10SI JO AdnlS ¥

*Average of § replicates
CMC—Carboxy methyl cellulose
WIC—~Water insoluble component
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*Average of § replicates
NA-~-No Activity
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Table 7 Secretion of cellobiase by isolatss of R. lignosus when
grown in Riggenbach liquid medium with the
- WIC as the mam carbon source»
. . . Days after inoculation
‘ 3 6 . @ 127 18 " 18 -~ a1 T 24
Isolate . R ’ : . : o
-- Cellobiase activity-Relative units*
T1 0174001 0704002 0381004 0361002 0321002 0264001 038+002 0.32+0.02
s1° . NA NA 0.04+0.01 0104001 008001 0134002 0.14+0.02 0.21+0.02
"Hz . - o;oeio.qz 0094001 0111002 0.27+0.02 0201001 034+001 0521002 0.57:+0.03

WIC~—Wa'’er insoluble compor\em

" 0114002

0.20+0.04

0.22+0.02
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