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2. LITERATURE SURVEY

2.1 Occurrence and Saprophytic Behaviour of Cyl indrocarpon

Species in soi I

2.1.1 Isolation from Soil

Cylindrocarpon destructans (Zl ns.) Scholten is the most

common of the soi I-borne spe~ ies of Cy Ii ndrocarpon •. It appears

to have a worldwide distribution although its occurrence in

subtropical and tropical areas is relatively rare (Domsch et

~., 1980). Other fairly common

didymum (Hartig) Wollenw., C.

C. olidum (Wollenw.) W61Ienw.,

soil-borne species include C.

magnusianum (Saccv ) Wollenw.,

C. obtusisporum (Cooke and

Harkness) Wollenw., C. candidum (Link) Wollenw., and C.

tenue Bugn. (Booth, 1966; Domsch et ~., 1980).

The recovery of Cyl indrocarpon species from soi I has

been shown to depend upon the methods employed. Thornton

(1958, 1960a, 1960b, 1965) frequently isolated C. destructans

and C. olidum from a wide range of forest and pasture soils

using screened immersion plates, while achieving a poor

recovery from soi l plates. The soil washing technique. of

Parkinson and Williams ·(1961) has also been shown to give

a higher recovery of C. destructans than either the soil

dilution or soil .plate methods (Parkinso.n and Thomas, 1965;

Thomas and Parkinson, .1967). These results indicate the

existence of Cylindroc"arpon in soil as actively growing mycel

ium rather than as conidia or chlamydospores.

Maturi and stenton (1964) found C. destructans suffic

iently abundant in an alkaline soil to be regularly isolated

by the soil dilution plate and soil plate methods. In contrast,

they rarely r-ecover-ed it at all fr-om acid soils by these
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Sewell

compared to acid soils.

Cy I indrocarpon species are much more frequen t I y assoc

iated with the organic rather than the mineral fraction of

so i l s (Parkinson. and Kendrick, 1960; Thomas and Parkinson,

1967; Gams and Dornsch, 1969) and have been recovererd wi th

more frequency from rhizosphere compared to non rhizosphere

soi I (Maturi and Stenton, 1964; Thomas and Parkinson, 1967).

However, their particular ·ecological niche in the soi I is the

surface of roots or the underground parts of a wi de range

of woody and herbaceous plants. Kurbis (1937) used the term

"companion fungus" to describe the almost constant association

of C. destructans and C. didymum with the roots of Ash trees

(Fraxinus excelsior L.).

2.1.2 Association with the rhizoplane

Following the publication by Harley and Waid (1955)

of a sequential washing technique for the isolation of actively

growing mycel ia on root surfaces, the study of root surface

mycofloras of healthy plants began to flourish. I t soon became

.evident that root surfaces harboured a different range of

fungi to those most frequen tl y found in ei ther the rh i zosphere

or the bulk soi I. The dominant root surface. flora appears

l irni ted to a few genera, in particular Cylindrocarpon and.

Fusari urn, but also Gliocladium, Mortiorella, Pythium and
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The relative dominance of these genera in the rhizo

plane mycoflora appears to be influenced by the soil type and

the plant concerned (Peterson, 1958; Parkinson and Clarke,

1961; Parkinson and Clarke, 1964). In particular there appears

to be a reciprocal relationship between the dominance of C.

destructans and F. oxysporum Sch I. on root surfaces ina

range of soils. C. destructans has been shown to become more

dominant in alkaline soils and F. oxysporum, in acid soils

(Peterson,

Parkinson,

'1958; Park i nson

1964) • Thorn ton

and Clarke, 1961; Taylor

(1965) found C • ."destructans

and

was

the dominant fungus on the roots of pasture species in cool,

moi st soi Is, whereas "F. oxysporum was predomi nant in warmer

soils and those which suffer a seasonal dry period. Taylor

and Park i nson (1964) found the highest frequency

oxysporum on root surfaces of dwarf beans grown at

whereas' C. destructans was dom i nant on roots grown 'a t

15
0C.

Similarly, Rouatt et al. (1963) found the incidence of

C. destructans on wheat and soybean roots decreased at

higher temperature.

2.1.3 Competitive saprophytic ability

Maturi and Sten ton (1958, 1964) studied the competitive

saprophytic ability (sensu Garrett, 1950) of some Cylindro

carpon species using rhizome. segments of Calystegia sepium

(L.) Roem. and Schult. (Bindweed). They showed that the

Cylindrocarpon species tested were relatively poor competitors

for this substrate in comparison with Fusarium culmorum (W.G.

Smith) Sacco and Mucor species" They found that ~. ehrenbergii

WI". and C. olid urn achieved a greater colonization of. the

rhizome segments than C. destructans and C. janthothele Wr.

Taylor (1964) looked at the competi tive saprophytic
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colonization of dwarf bean roots at a range of temperatures.

C. destructans was most successful "at 1Q
o

C whilst failing to

"colonize at all at temperatures above 20
0C.

Fusarium oxysporum

o
was most successful at temperatures above 20 C.

Dix and Mitchell (1976) attempted to quantify the differ-

ences in the potential of fungi to colonize substrates in fungi-

static soil by calculating a theoretical colonization index

(TC I). They" defined the TC I" as the amount of growth produced

by spores of" a fungus germinating in a fungistatic environ-

ment, being measured by the product of the percentage germin-

ation and the mean hypha I length of a spore population at

a given time. They found C. destructans to have the highest

TC I of the several fungi tested, "i ncl udi ng F. oxysporum,

F. solani "(Mart.) Sacco and F. culmorum. They considered

TCI values to reflect the competitive saprophytic ability of

a fungus. However, this is based on the assumption that the

fungi have a comparable sporulation capacity in the soil, as

the TCI values were measured on conidia.

2.2 Association of Soil-Borne Cylindrocarpon Species with

Plant Disease

2.2.1 Root rots

Cylindrocarpon species have frequently been isolated

from decaying plant" roots or other underground organs and

in many i n s t arices have been consi dered to be the pa thogen

responsible for the disease. All such reports are too numerous

to be mentioned here, but those where claims of pathogenicity

were supported by l nocu l a t lon trials with pure cultures of

Cylindrocarpon are outlined in Table 1.
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Table 1. Reports of root rot diseases in which pathogenicity

of a Cylindrocarpon species was confirmed by

inoculation 'experiments.

Host

African violet
(Saintpaul ia
ionantha, Wendl.)

Alfalfa
(Med i cago sa t i va
L.)

Cy I rndrocarpon
species

C. destructans

C. ehrenbergii

Reference

Gerlach, 1961

Cormach, 1937, 1942

Azalea
(Rhododendron sp.)

Banana
(Musa sp.)

Cyclamen
(Cyclamen
persicum 'Mi II.)

Gerbera
(Gerbera
jamesonii Bolus.)

C. destructans Lihnell, 1945
Heiman, 1967

C. musae Booth and Stover, 1974

C. destructans Stahl, 1956

" Gerlach, 1956

" Schol ten, 1957, 1964
", Schrier, 19S9

" van Assche, 1960, 1967

C. obtusisporum Grasso, 1979

Gi nseng
(Panax ginseng
C.A. Mey.)

Li Iy
(Lll l urn spp.)

Narcissus
(Narci ssus exertus
(How.) Pugsley)

Olive
(Olea europaea L.)

C. panacis

C. destructans

"

C. ~.

C. destructans

~.~ destructans

Matuo and Miyazawa,
1969

van He II, 1931
Smith and Maginnes,
1969
Boll en, 1977

Beaumont, 1950

Zazzerini and Marte,
1976

'Orange C. destructans
(Citrus sinensis (L.)
Osbeck)

Martin, 1949

Pansy
(Viola tricolour
maxina Hort.)

C. destructans van Eek, 1938,
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Raspberry C. des true tans
(Rubus idaeus L. ) ."

Strawberry· C. des true tans
(Fragaria
chi loensis Duch. ) "

C. obtusisporum

Berke Iey; 1936
Wi I son, 1960

Berkeley and Lauder
Thompson, 1934
Katznelson and
Richardson, 1948
Richardson and McKay,
1936

Tea
(Thea sinensis L.)

Tulip Tree
(Liriodendrori
tulipifera L.)

Zygocactus
(Epiphyllum
truncatus Haw.f

C. des true tans
C. tenue

C. liriodendr.i

C. olidum var.
crassum

Kari and Onduki, 1972
Peerally, 1972

McDonald and Butler,
1981

Gerlach, 1959

Nevertheless, controversy 's t l l l exists as to whether Cylindro-

ca-rpon species are the- primary pathogens in some of these

diseases.

Van Hell (1931 ), from the resul t of inoculation

experiments, concluded that C. destructans was the

most important pathogen causing rot on the bulb scales and

roots of lilies. However, McWhorter (1947) found C. destructans

the - dominant organism isolated from diseased lily bu lbs

but fai led to reproduce the characteristic lesions upon

inoculation of .bulbs with either spore suspensions or mycelium

of the fungus. Similarly, Ogilvie (1937), Imle (1942) and Bald

. and Solberg ( 1960) found inoculation of bulbs with C.

destructans fa; led to reproduce the disease. Siootweg (1956)

considered nematodes to be the primary pathogens involved

in the disease; with C. destructans playing a secondary role.

More recently, Bollen (1977) corrdtrc ted a detailed study ·of the

pathogenicity of fungi frequently isolated from the rotted
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stems and bulbs of lilies. A Cylindrocarpon species was found

to be extremely pathogenic towards scales buried in soil in

a propagation situation, and to young lily plants grown

in vitro .

. Berkeley and Lau der-Thomson ( 1934) conducted a

detailed survey of the 'black lesion' type root rot of straw-

berry in Britain and frequently isolated C. destructans and

several other fungi from lesioned roots. Inoculation tests

showed tb at : C. des true tans could produce black lesions on

strawberry roots. Katznelson and Richardson (1948) also found

C. destructans amongst several fungi capable of inducing

black lesion type root rot of strawberry. Richardson and

McKay (1936) frequently isolated ~. obtusisporum from diseased

strawberry roots and found it capable of reproducing the

black lesion symptoms upon inoculation of healthy plants.

However, the infection trials of KI inkenberg (1953) .indicated

that a Pra ty lenchus sp , nema tode caused the black root rot

symptoms and that C. destructans and other fungi were

secondary invaders.

2.2.2 Vascular disorders

,
Govi (1952). isolated C. destructans fro", the discoloured

wood in the trunk of wilting two year old plum trees. The

xylem elements in the discoloured t·issue were completely occl ud-

-ed with gum and tyloses. Adult plum trees inoculated with

the. fungus ,eproduc~d the characteristic symptoms of the

disease and C. destructans was reisolated from the affected

tissue. ~. obtusisporum was isolated from the discoloured wood

in the trunk and roots of stunted two year old peach trees



10

whose xylem elements were similarly occluded with gum.

Grasso and Magnano (1975) demonstrated the ability of C.

obtus'isporu'm to cause the death of grapevine cuttings with

an associated dark discolouration of the wood and production

of gum and tyloses in the xylem vessels.

2.2.3 Damping-off of seedlings

In a comprehensive study of conifer seedling diseases

in Dutch 'nurseries, ten Houten (1939)' found C. destructans

and ~. didymum to be amongst several fungi' that were capable

'of -causing- s·~ver.e-darrPrng-:£off;q,-epi)jus{Sy"ves~i~:C?ar~d~ p'~:!"r,).rg~a"var.
~--- .....-.- -' ~--_. -' ,- '--, ... -:- ,=:7 ,

austrica Aschers and Graebn. seedlings. Vaartaja et at ,

(1961) demonstrated the pathogenicity of C. obtusisporum and

C. destructans towards Pinus banksiana Lamb. seedl ings and

Timonin (1966) showed that C. olidum was pathogenic towards

Pinus contorta var. latifolia Wats.

Kluge (1966) pointed out that these trials had all been

carried out in vitro in sterile media. and therefore provided

no conclusive evidence for the pathogenicity of Cylindrocarpon

speci es under na tura I cond i t ions. He found C. destructans

unable to damp-off Pinus sylvestris seed l lriqs in non sterile

soi I. However, in steamed or fungicide treated soi I, seedl ings

became infected •.

More recen t I v', Kowalski (1978) reported damp i ng-off

of Pseudotsuga menziessi (Mirb.) Franco. seedlings by C.

destructans and Rosochacka and Grzwacz (1980) claimed that

the colour of Pinus sylvestris seed 'coats influenced the

susceptibility of seedl ings to several, damping-off pathogens

i nc l ud iriq ~. didymum.

The pathogenicity' tests of Michail and Carr (1966)
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demonstrated the abi I i ty of £. destructans to cause the pre

emergence and post-emergence damping-off of Timothy and

Ryegrass seedl ings.

2.2.4 Soft rots

Sol l-ibor-ne Cylindrocarpon spec i es have also ·been

reported causing rots of frui t and vegetables during post

harvest storage. C. destructans has been responsible for

storage rot of carrots. (Mukula, 1957; Creelman, 1960). In

tropical and subtropical. reg.ions of the world, C. tonkinense

Bugn. has been found to produce rot of potato (Nayak, 1964),

guava (Ahmad et ~., 1972), l i tcb i. (Pr-ased. and Bi Igrami,

1974), paw paw (Prasad and Verma, 1976, 1980), tomato

(Bilgrami and Verma, 1979; Daradhiyar, 1980), loofah, patol

and watermelon (Tandon and Singh, 1979), and areca nut husk

(Saraswathy, 1981).

2.2.5 Stunting and reduced vigour of plants

Wilhelm (1959) studied the fungi associated with straw-

. berry roots in an attempt to elucidate the cause of the

dramatic growth response observed in that crop after soi I

fumigation·. He found that £. destructans was "the fungus most

cons l stent l y present on the feeder root surfaces. £. destructans

was .also present in the vascular tissue of discoloured larger

supporting roots, al though numerous microtome sections had

revealed no evidence of its parasitism. He hypothesised that

toxins produced by £. destructans may be responsible for the

eventual death of these colonized supporting roots.

Ram-Reddy et a I. ( 1964) descri bed the st unted growth

of Sitka Spruce (Picea sitchensis Carr.) seedlings in nur-ser-ies
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known to have nutritionally fertile soil. They hypothesised

that toxins produced by microorganisms growing in the rhizo

sphere or decomposing plant residue of the soil might be

involved. Their data showed C. destructans to be a major

component of the soi I ,and. root surface mycoflora in the affected

nurseries. The stunting was' shown to be reduced by soi I

acidification or partial sterilization with soil fumigants.

Mcllwaine and Malone (1976) demonstrated a yield'

response to fumigation in ryegrass pasture. C. destructans

was a major component of the rhizoplane mycoflora before

fumigation. After fumigation the occurrence of C. destrl:Jctans

on the ryegrass rhizoplane fell dramatically, being replaced

largely by Trichoderma viride Pers. ex Fries.

In a pathogenicity test of soine soil-borne species of

Cylindrocarpon towards lupin seedlings, Maturi and Steri ton

(1964) showed that both hypocotyl and root lengths were

reduced with increasing amounts of inoculum. This effect was

most pronounced with C. destructans and C. ehrenbergii. Root

rott i ng occurred a t much higher. i nocu Ium doses. They a I so

showed that C. ehrenbergii could cause a similar dwarfing

of Cucurbita pepo L. seedlings without any sign of root rot.

Rawlinson and Colhoun (1970) found that the mesocotyls

of oat seedlings, grown under simulated winter conditions with

periods of frost and low I ight intensity, became invaded by

. C. destructans and Fusarium sambucinum Fuckel.. However,'

seed treatment wi th organo-mercury was found to protect the

mesocoty ls of the seed lings from

and. substantially increased the

destructans, in the absence of

colonization by these fungi

vigour of the seedlings. C.

F. sambucinum, was later
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shown to be capable of decreasing the vigour of cereal

seedlings w;"thouta frost stress. It reduced the br-arrch l riq and

fibrous .na tur-e of the primary roots of wheat seedl ings and

induced malformations 'in the root hairs of oat seedlings

(Colhoun, 1979).

Bojarczuk et a l , (1968) reported that C. didymum

'inhibited maize seedling growth at low temperatures and

Steter and Loroul (1979) claimed that Co. destructans could

cause considerable yield depression of barley.

2.3 Studies on the Pathogenicity of Cylindrocarpon Species

2.3.1 Environmental factors influencing pathogenicity

A root rot

been reported in

McDonald, 1955;

of alfalfa caused by C" ehrenbergi; has

Canada and the U.S.A. (Cormack, 1937;

Graham' et ~., 1979). C. ehrenbergii

infection in the field and in artificial inoculation studies was

observed at the very beginning of the growing season, just

as the 'soil began to thaw. Infection from inoculations later

in the growing season was much less severe (Cormack, 1937).

Hart (1965) reported an isolated incidence of a destruct

ive root rot of one 'year old oak seedlings caused by C.

destructans following a particularly severe winter.,

Gerl ach (1956) observed that C. destructans caused

cyclamen root rot mostly in the winter months, whilst Fusarium

oxysporum f. sp , cyclamin is, Gerlach was a more significant

pathogen in the warmer seasons.

Lihnell (1945) reported that deep planting, heavy shade,

excessive watering .and abrupt temperature' fiuctuations or-ornoted

a wilt disease of azaleas attributed to C. destructans.
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I noculation experiments by Heiman (1967) showed that' C.

destructans caused most severe stem rot of Azalea indica L.

plants when deep-planted' into cold-we t ' soil (5_8
0

C) compared

to soil t ernp'er-a tur-es of 12-15
0C.

A root rot, of, tea attributed to C. destructans has, been

recorded in Kenya where 'disease incidence was associated with

soil of higher pH and organic mafter content (Kar-l and Onduki,

1972). Alkal ine conditions may also be a contributory factor

to a wilt disease of winter heath attributed to C. destr-uctans :

(Mygind, .1978), where irrigation water with a very 'high

NaHC03, and NaCI content was associated with disease incidence.

As well· as' normal environmental stresses, there have

been many reports' of wounding faci I itating Cyl indrocarpon

infection of plant roots (Cormack, 1937; Lihnell, 1945; Gerlach,

1956, 1959, 1961; Kari and Onduki, 1972), although these

authors point out that wounding is not essential for infection.

However, Booth and Stover (1974) found that C. musae Booth

and Stover was incapable of penetrating banana rhizomes'

without a wound. It is commonly, associated with the burrowing

nematode Radopholus similis (Cobb) Thorne which provides the

necessary wounds for C. musae to become invasive causing

much damage to the vascular system.

The infect ion of fru i ts and vegetab les in storage by

C. tonkinense appear to normally take place through wounds

(Nayak, 1964; Jamaluddin, 1976).

2.3.2 The variable virulence of Cylindrocarpon species and

isolates within a species

Cormack (1937) tesied the pathogenicity of 35 isolates
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of C. ehrenbergii and several isolates of C. olidur:!:'. c.

obtusisporum and C. destructans towards the roots of alfalfa

and sweet clover. C. ehrenbergii was decidedly more pathogenic

than the ot hervvsp ec i es studied, although it was evident that

isolates of C. ehrenbergi i differ considerably in their

virulence. C. obtusisporum was moderately pathogenic, but

C. destructans was a weak pathogen, only capable of infecting

wounded roots. None of the isolates of C: olidum displayed

any evidence of pathogenic; t y ,

Ma turi and Stenton ( 19'64) tested the ab iii ty of severa I

soil-borne Cylindrocarpon species to rot lupin seedlings. From

these studies they concluded that C. destructans was moderately

, pathogenic, C. ehrenberg i i weakly pathogen ic and, C.

janthothele and C. olidum non pathogenic.

Kluge (1966) undertook a detailed study of the ability

of C. destructans to damp-off Pinus sylvestris seedlings.

Inoculation trials were conducted with 32 isolates obtained

from a wide range of forest soils and tree roots and their

virulence was found to vary considerably.

Channon and Thomson (1981) reported a vari ab iii rv in

the virulence of C. destructans isolates causing canker of

parsnips. Of the eight isol'ates tested, four produced lesions

of
2

1-3cm whilst the other four produced lesions of 9_14cm
2,

from wounds inoculated with PDA cultures and incubated for

26 days at lS
o

C .
/

2.3.3 Host specificity of Cylindrocarpon isolates

Cormack ( 1937) reported that certain root rotting

isolates of ~. ehrenbergii which were highly virulent on sweet'

clover, ranked amongst the least virulent on alfalfa.
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Conversely, certain isolates' highly virulent on alfalfa caused

little damage to sweet clover roots.

towards zygocactus (Epiphyllum
,

truncatus Haw.). He found

that only one particular strain of C.' olidum was capable of

causing foot rot -of zygocactus.· !his strain was morphologically

distinguishable by its larger' macroconidia and Gerlach named

it C. olidum var. crassum.

Host specific pathogenicity of C. destructans isolates

from a range of ornamental plants including begonia, cyclamen,

forsythia, gloxinia, hydrangea and African violet has' been

reported by both Wasscher (1963) and Schol ten (1964).

2.3.4 Variable host resistance to Cyl indrocarpon

The su scept ib l l l t y of a range of alfalfa varieties to

the root rot caused by ~. ehrenbergi i was tested by Cormack

(1937, 1942). The yellow flowered alfalfa (Medicago falcata

L. ) was the most resi stant, whi 1st M. sativa L. (cv ,

Hardistan) was the most susceptible.

Beaumont (1950) found different varieties of. narcissus

bulbs showed differing degrees of resisiance to root plate rot

caused by ~. destructans.

Scholten (1964) observed differences in susceptibility

of cultivars .of cyclamen to root rot caused by ~. destructans.

White flowered cyclamens were generally more susceptible than.

the red flowered 'Vuurbaak' variety.

Smith and Maginnes (1969) tested 22 .Lilium sp , cultivars

against C. destructans and found the development of scale

,.rot varied significantly between cultivars.
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2.4 ,Mechanisms of ' the Pathogenicity of Cylindrocarpon

2.4.1 Toxins

The role of toxins produced by Cylindrocarpon in

relation to plant disease was first suggested ,by Katznelson

and Richardson (1948) in their studies of strawberry root rot.

They found tha t cu I ture fi I tra tes of the fungus were ab Ie to

cause wi 1ting of strawberry plants.

Wilhelm (1959) found C: destructans colonizing the

vascu Iar tissue of 'two and three year 01d supporti ng roots

of str-awber-r-y plants. He hypothesised that upon senescence

of the feeder roots, C. destructans, along wi th the more

vigorous members of the rhizoplane microflora, was capable

of -growing through the vascular connections of the dead

root Iets to, ga i n access to the vascu Iar tissue of the support i ng

roots. Here it was suggested that ~. destructans could function

as a pathogen without being parasitic, by producing toxic

metabolites whilst living saprophytically on the storage starch

of the xy Iem parenchyma.

Evans (1964) isolated three metabolites from the culture

filtrates of different isolates of C. destruetans for which he

proposed the names nectrolide, radicicol and radicicolin. All

three were shown to inhibit the germination and root ,growth of

wheat, mustard and clover seedlings. Nec t r-o l ide was found to

be the most potent phytotoxin and its production' .we s most

widespread amongst the root surface isolates of C. destructans

examined, including isolates, supplied by Professor S. Wilhelm,

from strawberry, roots. The chemical structure of nectrol ide

was determined and found to be identical with brefeldin A

(Evans et ~., '1967), a metabolite produced by several genera
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of the fungi imperfecti (see Appendix 1.0).

Brefeldin A and radicicol belong to the macrolide class

of antibiotics and their chemical properties have been

thoroughly investigated (Sigg, 1964; Singleton and Bohonos,

1964; Mirrington ~ ~., 1966). The chemical structure of these

substances is shown in Figure 1. Radicicolin is a polypeptide

substance whose chemical structure has not been elucidated

(Evans and White, 1966).

Figure 1 The chemical structure of brefeldin A and radicicol

OH

Brefeldin A

Radicicol

OH

Brefeldin A has a broad spectrum of biological activity.

As well as being phytotoxic it has antifungal (Belina ~ ~.,

1966), antihelminthic (Bacikova et ~., 1964), antiviral

(Tamura ~ ~., 1968; Takatanki ~ ~., 1969), cytotoxic (Betina

et ~., 1962, Betina, 1969; Horokova and Betina, 1977), and

cancerostatic properties (Kor-zyb sk i et ~., 1967).
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growth of blackbutt

blacken the' roots at
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showed that b r-efet d lri A. could stunt the

(Eucalyptus, pi l ul ar l s Sm.), seedl ings and

concentrations as low as' 2 ppm. These

substance caused

with a minimum

wi I ting of, shoot cuttings

'lethal dose of 2mg per' kg

of tomato plants

fresh wei ght of

tissue. A.n apparent correlation between the virulence with

which C. destructans isolates damped-off Pinus sylvestr'is

seedlings and the ability to produce this toxin in vitro was

reported (Kluge, 1966; Lyr and Kluge, 1968).

2.4.2 Enzymes

Cy Ii ndrocarpon des true tans has been' reported to produce

pectinase, cellulase and xylanase enzymes in culture (Milko

and Melnik, 1960; Jackson, 1965; Lyr. and Kluge, 1968; Domsch
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and Gams, 1969). Lyr and Kluge (1968) studied the production

of each .of these enzymes by nine isolates of ~. destructans.

They found considerable variability between isolates in the

production of these. enzymes, but found no consistent corr.el

ation between enzyme pr-oduc t i on and the virulence with which

the isolates damped-off Pinus sy l ves tr-l s seedlings.

c. magnusianum. has been reported to pr-oduce pectinase,

cellulase and xylanase, C. didyrrium pectinase and cellulase,

and C. olidum pectinase in culture (Dornsch and Gams, 1969;

Domsch et ~., 1980). Sarawathy (1981) found an isolate of

C. tonkinense, from decaying areca nut husk, preferred cellu

lose as a sole carbon source in culture media. Bilgrami and

Verma ·(1979) also reported cellulase activity in C. tonkinense

isolates involved in rotting of bottle gourd and tomato fruits.

2.4.3 Indole acetic acid

Olexa and Freeman (1978) reported a disease of red

mangrove (Rhizophora sp.) characterised by galls on the trunks

and roots. C. didymum was consistently isolated from the galls

and its pathogenicity established on the basis of field inocul

ation trials. The fungus produced the plant hormone indole

acetic acid (IAA) in cui tur-e , . The authors suggested IAA as

the mechanism by which the fungus induced gall formation.




