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1
ABSTRACT

The pathogenicity of two streins of the
fungus Rhizoctonia solani Kuhn, and a strain of s related fungus,Corticium
proticols Kotila, to threce hosts, was studicd, to detormine

which factors affect the specificity of parasitism. One R.solani
strain parasitized lettuce, the other, cabbage, and the third fungus
C.praticola parcsitized both these hosts. Wheat was not severely
parasitized by any of these fungi.

Pathogenicity was unrelated to the stimulation
of fungus growth by host exudates, which also had little effect on
the formation of infection cushions, by which these fungi normally
penetrate their hosts. The surface configuration of the host, and the
contact stimulus were important in penetration, and attachment of
the fungi. Adhesive structures were formed on non-living surfaces
by each fungus, but not on damaged host surfaces.

Each fungus penetrated only some tissues of
each host, Pathogenicity wos found to be unrelated to the inhibitory
effect of host tissue on fungus growth, but was correlated o the speed
of invasion and direction of advance of the hyphae inside the host
tissues. A hypersensitive reaction took place, but this could not
account for the specificity of parasitism,

Pectolytic and cellulolytic enzymes were
produced in culture by cach fungus when grown on synthetic substrates.
Enzyme activity was unrelated ti the growth of the fungi, and to
pothogenicity. Extracts of disessed plants contained pectolytic and
cellulolytic enzymes, but their activity was unrclated to that of
culture filtrates from synthetic media, and also unrelated to
pathogenicity. These extracts were toxic to young seedlings, but
toxicity too, was unrelated to the specificity of parasitism. The
toxic principle was thermolabile and moy have been enzymic, and was

fble to macerate young seedling tissues.



INTRODUCTION

Most higher plants are parasitized by one
fungus or another, and each fungal parasite has its own limited host
range. The great majority of parasitic fungi, however, é#% Pot
parasitize the great majority of higher plant species. In other words,
parasitism must be regarded as exceptional, and resistance the rule.

In spite of much work on the subject,
the basis of resistance of higher plants to attack by fungi is still
largely unknown. The associated problem of why a fungus selectivgly
parasitizes one plant species instead of another closely related ofe,
has not been satisfactorily answered except in one or two isolated
cases. In attempting to investigate the problem of the specificity
of parasitism, plant pathologists have approaghed 4t in many different
ways. One of these has been to select conveniént hast-parasite
combinations, which enable the ready comparison of one system with
another. This approach has been adopted in the present work,

Three fumgi have been selected in this
investigation. They are closely related in some features, two of them

being different strains of the same species, Rhizoctonia solani Kuhn.

The third fungus, Corticium praticola Kotila, has been considered

by some workers to be sufficiently closely related to R.solani, to
Justify its inclusion in the same species, Differences in the

pathogenicity of these three fungi towards two selected host species,



cabbage and lettuce, were, however, quite distinct. One fungus
(R.solani strain (8) ), parasitized cabbage, but not lettuce, whereas
another (R.solani strain (L) ), parasitized lettuce, but did not
parasitize cabbage. The third fungus (C.praticola), parasitized

both these host species. A third Host, wheat, which was parasitized
only to a very limited extent by each fungus, was studied for

the purpose of comparison,

The earlier part of the present work is
concerned with the possible effects of plaunt exudates on the fungi
before they come in contact with the plamt. Attention has also been
paid to the behaviour of the fungi om the plant surfaces. The latter
part of the work deals with the entry of the pathogens into the hosts,
and the consequences. At each stage, differences betweem fungi, and
between the hosts have been studied, in an attempt to determine

whether the observed divergences could account for the specificity

of paragitism.



HISTORICAL SURVEY

It has beon known for o long time
that certain speeics of the geonus Rhizoctonia are pathogenice
towards highor plants. The litcorature is rich in accounts of
nany aspeccts of discases cousced by theose fungi, and can be traced
as far back as 1728, whon & spccics, { thc description of which
correspondcd with later onces of R. crocorum ) was rocorded by
Du Hamel, in a rcport published in Paris in 1758. Since then,
much rescarch has boen done with Rhizoctonia spp., and in the
course of it,; a number of difficultics have ariscn. The first of
thesc involves the nomenclaturc and taxonomic position of these
fungi, and this is perhaps bost clarificd at the outset.

The first rcoport of the species

Rhizoctonia golani was publishod in 1858 by Kihn in Berlin. He

dcseribad tho potato icolate as a mycolial form with no known
porfect stage, and distinct from R. crocorum. Since 1858, many
workers have doscribed fungi as being identical, or closecly
rclated to R. solani, and some of thom have boon given diffoerent
namos. In the prosont work, three isolatcs wore used, of which

only one has a known perfecct stage - Corticium praticola Kotila.

The genus Corticium has appeared in the literature for ncarly s
contury. Rolfs (1903) connectcd this geonus with Rhizoctonia

and his isolate wes describnd as €. vagum B. & C. Kotila (1929)
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nanod his isolates C. praticola , having decidnd that they wore

distinect from R. solani bccausc thoy hed a porfcet stage, and
differed in certain cell dimensions from C. vagum.

Patouillard (1891) described a fungus

Hypochnus filamentosa, which parasitizcd leaves of Dicnthus and
Amaryllis, and a fow months lator Prillicux and Delacroix (1891)

doseribed a porfret fungus which they called Hypochnus solani.

Rogors (1943) rconamcd the porfect stage of H. solani, Pollicularia

filamentosa (Pat.) Rogers, and stoted that Rhizoctonia was an
imporfect form of this fungus. Cunninghom (1953) regarded Kotila's

C. praticola as synonymous with P. filamcntosa, whereas Flentje

(1956) accepts Kotila's distinctions, but rcnamed C. praticola

as Pellicularia praticola.

In this toxt, thc name Rhizoctonia
solani Kihn is uscd for the two imperfect isolates, and the perfect

igolate is callod Corticium praticola Kotila. No attempt is made

hero to review completely, the literaturce pertaining to R. solani

and relatcd species. Sclectsd cxtracts will be quoted where relevant.



Occurrcnes and Host Rongo

R. soluni c¢nd relatsd specins wro
remorkebly widesproad in their distribution, being found in cach
of the fivo continonts. As o group, thezo fungi have 2 wid:s host
rango. Broaun(1930),roportcd that 230 spocies of higher plunts,

roprosenting over 66 fomilion were poracitizod.

Discoge symptonms

Thoere is much veriction in the symptoms
of dis~mso, which these fungi aro known to cousoe. Some form of
soft rotting is ucuolly present in diccascd tissuss. Roots,
hypocotyls, coleqptilos, gtomg, leoaves cad leaf petioles, cotyledons,
and storcge organcs may oll be porasitized. One of the most impor-
tant ond best known types of discasc is the "damping-off" of
socdlings, which ig the typo invostigated in the present work, and

upon which there is an abundent literaturc.

Strain Voariation

It is now well established that R. solani
znd rclatced spoeics exist in the form of different strains., Thesc
diffor from cach other in cultural, physiological and pathogenic
choracters. Studics on cultural and physiological variwtion in sirains

have been comprehonsively roviewed by Kernkamp ot al. (1952).
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It is 2lso wrll cstablished that sgtrains differ romarkably in their
pathogenicity towards various host plmnts. (Storcy, 1941; Le Clerg, 1941
Blair, 19425 Thorps, 1951s Richter & Schneider, 1953; Kerr, 19563
Flentje & Sakscena, 19573 Flentjo, 19573 Shaophard, 1957.) Some
gtrains have a wid» host range, others are rostricted to hostes
belonging to o single family, whil. still others arc rostricted
to o single varicty of potato. (Kornkamp ct al., 1952).

A number of wttempts have buon mnde,
(Houston, 1945) none of them wholly successful, to separato these
gtrains on charactoers devcloping in purce culture on various subgtrates,
as woll ns on pathogenicity towords various host plants. Flentje
(1950) showod that cultural ch.rncters and pathogonicity arc not
closoly linked, and obscrved that isolates which show gimilar growth
and cultural cheracteristics might differ in thoir‘pathogonicity,
whercas thosc which differ in their cultural features mé& HaV7 £ho
same pathogenicity.

Host rosistanco

Much rescarch hns been don: on the
various ampacts of the process of parasitiem by R. solani, of
difforent host plants, with = view to finding out why some strains
attack perticular host plont spocics and not othors. The answers
to this guostion arc still incomplcte. Some of the more important

rogearches 2re dideussed boelow.
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Resistoncs by dofinition in a matier
of degr-c, o8 it con be ovaluated for o particular host-paragite
combination only in torms of other such combinations. Truc resistance
on the part of o plant, to parasitism by =2 particular pathogen
doponds on the genotypes of the host and of the parasite , and also,
the condition of the host plant, both befors and aftcr it has
been inoculated with the parasite.

In studying tho process of parasitism,
it is convceniont to divide it into pre-ponciration, penctration
and post-ponetration stagos, as Brown,(1936); Ward,(1905); end
other workers did when thoy investigatcd it. Further sub-division
of theose stages may be necessary. In resistant hosts tho process
of parasitism could bc interrupted at any of thesc stages. Thoe
pre-penctration stage can now be sub-divided further into the
pre—contact and contact phases.

Pre—contact phasc

In this phase thore is tho possible
influence of substances of host or pathogen origin, which can
influencs the process of parasitism, bofore pathogen and host come
into intimate contact with cach other. Hiltner (1904) used the
oxprossion "rhizosphere" for the zone around plant roots influcnced
by the roots themsclves. It iz recognized that thoe "rhizosphere offcct"
has o chemical basa. Substancoes of pathogon origin may influcnce the

host plant at =ll steges of tho parasitic process, and will bo discussed
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later. Thoge of host origin arc congidcored undor this - hoading.,
Three possibilities can be convisaged,
whorrby substances of host origin, can influence the process of
parasitism. a) A gonoral gtimulation of growth, affocting the
majority of fungi in the samc way
b) A genoral roduction or inhibition of growth
c) Different offoccts on different fungi, When this
occurs, it mey be related to specificity of parasitism,
so that parasitic fungl are stimulatod by cxudates
from roots of susceptible plants, whorzas non-
perasitic fungi owre cithor unaffected, or cvon
inhibitaed, by cxudates from the roots of none
susceptible plants.
Ther: orce many instances of gonoral offucts,; but thoge will not
bo considorcd hore as thay have 1ittle boearing on the spocificity
of perasiticm, The litorature on the differontial stimulation of
fungi by host root oxudates has bcen reviewod by Flentje, (1959);
who concluder that there aro indications that plant oxudates affoct
soil bornc pethogcns in both general and spocific ways, citing the
work of Noblec,(1924); West & Lockhcad, (1940)s Rovira, (1956);
and Buxton, (1957), that amino acids znd other growth factors
rolzased by living roots 2affect spore germination and hyphal
growth of fungi. Flentje further points out that thesce substances

may affect not only gencral pathogenieity,s but may also be a
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contributory factor in strzin or race specialization. Korr, (1956),
working with straing of R. solani, suggestcd the possibility that
" root excretione may affect the ability of a fungus to 'find'

a suitable host."

Contact phasc

Aftcer certain pathogins and thoir hosts
comc into contact, ponctration of tho hogt tissun takrs place: from
approssorinl hyphac. The structurc and devclopment of appreossoria
diffcer grontly in difforent fungi, Kiihn (1858) obsnrved o clumping
offrwct of thn hyphar of R. solani on the surfacz of infoctad
potato tispue. Prilliocux (1891), described structurcs which he called
"corps miliaires" on the surface of beet plants infected by R. crocorum.
Both Kuhn and Prillicux suggested that thece structures werc the
initial stoges in tho cstablishment of infoctions. Dugger (1915),
hovizver, stated that the adhesive structures of R. crocorum which he
observed on infected plant surfuces woere not ossontisl for infection,
end that R. solani did not form thesc structuros.

Many later workors have described
adhesive structurcs formed on several plant surfaccs by R. solani
eand rolated specics. (Abdel Salam,1933s Ullstrup, 19363 Schaal, 19393
Nakayama, 19403 Schlatter, 1943; Thorpc, 19513 Townscnd & Willots,
1954: Flontje, 19575 Kerr & Flentjo, 19573 Shophard, 1957; Christou,

1962; Gonsaloz & Owen, 1963.)

rasmda ., .
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These structurcs have boon described
as multiple appressoria or "infoction cushions". Tho gqueostion ariscs
as to what causcs these fungi to produce these structurcs. The
classical rescarchos of Blackman and Wollsford (1916), =nd
Brown and Harvey (1927), havo lcad to the hypothesis propos~d by
Brown (1936), still widecly accoptod, that the stimulus which causcs
the hyphac to ponctratc plant surfaces is physical and non-specific
in naturc, rather than ono gpecific to substances of host origin,
According to this, infceoction cushion formation is a recaction to a
contact stimulus,.

Kerr (1956), burizd radish, lettuce
ond tomato scnds in ccllophano bags in soil inoculated with R. solani.
He found eggregations of hyphae on the surface of the ccllophanc
oppositc the roots of radish and lottuce sezdlings, but not opposite
the tomato roots or thc hypocotyls of any of the three types of
secdlings. Radish and lettuce arc suscoptible to attack by R. solani,
but tomato was rosistant. So it was concluded that diffusible
substances from the roots of radish and leottuce seedlings stimulated
the aggregation of the hyphac, and so influcnced the bohaviour of
the fungus., Howavor, the isolatc useod attacks hypocotyls and not
roots, g0 the significance of substances diffusing from roots is
problematical. Flentjo (1957), did not obscrve any characteristic attachment
of several isolatoes of R. solani to non-living surfaces, including

glass, collodion, ccllophone and cotton. Ho citeg this, together
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with the gelective rosponse to different hosts, ac evidenco aginst
& simple contact stimulus hypothesis, and put forward an alternative
hypothesis that a chomical stimulus alonc, or in conjunction with
o2 contact stimulus, might be oprrative.

Kerr and Flentje (1957), state thet
"the hyphae of 2 pathogenic strain (of R, soloni), becone attached
to the cuticlc of = susceptible host above th: Jjunction of cpidermal
cells, grow in a characisristic manncer along tho stem, following
the lines of junction of thos~ cells, 2nd form complex approssoria
or infrection cushiong., ......Infootion takas placs only fronm
these cushions. Straoins not pathogeonic to the host, f2i1 to boconn
attrch-d to, or organizo on tho stoms." Korr and Flontje astate
that thers is o close correcl=ztion betweon the susceptibility of
the zeedlings to the poathogens, and the gtimulation of the pathogoeons
by the scoadlings. They sugeest thoat the differential stimulation was
cougsad by a root nxerction. They observed structuros resombling
infection cushions on ccllophane moistcnod with radish root exudatoe,
and inoculntcd with the radish strain of R, golani. Known nutrionts
failed to producce theose choracteristic ~ffeets. Strains not parasitic
to radish did not respond to the redish root ecxudate.

In further oxperimonte, Korr and Flentje
grow Re. solani strains on cpidermal stirips from hypocolyls, ==d

neistoncd with root oxudnte. In rospons. to the radish root exudat:,
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the radish strain produccd infoction cushiong and ponctrated radish
hypocotyl cpidsrnal strips. When no cxudato was precont, thore wag

no cushion formation and penotroation, though the hyphu attached
thonsclves to, and grew along the lincs of Jjunction of the opidérmal
cells. Two other sirains not parnsitic on radich tosted in this way

with radish root oxudats, failed to produco infoction cushions

and did not pencirats the opiderm2l strips of radish, or thoso of

the hosts to which thoy worn pathogonic. They conclude that " attachmont
to, organization on, and ponetration of o host by the radish sirain

of P. filementosa (R._solani), iz controlled by the nature of the

cuticle surfacc, and the presence of a diffusible matsrial which is
exereted onto tho cuticle surface from the underlying cells. Specificity
of rcaction of the differcnt sirains to differont hosts is probably
duce to variation from host to host, of tho naturc of the cuticle
surface and tho diffusible axcretion.n

As evidenco that the cuticlo surface is
important in ponctration, Kerr snd Flentjo cite the results of their
~xperiments, whoere penctration of the cellophano ncver took place in
rosponse to root coxudates. Further, thoy stote that the radish
strain attncks wtome and not roots, ~nd a2s the curfacos of thesce orgons
differ, thc surfacc gtructur, would be important in cushion formation.
Finally in thoir cxporiments with damaged cuticlos, they found that
infoction cushionc wore naver produced on oxposed cortical colls, but
were formed only on the intact surface of the cuticle, through which

penctration occurred.
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Shephard (1957) found that crucifer and
lettuce strains of R. soloni arc not stinmulated by host cxcretions,
and sugzests that cuticular structuro could play an important in the
organization of the hyphoce on the surface of host hypocotyls before
penotration. Sha cit~s the obscrvations of Muellcr, Carr and Loomis,
(1954), who found much varintion in thr sub-microscopic structurc of
cuticlaes in differcnt plont specicse. Furthor, Shephard obg-rved
adhesive structurcs formed by hor crucifor strain of R, golani on
non=living surfaces like collophanc.

Flentje (1959) reports thet infection
cushions very in their dcteiled siructure for differcent pathogenic
strains of R. solani. A compositec strain formed appressoria froely
on tho stems of crucifeorous hosts, but the appragsoria were usuzlly
very looscly attached and no prnetration pogs appoarcd to dovelop
from tho majority of them. Gentlc irrigation of the stems with water
causcd most of the appressoria to float off the stems, whercas on
lettuce, they could not be disledged. Thesce obscrvations ars in
conflict with the carlicr observationg of Kerr and Flontjo (1957),
who statod that "strains not pathogeonic to the host, fail to become
attached to, or organiz. on the ctem."

Flentje (1959), puts forward the following
hypothesis regarding approssérial formation. R. solani shows two distinct
reactions before apprassorial formation, onec being tho reaction to

the surface which directs the growth of the main hyphas, and the other,
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the reoaction to diffusiblc substances, which cocuses crrested growth
and multiple branching of the latorals, rcsulting in appressorial
formation., He statcs however, that there iz no real ovidence yet,

of the naturc of the active materials responsible for theso stimuli.

Connon and Corbett (1962) fractionated
radish root cxudates and tested the action of thesce froctions
on the growth of =2n isolato of R. solani which had a2 wid~ host
rangn, including radigh. They found that all fractions were active
arld thought that stimulation might have boen causod by the amino
acidg which they detected in 21l fractions. Acleous . extracts of .

radish seeds also gtimulated the growth of the fungus strongly.

Corbett (1962), suspected that "the
gonoral stinulation" of fungal growth by root cxudates might be
duc to simplo nutrients such as amino acids and sugars, but when
glycinc, ammonium glutamate ond the ammonium salt of l-aspartic
acid were tested, she found that they produccd only o slight stimulation

comparcd to that obtained when radish root exudate was used.

Dodnan ond Atkinson (1962), statc that
alkaline hydrelysis of radish root cxudate produccs a substzncs that
causce the hyphac of R.solari to become highly branched. Thoy
identificd this substonce os trigonelline, which they stateo, is a

product of hydrolysis of subgteancss having the structure of Type A,
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which they d~trected in radish root cxudatos.

f\\ CO.R

+
N// R = aniné acid or peptide
. residuc.

Typc A CH,

~ype B e

Cannon and Corbett, (1962), and Dodman
and Atkinson (1962), have obscrved that nicotinamide is converted

in vivo into derivatives of Type A by R. solani, or alternatively,

derivatives of Type A could be converted into nicotinemide by this
fungus.

Wood (1960) has omphasized-that responses
leading to cushion formation, and thereforc to infection, may differ
for different host parasite combinations, cven fow a single specics

of pathogoen.

Citicular structurc of plonts.

Two featurzs of plant cuticles are
relevant to the problem of host penetration by fungal pathogens.
These are, the pecrmeability of the cuticles, and the possible variation
in their surface texturc. De Bary (1871), rcported variation in the
cuticular wax structurcs found on leaves, and attempted to clasgify
thems. This was the first ovidence thet there is great variation in

cuticular siructurc. Martens (1934, 1940,) statod that folds could
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be formed on the waxy cuticular surfacc, and that these folds often
ghow some rolation to the dircction of growth (ccll clongation), or
the growth during a provious stage of development.

Juniper (1959), found that in many
plants therc arc minuto'projoctions from tho surfaces of cuticles.
These can take many different forms, and may be characteristic of
the species, geonus, or cven of the family. For insténcc, tho surface

structure of the leaf of Chrysanthemum scgntum, looks unlike that

of any other spocies of Chrysanthemum. He states that in cabbage

however, leaf surfaces look alikc in all forms of cabbage.

Roclofscn (1959), stated that cuticular
surfacos could be granular or plicate. He reoports that from observations
of cuticular surfaces rcported so far, it appears that surfacos do
not show speecial structures, srart from an uniform granulation
that varicd from finc to coarse in different objects. This could also

differ on the two sides of a ginglo leaf.

Pernecability of cuticles

Dous (1927), stated that cuticles aro
permeeble, and claimed to have obscrved pores in some of them. He
assumod thot movement of substonces could take place through these
pores. Mors rocent work however, did not confirm thesce findings.
(Weber, 19425 Bange & Roolofscn, 19503 Volz, 19523 Sittc, 1954;

Skoss, 19553 Bock, 1955.)
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Bange and Roclofsen (1950), oxperimentecd

with cotyledon gibbiflora in which Dous claimed to have scen very

distinet pores. Bange and Roolofscn found that under the light
nicroscope, the surface appecored to be marked with light dots,
but cleectron micrographs roevoaled that it had an uniform surfacc,
with possibly, somc thinner spots. These findings arce supported by
thoge of Scott, Hemner, Baker and Bowler, (1957), and Mucllor, Carr
and Loomis, (1954). Scott et 2l. (1957) found no porecs in onion
cuticlecs, or in any of soveral other plant cuticles which they
oxaminod. Mucllor ct 21.(1954), suggest that tho pore pattcrns
found on cabbage loaves might be filled with wax. Theso show no
chonge in size with age.

Somec intereosting rosults on cuticular
diffusion have been published , 28 a result of work donc on the
path of entry of chemicals applied as sproys, on plant surfacos.
Soﬁo reports clain that.diffusion through the cuticles was responsible
for tho ponctration of the chemicals. (Crofts, 193335 Woaver & dc Rose,
19465 Roberts, Southwick and Palmiter, 1948; Crofts and Harvey, 1949;
Normzn, Minarik 2nd Weintraub, 1950.)

Skose (1955), takes cxception to this
visw on the grounds that injury causcd by the penctration of foliar
sprays is loealizcd in the immodiate vicinity of the stomata before

o]
it occurs clscwherc. This is supportcd by Adicott, 19445 Aslander,
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19273 Rohrbaugh, 19343 Knight and Cleveland, 19343 Ebeling, 1938.

Skoss (1955), elso cites his own rosults, where he showed that the
cuticle in an in vitro system is impormcablo to the passage of

cortain organic and inorgsnic salts in solution. Further circumsantinl
cvidenco is provid.d by the fact that herbicidal penotration corrogponds

with stomatal penctration.

Juniper (1959), stetes that the view
that overything cxternal to the epidermal colls is "static" can no
longcr bo held, and belecives that thore is some cvidence to indicate

tho passage of substances through tho cuticular layers.

Penctration and Post-poneiration stoges

Most Rhizoctonia spp. which parasitize
young sccdlings arc hypocotyl or stom attncking strains. Some igsolatos
however, arc known to parsasitizo leaves,(Boosalis, 1950), and roots.
(Samuel & Garrett, 19323 Hynos, 19373 Chorewick, 19403 Blair, 1942;
Boosalis, 19503 Kornkomp ot al., 19523 Flentje & Sakscna, 19573
Flentjo, 1957.)

Ponetration of the hosgt tissuc can tako
place through natural openings, like stomato (Ullstrup, 19363
Nakayama, 19403 Christou, 1962)% through wounds or cracks, (Ullstrup,
19365 Nokayama, 1940); or dircctly through the intact surfacc by

neang of haustoria, from infecction cushions. (Kornkamp ct al., 19523
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Flentje, 1957; Shephard, 19573 Christou, 1962.) The lattor type

of penectration procceds through the cuticle and either dircctly
through underlying opidermal cell walls into the cell lumen, or in
some casos through the cuticle and in betweon the epidermal cells.
(Christou, 1962.)

The ovidencoe presented by Kerr and
Flentjc (1957), that no penctration of cortical tissucs takes place
when the epidormal colls are removed or damaged, indicates that
the fungus is especially equipped for penetration through the
intact host surface, and that the infection cushion is of great
importance in this rospect. Howover, Flentje (1957), roports that
in some cascs, ponetration can take place in the absconce of infection
cushions,

There has beon much discussion in the
literature regarding the actual mode of penetration of host tissucs
by plant pathogons. This literaturc has beon rocently roviewcod
by Dickinson, (1960), and Wood, (1960). From these roviows it
cmerges that ponotration could be (a) a purcly mechanical process,
(b) a chonically bascd process, or (c) a combination of mechanical
pressurc and chomical activity. Dickinson (1960), has pointed
out that under natural conditions it is most difficult to prove
whether or not barricrs have been altored by chemical action in

advanco of what appears to be mechanical penctration.
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Shephard (1957), states that there was
no cvidence to indicato that 2 cutinasc was involved in tho penctration
of cauliflowecr and lcttuce hypocotyls by R. solani. She regarded
penetration as & mechaniecal process wherce thoe infoction cushion
provides the anchorage which withstands the pressurss needed to
cnable the infection tuboe to penetrate the cuticle. She states that
further cvidence for mechanical penctration is provided by the
fact that the hyphac constrict a2t the point of penctration, and by
the fanning out of the hyphac both insidc and outsido a bottlec neck

at points of pcnetration of masscs of hyphac through the cuticle.

Action of maccerating and ccll wall depgrading cnzymos.

Resoarches by Brown, (1915, 1917,)
and other workers have shown that pectolytic cnzymes produced. byr
pisnt pathogons play oono part in the degradation of plant cell
walls. The peetolytic and ccllulolytic enzyme systoms are now
considerod to be tho most important oncs involved in the rotting of
non-woody tissucs, and have beecn the subjects of intensive studics,

which have been reviewed by Kortesz, (1951), and Wood, (1955, 1958, 19602a).

Many workers have investigated the
ability of R. solani to producc pectolytic and ccllulolytic cnzymoes
in culturc. (Holler, 19193 Mannozzi, 19323 Storcy, 1941; Blair, 1943;
Siu, 19513 Doshpande, 19563 19603 Elarosi, 19583 Barker & Waikcr, 19623

Gonsalcz & Owen, 19633 Batcman, 1963.).
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Storcy (1941), did not find any corrclation
botwecen host specificity of isolates of R. soleni and thoir ability
to producc pectolytic cnzymcs in culture., More recrntly, however,
Barker and Walkor (1962), invostigatcd the production of poctin
polygnlacturonase, pectin methylesterase and cellulase by soveral
isolates of R. solani grown in culture on synthetic media. Under
those conditions, they found that culturcs of foliage strains showod
o higher polygalacturonase and pectin methylesterasc activity than
did thosc of root and stem isolates. They also concluded that thereo
we.s o high corrclation botweon polygcolacturonase activity and
pathogenicity, but that there was no corrclation between cellulasc
activity ond pathogenicity. Gonsalez and Owen (1963), did not
obsorve ahy adversce cffects of culture filtrates of two isolates
of R. solani on tomatoes.

Khan (1952), reported that doficicncies
of calcium and magnesium predisposed pea and soybean sceedlings
to attack by R. solani, Wood (1958), has pointecd out that the
compogition of the middlc lamells of cells could be variable, and
if the middle lamella consists of peoctatos of calcium and magneosium,
availability of these metals may have profound effects on the
propoertics of the middle lamello.

Batcman (1963), has pointed out that

in tho majority of studics the source of pectolytic cnzymes produccd
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by plant pathogens, has beon culture filtrates of the organisms

grown on synthctic media, =nd implicajibns‘of cnzymo action in tho

host tissuc have often been made wifhout a demonstration of thesc

cnzymes in thce host tissucs. He further points out that where

the prosonce of pectolytic onzymes in host tissucs have boon domonstrated,
fow attempts have been made to detqrmino whether the onzymes produccd

by & pathogen in vitro end thosc found in vivo arc similar or differcnt.
Batcman (1963), found that there was no corrclation betweon the growth

of R, solani on vorious media and cnzyme production, and concludes that
both peetin methylosterase and polygalacturonaso wore adaptive

rather than constitutive cnzyme systens for Rhizoctoniz. He found

great varintion in the liberation of reducing groups, by preparations

of culturc produced polygalacturonzse, and that from discascd tissues.

of comparablc viscosity rcducing power. He also found that polygalacturoncse
from discascd tissues converted sodium poliypoctate to three lower
molceular weight polymers, but not to galacturonic acid,; wherecas

culturc produced polygalacturonasc convertcd this substratc into
ralacturonic acid. The preoparations also differed in thoir points

of thormnl inactivation.
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Toxins

GAumonn (1954 ), stated that micro-
organisms arc pathogenic only if thoy arc toxigonic. This concept,
howover,; has becn modificd to accommodatc special cascs which havo
boen studied letor. According to some workers, (Ludwig, 1960),
enzymes cannot be considercd as toxins unless thoy themsclvos arc
toxic. If onzymes arc cxcluded in the following considorations, thore
appear to be two types of phyto-toxinss the vivo-toxins (ggggg Dimond
& Waggoner, 1953), and tho toxins acting outside the plant, which
condition it for subscquent penctration by the pathogen. The lattor
typo has beon cited for R. solani by Miller (1924), and Kerr (1956).

Some instances where toxins have boon
responsible for resistance to discasce have becn cited in the litoraturc.
(Link & Walkor, 19333 Virtanen & Hictala, 1955; Litzenberger, 19403
Mochan & Murphy, 1947.)Meny workers have roportcd phytotoxic cffects
on plants causcd by R, solani. (Remscy, 19173 Mullcr, 19243 Cappcllotti,
19313 Mamnozzi, 19323 Nowton & Mayocrs, 19353 Boosalis, 1947, 1950;
Kornkamp ot al., 1952; Kerr, 1956. ) Sore of thosc doscriptions,
howover, have bocn concorned with the toxic nature of culturc filtrates,
and thorcfore, cnzymc action cannot be eoxcludd.

Boosalis (1950), and Nowton and Mayors
(1935),found that the toxicity of culturc filtratos had some rolation
to pathogenicity. Shephard (1957), stated that no toxins were involved
in tho attack of czuli-lower and leottuce plants b-fore penctration by

R, solani .
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Hypeorsensitive roaction

Hyporscnsitive rcenetions were originally
considcred to be roactions poculiar to obligatc parasitose. It is
now wcll known that facultotive parmsitces can induce hyporsonsitive
resctions in various plonts. (Nusbzum & Keitt, 19383 Mullur & Borger,
19403 Mryir, 1940; Ort, 1947; Mulleor, 1950, 1953, 19553 Paddock,
19533 Pristen & Gallcgly, 19545 Tomiyona, 1955, 19563 Hooker, 19563

Fl ntjo, 19573 Takokuws & Toniyams, 1957.)

Flentjo (1957), roports that aft-r tho
penciration of lettuee scadlings by R. solani, progressive invasion
friled, 2nd there wors all the indications of a hyperscnsitive raction
where invadsd colls and their immediate neighbours wore killoed.

Ho concludcd that tho hyphao too were killed os they did net grow

when dissccted out. In scodlings treatod with norcotics Flentje

found that the hyperscnsitive rooaction did not tnko place, but instoad,
progrossive invesion followed. Further, ~t low light intonsitios,

the soneitivity of tha reaction wos roduced. Hassclbrauk (1940),
however, obsurved thot the opposite took plucey whor» high light
intensity roduced the sensitivity of the reaction of wheat to

Puccinia triticina. Flontjc supports the findings of Miller and

Bohr (1949), that hyperscnsitiv s ~reas contain fungicidal or fungistatic
substoneces. Muller (1960), points out that hypersensitivity is rockonzd
in torms of dogroo, the resistant plants boing moro scnsitive than

the suscoptible onos,.
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MATERIALS AND MXTHODS

Tho Fungi
Thr: following fungi were uscd.

1. Rhizoctonia solani Kihn Strain S, isolatod from discascd cabbage

geedlings.

2. Rhizoctonia solani Kuhn Strain L, isolated from diseasod lettuce

socdlings.

3. Corticium praticols Kotila obtained from Dr. P.H.Williams,

Gl~sshous.: Crops Rosenrch Station, Rustington, Susscx, and doscend:d

from on isolate supplicd by Dr. N.T.Flentje (sec Flentje, 1956).

Culturcs 2are now in the stock culturc collection of the Department

of Botany and Plant Technology, Imperial College of Scicncc and Technology,

Prince Consort Road, London S.W. 7.

Type culturcs were grown from singlo
hyphal tips on V-8 juice sgar (sce pogo 28), ~nd maintained at 4 °C.,
=nd at -20°C., and also undsr mincral oil ot room temporature.(c. 18°C.)
Stock culturcs wore mointained on V-8 juico 2gar ot 25}0., and sub-
cultured cvory throe months. The type culturcs rotained their viability
and pathogenicity towards th~ host plants uscd in this work.

Table 1 and platc 1 show the cultural

features of the isolatoes,
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Nutriont media for tho prowth of the fungi

A1l chemicals uscd, unless otherwisc statcd wore of the Analytical
Roagont grade.

Apor media

A1l the ocar modia were stoamed for 30 minutos in - stoam bath before
autoclave storilization. Tho cutoclaving woas dono for 15 ninutes ot

15 pes.i. pressurc unless otherwisce stntcd. The pH wos adjustod to

5¢6 with O*1 N, NaOH or Ol N, HCl unless otherwise stntcd.

1. V-8 juicc agar

Tho contents of onc 12 1/2 oz. can of V-8 vegotable juices (obiained
from Cempbcll's soups Ltde., King's Lyan, Norfolk.) wcre diluted to
15 1. with top water,

Agar 30 g.

2. Potato dextrose agar

200 g. frosh potato tissue were boilcd in 500 ml. water for 30 - 45
minutes. The liguid was filtercd through muslin, and the pH adjusted
to 5¢6. 10g. dextrosc =nd 15g. agoer wore added and the solution
rmade up to 1000ml,

3, Distilled watcor agor

15g. agar, washed in distilled watcr and dried for 24 hours at 70°C.
1000ml. watcr.

4, Hypocotyl oxtract agar

Cabbage or lettuce hypocotyls werc rinsed in water and air dried.
100g fresh weight of hypocotyls wore boiled in 500ml. water for 20

minutes and tho liquid strained through muslin.
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20nl. agar and distilled water were added to make the solution up to
1000nl1,

5e¢ Colcoptile -xtract ogar

Wheot coleoptiles wora rinsed in woater and air dried. 60g. frosh weight
of colecoptilis wors boiled in water for 20 minutes and the liquid
straincd through muslin, 20g. of ngar and distilled water were added

to mike the solution up to 1000ml.

6. Czapck — Dox Agor

Nf"NO 2 je
3 o
KZHPO4 1z,
MgSO4.7H20 0+5.
KCl O+5g.
FcSO4.7H20 0:01g.
Sucrosc 300z,
Agar 15804,
Disgtillod wator 1000nl.

Sand/Oatmeal modiun

250g,. weshed and dried coarsc sand,

12+5g, finoly ground rolled ozts (obtaincd from Quoker Oats Ltd.,
Southall, Middlescx. )

80ml. tap watcr, Autoclaved in 500ml. conical flosks at 15 pe.s.ie

pressure for 45 minutos.
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Ligquid Media

Micro-nutricnt solution

ablo 2 shows the composition of the micro-nutricnt solution, used
wheoroe stated.
Table 2

Composition of micro-nutricnt solution uscd in fungal growth mcdia

Compound Wt. of compound kesscntinl  pe.p.me.cloment

in stock solution olonent in stock solution
FeSO4.7H20 69 g. Fe 5565
CuSO4.5H20 0:06 g. Cu 614
ZnSO4.4H20 0-07 g. Zn 634
MnSO4.4H20 0-56 g. Mn 55244
H3BO3 0-52 g. B 1208
N2,Mo0 , . 2H,0 0+01 g. Mo 259
Wator 250 nl. - -

1 ml., of the stock micro-nutrient solution was add-d per litr» of
nacro-nutriont, to make the miero-nutricnt contont of the final

solution ag follows.,

Fo 0+55 p.p.m.3 Cu 0:06 p.pem.3 Zn 0.06 p.p.r.y Mn  0+55 p.p.Mmsy
B 0+12 p pem.g Mo 0:02 p.p.n.

Macro-nutrient liquid media

(a) Sucrosc 15 g. Kcl 0+5 =,

KH2P04 1 g. Yeastrol 0.2 g.
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Yoastrel was obtained from the Brewer's Food Supply Co, Ltd.,
Bdinburgh 3, Scotland.

Tracc olement stock solution 1 ml. made up to 1000 ml,, znd dispenscd
in 50 ml. portions in 10 oz, modicin~. flats and autoclaved at 15 p.s.i.

pressure for 15 minutces.

(b) Bacto vitamin-free casamino acids (cascin hydrolysate), obtained

from Difco Laboratorics Inc., Detroit, Michignn, 4+0 g.
KH2P04 1:0 g
MgSO4.7H20 0.5 g.
Glucosa 0+5 g.
Sucrose 150 g.

Trace clement stock solution 1 ml, made up to 1000ml. with watoer,
dispenscd in 50 ml portions in 10 oz. mcdicine flats, and autoclaved
at 15 p.s.i. pressure for 15 minutocs.

(Bacto vitamin-free casamino acids contains the following:

total nitrogen - 7 % 3 NaCl - 38 4 5 Ash - 41 %.)

(c) Host hypocotyl or colcoptile dococtions,
10 7. of washcd and air dricd hypocotyl or colecoptile tissuc, were
autoclaved for 15 minutes with 50 ml, distilled water at 15 pes.is

pressure in 10 oz. medicine flats.
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The Host Plants

The following host plant specics were uscd.

1. Cabbage (Brzessica oleracca L. ) varicty "Enfiecld Market"

2. Lottuce (Lactuca sativa L.) variety "Trocadeoro Improved"

3. Wheat (Triticum vulgarc L.) varioty "Capcolla Despraz!

Cabbage and lettuce sccd were obtained from Carters Ltd., London.
Wheat scod was obtainod from the Imperial Colleoge of Scicnee and
Tochnology Field Station, Silwood Park, Sunninghill, Berks. (1960 harvost)

The sced was stored in dry polythene containcrs at 4°¢. ana -20°C.

S0il medium for plant zrowth

The host scedlings were grown in a
grcenhouse cither in plastic pots (upper diameter 13 cm., lower
dicmeter 7°5 cm.) 4 or in bitumen coated tins 7+5 cm. t2ll and 7«5
em, in diamcter. Equal volumes of washed and dried fine sand ond peat

wore nixed thoroughly with the following fortilizer mixture.

Fortilizer Quantitics por cu.fi. of poat/sand mixturc
Hoof and horn mcal 42+0 g.

(Obtained from W.Unwins Ltd., London S.%,.25.)

KINO, 4:2 g.
Magnesium limestone 126+0 g,
03003 42’0 go

The nixture was brouzht to 2 suitablc moisture contont before the socds

wore SOwWn.
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Illumination

In winter illuminztion was provided for 13 hours cach day, by batterics
of four 80 watt daylight typc fluorcscent tubes spaced 5 cm. apert,

and suspended 24 em. from the surface of the soil.

Temporature

The temperaturc in the gresnhouse did not fall below 16 °C., and
cxceeded this only for relatively short poriods, if at all,

Moisture

The pots 2nd tins were well drained but the soil was always kept moist.

Host plant liquid nutricnt

The following nutricnt solution was used for host plants , wheroe

stated 4 when the plants wore grown in vitro.The figurcs arc in p.pem.

Kwo,, 202 (NH4)6M07024.4H20 0.035
Ca(N03)2 656 MnS0, . 4H,0 2.23
NeH,P0,+2H,0 208 CuS0 4+ 5H,0 0.24
MgS0, . TH,O 369 Zns0, 029
Forric citrate 24.3 H3Bo3 1-86

Mocthod of zrowing soecdlings in vitro

Plastic boxes(with lids) 16 cm. x 11+5 em. x 6 cm. were cleanod

with aleohol to make sterile, and Petri dish bottoms, proviously
autoclaved, were placed in them. Sords wore sown after surfaco
storilization on steril: filter paper pods immerscd in nutricnt solution
(10 ml.per dish). Illuminstion wes provided by 80 watt doylight type

fluorescent tubes spaced 5 cme apart ond suspendsd 25 cm. from the
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tops of the boxes. Tho light intonsity at the tops of tho box. s -was

800« to 850 lumons per sq. f£1. The temporaturc wes 18 - 20°¢c.

Mathods of surfacc steorilization of sccd

In all the methods doscribed for the surface sterilization of the
gscod, sterile distilled wator was uscd for all the washings.

Marcuric chloride

0.1 % HgCl, with 2 drops of Twoen "80" per 250 nl.solution for

2
cither 2, 44 5, or 6 minutes with sovoral washings aftcrwards.
Twoon was obtaincd from Honecywill & Stein Ltd., London W.l.

Morcuric chloride /Silver nitrate

0-1% HgCl, with 2drops of Tween "80" por 250 ml, of solution with

2
several washings afterwards, =nd then 0.1 % AgNO3 with 2 drops of

Twoon "80" per 250 ml. solution. Sceveral washings worc dohe, ono
of which was with Q*2 M. N2Cl which preccipitated any remaining AgNOB.

Times of immersion - HgCl, ©ither 2, 3, or 4 minutes

2

AgNO_ Fither 2, or 3 minutes.

3
Chlorine
0:1 % available chlorine from sodium hypochlorite for cither 5, 10,

or 15 minutes with several washings afterwards,

Propylenc oxide

Tho soads wore placed in o gas—tight 500 ml. flask in which was
placed a small tube containing 0+5 ml. of propylenz oxide, for 30,
of 45 minutos. Tho cotton wool plugs wore looscned and the sceds leoft

to acrate for 48 hours in a fumc cupboard. The sonds wrore then washed.
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Tochnique uscd for prowing secdlinss under steorilc conditioms

A simplc apparatus wes dovised (scc Plate
2,) for the growth of scedlings under sterilc conditions., A "Pyrcx"
glass cylinder 7 cm. in diamector and 3¢5 cm.tall, was placed in an
800 ml. glass beaker (without spout) of slightly grcater diamoter.
Two mm, mesh nylon net, proviously boiled for 30 minutes in distilled
water, and washed in distillcd water, was streiched over the cylin-
dor and sccurod by a rubber bond which had bron boiled in distilled
wator for 30 minutes, and leached for scveral days aftcrwards in
distilled water to remove wator-solubla contaminants.

Glass—distilled water or & nuirient
solution, was put in tho beaker to within 2 mn. of the nylon nct.

The beaker was covercd with o close fitting Petri dish lid, held
in place by adhcesive ccllophene, and sterilized by autoclaving
for 25 minutos at 15 p.s.i. pressure.

Seeds, surface sgterilized by the methods
d-seribed above, were placed on tho nylon net and the beakers were
kept at room tempersture (about 18 - 20°C.) under light from 80 watt
daylight type fluorescent tubes, spacnd 5 em. apzrt and suspend.:d
25 cma. from tho tops of tho beakors. The light intensity at the top
of the beakers was approximately 250 luncns per sq. ft. The basc of
cach beaker wag covercd with black paper during the experiments, up
to the level of the nylon neot. Contaminated boakers wer: discarded.
This apparatus was uscd for obtaining root cxudates from scadlings,

and also for growing sccdlings as .o substrato for funzus growth.
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A modification of this tcochnique was
uscd in other experiments where tho effeet of smaller quantitios of liquid
on the growth of scodlings was boing investigated. A glass cylindor
2*'5 cnm, in diometer and 4-5 cm. long wzs uscd in o "Pyrcx" nlass boiling
tube 3 em. in dismetory and 20 cm. long. The nylon nct was stratched
ovcer the glass cylinder by meansg of o rubbor band as before, and the
test tube was plugsed with cotton wool and covered with aluminium
foil over the plug beforc autoclaving.,

Up to 20 scodlings were grown in onch
tubc. The tubcs were covered with black papor up to the lovel of the
nylon net as beforc. The same illumination was used, cxcept that the
fluorcoscont tubes wore 12 em. above the tops of the a2luminium foil
caps. The light intensity at the tops of the tubos was 3000 lumens

per sg. ft.

Inoculation technigues

A -« For soil expcriments

1) With sand/oatmeal inoculum

Culturcs wore grown in the sand/oatmeal medium (see p.29) at 25°C,

for 3 wecks, after which they wcre mads homogoncous by passing through
2 3 mm. sicve. One part by weizht of this inoculun nixed with 19
perts of the poat/sand/fertilizcr nixturs, was placed in the top half
of cach tin, the bottom holf of which contained the uncontaminatod

peat/sand/fortilizor mixturc.
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2) With agar inoculum

Diske 5 mm, in diameter, or rings of outcr diamceteor 10 mm. and inner
diocmeter 7 mm,, cut from tho cdge of 2 seewies colony of the fungus
growing on potato dextross agar on Petri dishes, wore placed noonr,
(or =zrowmd, in the case of the rings) the sordling hypocotyls ot soil
lovel. In somo cascs pots containing the inoculated plants worce kopt
in polythene frames to onsurc o high humidity.

B - For cxporimonts whoroe scedlings were grown in vitro

5) Agcr inoculs

Agor disks wore ugaed os d scribed zbove for soil inoculation.

b) Liquid inocula

Liquid culturos werce grown on Yarious media for 7 days, homogcenizod
by shaking thorourhly with sterilo glass beads, and whon on uniform
mycelial suspension was obtained, 1 ml. of the inoculum was introduced

by meons of o storile pipette, into the vessols containing the scodlings,

Tcchniques for the bio-ossay of root exudotes

The coxudates were concentratod in 2 rotary
cvaporator under roduccd pressurc so that 1 g. of the dricd root material
correspond:=d to 15 ml, of the finzl solution. Disks of sterile Whotman
No. 1 filter papor 5 mm. in di-metor, werce set on islands of agnr
5 mr1, in diamctoer, and surrounded by o space § mna., wide , in agor in
Potri dishes. wach dish contained 7 ml. of distilled watoer zgar, and
cach dish was 9 cn. in dianmcter. To the filtor paper disks was added

0+00%5 ml,of thc concontrated cxudate. The ~g2i had beon washed well
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boefore preparing as o 1°5 % gol with glass—distilled water. The throco
funsi were put in differont dishes In cach dish there wers six islands
spaced cquidistantly from cach other. Alternatively, those corried
filtor paper moistonsd with root cxudate or with wator.

The ontire zogor surface in ecach plat:
w2s coverced with = single disk of ccllophanc (porous — Grads PT 300,
obtainced from British Ccllophence Ltd., London W.l.), which previously,
had beon repoatedly boiled, and leached in water before sterilizing
by autoclaving. Aftor the fungus had grown on the cellophance and roached
tho odge of the dish, the cellophane surface was floodnd with 2 O<1 %
solution of cotton bluc in lactic ncid to stain the hyphao.

A1l the hyphac in a ficld of viow above

the contre of the island of agar wero then drawn by comera lucida at

constant ncgnification. The total length of the hyphoe in the standard
arca was measurod with a map roadine device., The ratios of these figures
for an arcen with coxudate, to an adjacent ares without cxudate, wore

calculated.

Microtechniquo

1. Tochnigues usad for staining hyphao growing on asar, ccllophanc,

glags, plustic, and host eopidernal pecls

o) The hyphoo wors flood:d with 01 % cqcous cotton bluc, ond the
T ° ~q ’

cxcess stain wos washed awny in water. The noterial wos clearcd in

dilutc lacto~phonol, nade up os followss

slycoerine, 2portss agqueoussaturatoed phenol, concentrated lactic ncid,
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and distilled watcr, 1 port cach. The preparations were rmountced in
le.cto-phenol. Whencover it was necessary to kcop the preparations for
some timc, theo cover glasscs werce ringed with o sealing compound which

was obtoined from Harland and son Lid., London S.W.19.

b) 0.1 % cotton blue in lactic ncid, clearad and mounted in lacto-phenol

woere usced for somo proparations.

2. Teochniquos for scetioning infrectoad snedling tissuc.,

Fixation

a) Formalin/acctic acid/2lccohol fixative (FAA)

50 % cthyl ~lcohol 90 %
Glneinl necotic 2cid 5 %
Fornalin (35 - 40 %) 5%

The moterinl was injected with the fixative for 10 - 15 minutes under
suction, lcft in froesh fixative for 24 hours, and lator rinsed thoroughly
in 50 % ~lcohol to romove the fixative.

b) Craf fix~tive

A -~ Chronic ~ecid 1g.
Glaeinl ~eetic 2eid 7 ml.
Digtilled woter 92 ml.
B ~ Noutral forn~lin 30 nl.
Distilled woter 20 nl.
Jqual quontitics of solutions A 2nd B were mixed to proparc tho fixative
The nnterinl was injectod with the fixotive for 24 hours in all, during

the first 10 - 15 ninutes of this period it was injeccted under suction.
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The notori~l was rinsed in 2 - 3 chonges of distilled woter nnd transferred

to 25 % alcohol.

Dohydration and cnbedding

Tho not.rizl woe tokon through o serics of mixturcs of tortinry butyl

2lcohol, cothyl alcohol ~nd water for dchydroting beforc cmbedding.

Mixturs Woter 95 % Absolutc 100 % Approx. Pimo

othyl olcohol TBA total ( hours)
2lcohol ~lcohol
CcOIC.
1 50 40 - 10 50 % 2
2 30 50 - 20 70 % 24
3 15 50 - 35 85 % 2
4 - 45 - 55 95 % 2
5 - - 25 75 100 % 2
6 - - - 100 100 % 3 changos,
1 of 24 hr.
2 of 2 hr.
oach

Mixture No. 5 contained a fow crystals of dry orythrosin, to mnke

the motorinl visible so ns to facilitate oricntotion during cmbedding.
Fron the last chazngo of TBA in mixturc 6, tho matericl was tronsforred
to o mixturc of ligquid peraffin ~nd TBA in tho proportion of 3 : 1.
Embodding in paraffin wnx (melting point 56”0.)was carriod out

nccording %0 the method dcscribed by Johanson (1940), pp. 134 - 5.
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Staining technigucs

Microtomc scetions wers cut &t 12 - 18 i tlick, and fixcd on slides
vith Haupt's ndheosive nixture, (scc Johansin, 1940), and flonted
on water at 50 ‘C. to sprend and then air dried for 24 hours.
The following proccdure wog thon adopted to bring tho scetions to
water. Placed in xylol 5 minutes

1:1 v/v xylol/ebsolute cthonol 3 minutos

Absolute othanol 3 minutes

Absolute othanol (frush change) 5 minutes

95 % ethanol 5 ninutes

& +thon placod for 3 minutcs ooch in the following cthanol

water mixtures; 80 %, 70 B, 50 %, 35 %, 25 %, 15 %, & 5 %.

placod in wator for staining.

1. Safranin/eniline bluc

Sections in water

Stained in 1 % aqucous safronin for 5 - 10 minutes.

Washed off excess staln in water

placed for 3 minutes in czch of the following ethanol water
nixturcsy 5 %, 25 %, 50 %, 70 %,

diffcrontizted in TO % cthanol containing Oel % HCl until -
the intengity of the s2fronin was a2 little stronger than that
finolly requirel. Excess acid was washed off in 70 % ethanol.
Placed in 95 % ethanol for 3 ninutes

Counter stained in 1 % aniline bluc in 90 % cthanol for 3 minutocs.
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95 % Tthanol 3 minutes
Abgolute othanol 2 chonges of 3 minutes cach
Xylol 3 minutos
Cloared in clove oil
Mountoed ;n Conada Balsan.

2. Cotton bluc

Tho soections woere brousht to Water and stained by the method described
oerlior for hyphaw.

3. Neoutral rcd

Scctions wore infiltrated with wotor undor suction for 10 - 15 min,

They wrre then placed in a nixturce containing 1 ml. O°1 % aqueous
noutral red, 0¢5 ml., O+2 M phosphote buffer at pH 7¢5, 2nd 8+5 nl.0«5 M
mannitol for 30 minutes, boforc cxamination.

Histochemical technigues for tosting for pectic substancoes

1. Ruthonium rcd

Th: scctions were cut with a froczing microtome 12 - 15 m thick, and
etained with froshly preparcd 0°1 % aqueous ruthenium rcd by the
mothod described by Johensen (1940), pp. 200 - 210,

2. Hydroxylamine/forric chloride

Reagentss— 13¢9 z. hydroxylamine dissolved in 100 ml. wator.
14.0 g. NaOH dissolved in 100 ml, watcr.
1 volume conc. HGLl (Sp. gr. 1-18) diluted with 2 volumes of water.

10 ¢. FeCl3.6H20 dissolved in 100 ml, 01 N HCI.
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To 2bout 10 mg. of plant tissue in 2 ml. of water, were addcd 2 ml.
of tho hydroxylamine raagent, and thon 2 nl. of the NaOH solution.
The roeoctonts wers allowed to stend for 2 minutes. Then, 2 ml. of
the 2iluted HCL were 2dded, followed by 2 ml., of the Fc:Cl3 reazent,
(A r+d procipitate is produced in positive tosts.) As a control, the
test substences were 24d0d to the rozetonts after the addition of
the HCL.

Secctiong of cazbboage and lottuce hypocotyls
and wheat colcoptiles werc cut at 15 - 20 a1 with a fraczing microtome.
Theoy wore placced in water containing 300 p.p.m. SOQ. The containers
wers swirled after tho 2ddition of cach roopent to ensurc good mixing.
The colour was developed within one minutc. The scetions ware washed
in water to rcmove oxcoss FoCl3 and cxamined after vacuum infiltration

with wator.

"LECTRON MICROSCOPY

Proparation of material for cxamination under the electron microscope

Several gpidermal strips from 7 days old
cabbagn and lettuce hypocotyls and wheat colcoptiles wers stretchod
on slides, at diffcrent =nsgles to cach other, tzking carc to sce
that theoy wore nover damaged or distorted. The slides were then allowed
to dry in air, ringcd in distillcd water to romove any plont juicos,
and prepared by differcnt methods for cxomination.,
Czbbasre - The epidermal strips were shadowed with a gold/pzlladium

mixture at azn anpgle of tongent 1:3 to the slide, and covered with a
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film of corbon in o shadow caster. The slides were then flcod:d

with 2 5 % formvar solution in chloroform, and the solvont allowed

to eveporate in o drausht frue stmosphoere. The metal-carbon-formvar
replica was then stripped from the slide with gummed paper. The roplica
was floatcd off the summed paper by placing the lattor(replica facing
upwards) , on woter. The roplica wos picked up on o copper grid and
wnoshed with chloroform to remove the formvar,; and was then cxamined.
Lettuce - The epidcormal strips wero shadowed with gold/palladium

end covercd with carbon as for cabhaze. The slides were then flooded
with a 2 ﬂ formvar solution in chloroform. The chloroform was 2llowed
to oveporate as bafore, The slide was thon immersed in a 1 % solution
of collodion in acetonec. Tho acetone was allowed to cvaporate in &
drausht free atmosphsro. The replicas were stripped off from the
sliles using adhesive cellophane, and then placed in acetone to remove
the collodion. The replicas were picked up on copper grids and then
washod with chloroform to ramove the formvar, lcaving a metal shadowed
carbon replica for cxamination.

Wheat - The cpidormal strips wore shadowed with gold/palladium and
coverad with carbon as before. The slides were then soaked in strong
potassium hydroxide solution to dissolve =2nd remove the cpidermal
strip, and scparate it from the metal - carbon replica, which was then

picked up on o copper grid for examination.



46

Proparction of replicas far the growth of ths fungi

Ipidermal strips were placed on glass
slides 2s bcefors, and rinszt in distillced wator, After the slides
wore dry thoy were immersced in o 1 % collodion #olution, mads up
in 2 mixtur: of dicthyl cther and absolute eth-nol in the proportion
of 3 3 1. The solvent was ~llowed to dry in « draught free atmosphcere.
The collodion raplicas w.re atri-med off the slides with gummed papoer,
" leaving the opidormal strip bohind on the slide. Tho punmed papers
were floated on water, und the replicas wero picked up on glass
slidss, They weoroe thon shadowed with carbon.

The gslides were next imnersced in 5 %
formver in chloroform, and the solvent =llowed to cvaporate in a
Arausht free otmosphere. Tho whole film woas then stripped off with
rumned paper which was floated on water. The film was pickel up on
zlass slides, with tho collodion lnyer uppermost and air dried. The
collodion woas dissolved away in amyl acetate, added drop-wise from a
smzll pipette, loaving o positive carbon roplica on 2 formvar baso
on the slide.

Method ussed for growings fungi on carbon/formvar replicas

Th: slidcs containing the replicas
wore Trineed in distilled water, to remove mny tracce of impuritics
present on the replicas. Czapck Dox zaar was pourcd into 13 cm,
dizmeter Potri dishes. The slides contoining the replicas wore cleaned

with a picce of cotton wool moistconed with alcohol taking core not to
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touch the replica. The inoculum was o 3 mm. diameter disk, cut from
the cdre of a young colony srowing on potato dextrosce agar. The inoculun
weg placed ot the periphery of tho Petri dish. The funsous grow over

the zppar, onto th: =s1lide, =2nd cover the roplice.

Preoparation of homosenctos of host seedling tissues

Surfr.ce sterilized scods were sovm in
boskers contoining the liquid nutriont described on page 33. Hypocotyls
of cabbage 2nd lettuce sccdlings, and colcoptiles of whoat scedlings

to remove
vioro oir dried/exccss moisture. 30 g. frosh weight of the tissues
were added to 100 ml. distilled water 2t 4 °C., and the tissue
macerated in = Moulincx blendcr for 5 minutes. The coarsc material in
wheat was squeezed threursh nuslin, The homogenates woro spun ot
2°c. in a rofrigerated centrifuse at 16,000 g. for 20 minutes.

The super-natant liquid was storcd in

20 ml. portions at -20°C. Somo of the homogenates wore sterilized by
bringing to 4°C. and filtcring throush an Oxoid membrane filter 120
thick, the pores of which rangcd in size from 0+5 to 1-0m in the
upper layers ond 3 to 5a in the lower layers. The filtration was dons

under suction and the receiving flask was surround:d in an ice bath.
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Tochniques uscd in cnzyne znd toxin oxperimonts

Fngynos invostiontoed

1. Pectin nethylosterase (PME), which catolys:es the hydrolysis
of nethyl estor Arcups of pectinic acids to yicld methyl
alcohel and pectinic acids of lowor methoxyl content.

2. Pectin polypelsocturonrse (PG), which brecks the polysnlocturonide
chains of pectic acids at the a 1, 4 linkages to produce
shortur chains with the liberation of reducing sroups.

3. Ccllulesc, which hydrolyscs the a 1, 4 glucosidic linkages of
ccllulose chains, to produce shortor chains with thoe
liberation of r.ducinsg groups.

Cheomical moterials

1. Sodium polyncctate (NoPP), tho sodium ommonium salt of polygalacturonic
acid. (Referred to in the text as pectate)

2, Pectin (P). Both NaPP ond P wore obtained from Sunkist Growers Inc.,
Ontario, Coelifornis, U.S.4.

3. Carboxymothyl collulosc (CMC), high chain length polymors with &
deprac of substitution of 04, obtained from the Horcules
Povder Co.Inc., Wilnington, Delowarc, U.S.A.

4. Wood cellulosc (WAC), Solka Flec, (contoining 99-5 % ccllulose)
obtaincd from Brown Co., Boston, Mass., U.3.4A.

Rach of thesgo substances w.ru used as substrates for the growth of

the fungi, and NaPP, P, znd CMC wero olso uscd 2s substrates in the

cstimations of enzyme cctivities.
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Chomicols used in the measurcment of rcduecing ~roups

1. Copper roazont

Seolution A

NQ2CO3 (2nhydrous ) 25 g.
Rochells salt 25 re
NaHCO 20 =.

3 . pl
Na,80, (enhydrous) 200 7.

Thesc substancos wore dissolved in a2bout 800 ml. of wator by
warming to 30°C. It wre thon diluted to moke 1 litre, ond stored

at 25° C.
Solution B

15 % Cus0, containing 2 drops of HySO0, (cone.) per 100 ml.
Solutions A snd B werc mixed immediately beforc usc in the proportion
of 25 ¢ 1, to make up tha coppor reogont.

2. Developing roosent

(NH4)6M00 AH0 - 25 5. dissolved in 450 nml. distillcd water. 21 ml.

T
of H2804 (conc. ) wero added to this solution. 3 g. of Sodium arscnate
woro dissolved in 25 ml. of water and added to the ammonium molybdate
sulphuric acid mixturc. The mixture woo stirred, incubated at 37°C.

for 48 hours, znd stored in o dark glass-stoppured dottle nt room

tenmpsrature,
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Tochnique for obtaining culturce filtratcs of the fungi, grown on

synthotic substrates

Basal medium for liguid culturas

B3acto vitamin—froe casamine acids 04 %

o1 4
KH2P04 0-1 ]
Glucose 005 7
M350, . TH,O 005 %
FOSOA.7H20 0:56 p.p.m. Fo
CuSOA,5H20 0+06 n.p.m. Cu
7050, TH,0 0406 p.p.m. Zn
MnSOA.SHZO 0+55 p.p.m. Mn
H3B03 0+12 p.p.m. B
Na2MoO4.2HQO 0+26 p.p.m. Mo

4 different carbon gources wore used with the bassl medium in separatce
containers. Thesc were 3-

1% poctin, 1 % NaPP, 1 % CMC, and 1 % WdcC.

The pH of the media was adjusted to 5¢7 with 0.1 N NaOH and maintoinced
with 0+*2 M phosphate buffer, The media werc dispenscd in 50 nl. portions
in modicine flats and autoclaved for 20 minutes at 15 p.s.i. prossurc.
Thoe media wers inoculated with 1 ml, of o homorsenecus liguid inoculum
obtained 2s described on page 38, by srowing the funsi on medium B for
10 days at 25°C. Aftor inoculation the flots were incubated at 2530.

for 7 days. The culture filtrates were harvested by filterins off

the fungus under suction throuzh Whatman No. 541 filter paper. Salt
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extrocts »f tho fungi with 50 ml. of 2M NaCl for cach lot of nycelium
were also tzken. The mycelium was washed with distill:d wotor and
trznsferred to weighed zluminium foil cups, dried until no further
choneo in weight wos observo , and the dry weight determined. (Ths
weighings wore done after the cups containing the dry mycclium had
cooled to room tompersturc in v desicestor over calecium chloride. )

The culture filtrates were centrifurcd
at 10,000 g for 20 minutes to meke thon coll-froee, and stored in

20 ml. portions ait -20°C, until roquired,

Technique for obtoining culture filtrotes of the fungi srowing on

the host scedlings

Host seedlings woere grown undcor sterile
conditicns by the method describued on page 35, 500 cabbage or lettuce
scedlings were surfnce sterilized with mercuric chloride (see page 34)
and placed in cach of thc beakors. The scodlings were grown for 8 days
at 20 - 25°C. Storile distilled woater was used in the beskers. A 13
hour day wos provided 2s before with ortificial light. When the
seedlings wero 8 deys old, 1 ml, of o standard liquid inoculum was
applied ns described on paze30 . The funsus for the inoculum was
arown on medium A, but without ycastrel. (sce page 30). After inoculation
the beskers woere transferred fo on illumineted constant tempcoraturs
roon naintained =i 2500. and kept for 10 days. The beakers ware
swirlcd os often as possible each day so that tho liquid bathod tho

funrgus and the =cadlings.
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The culture filtrates woere harvested ten

days after inoculation with the fungi as follows; The glass cylinders

and rubber bands wore romoved from the beckers. The piocces of nylon

net with the seedlings growing through them wero cut into smaller

picces with a pair of scissors, and the whole mass agitated for 2

hours on a magnetic stirrcr, ond then strzined through cheese cloth.

Salt sxtracts wore taken using 300 ml. 0°2 M NaCl per tho contents

of

sach beaker. Those were added to the liquid which had heen strained

through the cheesc cloth earlicr. The extracts were thon centrifuged

at

16,000 g. for 20 minweles to mcke cell-free, and stored in 20 ml.

portions at -20°C. until required for use.

Standardization and dizlysis of the culture filtrates

to

of

of

of

in

of

of

of

The culture filtratos were standardized
make the different filtrates comparable. The culture filtrates
the fungi grown on synthetic substrates, as well as the cxtracts
fungus-infected host seodlings were dialysed agoinst scveral changes
distilled water at 4°C. for 24 hours. Thoy were then concentrated
a rotary evaporator under rcduced pressurc. The culture filtrates
the fungi grown on synthetic medis were concentratcd so that 100 mle
the filtrate corrosponded withOe5g&iry weight of fungus. The extracts

discascd seedlings were standardized so thatl00 mldof the extract

was obtained by the growith of the fungi on 1000 scedlings. This was

done as the actual amount of fungus could not be measured.
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Methods of cstimation of cnzyme activity

1. Pzctin methylesterase (PME)

h. Detoction of acid libernted from pectin using mothyl red indicator

PM% romoves the nmethyl cster groups
from mcthylated anhydro-ztlacturonic acids. The activity of the enazyme
is cestimated in terms of thc carboxyl sroups producad. 5 ml. of
the cnzyme proparation, adjusted to pH 55 was added to a mixture of
15 ml. 1 % poetin, and 1 nl. 2 M NoCl, with sufficient 0¢1 N NaOH
to bring the pH of the nixture tc 5.5, and distilled woter to bring
the total volume to 20 ml, A few drops of methyl red indicator and
toluone were addoed, and the mixtures incubated at 2590. for 48 hours.
Active enzymo preparations changed the colour of the indicztor from
beige to pink.

B. Estimation of carboxyl groups liborated from poctin by titration

PME activity of the enzyme preparations
was estimated by titrating tho free carboxyl groups liberatcd during
the enzymic deesterification of high methoxyl pectin egainst Q.01
N N20H (Kertcsz, 1951, p. 362). This was carried out ~s follows:-

Peetin was first washed to purify by
suspending 25 g. in 150 ml. of T0 % ethanol containing HC1 sufficient
to make the final solution 0¢05 N. The susponsion was agitated for
onec hour on o magnetic stirrer. It was then passed through Whatmon
No. 541 filter paper under suction and the sclid residue was washed

severzl times in 70 % cthanol until no further chloride could be



54

dstect d in tho washings when tested with AgNO3 golution. The solid
then washod once with 95 5 othznol aond dricd ot 7000v for 48 hours.
It wes allowsd to cquillibrate with air at room temperature for 48
hours. The moisturc content of the pectin was determinad at this
st~ge by dryinz at 70 'C. for 24 hours, cooling it in » desiccator
over calcium chloride to room tomperature and weighing.

For the ostimationAof PM:S cetivity, 20 ml.
of 2 1% w/v of washed pectin in distilled water, adjusted to pH 5°7
with O+l N NaOH, togethcr with 5 ml. of M NaCl was used as tho substrate
in 100 ml. beekors. At time 0, 5 ml. of the cnzyme preparation was
added, and the pH adjusted to 5+7 within 2 minutes. The rocaction
mixturs was stirred continually with a mapnetic stirrer. The carboxyl
groups liberated wore titrated with 0-01 N NaOH to 2 constant pH
of 5¢7 usin: a Pye Cambridge pH meter. The pH was not permitted to
change more than 0+5 unit from the stated pH value during the
cxperiments.

The quentities of NaOH added and the
times of addition wore recorded, hence the ug. equivalents of carboxyl
groups, and the degrce of deesterification.wore obtained. The activity

was oxpressed os the porcentsge hydrolysis of methyl ester groups.

% hydrolysis Pl COOH liberated
Az. COOH liberated by complete deesterification
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2. Pectin polygalocturoncse (PG)

A Tstimation of PG activity by the roduction in viscosity of P & NaPP

The ability of enzyme preparations to
reduce the viscosity of solutions of pectin and pcectate, has been
uscd by many workors to estimate PG activity. Enzyme activity
estimeted in this way is rocferred to in the text as PG(viscosity) activity.
Pcctin and peetate wore washed as described for pectin on pages 53 - 4,
before uso.

Five sizo 200 Cannon-Fenskoe viscometers
werc used in a water bath maintained at 2500, and controlled within
1/4 ‘c. by means of 2 morcury toluenc thermostot. The water bath was
stirred mechanically, Tho flow times for 10 ml. of distillcd water
wore determinoed for cach viscometer,

The cnzyme/substrate roaction mixtures
congisted of 5 ml. of substrate (pectin or pectate 1 % w/v solution
adjusted to pH 5:7 with O+1 N NaOH), 2 ml. of 0+2 M phosphate buffer,

2 nl, distillcd water and 1 ml, of thc onzymo preparation. The cnzyme
preparation weas brought to 25°C, and was added to the roeoction mixture
in the visconecters.at time 0. Mixing of the rucction mixtures was done
by bubbling, and the flow times wero recorded at times 1,5,10,15,20,
25, and 30 ninutcs from zoero time. As controls the flow times for
gimilar mixtures using cnzyme properations autoclaved for 15 minutes

at 15 p.s.i. presgsurc and cooled to 25”0., were recorded, Relative
viscosities worc obtained by dividing tho flow times by those for water

for tho samc viscometor. Curves wore drawn, plotting relative viscosity
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against time. The times taken for a 25 % or a 50 % roduction in
viscosity of tho maximum possible were calculated from the curves.
Activity is oxpressed as followgss—

PG (viscosity) activity = 100
time for 25k(or 50%)roduction in viscosity

B. Estimation of PG activity by the measurement of the rzducing groups

prodused from pectin or IJuPP

The reducing groups were cstimated by
the micro-Somogyi mothod as modifiod by Nelson (1944). The reaction
mixturcs consisted of fho following:c-
10 ml. of & 1 7% solution of pectin or pectate adjustod to pH 5°7 with
O+1 N NaOH; 4 ml. of 02 M phosphate buffer at pH 573 4 ml, distillead
water and 2 ml, of the enzyme preparation.

At time Q, the enzyme preparation was

added to the reaction mixture, in Erlenmeyer flasks, and shsken.
At verious times up to 24 hours, 1 ml., aliquots were taken from tho
mixture and added to 2 tube containing 1 ml. of the copper reagont.
(In some cases 0+5 nl., of the rcaction mixturs was ussd with 0.5 ml.
of weter.) This was boiled in 2 water bath 2t 100°C. for oxactly
20 minutes, and cooled immediately after to 20°C. When cooled, 1 ml.
of the developing rcogent was added and allowed to stand until the
reaction had stopped, as observed by the stoppage of frothing.

The contcnts of cach tube weaes then made up to 25 ml. with distilled
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water,; and read on an ¥.E.L. colorimeter using o red filter (No. 205,
watcr was used instead of the reaction mixturc as the control
standard for colorimetry. The colorimetor rcadings wore calibrated
with standord glucose solutions (5 - 50,uz. per ml. ).

The reducing powers of the mixturcs weore
ostimated in terms of sug. oquivalents of a-galacturonic acid.

PG (rcducing groups) activity wes expressed as the percentage hydrolysis

of the 1, 4 glycosidic linkages in the a-galacturonic acid polymer.

3. Collulase

A, wstimation of cecllulase activity by thoe reduction in viscosity of CMC

The method is based on the ability of tho
enzynme preparation to roduce the viscosity of solutions of CMC, and
was similar to the method used for the estimation of PG (viscosity)
ectivity, cxcept that the recction mixturcs contained a 1 % w/v solution
of CMC instcad of P or NePP. Cellulasc (viscosity) activity was oxpressed
ag for PG as follows:-

100

time for 25o(or 50%) rcduction in viscosi

Collulase (viscosity)activity =

B. istimation of cellulasc activity by the measuremont of the reducing

groups liberated from CMC

The method used was similar to that used
for the estimation of PG (reducing groups) activity except that a

1 ﬁ w/v solution of CMC was used in the roaction mixtures instcad of
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pectin or NaPP. Ccllulase (rcducing groups) activity was calculated
in gz reducing sugars libercted, and expressed in teorme of the
percentasge hydrolysis of the 1, 4 glucosidic linkages in the CMC
polymar.

% hydrolysis = e glucoga liberated
Jue glucose polymer originally prosent
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EXPERIMENTAL WORK AND RESULTS

1. Determination of pothogenicity

Tho pathogenicity of the threc fungi to
cobbags, lettuce and wheat seedlings was investigated as follows:-
The peat sand/fertilizor nixture (scc page 32), wes put into bhitumen
coated tins, so that each tin was about half full. About 150 g. of
the mixture was infosted with the sand/oats inoculun as described on
page 37. The infested mixture was placed in the half full tins,
and brought tc a moisture content suitable for seed sowing.

Twenty five seeds were sown in each tin
so that they wero equidistant from cach other. The cabbage and
lettuce socds were sown 5 nm, and wheat seods 10 mm, below soil levol.
The experimonts were done in winter in a groenhouge, with additional
light for 13 hours each dey from 80 watt, daylight type, fluorescent -
tubos spaced 5 cm. apart, and suspended 24 cm. from ths soil surface.
The light intensity at the surface of the soil was 800 - 850 lumens
per sq. ft.

szeh treoatment was done in triplicate,
and the seodlings were removed daily, as soon as they were seen to
be dissased. During the experiment, the temperature of the greenhouse
did not fall bolow 16°C. and excceded this only for relatively
short periods. The results given in Table 2, show the final stand

of seedlings 28 days after sowing.
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Table 2

Pathogenicity of tho fungi towards hogt geedlings in the soil

Pungus Final stand of seedlings after 28 deys, as
% of sced sown , Standard errors of means arc
given
Cabbage .| Lettucs Wheat
R.sol-ni(s) 0 86+7 + 8-3| 89-3 & 30
R.solani(L) 7446 + 8-3| 10.6 + 18| 826 + 18
C.praticole 0 0 640 t 3°2
Nil 92°0 & 3+2 | 85-3417-4 | 85°3 & 3°2

R. solani(S) killed all tho cabbage seedlings before emergoence,

but had no offect on lettuce or wheat scedlings. R, solani(L)

had no effeect on whsat and caused o little post-emergonce damping-off
of cabbage. It was, howover, highly pathogonic to lettucs, although
it killed smusceptible scedlings morce slowly than did the other iwo

fungi. C. nraticola killed 2ll the lottuce and cabbage secdlings
2 oL >

bofore cenergence, and it also killed a few whoat secdlings before

emorsence, but nrone after emergence, C. praticola was far less

pathopgonic to wheat than it was to tho other two hosts.
From these cxperiments, the pathogonicity
of tho threc fungi to those hosts can e sunmarized as shown in

Table 3.
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Tablc 3

Pathogenicity of the fungi towards the host scedlings

Fungi Cabbege Lettuce Wheat
R.soloni(s) ++ - -
R.solani(L) - -+ -
C.Dratigglg 4t ++ +

4+ = Sevaerely pathogenic
+ = weakly pathogenic

- = not pathogenic (no damping-off)

These results were confirmed in another
experiment which was carricd put ascptically. Cabbage and lettuce
seeds were surfoce sterilized by washing for 3 minutes with Hg012 as
described on page 34. Wheat seeds were sterilized by washing with
HgClz, and then, AgNO3 as described on page ¥} for 5 minutes in each
sterilant., A small number (c. 30), of each type of seed was placed
on a disk of sterile Whatman No. 1 filter paper, moistened with 10 ml,
of sterilized nutricent solution (see page 33), in sterile Petri
dishes. All ungerminated seceds, and sceedlings in excess of 25 were

emoved after 5 days. In the centre of each dish was placed & 5 mm.

diametor disk taken from the edge of a young colony of the fungus,
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growing on potrto-dextrose agar. The dishes wers incubated in swyorile
plestic boxes, with the Petri dish 1lids romoved, ~t 22 C. Eoch
troatment was replicated five times and the rosults, aftcr 12 days

aro shown in Table 4.
Table 4

Pathogenicity of the fungi in pure culturc

Fungus Final stond of seedlings as a %of the initial
Cabbage Lettuce Wheat
R.solani(s) 2 100 100
R.solani(L) 100 6 100
C.praticola 0 0 100
Nil 100 100 100

These results fully confirm those obtained
parlier, and showed clearly that both the strains of R. solani wore
highly specific in thoir parasitism, that C.praticola parasitized
both cabbage and lettuce, and that wheat secdlings were tolerant to
cach of the three fungi.

Beforo proceeding further, isolations
wer: made from diseased seodlings from the soil experiment, and a

tynical isnlate of each fungus was used in znother soil experiment
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developrient of short loteral branches, between which anastomoses were
often formed. It is clear that the fungi R._solani(S) and R, solani(L)
used in the present work, are what Flentje (1957) regards as "specialized
stem-attacking strains", and that the cabbage strain R. solani(S)

is similar to the radish strain used by Flentje, who stated that

1t attacked stems but not reots. Althoush not stated, this strain was

presumably spocific in its parasitisn.

3. Effcct of host oxudates on the fungi

The offcet of host exudntes of the fungi
was investigated as describced below. The apparatus described on page
35 and shown in Plote 2, was used to grow the scedlings under aseptic
conditions. Cabbage and lettuce seceods were surfacc sterilized with

0+1 % HgCl,. for 3 minutes, end whent seed with 0-1 % HgCl, for

2

2 minutos and thon, 0-1 ¢ AsNO. for 4 minutes a2s described on pago 34.
b 5

3
After thorough washing, thou surface disinfocted seeds wers placed
on the nylon net so as to cover most of it. The conditions of temperature
and illumination arc given on page 35.

In some oxperiments, tho water level in
the beakers was 2t the level of the nylon nct, at the start of the
experiment. Each day ths beakers were gontly swirled for a time, so
that the surfaces of the seccds and the lower parts of the plants wore

gently washed, to dissolve any substznces that might have accumulated

on these surfaces. The liquid in thesce beskers wes congidered to
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contain exudates from the roots, and some cxudates from the seeds and
the the other parts of tho plants.

In othor exporiments the cylinders with
the germinatin:g; sceds wore romoved 4 days after sowing, and werc washed
well in sterile wonter., Thoy were thon put into fresh lots of sterile
water, the leoval of which was 10 mn. below the nylon net. In this way
it was hopod to got exudatss from the roots, uncontaminated with
substences from the other parts of the plants. A fow beakors became
comtaninatod ond these were discardod.

After incubation for 2 weeks, the liquid
in thc beakers was collected, and samples wors removed to test for
contaminants. The rest was split up into a number of small volumes,
(about 20 ml.) stored at —QOGC., and thawed as required. Aftor thawing,
the exudetes were centrifuged ot 10,000 g for 20 minutes to remove
21l the insoluble matter, and then concentrated in a2 rotary
evaporator under reduced pressuroc ot 30pG., so that 1 g. of dried
root material correspondcd to 15 ml. of the final solution, The
method of bio-assay is described on page 38.

Tabls 6 summarizes the results for a serics
of experiments in which the exudatos;used came from scedlings which
had not beon vashed. They were placed with their roots in the final
solution. The exudates arce, therefors,in respect of root, soccd and
hypocotyl (or coleoptile) together. Each of the figurcs shown is

the mean for 24 oreas above 24 islands, and cach is the percentage
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increase in growth relative to the control in which the filter paper

was moistened with water. In all, exudates from eight beskers waere

tested for cach snecics.

Table 6‘

Bffect of exudates from roots, sceds and hypocotyls of cabbage and

12ttuce, and roots scods and coleoptiles of whdat mecdlings on the

growth of the fungi

txudate % change in growth of tho fungi
R.soloni(s) R.soleni(lL) C.praticela
Cabbage + 32+9 + 37-9 + 44.6
Lottuce + 1200 + 147-0 + 1470
Wheat + 2+9 + 150 % 2°9

Analysis of vericnce:-

Interaction effects - exudated x fungi were not significants
xudate effcets were just significant at P = 0°01 and very highly
significant at P = 0°055; Fungus effects wore just significent at
P = 005, The sirmificant differcnces betweon any pair of meens

of exudote offects were:i= 6+9 2t P = 005 and 91 at P = 0°01.
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Bxudates from wheat roois had practically

no effect on the arowth of R. solani(S) and €. praticola, and stimulat.d

the growth of B;EEEEEE(L) only slightly. ¥xudates from coabbaze roots
stimulated the growth of oach fungus to about the samo extent (30-40 %),
There was some indication that tho growth of C.praoticola was stimulated
slightly more than the growth of thoe other two fungi. Wxudatos from
the roots of leottuce wore by far the most effective, stimulating the
srowth of cach of the fungi by 120 to 150 %. Therc was an indication
that the growth of tho cabbame strain was slightly less stimulatod
than that of the ether two fungi, but no evidence that the offcct
of cabbage and lettucce cxudatos on the growth of the two R.solani
igolates was at 2ll releoted to the susceptibility of these two
hosts to dissasc. On the other hand, exudates from wheat which was
r.gist:nt to cach of bthe funsi, stinvlst-d funfus rrovyith only veory
éldahtiy.

In a further scries of experiments,
the concentration in the cxudates, of substances from plant parts
othor than roots wers rcduced by washing the young secdlings 4 days
oftor sowing, and placing them so that only their roots were immersad
in the watcr. The results of thesc experiments are summarized in
Teblo 7, where the mean fizures given cre in rospeet of 24 islands.

Wach figurc is tho percentase inerens - in growth relative to the conmtio’,
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Table 7
iWffoct of oxudates from roots of cabbage, lettuce and wheat

scodlings on the srowth of the fungi

Exudates % change in growth of the fungi
Cabbage R.solani(s) R.soloni(L) C.proticola
Cobbage + 38°5 % 40+8 + 39-7
Lettuce + 142+0 + 1A7-5 + 1396
Whaet + 29 + 66 + 83

Anolysis of varionce:-
Interaction effects - exudntes x fungi, and fungus offccts, were
ingignificant. Exudatc effects were very highly significont ot
P = 0°01: Significont differences betwecn any poir of mecns of
exudote offects weres 3°7 at P = 04053 ~nd 48 at P = 0-01.

These rcesulis were olmost exactly the
same g before. They differed only in the effects of tho coxudates
of wheat on the growth of R.solani(L) and .praticola, and these

differences werc not of great importonce.
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4, nffect of root exudatcs from plants of different agos on

the growth of the fungi

The apparatus described on page 35
wos used for these experiments. The surface sterilized secds woere
sown on the nylon net, and the secdlings wore allowod to romain
in gitu for 7 d~ys. The liquid in which tho roots hod grown wan
then colleccted ~nd concentrated as bofore - 7 day exudztc.

In 2 soacond seriuss, the seedlings were
removed from their beockoers a2t the cnd of 7 days, woshed well with
sterils distilled woter, and ploced with their roots dippinz into
a fresh lot of distillcd water, wherc they woere allowed to remain
for o further 7 days. The solution was then collected and concentratod
28 before - 7 to 14 doy exudate. This was repeated for o third
sezrics to give 2 14 to 21 doy exudate. These exudates were then
bio-agsayed as before. Wach treatment had 6 replicates, and the

results arc summoarized in Table 8.,

Agoin, the exudate from wheat had little
effect on any of the fungi. There was appreciable stimuletion
of fungus growth by the cabbage exudates, only when these had
becn collectcd during the first seven doys of growth of the seedlings.
Afterwards, there was little stimulotion of growth. By fox the
bigeest effect was obsorved with the lettuce exudates colloctod

in the first soven days. There was far lege stimulation by the
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T - 14 doy exudatss, but it was still greater than that given by
the best of the cabbage exudates. The 14 - 21 day lettuce exudates

had practically no effoct.

wffect of eoxudsotes from soecdlings of diffceront ages on the

srowth of the fungi

wxudate Ags of the % change in growth of the fungi
exudate i
(doys) R.solani(S)] R.solani(L)| C.praticola
Cnbbage 0 -7 + 34 v + 26 + 29
7 - 14 + 10 + 11 + 11
14 - 21 + 7 + 8 + 12
Lottuce 0 -1 + 133 + 111 + 120
7T - 14 + 37 + 44 + 39
14 - 21 + 6 + 2 +5
Wheat 0 -1 + 6 + 4 + 11
7T - 14 +5 + 4 + 14
14 - 21 +5 + 6 + 4

Analysis of voricnce:-

The following effects werc not significant; fungus; interaction

fungus » exudntes interaction - fungus x time; interaction -~ fungus x
exudate x timey The following effectn were highly significant at P = 0.01

cxudates times; internction - exudate x time. The significant diffoerences



71 )

between any pair of mezns of exudate or time effccts weres
32 at P = 0053 and 4¢2 at P = 0:01. Sipgnificant differences betwoecen

means of ecxudate x time effects worey 5°5 2t P = 0:.05¢ and 73 at P = 0.01
Once agnin, tho cabbage and lottuce exudates did not affect the growth
of either of the R.solani isnlates, in ways corresponding with the

pathomenicity of thesc isolates.

5. Attochnent of the fungi to, nnd their organization on plont surfaces

Thoe behoviour of the funsi on the surfaces
of the host seoedlings wore exomined in the following way. Cabbage,
lettuce and wheat socds was  sown on filter ponor, meoistencd with
the host ligquid nutricnt described on page 33, in Petri dishes.
The germinated secdlings were picked up 4 days later, washed in sterile
water, and ploced in sterile dishes, which were in turn ploced in sterile
plastic boxes. The sterile disheg carried a piece of filter paper os
befors noistened with the sane nutrient solution.

Tho sceodlings wore inoculated with rings of
agar placod around the hypocotyls (or coleoptiles), and examined
periodically ovor the seven days after inoculation, after staining with

1% aqueous ¢otton bluc. Tho obgsrvations are summarizaed below.
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1. Cabbose scedlings
2

=) R.soloni(s)

Well devcloped infeection cushions, s
described by Shoephard (1957), for this isolate, were present in
abundanece, and there was o charncteristic oricntation of the hyphoe
nlonys tho lonmitudinal axis of the hypocotyls. The mnjority of the
hyphoo followed the lincs of junction of the cpidermal cells, and
most of the romainder grew perallel to these junctions., No infection
cushions were obscerved on roots, cotylecdons or lenves, although
on youns stcems, the hyphao worce orientated to some ecxtent along tho
lincg of Jjunction of the epidermal cells.

b) R.solani (L)

There was great variation in the formation
of infuction cushions by R.soloni(L) on cabbage plants. On some
hypocotyls mnny infection cushions werc present, on othzrs, only
= few werc observed, while on still others there woro nonc. Somctimes
the infcetion cushions werc only loosoly attached to the surface
of thc hypocotyls. Marked oricntation of the hyphac along the lines
of junction of the epid.rmcl cells woe observed, cven on plants
which hnd no infoction cushiong on then, Oricntation of hyphac wos
a constant footurs, but the formation of infection cushions was
somewhat srratic. The structure of the infection cushirns was similar
to that described by Flentje (1957), and Shophord (1957). No infection
cushions or orientation of hyphnc, wore obscrved on roots, stems,

cotyledons or lenves.
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¢) C.praticoln

Mogsive infection cushions were produccd
on the hypocotyls in grooat abundince. The hyphac choracteristically
followed the lines of junction of the epidormel cclls, and grew in
the scome dirceticnsg on the rest of the cell surfaces as well., Roots,
cotyledonsg, and leaves cnrricd no infoetion cushions, and there wos
no orientation of hyphae on ~ny of these orgaons, though cotyledons

wore parisitizod snd contained masses of hyphoe.

2. Lettuco scedlings

Infeetion cushions werce formed only rarcly,
and thosc that wore produced, were not well developed, and were only
loosely =attoched to the surf&ceéo The hyphne, however, srew along
tho lines of Jjunection of the epidermal cells, and over the faces
of the cclls. No infection cushions or orientation of hyphae were
ongorved on roots, cotyledons, leaves ond stems,

b) R.solani(L)

Numerous, large, well devoloped infection
cushions wore obscrved on hypocotyls. Some wore also present on the
petioles of tho cotyledons. Thers was much orientation of hyphae
along the lines of junction of the apidermal cells, and along the

cell facoes as well. (see Platos 4 and 5 Roots, stoms and cotyledons

wore free from infeecticn cushions, and orientation of hyphae was not

observed on these orsns.
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¢) C.praticola
Numerous massive infection cushions were

produced on the hypocotyls, and ther: was profusc growth of the hyphte
2long the lines of junction of the epideormal cells, and olsowherc,
along the surfaces of the cells, Infection cushion wore not present
on the roots or cotylcdons, although the cotyledons were parasitized.
Although the hyphae grow over the cotyledons there wos no choracteristic
orientation.
3. Wheat
&) R.solani(s)

Infoction cushions formed occasionally
on the coleoptiles., They werc sometimes firmly attached to %ho coleoptile
but morc oftcn, they werc only loosely attnched. The hyphae often,
though not 2lways, grew along tho lines of Jjunction of the epidermal
cells. Otherwisc they mrow morse or less ot random ovear tho coll surfuce.
No infection cushions or orientation of hyphae wors observed on roots
and leaves.
b) Resolani(L)

A fow infaection cushions worce observed
on the colecoptiles, but none on the roots or leaves. Hyphae grew along
the lincs of junction of the epid rmal cells, but wore 1ooselﬂ attached

to the coleoptile surfac:.
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c) C.praticola
Infection cushions were formed on the coleoptil
surface. The hyphac grew along the lines of junction of the colcoptile
cpidermal cells. The infoction cushions were comparable in size, to those
formed on tho hypocotyls of cabbage and lettuce. Roots and leaves were
frce from infection cushions, though the hyphac grew over the leaves.
In many cases the hyphae wore only loesely attached to the coleoptile.
Tho above observations arc summarized in Table®
Table

Attachmont to, and organization of the fungi on host surfaces

Host Organ Fungus
R.solani(S) R.solani(L) C.praticola
Cabbage Root - - -
Hypocotyl ABC ABC ABC
Stem - - A
Cotylcdon A A A
Young leaf A - A
Lottuce Root - - -
Hypocotyl ABC ABC ABC
Stom - - A
Cotyledon - A A
Young leaf A A A
Wheat Root - - -
Colooptile ABC ABC ABC
Young leaf - - A

A ~ Fungi attached to surfacc, growing over it
B - Fungi growing along lines of junction of eopidurmal cclls

C - Infection cushions formed
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FProm Table 9 it is clear that the three
fungi are not root parasites. Nonec of the fungi formed infection
cushions or grow along the lines of junction of the epidermal cells
of cotyledons, young leaves or stems. There is no strict rolation
betwecen the ability to parasitize 2 host, and/ the orientation of
hyphae and the formation of infection cushions on it. There is,
hovover, an indication that these fungi do form adhesive structures
more froquently on hosts which they can poarasitize then on hosts
which they do not attack. In thisg raspoct those results do not
agrce with thosc of Kerr and Flentjs (1957), who stated that strains
not pathogenic to o host, fail to bccome attached to, or organize
on the stem.

6. Naturc of th. stimuli lecding to infection cushicn formation

hAccording to Kerr and Flentje (1957),
infection cushions are formed in rosponse to substances diffusing
through theo cuticle from the underlying cpidermal cells, acting in
conjunction with = contact stimulus. To investigate the applicability
of this assertion to the host-parasite combinations used in the present
work, a serics of experiments wcre carried out with epidermal strips
romoved foom cabbage and lettuce hypocotyls and wheat colcoptiles,

They were ploced cuticular surface facing upwards, on the surface
of 1+5 ¢ distilled wator agar in Potri dishes. A 5 mm. diameter
disk, takon from the edge of o youns colony growing on potato doxtrose

ager, was placed in the centrc of cach Petri dish.,
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In the treatments outlined below, the
cpidernal strips woere from & deys old plants grown, =zs described on
page 35 , under sterile conditions, in nutrient solution (sec page 33).
Troatmonts:-

1. The epidermal cells were well washed in sterile water beforc
being placed on the agar surface.

2. The epidermal strips were washed with water, in 70 % ethenol,
in diethyl ether, and finally in sterile distilled water.

3. The epidermal strips were washoed in water, autoclaved in o
lMc Cartney bottle in water for 10 minutes at 15 p.s.,i.pressurc
and washed again in sterile distilled water,

4. Tpidermal strips were placed directly on the agar surfaco
without washing.

Five days after inoculation, the epidermal
girips wore examincd for infection cushions and for the orientation of
tho hyphae. The rcesults arc summarized in Teble 10.

On sach type of epidermisg, the threoe fungi
grew 2long the lines of junction of the epidermal cells, except Eng;ggi(é
on wheat colcoptile cpidermis strips which had been trecated with ethanol
and ether, All three fungi formed infcetion cushions on each of the
untrzated epidermis strips,; and onm thosc washed in water, C.praticola
also produced them on cabbage hypocotyls washed in etheanol ond ether,
but this was the only combination wherce infection cushions were formed

on azutoclaved or cthanol and cthor txo0ated epidermis strips.
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Table 10
Behaviour of tho fungi on epidermal strips of cabbage and lettuce

hypocotyls and whont coleoptiles, treated in various ways

Wpidermis  Fungus Trcatments
Washad Washed in Washed & Nil
in water  ethanol & autoclaved
othcr
Cabbage R.soleni(S) 4B A A AB
R.solani(L) AB A A AB
C.praticola  AB AB A AB
Lettuce R.soleni(S) AB A A 4B
R.solani(L) AB A A AB
C.praticola  AB A A AB
Wheat R.solani(S) AB - A AB
R.solani(L) AB A A AB
C.praticola  AB A A AB

A — The hyphac grew along the lines of junction of the cpidermal cells

B - Infection cushions wore formed

It is clear that washing in water had no cffect on the orientation
of the hyphae, or on the formation of infection cushions. The cothanol
and ether, and the autoclaving treatments, however, apparently did
not alter the surfaces of the cuticles sufficiently to prevent the
characteristic oricntation of the hyphae, although somc significant
changs did occur, becaus: infection cushions were not formed except

in onc casa.
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Thesec results however, did not provide & complete answor, as they
could also bo explained on the hypothesis that substancoes pressnt
on the surfaccs of the cells had not boen washed off completely,
the rosiducvs causing the hyphace to orientato.

This line of investigation was porsued
further by attempting to grow the fungi on drisd piccos of epidermis
of cabbagc and lettucs hypocotyls, =nd wheat coleoptiles. Here again,
the object was to romove any water soluble substances, so that it
could be assumod that the dricd pieces of epidermis would be chomically
inactive.

Epidermal strips from cabbage and lettuce
hypocotyls and wheat coleoptiles werce rinscd in distilled water, and
ploced cuticular surface upwards, on cover glasses measuring 5°€ by
2«1 cm. The two ends of cech cpidermal strip were attached to the
cover glasses with adhesive cellophance. The strips were thon allowed
to dry for omno hour, after which they were well washed with a fine
jet of sterile distilled water from o pipettc. The cover glasses were
allowed to dry for o furthor 24 hours, after which they were placed
with the opidermal strip uppermost, on the surface of 15 % distilled
water agar in Petri dishes. The agar plates wore preparcd one week
before the cover glasses were placed on them, =nd kept at 2500., to
remove any traces of moisture which might have condensed on the Petri
dishos. The agar wos inoculated with a 5 mm. diameter disk cut from

the edge of 2 young colony of fungus, growing on potato dextrose agar.
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Aftor 5 days the fungus had grown over the agar, tho covor glassos,
and tho dricd cpidermel strips. Thoesce wers stainzd in O-1 % aguoous
cotton bluz before .xamination.

In a sccond coxperimont thoe strips were not
washod before fixing to th- cover glassocs and drying. Bach of the thres
fungi formed infection cushions, and grsw along the lines of junction
botwoen opidermal cells on the throe types of cpidermal strips,
irrospective of whoether they were washed or not.

gffect of host cxudatcs on the formation of infoction cushions on

opidermal strips

Epidcrmal strips from 7 dsy old cabbage
and lettuce hypocotyls and whoat colcoptiles were rinscd in distilled
water, and placod cuticular surface upwords, on the surface of 7 ml.
of 1°5 % distillcd wator ager in o Petri dish. The opidermsl strips
were cquidistent (20 mm.) from a contrally placed inoculum of the funguv-
consisting of & 3 mm., diamctor disk cut from tho cdge of & young
colony growing on 1°5 % distillod water agar. On some strips was
placed 0-005 ml, of & O — 7 day concentrated host cxudats, and on
the controls, the same quantity of water. After 5 days the number of
infection cushions in o standard field of viow under thoe low power
of the microscopc was counted for cach epidermal strip. Each treatment

was roplicated five times and the results are summorizoed in Tablo 11,
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Table 11
The offect of host exudates on the formation of infection cushicns
on strips of cpidermis of hypocotyls of cabhage and lottuce, ond
colecoptiles of wheat

Fungus Epidirmis Mean number of infection cushions in a field
of view (x 100) under low power magnification

fxudates

Cabbage Lottuce Whont Water

R.soleni(S) Cabbage 4-4 4+0 54 4-0
Lettuce 1.2 1-0 0-8 1.2

Wheat 0°6 0-4 0-6 0.6

R.solani(L) Cabbage 10 1-0 0-8 0-8
Lettuco 48 44 642 46

Wheat 0-8 0 0+6 0-4

C.praticola Cabbage 7°6 78 6+0 8«4
Lottuce T2 7-0 58 T2

Wheat 2°0 1.0 1-6 1.4

Analysis of variance;-

The following cffects woerc not significanty exudato; interaction

exudate x fungus; interaction exudate x epidermis x funguss Ths following
offcets were highly significant at P = 0°01: cpidermis; fungusg
interaction cpidermis x fungus. The significent differences for fungus
and cpidermis offccts werc:— 0404 at P = 0405 and 0+06 at P = 0-01

betwoen any pair of moans. The significant differences betwesn means
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for intecraction cpidormis x fungus cffects wore 0¢8 at P = 0°05,
end 1«1 at P = 0-01,

Tha offeets of tho cxudates ns comparcd
with wotor was not significant 2t P = 0.05, but the formation of
infection cushions diffored very significontly with fungus, and with
different types of cpidormis. The mcon valuss for the numbers of
infaction cushions formaed on the differont types of cepidermis are
given in Table 12.

Table 12

Formotion of infaction cushions on different types of epidermis

Fungus Epidermis

Cabbage  Lettuce Wheat

R,solani(S) 4+45 1-05 0-55
R.solani(L) 0°+90 50 0+45
g;Praticdla 7+45 6+80 1-15

The significant differonces weros— 0«4 at P = 0°05 and 0+6 at P = 0+01.
It is clear that eoch of the fungi formed

infeetion cushions much more readily on piecos of cpidormis from host

plants to which they were normally pathogconic, Relatively few infection

cushions werc formed on the cepidermis of rosistant hosts., This is

perticularly well illustratcd with wheat, which was less susceptible

to attack by sach of the fungi, and nonc of them formed mony infection

cushions on tho cpidermis tekon from wheat coleoptiles.
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Bffect of destiroying the configuration of the cuticulor surface, on the

formation of infoction curhions on cnbbage and lettucc hypocotyls

and wheat colcoptiles

Picces of cabbage and lattuce hypocotyls,
and wheat coleoptiles 10 mm. long, wore taken from 8 day old plants,
and immersed mementorily in a concentrated solution (c. 25 % w/v) of
collodion in o mixture of ethonol and diethyl ether in the proportion
of 3 : 1. The sclvent was allowed to evaporate immediately in air.
In this way the cuticular surface was covered with 2 film of collodion,
gso that any ¢ffocts on the fungi of the physical charactor of the
surface of the cuticle would be eliminatod. The tissues were thon placed
on clean cover glasses 10 mm. in diometer which were placed on Czapck-Dox
egar in Peotri dishes, inoculated with a 5 mm. diamcter disk, takon
from the edgc of & colony of the fungus growing on potato dextroso agor.
Czapek-Dox agar was used s it had o known standard composition.

In the controls the tissues weroe dipped in
the solvent, which was allowed to dry immediately in air. After 5 days,
the bohaviour of the fungi on tho tissues were examined. No infection
cushions wore formed and there was no growth of the hyphae of any of
the three isolatos, along the lines of junction of the epidermal cells
on the tissucs covered with colledion. On the controls there was the
norm~l formation of infection cushions with the characteristic orientatio
of the hyphoe. These rosults indicnto the importance of the surface om

the orgzonization of tho hyphace on it.



85

9. Behaviour of the fungi on replictzs of the plant surfaces

Corbon-formvar replicas of cpidermal strips
of cabbage and lettuce hypocotyls and whort coleoptiles were preparued by
the method described on page 46, and the fungi wers grown on these
rceplicns ns doscribed on puges 46 - 47. The following observations
were mado.

On almost every replicn thore was some
oricntation of the hyphoe clong the lines of Junction of tho epidermal
cells, and elsewherc, on the cell surfaces, in o longitudinal direction.
The dogrec of orientztion, however, was variable, even botween roplicates
of the same trestments. For instance, the hyphace appearcd to be more
orientated on some lettuco replicns than on others, but all the replicas
showed it to some extent.

Infoction cushions, identical in appearence
with thosc on the hosts, wore never formed, but with C.praticola on
cabbage and lettuce replicas, clumping of the hyphae =2nd the formation

of short lateral branches wore observed (see Plate 6). R.solani(L)

produced nggregations of hyphae on lettuce and on eabbage roplicas,

and R.solani(S) produeéd similer clumps on lettuce roplicas. A1l thesc
structures wore somewhnt loosely orgonized tufts of hyphae and cannot be
rogarded os true infection cushions. Plate 7 shows the hyphae of
E,solani(s) oriontoted on the roplica of o cabbage hypocotiyl surfaco.

These results 2re summoarized in Table 13.
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Table 13
Behaviour of the fungl on replicas of surfaces of cabbage and

lettuce hymnocotyls and wheat colcoptiles

Fungus Replicns
Cabbage Lottuce Wheat
hypocotyl hypocotyl colcoptile
R, soloni(s) A AB A
R.soloni(L) AB AB A3
C.preticola 1B 1B AB

A ~ Hyphnco oricntated longitudinally
B ~ Tufts of hyphaoc formod
It would be difficult to attaoch importance
tc the tufts of hyphee, which were produced haphazordly over the
surface of th: replicas. It is however, of significence that there
was gome oriontation of the hyphace on euch of the replicos.

10. Bohoviour of the fungi on inverse roplicnus of surfoces of hypocotyls

s o = ot i e -

of cobbzae 2nd lettuce and colcoptiles of wheat

Inverse replicas of the surfaces wore
proparcd as follows. Bpidermnl strips from cabbage and lettuce hypocotyle
and wheat colcoptilos of 7 day old plants wore placed on glass slidos
with the cuticulor surfacoe uppormost. They were dried in air, rinsed
in distilled woter ~nd dried 2gain, ond then shadowed with a film of
carbon, The glides woere then flooded with 2 § % formvar solution on

chloroform, and the solvent allowed to cvaporate in o draught froe
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etmosphere. The carbon~formver replice was stripped from the cpidermis,
with gummed poper. It was floated on watcr to rimove the cummed paper
cnd the replicas wore picked up on glass slides and allowed to dry.

The fungi wore grown on these r.oplicas as dracribod on page 46,

The renlicas worc examined 5 daya after
inoculation, No infection cushiong wurse formed on zny of tho roplicas,
but on all of them, the hyph~. wore orientated in o longitudinal
direction, though thco amount of oricntation was less than on true
roplicas, There wog more oricntation of ench of the fungi on the lettuce
roplicas then on those of cabbage and whent., It is clcar that the

surface of the inverse replicas, was able to dircct the growth of hyprhac.

11.%xonination of the cuticular surfaces undcer tho electron microscops

Tho material for cexamination under the
ocloctron microscopc was proparcd os described on page 44. The clectron
microgriaphs rove~led the following information, Tho surfacss of the
two types of hypocotyl, and the colcoptile crrricd longitudinal ridges,
which varicd somewhat in width as chown below.

Cabbage - 12 -~ 3-54
Lettuce -~ 15 - 50,u
Wheat - 05 - 2,u
(Average diametor of the maturc hyphue - 5 )
None of the surfaces wore completoly smooth. It is possible, therefore,

thot thesc ridges played some port in directing the growth of the hyphae.
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The most prominent ridgcs eppcnr to be on Tobbage (sce Plates 8,9 & 10);

whereas less well defincd ones arc present on €ebbuce (Plates 11,12 & 13),

and vheat (Plates 14,15 & 16). Lport from these vidg-s the cuticles

appotred to hove no chearacteristic configuration, although some
neculiaritics werc observed on somo preparations. Thesc could not be
corrclated with the bohaviour of the fungl on tho surfaces of the hosts.
Their hephazard distribution may indicate that they wers impuritices

or artefacts. It is conconivable that the ridges could cccount for the
orientztion of the hyphac on the plant surfaces. Their prescnce also
offors en oxplonotion os to why the hyphae grow longitudinally along
ccll faces, 2s well a2 along the lines of junction of tho cells.

12, Behaviour of the fungi on non-living surfacocs.

The behaviour of the fungi on three non-living
surfaces cellophanc, glass and polystyronc, was next investigated.
An 8 mm, diemeter disk, cut from the odge of a young colony of fungus
growing on potato dextrosc agar, was placed on cach of the surfaces
after they had been cleaned of contominating substances, and madc
sterilce. The glass surfaco was that of an empty autoclaved Petri dish.
The polystyrenc sufface was also a sterils Petri dish, The collophane
(srede PT 300) was boiled and loached in distilled water, and sterilized
before use. The following observations woere made.
On glass

R.solani(S) did not produce any characteristic

structures, although the hyphoc somctimes grow parallel to each other

after thoy had come in contzet. (Plato 17). R.soleni(L) produced club
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Plate 22 - Structurc of a sclerotium of C.praticols ( X 160)

On polystyrene
R.solsoni(S) developed no characteristic

structures. :RE(L) produced laterals from the moin hyphae. These

laterals branched repeatedly into very short branches to form an
adhesive structurc or contact cushion (Plate 23). The hyphac stained
less lightly with increasing distance from the main hyphac. C.praticola
produced contact cushions which rosembled infection cushions very
closely (Platc 24). The main hyphae produced lateral branches each of
which branched scveral times more to produce the contact cushion. Tho

distal cells were lightly stainced with cotton blue, whereas the main

hyphae and first laterals were stained decply.

ene

Sy

On celloph
R.soln ni(s) produced mossive adhesive

structurcs similer to thosc obscrved by Shephard (1957), for this fungus.




Plate 24

Contact cushions formed by C.praticels on polystyrone

( X 120)
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These contact cushions arise from o branch of = single hypha and
progressively enlarge to form a large thallus-like structuro; composcd
of fungal cells with clcar cross walls, closecly compacted, and regularly
arronged. (Plates 25, 26 & 27) Neithor R.soleni(L) nor C.praticola

produced any choracteristic structures on cellophane.

Plate 2 -~ Contact cuschion formed by R.soleni(S) on cellophane

( X 120)
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Plate 26 - Contact cushion formed by R.solani(S) on cellophane

Platce 27 -~ Cont-ct cushion formcd by R.solani(S) on cellophanc




106

13, Penetration and post-penctration stages of parasitism

The process of parasitism was further
investigated by microscopic examination of sections off infected host
plants, grown aseptically, eithor in beakors as deoscribed on page 35,
or in Petri dishes placed in plastic boxes, as described on page 33.
This rcduced the possibility of contaminants affecting the expcriments.
The scedlings werce inoculated in one of two ways. When the plants
were grown in the beakers, a liquid inoculum as described on page 38,
was uscd, When tho scedlings were grown in plastic boxes, a ring of
agar, or a disk, cut from thc cdgc of a young colony growing on potato
dextrose agar was uscd.

The infected material of cabbage and
lottuce scedlings was fixed in the formalin/acetic acid/ethanol mixture
and the infectcd wheat secdlings were fixed in the Craf fixative as
described on page 40. The material was dehydrated in the tertiary
butyl alcohol scories, embedded in paraffin wax, sectioned and stained
as described on pages 40 - 44. Transvoerse, radial and tongentind
longitudinal sections woere oxamined and the observations are summarized
below.

1. Cabbage
a) R.solani(S)

Hypocotyls wore penetrated, but the
ponetration of roots and ootylodons was never cobserved. The fungus
always penetrated the hypocotyls from infoction cushions, directly

through the cuticle and epidermis. (Platc 28) From some infection
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cushions, only o few hyphae penetrated tho epidermis. (Plate 29)
These hyphae then branched several times inside the cortex, grew
intercellularly at first, but penetrated into cells lateor. The hyphae
then proceeded to grow extensively through the cortical tissues.
From other infection cushions, masses of hyphae broke through the
epidermal surfaces, and gro@ in betwoeen cells, as woll as through them
(Plate 30).

In most scedlings, whether the initial
infoction was by & fow, or masses of hyphae, the fungus, after entering
the cortex at or near soil levol, grow rapidly towards the stelo.
Invasion of tho upper portions of tho hypocotyls was slow, and often
took place only after the seedling had beon damped-off and had fallen

l

over.

Plate 28. T.S. cabbage hypocotyl infected by R.solani(s) ( X 90)
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The hyphae procceded to grow onto the cotyledons and young leaves of
the damped-off plants. In most casces, penctration was followed by
demping-off onc or two days later.

b) R.solani(L)

Hypocotyls were penetrated but roots and
cotyledons were never pcnetrated. Many scedling which had infection
cushions on the surface of their hypocotyls were not pénetratcd.
Some seedlings were penctrated by hyphac, from infection cushions.
Wherever pencetration took place, it was dircctly from an infection
cushion through the cuticle and epidermis of the hypocotyl.

Some seedlings were penetrated by single,
or a fow hyphae, which grew through the cortex intercellularly, but
only very slowly. They sometimes branched, and tho branches spread
out from tho infection cushion longitudinally, instead of towards
the stele as did the hyphac of E;EEEEEE(S)' Intracelluler invasion
was sometimes observed. In other scedlings, masscs of hyphac broke
through the cpidermis from a singlo infection cushion. These hyphae
eithor did not grow into the cortex, or did so only vory slowly.
(Platc_31) More often than not, the hyphao merely formed a static
mass on the surface, and did not develop further.

In the later stages, sclerotia werc formed
on the hypocotyl surface and in the cortex. The majority of the infected
scodlings wore noi damped-off, although there were hyphae insido their

hypocotyls.
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b) R.solani(L)

Colcoptiles were penctrated, but roois
wore never penotrated. However, penetration of tho coleoptiles
was infrequent, and when it occurred, it always tock place from
infection cushions., From the majority of infection cushions however,
no penetration occurrcd. In most instances of penetration, only
a vory fow hyphae penetratod the coleoptile. The growth of the
hyphac inside the coleoptile was largely intercellular, and only
a rolatively few cells appecarcd to have been penetrated.

When it did occur, invasion was a little
moro rapid than it was with R.solani(S), and a few of the hyphae
proceoded as far as the inncr epidermis of tho coleoptile.(Plate 41)
Selorotia wero formed in fair abundance on the coleoptile surface.
¢) C.praticola

Coleoptiles were penctrated, but roots were
never penetrated. Groups of hyphae werc sometimos observed to
penetrate the coleoptiles from infoction cushions. The hyphae
penetrated the opideormis immcdiately below the infection cushion
and branched out repeatedly into several laterals, just under the

point of ponetration. (Plates 42 & 43) Hyphae were both inter-

and intracellular. The rate of invasion of the host tissues, was
considerably more repid than for both strains of R,solani. Tho
immer epidermis of the coleoptile was generally reached and

disorganized, (Platos 44 & 45) and hyphao werc also found in the

space botweeon the first loaf and tho coleoptile. The first leaf was

sometimes breached,















123

Taple 14

| Observations .on the dinvasion of +the +three seedlings
Fungus Organs Relative Speed of|Main
ponetrated| extent of |invasion|direction [Extent of |Sclero-
pencetration of of advance|invagion |tia
by hyphae |tissues |of hyphae |4 days
' after
&infection
CABBAGE )
R.solani(8) | hypocotyl | abundant FH+ latoral entire abscnt
‘ hypocotyl
R.solani(L) | hypocotyl | orratic + longit- cortex abund-
udinal ant
C.praticola | hypocotyl | abundant +4+++ lateral & |entire rare
longitudi—'hypocotyl
nal
) LETTUCE
R.solani(8) | hypocotyl | rare + lateral cortoex present
R.solani(L) | hypocotyl | abundant ++4++ lateral & |entire present
longitud- | hypocotyl
inal
C.praticola | hypocotyl | abundant ++++ lateral & |entire rare
longitud—- | hypocotyl
inal
WHEAT
R,goleni(S) | coleoptile| rare + lateral a few cell |present
layers of
coleoptile
R.solani(L) | coleoptile| rarc + lateral inner epi- |abund-
dormis of |ant
coleoptile
C.praticola |colecoptile| not ++ lateral & | innor layel] rare
& loaf common longitud—- | of lst leaf]
shoaths inal sheath
"+ - Bxtremely slow
‘++ - The majority of hyphao penctrate slowly but = fow advance
+++ - Rapid rapidly
++++ = abundant growth, at a rapid rate
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From the results given above, and summarizcd
in Table 14, it is clear that only the hypocotyls of cabbage and
lettuce secdlings, and the colecoptiles and leaf sheaths of wheat
were penotratcd by these fungi. Penetration took place in each of
the host-parasite combinations, although the success of penetration
as estimated by the quantity of fungus cntering the host by broaching
the cuticle and epidermis, was greater when susceptible hosts were
parasitizod.

The spcod of invasion of the cortex, and
the time intervel betweon penctration of the outer surface and the
colonization of the stele by thoe host, secemed to be an important
factor in determining whether the scedling would damp-off or not.
Further, the tendency of the hyphae to sproad laterally rather than
longitudinally within the scedling would ensure more rapid damping-off.
When C.praticola parasitized cabbage, masses of hyphae werc observed
at soil level, but in the upper parts of the hypocotyl, little or
no hyphac wore present (Plate 47).

Tho pathogenic fungi have a more cfficient
mochanism for breaching the outer host barrier, but this barrier
does not exclude the less pathogenic fungi. However, it is significant
that although each of the fungi penetrates each of the hosts,
demping-off occurrcd only in some of the host-parasite combinations.
This suggests that it is the rate of invasion of the host tissue that

dotermins whother the seedling will succumb to the attack or not.
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14. Host tissues as a nutriont subsirate for fungus growth

To investigate tho possibility that host
tigsues may contain one or more substances toxic to the growth of
one or more of the fungi, two series of oxperiments were carried
out. In the first, tho growth of the fungi on heat stor Iized
decoctions of host tissue was assesod, In the second, the growth
of the fungi on homogenates of host tissue was investigated.

1. Growth of the fungi on host decoctiong

Hypocotyls of seven day old cgbbage and
lettuce seedlings, and wheat coleoptiles from seo’llrpy seven days
0old, grown in beakers in a nutrient solution as described on page 35,
wore used., The hypocotyls and coleoptiles werc rinsed in distilled
water, drained on blotting paper, and dried in air for a few minutes
to remove excess moisturey 100 g. of the tissues werc boiled in 1
litre of distilled water for 30 minutes, and the liquid was squeezed
through muslin., The liquid was made up,;to a litre agein, to compensate
for the water evaporated during the boiling.

Portions of the liquid, werec dispensed
into 10 oz. medicine flats (50 ml. in each), and autoclaved for 15
minutes at 15 p.s.i. pressurse., 1 ml. of a2 standard liquid inoculum
as described on page 38 was added. Three dilutions of each decoction

were usod; a) undiluted b) diluted 131 with distilled wator c)

c) diluted 1; 2 with distilled water.
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The medicine flats wepe incubated at 25°C.
for seven days, and the dry weights of the mycelium from five
replicates for each treatment were recorded. The Tesults are shown
in Table 15; each figure represents the moan of five replicates. The
stendard error of each mean is indicated next to cach mean.

Table 15

Growth of the fungi on heat sterilized decoctions

Decoctions  Dilutions Growth of fungus in mg. dry weight (mean
with water of 5 replicates) The standard error of
Dec.: H.O each mean is given. Figures in brackets
Ce2 5o are relative to the most dilute decoction
(1:2), which is made 100
R.solani(s) R.solani(L) C.praticola
Cabbage 1 H O 4.9 » 0-4 4-3 h 006 404 + 006
(163) (172) (162)
1:1 3.6 + 0.7 3.0 x 0.5 3,0 £ 1.1
(120) (120) (111)
1 H 2 3.0 + 0.4 2.5 i O|3 2.7 i 006
(100) (100) (100)
Lettuce l1:0 6.1 + 0.7 4.8 + 0.7 5.1 + 0.5
(203) (133) (188)
1:1 4.0 + 0.3 4.0 3 1.1 3.5 £ 0.7
(133) (111) (129)
1.2 3-0 + Oo8 3.6 + 0.2 2.7 + l.2
(100) (100) (100)
Whoat 1:0 7.1 1+ 0.3 7.0 + 0.9 8.2 + 0.8
(208) (269) (315)
1:1 5¢3 £ 1.3 4.5 + 0.4 5.2 + 0.9
(156) (173) (200)
12 3.4 £ 0.8 2.6 + 0.7 2.6 + 0.6
(100) (100) (100)
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A1l the decoctions stimulatcd growth of
cach of the fungi. A1l throc fungi grow bettor when the dococtions
were morc concentrated, but better growth was obtained on the wheat
dococtions with 2ll three fungi, than on lettucc and cabbage deccoctions.
There is an indication that either growth promoters may be present
in the wheat decoctions, or inhibitors may be present in the lottuce
and cabbage decoctions, as the inercase in growth with incroasing
concentration of the decoctions, is less than might be expected.
This could mean that inhibitors might have some influence, although
thore docs not appear to be ayy rclation baotween tha lack of
pathogenicity of a strain to a host and inability to grow on decoctions
from the host,

A further cxplanation could be that
during the process of autoclaving, some changes took place, which
zkreesdy dostroyed the inhibitors that were alrocady present, and
gave new products which may have had similar effects. However, the
inhibitory effects are only marginal, and should there have beon
a substance that was really potont, the growth of tho fungi should
have increcased with increasing dilution of the decoction.

A further experiment was carried out
using decoctions obtained in the same way as described for the
previous cxperiment. This time, 1-5 % agar was used to set the

dococtions, in Petri dishes as described on pages 28 to 29.
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The agar surfaces were inoculatod with a disk, cut from the edge

of a young colony of each fungus

growing on potato dextrose agar.

The diametcr of the incculum was 3 mm. Colony diameters(two taken

at right angles to each other)werec measurcd each day. The growth of

each of the fungi with rospect to time was linear. The rcsulis are

shown in Table 16.

Table 16

Growth of the fungi on hypocotyl and colsoptile exiract agar

Decoction

Cabbage

Lottuce

Wheat

Dilution
with water

oo

o0

03

op

oo

Fungus prowth in terms of the increase in
diameter of colonies per day in cm. Each
figure is the mean of 4 rcplicates. The
standard errors of means are given. Figures
in brackets are relative to the most dilute
decoction (1:1) which is made 100

R.solani(S)

1.8 + 0.1
(112)

1.6 + 0
(100)

2.0+ O
(111)

1.8 = 0.1
(100+

2.0 £ 0.1
7)

0

0)

O|+ !—'H—

0
(1
1.7
(1

R.soleni(L)

3.6 + O
(144)

2.5 £ 0.1
(100)

3.7+ O
(115)

C.praticola
3.1 + 0.1
(119)

2.6 + 0.1
(100)

3.3 1 0.1
(117)

3.4+ 0
(100)
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These results are-somewhat similar to
those obtained in the previous exporiment, in that there was better
growth with the higher concentration of the decoction. However,
no conclusions can be drawn about the prescnce of inhibitorg,
as lincar growth on agar cannot increasc arithmetically,; with
increasing concentration of the decoction, becausc these fungi
can grow to some oxtent on distillod water agar in the absence of
nutrient. It is concluded,therefore, that no potent toxin, capable
of depressing fungus growth significantly , is present in the
dacoctions.

2. Growth of the fungi on homogenates of host plants

Homogenates of the host plants were
obtaincd by the method described on page 47. The technique used to
inveostigate their offccts on the growth of the fungi, was similar
to that uscd for the bio-assay of root exudates as described on
page 38, with 0:.005 ml. of homogecnate being addod to the filter
paper disks instead of root exudate. The homogenates were sterilized
by mombrane filtration as described on page 47.

In one treatment, each homogenate was
diluted with an equal volume of water. A 3 mm. diameter disk, cut
from the edge of a young colony of fungus growing on distilled
water agar, was used to inoculate ecach plate. The plates were incubated
at 2500. for five days, and drawings of hyphac wore made with a

camera lucida and hyphal lcngths measured as before.
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The results arc shown in Table 17. fach of the figures shown, is
the mean for 8 arcas above B islands. zach is the pcrcentage increase
of growth reolative to the control, in which the filter paper disk
was moistencd with 0.005 ml. of distilled water.
Table 17
Bffect of homogenates of cabbage and lettuce hypocotyls, and wheat

colooptiles on the growth of the fungi

Homogenates Dilution % chengc in growth of fungi (®ach figure
with water is the mean of 8 replicates. The standard
error for each mean is given. Figures in
brackets are rclative to the most dilute
homogenate which is madc 100
R.solani(S)  R.solani(L) C.praticola
Cabbage 1:0 +182 + 16 4218 4+ 12 +231 + 11
(127) (126) (127)
1:1 +143 + 8 +172 £ 10 +181 + 14
(100) (100) (100)
Lettuce 1:0 +170 + 6 +202 + 9 +212 + 1i
(116) (124) (121)
1:1 +146 + 12 +163 + 7 +174 + 16
(100) (100) (100)
Wheat 1:0 +189 + 8 +242 + 11 +260 + T
(125) (131) (131)
1:1 +151 1 12 +184 + 16 +198 1 20
(100) (100) (100)

All the homogcnatos stimulated the growth

of cach fungus. Dilution of the homogenates brought ~hout smaller

incroases in growth

rote

.bive to the control. This means that any
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inhibitors which might havo been present, werc not able to bring about
a rcduction in growth, to less than that, when the fungus was grown

on distilled water agar, which was the only nutrient source,. Invother
wor(s, the nutricnts proscnt in the homogenates affected growth to

a greater extent than the inhibitors. Thot inhibitors were not present
cannot, however, be overruled, bocausc the decreases in growth
obtained by dilution of the homogenates werc not proportional to

the extent of dilution, as indicated by the figures shown in brackets
in Table 17.

In fact, it appears likely that some
inhibitors are prescnt. Their prescnco, however, docs not correspond to
specificity of parasitism, becausc all throe fungi behaved similarly
under the influence of the homogenates of all thres hosts. R.sp}agi(S)
appoarcd to by slightly less stimulated than the other two fungi

by the homogenates from all three hosts.

15. Hypersensitive rcactions

Flentje(1957), found that hosts rosistant
to attack by strains of R.solani produced & hypersensitive reaction
to the invading hyphae. Ho rcported that invaded cells and their
immodiate neighbours were killed, and showed "a definite yellow-
brown rcaction", and the invading hyphae were presumed to be killed
as they did no% grow when dissected out and placed on agar. Flentjc
further suggested that hypersensitive rcactions did not occur in

lecaf petioles, but were confined to the stem.
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The possibility of a hypersensitive reaction
taking place in the three host plants was investigated. The following
host-parasite combinations were studieds

R.solani(S) on lettuce 2ng whoat
R.solani(L) on cabbage and wheat
C.praticola on wheat

The seedlings were grown under aseptic
conditions as described on page 33 in Potri dishes placed in plastic
boxes. When the plants were 7 days old they were inoculated with a
ring of agar cut from the edge of a younz colony growing on potato
dextrosc agar., Six days aftor inoculation, the plants showing lesions
were removed, rinsed in sterile distilled water, and the epidermis
of the hypocotyls or colcoptiles near the lesions were removed by
pecling them off. This was done so that any fragments of mycelium
that might havc been present on the host surfaces could no longer
interfore with the experimoents.

A small portion of the lesion was then
dissected with a storilo necdle and transferred to potato dextrosec
agar in Petri dishes, and incubated at 2500. for one week, In all
the combinations tested, the fungl grew out on the agar surface to
form colonies of mycelium, of the isclate uscd to inoculatec the plants.

It was concluded that in the host plants
which were fairly resistant to parasitism by the fungi, some
fungistatic action was present, because the fungi did not progress

through the tissues. However, the fungi were not killed.
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Alternatively, as was observed with C.praticola on wheat, the fungus
did progress into the tissues from lesions, but the ratc of progress

was slow, in comparison to the growth of this fungus on plants which

it normally parasitizod. In both cases therc was evidence of fungistasis
which stopped growth completely in many lesions of R.solani(S) on
lettuce 2=nd wheat, and R.solani(L) on cabbage and wheat, or which
retarded growth considerably in the above host-parasite combinations,

as well as when C.praticola parasitized wheat.

There was no cvidence of a fungicidal
substance being produced by any of the three hosts, as a2ll three
fungi grew out from portions of dissected lesions when placed on
potato dextrose agar. These obsorvations are in conflict with those
of Flentje (1957), who states that the hypersensitive reaction

resulted in the fungus being definitely killed.

16. Death of the hcss cells before penetration by hyphac

Sections of hypocotyls of infectod cabbage
and lettuco scedlings, and coleoptiles of infected wheat secdlings,
15/u thick were cut using a freczing microtome. These sections,
as well as whole plants, were examined microscopically, to investigate
whether thero was discolouration or death of cells bofore penctration
by the hyphae. The results obtained were rather inconsistent. In
some plants, the cells showed a brown discolouration, while at the
same time, theso stained with neutral red. In others the brown

discolouration was absont, but the cells did not take up the stain
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satisfactorily. It was difficult to come to any definite conclusions

regarding the nature of the reaction.

17. Action of cecll wall dograding cnzymos

It hos been suggested that the production

of ccll wall degrading enzymes by R.solani bears relation to pathogenicity

(Barker & Walker, 1962). In thc present work, the poctolytic and

Ocellulose degrading cnzymes produced by the three fungi have been

investigated, in order to ascertain the followings

1) The capacity of these fungi to produce pectolytic and cellulolytic
enzymes, when grown on synthetic substrates.

2) Whether the relative amounts of tho enzymes produced, bears any
reclationship to pathogenicity.

3) Whether cell wall degrading ocnzymes aroe produced when these fungi
parasitize secedlings.

4) Whether theso cnzymes are produced in different amounts on different
seedling species.

5) Whether the enzymes produced by growing the fungi in culture
on synthetic substrates bear any relation to the enzymes produced
when these fungi parasitize host scedlings.

6) Whether the cnzymes produced whon the fungi parasitize the
host seedlings beoar any rclation to pathogenicity of the fungi
towards the hosts on which thesc cnzymes are produced.

7) Whether this rolationship, if prosont, could account for the

specificity of parasitism.
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18. Production of sxtra-cellulur cnzymes on synthetic media

Tho moadia used for the growth of tho
funsgi on synthetic substrates, and the proccdure ndoptod, arc
deseribed on poge 50. The corbon sources uscd for the various
cxporiments were 1 % peetin, pectate, CMC, WdC, and sucrose.

The bagal macro- and micro-nutricnts were the same in 2ll the
media, All three funpgi grew satisfactorily at pH 5°7, and thorcforc,
the expoeriments were carried out 2t this pH.

19, Growth of the funai on mediz used as 2 substrate for enzyme

production

In the first set of oxperimonts, the
rcrowth ratss of the three fungi wers compared on different media.
These wore both solid, boing set with gelatine, as well as liquid.

2) Growth of the funsi on solid medin

The medin deseribed above werc brought
to o pH of 5¢7. Thoy wero autoclaved for 15 minutes with 1.5 %
golatine 2t 15 p.s.i. pressurc. Bach Petri dish (9 cm. in diamoter)
had 15 ml. of thc medium, the surfacc of which was inoculated with
a 3 mm. diametor disk, cut from\tho edse of o young colony growing
on distilled wator ngar. The culturcs were incubated nt 25°C., The
growth of thoe colonies was measured by observing two diameters ot
riszht angles to oach other, cach day. The results ore given in
Table 18 in torms of the increasc in diamcter of the colonies per

dzy.
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Table 18

Growth of the fungi on solid media

Fungus Substrate Fungus growth in increase in diameter
(Basal medium in mm. of the colonies per day. Fach
+ C source) figure is the mean of 5 replicates.

Standard errors of tho means are given

R.solani(s) 1% poctin 16 2
1% Napp 15 + O
1% cMC 14 3z 1
1% wdac 15 + 2
1% Sucrosc 14 z 2
R.solani(L) 1% pectin 43 + 1
1% NaPP 41 + 1
1% oMe 42 x 3
1% wac 41 = 3
1% Sucrose 5 4+ 2
C.praticola 1% pectin 31 & O
1% NePP 30 1
1% cMc 33 0+ 1
1% wac 33 £ 2
1% Sucrose 34 & 1

There were some differonces in the growth
of the three fungi, but the response of cach to diffcrent media
was not very marked. R.solani(S) was the slowest growing fungus.
However, it grow almost equally well on all the media. R.solani(L)
was the fastest growing fungus. It grew slightly better on 1 4
sucrose than on the other media, betweon which there were only

very smell differcnces. C.praticola had a growth rate intermediate
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betwoen R.solani(S) and R.solaeni(L). C.praticola rcsponded similerly
to all the mediz,

b) Growth of the fungi in liquid media

The media used, and the procedurc adopted
for thesc cxporiments are .deseribed on page 50, The fungi were
grown in still cultures, in 10 oz. medicine flats, each containing
50 ml., of the nutrient medium, and incubatced at 25PC. for scven days.
At the ond of this period, the mycelium was washed, and dry weights
were mcasured. The rosults are shown in Table 19,
Table 19
Growth of the fungi in liquid culture
Fungus Dry weight of mycelium in mg. after 7 days growth.
Tach figurc is the moan of 10 rcplicates. Standard

errors arc givon for each mean in brackets.

Growth substrates

1% pectin 1% NaPP 1% Cue 1% wac 1% sucroz-
R.solani(s) 27.5 18.2 44,3 8.4 40.3
(6.1) (4.3) (4.1) (3.9) (6.1)
R.solani(L) 228,6 119.4 298.2 214.3 282,13
(12.6) (19.1) (11.0) (10.4) (14.1)
C.praticola 215.4 210.9 207.2 216.1 472.0
(16.8) (21.4) (16.1) (18.3) (14.1)

Again, R.solani(S) was the slowest growing
fungus. It grew better on C:C thon on pectin or pectate. Its growth
on wood cellulose was very poor, whereas that on sucrose was satis-

factory. Both R.solani(I) ond C.praticola had rapid rates of growth
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os compared with R.solani(S). On sucrose; as well as on CMC,
R.soloni(L) produced luxuriant growth. On pectin and wood cellulose
this fungus grew satisfactorily, but on pectate, the growth was zbout
half thet on pectin. C.praticola produced luxuriant growth on

sucrose, and slightly loss growth on all the other media.

¥nzyme preparotions used in the cxperiments

The engyme proparations were culture filtrates
of the fungi, grown on synthetic media. In each case, the concentration
of the enzymo preparation was adjusted by evaporation under reduced

ressure (and/or by dilution), to make 100 ml, of the final cnzyme
preparation equivalent to 500 mg. ¢:- weight of mycelium, obtained by
the growth of the fungi for 7 days. The enzyme preparations arc,

therefore, comparable in respect of fungus growth,

20. Pectin methylesterase(PMs)

Poctin methylesterase catalyses the
hydrolysis of moethyl ester groups of pectinic acids to give pectic
acids, with the liberation of frec acid groups which can be estimated,

A. Detection of PME

In proliminary cxperiments, PME activity
was dctected by the change in colour of the indicator methyl red
which had been added to the reaction mixture as described on page 53.
Tho mixtures werse examincd at different time intervals of up to 60
hours, and those which had changed the colour of the indicator are

montioned below.
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Culture filtrates of R.solani(S) and R.solani(L) grown on pectin,
changed tho colour of the indicator withip 12 hourg. The culture
filtrate of C.praticola grown on pectin did so within 48 hours,
indicating that the filtrate of this fungus was less active than
those of the two R.solani isolates, when grown on pectin. Culture
filtrates of all threo fungi grown on pectatc failed to change the
colour of the indicator even within 60 hours.

B. Estimation of PM¥ activity by titration

Standardized culture filtrates of the fungi
grown on 1% pectin and 1% pectate substrates were tested for PME
activity titration (with 001 N NaOH) of the acid groups liberated,
according to the procedurc described on page 53. Figure 1 shows the
rclation betwsen percentage hydrolysis of methyl ester groups in
peetin solution with time, after the addition of the enzyme preparation.

Table2 O shows the PME activity of the
culture filtrates in torms of the rate of hydrolysis of methyl
estor groups in pectin solution, and also the growth of the fungi
in mg. dry weight of mycelium produced after 7 days under the
conditions described earlier. The growth figures are taken from
Table 19, and are included here to compare growth and PME zctivity.

From Figure 1 it is clear that all the
fungi produccd no PME when grown on pectate. Of the culture filtrates
of the fungi grown on pectin, that of R.solani(S) was the most

active, and that of C.praticola the least, although C.praticola
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was the faster growing fungus. R.solani(S) was the most slow
growing fungus of the threc, yet its filtratos had the highest
activity. It appears thercfore, that PME activity is unrelatod
to the growth of these fungi on the substrates used, and that PME
activity is adaptive or inducible, rather than constitutive for
these fungi.
Table 20
PME activity of culture filtrates of the fungi grown on pectin

and pcctate substrates

Fungus Growth Fungus growth Rate of hydrolysis of
substrate in mg, dry wt. methylester groups in
after 7 days pectin at pH 57
(Hydrolysis after 20 min. )
R.solani(S) Pectin 2745 5+9
NaPP 18-2 0
R.solani(L) Pectin 288:6 2-4
NaPP 119-4 0
C.praticola  Pectin 215-4 0.6
NaPP 210-9 0

C.praticola was the most virulent pathogen
of thesc three fungi, yet, its PME activity was the lowest. It is
therofore concluded that the mere ability of a fungus to secrote
PME on suitable synthetic media is not directly rclated with the

pathogenicity of these fungi to cabbage and lettuce plants,
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21. Polygalacturonase(PG)

PG breaks down pectic or pectinic acids
by the hydrolysis of the glycosidic linkages, with the production
of reducing groups. Standardized enzyme preparations obtained by
growing the three fungi on peetin and pectate, wore used for all
the expoeriments in the estimation of PG activity.

A, PG(Viscosity)ectivity

The technique usced for estimating
PG(Viscosity )activity calculatod as cxplained on page 56 for a
50 % roduction in viscosity of the test substrates, which were
pectin and pectate.

From Table 21 it is ovident that none
of the fungi grown on pectatc produced active culturc filtrates.
When the fungi woro grown on pectin, R.solani(L) produced tho
most active filtrates. These reduced the viscosity of pectate
nearly twice as fast as they did the viscosity of pectin. Culture
filtrates of C.praticola were inactive. R.solani(S) grew more
slowly than either of thc other fungi, yet its filtrates had some
activity. Thore is, thorefore no rclationship between fungus
growth and PG(Viscosity)activity.

Purther, C.praticola which was the most
virulent pathogoen, parasitizing both cabbage and lettuce plants,

produced inactive filtrates, whereas the fungi which parasitized
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only one of these two hosts, produced filtrates with some activity.

There was therefore no direct correlation between pathogenicity

and PG(Viscosity)activity of culturc filtrates of these fungi.

Table 21

PG(Viscosity )activity of culture filtrates of the fungi grown on

1 % poetin and 1 % polypectate, estimated by the ability of the

culture filtrates to rcduce the viscosity of poctin and polypectate

Fungus Growth
substrate

R.solani(S) Pectin
Pectin
NaPP
NaPP

R.solani(L) Pectin
Pectin
NaPP
NaPPp

C.praticola Pecctin
Pectin
NapP

ilaPP

Fungus growth
in mg. dry wt.
after 7 days

27.5

18.2

228.6

119.4

215.4

210.9

Subsgtrate in
reduction of
viscosity
was tested
Pectin

NaPP

Pectin
NaPP
Pectin

NaPP
Peetin
NaPP

Pectin

NaPP

Peetin

NaPP

PG(Viscosity)
activity
(100/time taken
for 50% reduction
in viscosity)
1.6
2.2
0]
0]
12.5

25,0
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B. PG(Reducing groups) activity

The reducing groups produced by the
breakdown of pectin and poctate by standardized enzyme preparations
of the fungi grown on pectin and pectate were costimated by the
method describe& on page 56. Figures 2 end 3 show the relation
botween the percontage hydrolysis of gylcosidic linkages in pectin
and pectate rospectively with time. Table 22 shows the percentage
hydrolysis of glycosidic linkages in pectin and pectate at the end
of 24 hours. It also shows the growth of the fungi on pectin and

pectate substrates, in order to relate growth to activity.

The main conclusions drawn from Figures
2 and 3, and Table 22 are given bolow,

a) Enzyme activity of the filtrates of the fungi grown on pectin

Filtrates of R.solani(S) and C.praticola

were about 3/4 =nd 1/2 as active respectively, as those of R.solani(L)
in degrading pectin,; and about 1/2 and 1/3 as active respectively

as those of R.solani(L) in degrading pectate. The culture filtrates

of 2ll threc fungi produced many more reducing groups in 24 hours

from pectin than from pcctate.

b) Bnzyme activity of the filtrates of the fungi grown on pectate

Filtrates of R.solani(S) and C.praticola
wore about 1/2 and 1/4 as active respectively, as those of R.solani(L)
in degrading pectin, and about 1/2 and 1/3 as active rospectively,

as those of R.solani(L) in degrading pectate. Hero again, tho culture
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filtrates of a2ll three fungi had produced more recducing groups in
24 hours from pectin than from pectate.

Table 22
PG(Reducing groups)activity of culture filtrates of the fungi grown
onl% pectin and 1 A pectate substrates, estimated in terms of the

% hydrolysis of glycosidic linkages in pectin and pectate after 24 hours

Fungus Growth Fungus growth Substrate PG(Reducing g£ouDs )
Substrate in mg. dry wt. in which agtivity.
after 7 days  activity (% hydrolysis of

was tested glycosidic linkages
eftor 24 hours)

R.solani(S) Pectin 27.5 Pectin 29.7
NoPP 7.0

NaPP 18.2 Pectin 3.5

NaPP 1.5

R.solani(L) Pectin 228.6 Pectin 40.0
NaPP 12,8

NapPp 119.4 Pectin 6.0

NaPp 2.8

C.praticola Pectin 215.5 Pectin 21.6
NaPP 4.1

NaPP 210.9 Pectin 1.2

NaPP 0.9
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¢) Relation of fungus growth to PG(Reducing groups) activity

Since the culture filtrates had been
standardized to compensate for differcncem in growth between fungi,
if there wes & correlation betwoen fungus growth and PG(reducing
groups )activity the figures for the porcentage hydrolysis of
glycosidic linkages should be equal., However, this was not so, and
it is concluded that there was no such rclationship. For instance,
B;EQEEEE(L) and C.praticola had comparable growth rates; yet;
PG(rcducing groups )activity varied considerably. Agein, R.solani(S)
grew much more slowly than C.praticole, yet, the culture filtrates of

R.solani(S) were more active than those of C.praticola,

C. Comparison of PG(Viscosity) and PG(Reducing groups) activities

Table 23 summarizes the results obtained
in the oxperiments on PG activity of culture filtrates of the fungi
grown on synthetic media, for both viscosity reduction and reducing
groups estimations, on the two substrates pectin and pectate.

To facilitate comparison, thé culture filtrates with the highest
activities are assigned the figure 100, and the others are given
figures relative to this. The viscosity figures indicate activity
in terms of the time taken for a 50 % rcduction in viscosity of the
test substrate. The reducing groups figures arc a measure of the
roducing groups produced in the first hour of the hydrolysis of

glycosidic linkages in the test substrotes.
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Table 23
PG activity of the culture filtrates of tho fungi, relative to the

most active culture filtrate which is made 100

Fungus Growth Test substrate PG activity(relative)
substrate on which activity
was estiimated Viscosity Roducing groups
R.solani(S) Pectin Poctin 10 50
NapPP 13 24
NaPP Pectin 0 4
NaPP 0 0]
R.soleni(L) Pectin Pectin ; 64 100
NaPP 100 60
NaPP Pectin 0 10
NaPpP 0 2
C.praticola Pcctin Pectin 0 40
NaPP 0 4
NaPP Pectin 0 2
NaPP 0 0

The following conclusions are drawn regarding PG activitys;

a) Pectin was & better substrate for pectic enzyme production by each
of the fungi thon pectate. When the fungi were grown on Pectate,
activity of the culturc filtrates was low.

b) When the fungi werce grown on pectin, R,solanigL) produced the

most active filtrates, whereas those of C.praticola were the least

active.
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¢) There was no correlation between the growth of the fungi on
pectin or pectate, and PG activity

d) The culture filtrates of C.praticola werc less active than those
of the two R.solani isolates, yot ecach R.soleni isolato parasitized
cither cabbage or lettuce, whereas C.praticola parasitized both
theseo hosts. It must therefore be concluded that there was no moat

rclationship evident betwecn PG activity and the pothogenicity of

these fungi towards cabboge and lettucc,

22. Cellulase

Ccllulasc activity was estimated in terms
of the nbility of the culturc filtrates of the fungi to break down
cellulose chains, thereby rcducing the viscosity of solutions of
CMC, aid also by the estimation of the recducing groups produccd by
the hydrolysis of the glucosidic linkages present in CMC chains.
The enzymec preparations used for thesc oexporiments woere culture
filtrates of the fungi grown on the basal medium tbgethcr with
CMC or wood ccllulose as the carbon sources, &s described on page
50.

The culture filtrates were standardizoed
as described for the cxperiments on PG activity, to compensate for
difforcnces in growth betwecon different fungi. However, this
standardization was subject to a source of error where the fungi
werc grown on wood ccllulosce. The mycelium grew over the surface

of theo liquid medium in the form of 2 mat. This was removed with
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o bent ncedle and flooted on water to romove adhering porticloes of
wood cellulosc. The mycclium was then dricd and weighed. The dry
weight measurements however, were not strictly accurate, s some
particles of wood cellulose might hove been present on the mat,

and possibly, some fragmonts of mycelium may have becn lost in the
removal process. However, it does give some measurc of growth.

Since the stonderdizations of the cnzyme preparations woerc dependent
on determination of dry weights, the enzyme proparations too, arc
subject to this source of crror.

A. Cellulose(Viscosity)activity

Cellulasc viscosity activity was cstimatod
by the ability of the culturc filtrates to reduce the viscosity of
CMC solutions as described on pagc 57. Table 24 shows ccllulase
(viscosity) activity caleulated =s explained on page 57 for a 50 %
reduction in viscosity of CMC solution, Tho growth rotes of the
fungi on the two substrates CMC and WAC are given, to facilitate
comparison of activity of the filtrates and fungus growth.

From Table 24 it is clear that when tho
fungi were grown on CMC, R.solani(S) and C. raticola produced filtrates
of nourly equal activity. These, however, wero only about o third

as active a2s the filtrates of R.solani(L). R.solani(S) produced

vory poor growth on WAC, and the filtrates worce inactive. R.solani(L)

filtratos wore much more active than thosc of C.praticola.
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Toble 24
Cellulose(Viscosity )activity of culture filtrates of the fungi grown
on 1% CMC end 1 % WaC, estimated by the ability of the culture

filtrates to reduce the viscosity of CMC solution

Fungus Growth Fungus growth  Cellulese(viscosity)activity
substrate in mg. dry wt. (100/timo for o 50% rcduction
after 7 dnys in viscosity of CMC solution)
R.soloni(S)  CMC 44,3 12.5
wae 8.4 (7) 0
R.solani(L)  CMC 298.2 40.0
Wac 214.3 (?) 15,3
C.praticola  CMC 207.2 11.7
wac 260.1 (?) 2.8

(?) see source of crror on page 152

‘Although the culture filtrates had boen
stondardized to componsate for differences in growth, there werc
significent differcnces between their activities. It is therefore
concluded that therc is no dircct relationship between cellulase
(viscosity) activity of the culturc filtrates of the fungi, and their
growth on CMC and WdcC.

B. Cellulase(Reducing groups)activity

The production of rcducing groups from
solutions of CMC by standardizcd culture filtrates of the fungi,

grown on CMC and WAC substrates were cstimeted by the method described
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on page 57. Figure 4 shows the percentage hydrolysis of glucosidic
linkages in CMC plotted against time. Table25 shows the percentoge
hydrolysis of glucosidic linkagos in CMC at the end of 24 hours after
the addition of the enzyme proporation. The growth ratces of tho fungi
on CMC and WAC arc included, to relate growth to activity.
Tablo 25

Cellulase (Reducing groups) cctivity of culture filtrates of the fungi
grown on 1 % cMC and 1 % WdC in terms of the % hydrolysis of glucosidic
linknges in CMC
Fungus Growth Fungus growth Cellulaso(recducing groups)

substrate in mg. dry wt. activity. % hydrolysis of

after 7 days glucosidic linkages in CMC
after 24 hours

R.solani(S)  CMC 44.3 9.4
wdc 8.4 (7) 0
R.golani(L)  CMC 298.2 19.9
wac 214.3 (?) 15.4
C.praticola  CMC 207.2 12.2
wac 260.1 (?) 3.8

(?) scec sourcec of crror on page 152
From Table 25 and Figurc 4 it is clear that
culture filtrates of cz2ch fungus grown on CMC had some activity.
R.solani(L) filtrates worc twice as active as those of R,solani(s)

which had the lowest activity of the three fungi.
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Culture filtrates of R.solani(S) grown
on WAC had no activity.Filtrates of R.solani(L) werc more active
then those of C.praticola. Again, therc was apparcntly no dircct
relation between cellulasc (reducing groups)activity and the growth
of the fungi on eithor of tho two substrates used.

Table 26 summarizes the results obtained
in the exporiments on cellulasc activity of culture filtrates of the
fungi grown on synthotic media, for both viscosity reduction and
reducing groups estimations. To facilitate comparison, the filtrates
with the highest activity arec assigned the figure 100, and the others
are given figures relative to this. The viscosity figures indicate
activity in terms of the time taken for a 50 % roduction in viscosity
of the test substrate, CMC. The reducing groups figures aro a measure
of the amount of reducing groups produced in the first hour of the
hydrolysis of glucosidic linkages in CMC.

The following conclusions are drawn regording
cellulase activity.,
a) CMC was o satisfactory substrate for the growth of the three fungi,
but WAC wos not sflytable as a substrate for either growth or enzyme
production by R.solani(S). Both R.soleni(L) and C.praticola grew on
Wdac, and produced culture filtrates with somc activity.
b) The filtrates of R.solani(L) had 2 higher cellulase activity than
those of the other two fungi.
c) There was apparcntly no rolationship between.fungus growth and

cellulase activity of the culture filtrates.
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Table 26
Cellulase activity of the culture filtrates of the fungi, relative to

the most active filtrate which is made 100

Fungus Growth substrate Cellulasc activity (relative)
Viscosity Redueing groups

R.solani(s) CMC 75 45

wac 0 0
R.soloni(L) CMC 100 100

Wwdc 60 80
C.praticola cMC 50 65

wac 13 20

d) C.praticola, the most virulont pnathogen, parasitizing both cabbagoe
and lecttucce, had a smaller capacity to produce cellulasc than
R.solani(L) which much lcss pathogenic to cabbege than C.praticola,
It can therefore be concluded that cellulaso activity of culture
filtrates of the fungi growing on synthetic substratcs boars no
relationship to their pathogenicity towards cabbage and lettuce

seedlings.
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Production of oxtraccllular ccll wall degreding cnzymes by the fungi

when theoy parasitize host plants

The pectolytic and ccllulelytic cnzyme
activity of 0.2 M NaCl oxtracts of cabbage and lettuce scedlings
infoctod with the fungi was next investigated. The enzyme preparations
woroe obtaincd according to tho procedurc described on page 51. The
cnzyme preparations wero dialyscd and stondardized a2s describad on
page 52. The standardized proparations werce used in 2ll subsequont

cxperimonts.

Pectin mothylestorasc (PME)

The cnzyme preparations were tested for
PME activity by titration (with 0+01 N NaOH solution) of the acid
groups liberated cccording to the procodurc described on page 53.
Figurc 5 shows the rclation between tho percentage hydrelysis of
methyl cstcr groups in pectin with time, aftor the addition of the
cnzyme preparation, Table 27 shows the activity of the onzyme
preparations, 2s a2 measure of the rate of hydrolysis of mcthyl cster
groups in pectin, in tcrms of the hydrolysis for the first 20 minutos,
after the addition of the onzymo preparation.

From Figurc 5 and Table 27 it is clear
that cxtracts of both the R.solani strains from lettuce scedlings
wore morce active thon thosce from cabbage. However, the cabbage

cxtracts of C.praticols werc more active than the lottuce oxtracts,

This however, is not very significant, as thore was more native onzyme
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presont in cabbage than in lettucce. If this is taken into consideration

both the cabbzage and lettuce extracts of C.praticola were almost

ecqually active, and their activities were much less than those of

the two R.solani isolates.

Table 27

PME activity of 0°2 M NaCl cxtracts of discascd cabbage and lettuce

scedlings
Extract

Fungus Host
R.solani(s) Cabbage
Lettuce

R.solani(L) Cabbago
Lettuce
C.praticola Cabbage
| Lettuce
Nil Cabbage
Lettuce

Rate of hydrolysis of methyl
cster groups in pectin (Hydrolysis
for the first 20 minutes)

1.75
2.90
0.45
4.20
0.25
0.15
0.16

0.10

The lettuce cxtract of R.solani(L)

was more active than its cabbage cxtract, and the cabbage extract of

R.solani(S) was morc active than the cabbage extract of R.solani(L).

There might appear to be a suggestion here, of a rclationship

with pathogenicity. This, howover, is not quite so clear, because

the lettucc cxtract of R.solani(S) was more active than its cabbage

cxtract. Further, it may mean that B,solaqi(L) produced morc enzyme
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on lottuce because it grew better on lettuce than on cabbage.

If there was a correlation botween PME
activity of oxtracts if the discascd plants and pathogonicity, it
would have been coxpected oxtracts of both cabbags and lottuce infocted
with C.praticola would be very active. This howcver, was not soj and
it is therefore concluded that there is no strict corrclation

betwoen pathogenicity, and PME activity of these extracts.

25. Poctin polygalacturonase (PG)

L - Pg(Viscosity) activity

PG (viscosity) activity of dialysed 0+2 M
NaCl extracts of cabbage and lettuce soodlings infected with the
fungi, was cstimated by their ability to reduce the viscosity of
ofAsolutions of pectin and pectate, according to the mothod described
on page 55. The enzymc preparations were obtained according to the
activity of the cxtracts in terms of tho time takon for a 25 %
reduction in viscosity of the test substrates, pectin and pectate.
The results shown in Table 28 are considored below.

a) Extracts of infected cabbage scodlings

Extracts of cabbage seedlings infected with
cach of the throe fungi reduced the viscosity of pcectate more rapidly
thon they did that of pectin. R.solani(L) extracts wore a little more
active in recducing the viscosity of both teost substrates than thosec

of the other two fungi, the activitics of which werc nearly cqual to
oach other.
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Table 28
PG (Viscosity) activity of 0<2 M NaCl cxtracts of cabbage and lettuce

scedlings infected with the fungi

Extract PG(Viscosity) activity
Fungus Host 100/time for a 25% 100/time for a 25%
reduction in viscosity reduction in viscositly
of pectin solution of pectate solution
R.solani(S) C~bbagce 1.3 10.0
Lettuce 1.5 8.3
R.solani(L) Cabbage 1.8 12.5
Lottuce 0.5 25.0
C.praticola Cabbage 1.6 10.0
Lettuce 2.0 5.8

b) Extracts of infected lettucc secdlings

R.solani(L) extracts reduced the viscosity of
pectate solutions nearly three times faster than thosce of R.solani(s),
and nearly five timos faster than thosc of C.praticola, but these
R.soleni(L) extracts reduced the viscosity of pectin a little morc
slowly than the extracts of the other two fungi.

c) Comperison of fungus extracts from the two hosts

The activitics of cabbage and lettuce
extracts of R.solani(S) werc about thc same, on both test substrates,
pectin and pectate, Howevery, the lettuce extracts of R.solani(L)

reducaed the viscosity of puctate twice as fast as the cabbage extracts,
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whoreas the cabbage extrzacts werc more active in roducing the viscosity
of pectin than the lettuce extracts. Cabbage cxiracts of C.praticols
reduced the viscosity of pectate necarly twice as fast as the lettuce
extracts of this fungus, but both extracts rcduced the viscosity of
pectin at about the same rate.

B - PG(Reducing groups) activity

The reducing groups produccd by the enzymic
brecakdown of pectin or pectate were estimated by the method described
on page 56. The cnzymc preparations werce similar to those used for
the estimation of PG(viscosity)activity, and werc dialysed 02 M
NaCl extracts of cabbage and lettuce scedlings infected with each
fungus. Eiggggg_é and 7 show the percentage hydrolysis of glycosidic
linkages in pectin and pectate respectively, with time, aftcr the
addition of the enzyme preparation to the substrate.

From Figurecs 6 and 7 the following

conclusions were drawn.

a) Roducing groups produced from pectin

Nonc of the oxtracts had high activitics
on pectin, the percentage hydrolysis of glycosidic linKages for cach
of them being less than 1°5 after 24 hours.

b) Reducing groups produccd from pectatc

The production of reducing groups from
pectatc were higher than that from pectin, for each extract. The

lettuce oxtracts werc more active than cabbage onos for ecach fungus.



Fig. 6. PECTIN POLYGALACTURONASE (REDUCING GROUPS)ACTIVITY OF
02 M NaCl EXTRACTS OF INFECTED CABBAGE AND LETTUCE SEEDLINGS

AT pH 57
(V)]
w
2 s
x
Z
a
U
[a] .
2 * KEY
O EXTRACTS
> I.CABBAGE —~ R.solani(S)
:_9 o 2.LETTUCE — R.solanl (S)
(o) 3.CABBAGE - C.praticola
v 4.LETTUCE —~ C.praticola
[7)]
: 5 S.LETTUCE - R.solani(L)
29 2 6.CABBAGE — R.solanifL)
a5
>4
o |.
mm
2
2z |J °
= 3
it a
va
o
aZz 56

O | 2 4 6 8 10 12 14 16 I8 20 22 24

TIME (Hours)

=
o
N



PERCENTAGE HYDROLYSIS OF GLYCOSIDIC

LINKAGES IN NaPP SOLUTION.

Fig.7. PECTIN POLYGALACTURONASE (REDUCING GROUPS)ACTIVITY OF O-2M NaCl
EXTRACTS OF INFECTED CABBAGE AND LETTUCE SEEDLINGS AT pH 57.

50
404 KEY
EXTRACTS
LLETTUCE - C.praticola
2.LETTUCE ~ R.solgni(L)
30" 3.LETTUCE — R.solagni (8
4.CABBAGE— R.solani(s)
5.CABBAGE - R, solgni(D
6.CABBAGE— Cpraticola
20+
104
o  § | Py L)
12 14 16 18 20 22 24

691



166

Tho lettuce extract of €, praticola was morc active than any of the

other oxtracts, but the cabbage extract of this fungus was less
active thon thosc of the other fungi. Thore is no indication,
therefore, of a relation botween activity and pathogenicity.

The cabbage oxtracts of R,solani(S) were
morc active then those of the other two fungi, but its lettuco oxtracts
were less active than those of the other two fungi, Here, there
might be considered to be some indication of a relationship with
pathogenicity, but in actual fact this is somewhat unrealistic, as
the lettuce extract of this fungus was more active than its cabbage
extract.

Lottuce extracts of R.solzni(L) were more
cetive than cabbage oxtracts of this fungus, indiecating o rclation
with pathogenicity. Herc ~gnin, however, the cobbage extracts of

R.sol~ni(L) worc as active as the cabbage extracts of C.praticola,

whereas the pathogenicity of C.praoticols to cabbnge was very much
morc sovere than that of R.sol=ni(L) to this host.

It was considcred that thero 'was no direct
relationship betwoen the obility of extracts of disensed host plants to
hydrolyse glycosidic linkages in poctote, ond pathogenicity.

Table 29 summ~rizes the rosults obtrined
in the experimonts on PG activity of the extracts of infected cabbago
and lettuco plants, for both viscosity reduction and reducing groups
cstimations,on the substrates poctin ~nd pectate. To facilitate

comparison, the extracts with the highest activity are assigned tho
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figure 100, and the othors are given figures relative to this. The
viscosity figures are calculated from the activity in torms of the
timo taken for o 25 % rcduction in viscosity of the test substrato.
Thc reducing groups figures arc a measurce of the reducing groups
produced in the first hour of the hydrolysis of glycosidic linkages
in the test substrates.

Tablc 29
PG activity of extracts of diseasod cabbage and lettuce seedlings

relative to the most active filtrate, which is made 100

Extract Test PG Activity
substrate
Fungus Host Viscosity Reducing groups
R.solani(s) Cabbagoe Poctin 5.2 24
NaPP 40.0 20
Lettuce Pectin 6.0 16
NePP 33.2 80
R.solani(L) Cabbage Poctin 7.2 0
Na2PP 50.0 60
Lettuce Pectin 2.0 0
NaPP 100.0 100
C.praticola Cebbage Pectin 6.4 6
NaPP 40.0 40
Lottuce Poctin 8.0 4

NaPP 23.2 20
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From tho results shown in Table 29, it
is cloar that the extracts wore more active in degrading pectate
than pectin. Further, although there was some correlation betwcen
PG activity as assessed by viscometry, and that assossed by the
cstimations of reducing groups,; this did not anply to 21l the
onzyme preparations. For examplc, the R.solani(S)/cabbage extracts
znd the .C.praticola/cabbagce oxtracts hnd comparsblo power to roduco
the viscosity of pectatc, whoreas the C.praticola filtratc produced
more rcducing groups from poctete than the R.golani(S) filtrato.
There is no corrolation botween pathogenicity and PG activity of
oxtracts of discased host sccdlings as estimated by either viscomotric

or roducing groups mothods.

26. Cellulase

Cellulase activity of dialysed 0+2 M NaCl
extracts of cabbage and lettuce plants infected with the fungi was
estimoted in terms of the breckdown of CMC, as assessed by the
reduction in viscosity of solutions, as well as by the estimation of
the reducing groups produced by the hydrolysis of glucosidic linkages
in CMC.

L - Coellulase(Viscosity)activity

The experimental proccdure wos the same
as that used for the culture filtrates of the fungi grown on synthetic
media, ond is described on page 57. Table 30 shows the rosults

obtained.
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Table 30
Cellulase (viscosity) activity of 0+2 M NaCl extracts of infectcd

cobbage and lettuce seedlings

Bxtroct Cellulase(Viscosity )octivity
(100/time for o 256 reduction
Fungus Host in viscosity of CMC)
R.solani(S) Cabbage 12.5
Loettuce 18.1
R.solconi(L) Cabbage 5.0
Lottuce 20.0
C.praticola Cabbage 3.3
Lottuce 28.5

From Table 30 it is evident that the only
extracts of infected cabboge plants having o falrly good activity
wore those from plants infected with R.solani(S). Extrocts of lettuce
plants infected with C.praoticols had the highest activity, while thosc
of plants infected with R.golani(S) and R.sol=ni(L) were both about

half as active.

Only one of the two cabbage infecting strains
had a high activity when extracts of cabbnge plants were tested, and
whereas 2ll throo fungl growing on lettuce produccd active cnzyme
preoparations, only two of them killed lettuce plants. There is,
therefere,; no correlation between cellulasc(viscosity) activity and

pathogenicity.
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b -~ Collulose(Roducing groups) activity

Tho method of cstimnting reducing groups
produced in the enzymic hydrolysis of glucosidic linkngces in CMC
is described on page 57. Figurc 8 shows the percontnge hydrolysis
with time,

From Figurc 8 it is cloar thot there are
substontinl differcnces in the capzeities of different extracts
to liborate reducing groups from CMC. Tho extrnets of cnbbage plants
infeceted with R.solani(S) had a lower activity than extracts of
lettuce plants infocted with the somo fungus, in spite of the frct
that this fungus parasitizod e2bboge more then it did lettuce.

On the other hand, oxtracts of lottuce
deedlings infected with R.solani(L) had o much hisgher ~ctivity then
cabboge plants infected with this fungus. In spite of the fact that
C.praticola parasitizes both cabboge and lettuce plonts to almost
cqual extents, the extracts of lettuce plants infected with this
fungus had o very much higher 2ctivity than the cabbage cxtracts.
There is, therefore, apnarently no relationship between pathogonicity
and cellulase {rcducing groups) activity.

Table 31 summarizes the results obtained
in the experiments on cellulasce activity of cxtraets of infeeted
cabbage and lettuce plants, for both viscosity rcduction and reducing
groups cstimations. To facilit~te comparison, tho extracts with the
highest activity arc assigned the figure 100, and the others are given

figures relative to these. The viscosity figurcs are calculated from



PERCENTAGE HYDROLYSIS OF GLUCOSIDIC LINKAGES

IN CMC SOLUTION.

Fig.8. CELLULASE (REDUCING GROUPS) ACTIVITY AT pH 57 OF O-2M NaCl EXTRACTS
OF INFECTED CABBAGE AND LETTUCE SEEDLINGS.
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tho activity in tcerms of the time taken for a 25 4 rcduction in

the viscosity of the tost substrate CMC, The reducing groups figurcs
arc a measure of the reducing groups produccd in the first hour of
the hydrolysis of glucosidic link~ges in CMC.

Cellulase cctivity of extracts of discased cabbage ond lettucs plants

relative to the most active extracts, which are made 100

Extract Collulase activity
Fungus Host Viscosity Reducing groups
R.solani(s) Cabbago 43.8 13.3
Lettuce 63.5 26.6
R.soloni(L) Cabbage 17.5 6.6
Lettuce 71.9 60.0
C.praticola Cabbage 11.6 13.3
Lettuce 100 100

From Table 31 it is clear that thore is some
corrclation between ccllulase (viscosity) activity and cellulasc
(reducing groups) activity of oxtracts of infected host seedlings.
Cellulase activity was higher with extracts of lettuce plants for cach
fungus, thoan with extracts of cabbrge plants. There is no strict
rcletionship botweon cellulnsc activity of the extracts and

pathogenicity.
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27. Comparison of the cnzymc activitics of culturec filtroates of the

fungi grown on synthetic substratoes, and oxtracts of diseased host

scedlings
The culture filtrates of the fungi grown

on synthetic substrates worc stondardized by concentration, in respect
of the growth of tho fungi on the different media, This woas not possible
with the diseascd plent extracts, because the actual amount of fungus
could not be measurecd directly. Accordingly, the activitics of the
enzyme proporations were made relative to the most active culturo
filtrate which was assigned the figure 100. This was dono separately
for the culture filtrates of the fungi grown on synthetic substrates,
and for tho oxtracts of diseascd plants. All the comparisons made

below are on this bosis.

A - PME activity

Table 32 comparcs PME activity for the
two sets of enzyme preparations. The figures shown are 2 measure of
the percentage hydrolysis of methyl coster groups in pectin, 20 minutcs
after the addition of the culturc filtrates.
From Table 32 it is cloar that there were
significant differences betweon the PME activity of the culturc
filtrates of tho fungi grown on synthetic substrates, and theo extracts

of diseascd plants. When tho fungi were grown on poctin, and when
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were the most nctive, n~rd those of C.praticoln, the least. When the
fungi prrositized lettuce, howecver, the extracts of R.soloni(L)werc
morc ~ctive thon those of the othor two fungi. This might meon,
that R.sol~ni(L) grow botter on lettucc than on cabbage, ond that
the reversc wns truc of R.solani(S), =2nd this result would thon
indicate 2 growth effect, ond not one conncected directly with
pathogenicity.
Toble 32

Comprrison of PME nctivity of culturc filtrates of the fungi grown
on synthetic substrotes, with thot of extrncts of disonsed hosts

Fungus PME Activity

Fungus growth substrates

Pcetin NoPP Cabbnge Lettuce
R.sol-~ni(s) 100 0] 41.6 69.0
R.soloni(L) 40.6 0 10.7 100
C.praticola 10.1 0 5.9 3.5
Nil - - 3.8 2.3

The two scts of culture filtrates were
similar to the extent that the C.praticola filtratcs weroe the leost
active, whon cnzyme preparations of this fungus, growimg on cach type
of substratc were tested. This connot be correloted with pathogenicity
becrusc C.praticola was thoe most virulent pothogen of the throoe fungi.
B~ PG Activity

Toble 33 comporcs PG(viscosity)activity

of culturc filtr~tes of the fungi grown on pectin ond pectate, with
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that of the extracts of seedlings infocted with the fungi. The test
substrates were pectin and pectate.The figures shown are a measure
of the activity in termas of a 25% rcduction in viscosity of the test

substrate.

Toblo 33
Comparison of PG(viscosity)activity of culture filtrates of the fungi
grown on synthetic substrotes, with that of extracts of discased hosts
Fungus Test PG (Viscosity) activity

substrate
Growth substrates

Pectin NaPP Cabboge Lettuce
R.s0lani(S)  Pectin 10 0 5 6
NoPP 14 0 40 33
R.solani(L) Pectin 64 0 7 2
NoPP 100 0 50 100
C.praticolz  Pectin o 0 6 8
NaPP 0 0 40 23

Bach cnzyme praparation wos nble to breck
down pectnte more rapidly than they did pectin. None of the fungi
produced nctive filtrates when grown on poetnte. All the EL§913§1(L)
filtrntos wore more active thnn those of the othoer two fungi.
However, the pcctin filtrate was able to degrade pectin, wherens
the cabbogo and lettuce ones wore only feebly ~ective. The pectin,
cobboge and lottuce filtrates of R.solani(S) did not differ widely
in thoir 2bilities to reduce the viscosity of pectin solutions, but

tho cabboze and lottuce filtratos roduced the viscosity of peetate
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more rapidly than did the filtrates of this fungus grown on pectin.
C.praticoln filtrates from tho two synthetic substrates werc inactive,
while thosc from cabbnge and lettuce hod somg ~etivity.

It can be concluded that PG(viscosity)
activity voarices for these fungi, deoponding on the modium used for
their growth, activity of filtrates from synthcetic mediz boing
difforont from thosc from discascd host plants. Neither of thosc sots
of cnzyme preporations showed o strict reclationship with pathogenicity.

¢ - PG(Rcducing groups) activity

Table 34 compares PG(reducing groups)~ctivity
of culturc filtrates of the fungi grown on pectin and poctnte, with
that of oxtracts of discosed scedlings. The figurcs shown are o
measure of the reducing groups produced in the first hour of the
hydrolysis of glycosidic linkagcs in the test substrates, pectin cnd
pectato.

From Table 34 it was clear that thore was
groat voriation in the ability of the enzyme preparations to producce
reducing groups from both test substrotes. With the oxception oftho
Englggi(L) filtrate, which was more active than the oxtracts from
discased plants for this fungus, all thc pectate filtratcs werc loss
active than ~ny of the other enzyme preparations, tosted on cither
of the substrates. Further, the extrocts of discosed plants producod
more roducing groups from pectate than filtrates of the fungl grown
on pectin, whereas tho oxtracts from diseascd plants produced less

rcducing groups from pectin thon the filtrates of the fungi grown on
pectin,
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Table 34

Comparison of PG(Reducing groups)activity of culture filtrates of the
fungi grown on synthetic substrates, with that of exiracts of diseased
host plants

Fungus Test PG(Reducing groups) activity

substrate
Growth substrates

Pectin NaPP Cabbage Lettuce

R.solani(S) Pectin 50 4 24 16
Napp 24 0 20 80
R.solani(L) Pectin 100 10 0 0
NaPP 60 2 60 100
C.praticola  Pectin 40 2 £ 4
WapP 4 0 40 20

It was concluded that the substrates on
which the fungi grow, can profoundly affcect PG activity of the filtrates.
Further, there is no striet correlation between the activity of filtrates
from synthetic medio and that of extracts of diseased host plants, and
neither of these bear a strict relation to pathogenicity of these fungi
10 lettuce and z2abbage seedlings.

D = Cellulase activity

The basis of comparison of the activities
of the culture filtrates of the fungi grown on synthetic media,; with
that of extracts of diseased hosts was the same as that described for
PG activity. Table 35 compares cellulase(viscosity )activity for the

two sets of enzymoe preparations.
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Comparison of cellulasc(viscosity)activity of the culturc filtrates
of the fungi grovm on synthetic substrates, with that of extracts of
diseased host plants
Fungus Cellulnse (Viscosity) activity

Growth substrates

CMC wdce Cabbage Lettuco
R.sol2ni(s) 15 0 44 63
. Reeclzpi(L) 100 60 17 70
C.praticola 50 13 12 100

C.praticola grovn on CMC ond lettuce plants
produced active filtrates, but when grown on WdAC nnd cobbage, they
were very much less active. However, C.praticola parnsitizced both
cabbage and lettuce, so that there cannot be a strict correlation
betwoon collulase (viscosity) activity and pathogenicity.

Further, there was great varietion in
activity between the enzyme preparations obtained by growing the
fungi on differcnt substrates. This was particularly well illustrated

by the filtrates of R.solsni(L) and C.praticolo.

Teble 36 comparcs cellulase(reducing groups)
activity of the culture filtrates of the fungi grown on CMC and Wdc
with that of extracts of infected sccdlings. The figurcs shown are
a measure of the reducing groups produced in the first hour of the

hydrolysis of glucosidic linkages in CMC.
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Table 36
Comperison of cellulase(reducing groups)activity of culture filtratcs
of the fungi grown on synthetic substrates, with that of extracts of
diseascd host plants
Fungus Cellulase (Reducing groups) activity

Growth substrates

cMC "Wdce Cabbage Lettuce
R.solani(s) 50 0 17 o 3T
R.solani(L) 100 83 14 84
C.praticola 70 20 19 100

There was great variation in cellulase(reducing
groups) activity with the different extracts of each fungus. Cabbage
appearcd to be a poorer substrate for enzyme production by each fungus
than lettuce or CMC. On cabbage, therc were no great differcnces in
the amount of enzyme produced, as therc were in the pathogenicity
of the three fungi to this host. It is concludud that the substrates
on which these fungi grow, have a marked effcet on cellulase(recducing
groups) activity, which in turn, cannot be directly corrclated with
pathogenicity.

28. Prescnce of pectic substances in host tissues

The prescnce or absence of pectic substances
in hypocotyls of cabbage and lettuce secdlings was investigated by the
histochemical methods described ion page 43. These methods are not
highly specific, in that a positive reaction does not necessarily

mean that all the stained portions of the tissues consist of pectic
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substances. A negative rcaction, howevor, does indicate their absence.
When sectioné of cabbage and lettuce hypocotyls wore cut with a
freezing microtome at thickness of 15, and tested, positive reactions
were obtained as expected.

The lettucc hypocotyls appearcd to have a
greater proportion of their cortical cell walls stained, than did the
cabbage hypocotyls. The intensity of staining too was deeper in
lettuce than in caobbage, and this suggested that the lettuce hypocotyls
were composed of cells with o greater content of poctic substances in
their walls than cabbage.

In the hypocotyls of both hosts, the outer
cells of the cortex stainced deeped than the innor cells, towards
which there was 2 dimunishing gradation in staining intensity.

The fact that lettuce hypocotyl cell walls probably contained more
pectic materials than cabbage might oxplain why gencerally higher
pectic enzyme activitites were observed in lettuce than in cabbage,
but the validity of this conclusion must be subjeet to confirmation
after further investigation,

29. ffect of cnzymec preparations on host tissuc

A - Culture filtrates of the fungi grown on synthetic substrates

The macerating activity of culture filtrates
of the fungi grown on synthetic media werc investigated as follows.
Hypocotyls from 8 days old cabbage and leottuce seodlings grown under
aseptic conditions, werc detached and placed in sterile Petri dishes

in the cell free culture filtrates of thc fungi grown on sucrose,
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pectin and pectato substrates, obtained as described earlier. The
dishes were kept at room temperature and cxamined after various
intervals. The results obtained, are shown in Tablc 37

Table 37
Maceration of cabbago and lettuce hypocotyls by culture filtrates of
the fungi grown on synthetic substrates
Fungus Growth Time taken for maceration (hours)

substrate
Cabbage hypocotyl  Lettuce hypocotyl

R.stlani(S) Pectin 12 12
NaPP 48 48
sucreace - -

R.solani(L) Pectin é 6
NePP 48 48
Sucrose - -

C.praticola  Pectin 12 12
NaPP - 48
Sucrosc - -

The sucrose culture filtrates of all threc
fungi did nmot macerate the hypocotyls even in 48 hours. The pectin
culture filtrates of all threc fungi macorated both cabbage and
lettuce hypocotyls. The latter became very flaccid and gelatinous.
Culture filtrates of R.solani(L) from pectin macerated both cabbage
and lettucc hypocotyls within 6 hours. These observations in gencral,
do not indicate any corrclation between the macerating activity of

the culturc filtrates of the fungi grown on synthetic substrates and
pathogenicity.
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B -~ Extracts of infected host plants

Water oxtracts of cabbage and lettuce
seedlings infected with thc fungi werc obtained as described on page
51. The extracts worc storilized by membrane filtration. The
concentration of tho extracts were adjusted by evaporation under
reduced pressurc, so that 100 ml. of the filtrate wore equivelent to
the extract from 1000 infected seedlings. These concentrated extracts
wero diluted in some trcatments to varying dogrecs as indicated below.

Surfacc sterilized secds were germinated
on nylon net in test tubcs under asgptic conditions as described on
page 37. The extracts of infectod plants were placed in thce test tubes
up to the level of the nylon nct. After 14 deys from the datc of
sowing,; the scecedlings werce removed, and the lengths of their tap roots
wore measured. Dry weights of the roots and shoots were also dectermined.
The conditions of tomperature and illumination for the growth of the
seedlings arc given on page 37. In cach treatment there wore three
rcplicates, cach replicate consisting of one test tube containing 20
seodlings. The results of the experiments are shown in Taobles 38 - 42,
From Tzble 38, it is clear that all tho
cxtracts had a marked effect on the lengths of the tap roots of
cabbage plants., The tap roots became longer as the concoentration of
the extracts wore roeducod. Extracts of lettuce plants infected with
the R.solani strains depressed thco tap root lengths to a slightly
lossor extent than did the corresponding cxtracts from infected cabbage

plants. However, cxtracts from both types of plants infected with
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C.praticola depressed tap root length to about the same extent.
Table 38

BLffocts of oxtracts of infected cabbage and lettucce scedlings on the

tap root lengths of cabbage scedlings
Tap root length of cabbage seedlings in mm. Tho
figures aro the means for 10 scedlings, with the
standard error for cach mean.Figures in brackets
are values rclative to those for secdlings in
water, which are made 100

Ixtract

Fungus Host Dilution - fxtract 3 Water

l1:0 331 11 1:3

R.solani(S) Cabbage 0.6 x 0.08 5.2 + 1.1 9.0 + 1.8 21.8 &+ 2

(0.8) ( 7.5) (13.0) (31.5)
Lettuce 12.0 + 1.4 22,2 3+ 1.8 27.0 2.1 59.0 & 2.9
(17.3) (32.0) (39.0) (85.2)

R.solani(L) Cabbage 5.6 + 1.4 8.0 + 0.6 15.8 + 1.1 22.4 & 1.6

(8.1) (11.5) (22.8) (32.3)
Lettuce 15.8 + 1,1 20.6 1.7 24.2 £ 1.8 26.2 1 6.3
(22.8) (29.7) (34.9) (37.8)
C.praticola Cabbago 0.6 £ 0.1 6.6 + 2.0 17.2 £ 1.6 21.2 £ 0.9
(0.8) (9.5) (24.8) (36.6)
Lettuce 0.4 + 0.08 9.0 1 1.2 18.0 + 1.2 29.6 + 1.3
(0.5) (13.0) (26.0) (42.7)
Water 69.2 + 2.5 - - -
(100)

It is clear from thesc resulis that dopression of tap root length by
the extracts cannot be related to pathogenicity. The results for

lottuce are shown in Table 39.
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Tablo_ég

Effcct of extracts of infected cabbage and lettuce seedlings on the

tap root lengths of lettuce scedlings

Tap root longth of lettuce seedlingenin mm.The
figures arc the means for 10 secdlings, with -
the standard error for coach mean. The figures
in brackets are values relative to those for

Extract seedlings in weter, which are made 100
Fungus Host Dulution - Extract : water
120 31 is -3
R.solani(S) Cabbage 1.8 1+ 2.3 8.6 + 1.4 12.6 1 1.5 19.6 + 1.0
(3.5) (16.7) (24.6) (38.4)
Lettuce 16.0 + 1.9 19.6 + 1.4 26.0 + 2.0 33.0 + 2.6
(31.3) (38.4) (50.9) (64.7)
R.solani(L) Cabbage 10.6 + 1.9 12.6 + 1.3 21.8 1 2.4 26.0 + 2.7
(20.7) (24.6) (42.7) (50.9)
Lettuce 11.4 + 1.2 13.4 + 1.0 19.6 & 3.0 32.0 + 2.0
(22.6) (26.2) (38.4) (62.7)
C.praticola Cabbage 5.6 & 1.2 15.0 x+ 1.7 21.2 + 1.9 27.6 £ 2.0
(10.9) (29.4) (41.5) (51.1)
Lottuce 10.0 1 1.0 14.6 1+ 1.6 26.0 £ 2.3 33.2 = 1.5
(19.6) (28.6) (50.9) (65.0)
Wator 51.0 + 2.3 - - -
(100)

From Table 39 it is seen thet each of tho
oxtracts had some effect on the length of the tap roots of lettuce
seedlings, which wore dcpressed to varying extents with increasing
concentration of the extracts. Thosc of Engiggi(S) grown on lettuce
dopressed tap root length to 2 slightly lesser extent than corres-

ponding extracts of R.solani(L). On the other hand, extracts of
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R.solani(S) grown on cabbage, depresscd tap root longth to a greater
extent than did corresponding extracts of B;EQ;%EE(L)° These results
are not related to pathogenicity.

Extracts of C.praticola grown on cabbage and
lettuce, depressed tap root length to about the same ecxtent. It is
concluded that extracts of infected cabbzge and lettuce plants are
toxic to both cabbage and lettuce seedlings, but that the degree of
toxicity bears no close rclationship with pathogenicity.

The validity of bthesc conclusions were
tested further by the obscrvations of the dry weights of the roots
and shoots of cabbage and lettuce scedlings, growing aspptically for
14 days in extracts of discased plants. Thc rosults are summarized in
Tables 40 and 41. From Table 40 the following obscrvations are made.

Cabbage plants

o) Effect of oxtracts on root growth

The extracts of both cabbage and lettuce
plants not infected with fungus had no offect on the dry weight of
cabbage roots. OFf'ikho 'R.solani(S) extracts, the one from cabbage
depressed root growth more than did the one from lettuce. The extracts
of lettuce plants infected by Englggi(L) however, depressed the
growth of cabbage roots, whereas no inhibition was observed with the
extracts of lettuce plants infected with this fungus. These rcsults
could be explained on the basis of the greater production of the
toxic principle of each fungus on its normal, as compared with its

resistant host. Extracts of both cabbage and lettuce plants infected
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Tablec 40

fungi on the growth of cabbage seedlings

lixtroact

Fungus Host

R.solani(S) Cabbage

Lettuce

R.solani(L) Jebbage

Lettuce

C.praticola Cabbage

Lettuce

Nil

Cabbage

Lettuce

Wator

and lettuce plants infected with the

Growth of cabbage seedlings in mg. dry weight of

scts of 20 scedl:ings.

¥Bach figure is the meon of

5 sots, the standard errors of the means are given
The figures in brackets indicate values relative
to those obtained by growing the secdlings in

water, which arc made 100

Root
Dilution-Extract : water
1:0 31 1s1
8.2 0.3 13.4
20.4 1.1 0.7
(74) (93) (94)

9.2 10.1 10.6
i’o’3 i003 :’.Ool IV

(83) (91) (96)

11.0 11.6 11.7
0.1 0.4 +0.7

(100) (105) (106)

9.1 10.1 10.1
0.4 10.2 10.6 10.4

(82) (91) (91)

7.2 9.2 10.1
0.2 0.4 0.4 0.3

(65) (83) (91)
7.6  1G.0 10.2
0.2 0.4 0.5

(69) (91) (92)

11.2 1ll.2 11.1
+0.4 0.6 0.7

(101) (lo1) (101)

11.0 11l.2 11.2
+0.5 0.7 0.7 40.5
(100) (101) (101) (101)

11.0 + 0.7 (100)

Shoot
Dilution-extract
1:0 3¢l 121

52.2 53.6 55.2
i2-4 i'3¢1 :."2.1

(92, (95) (97)

53-4 55-2 5408
2.2 3.7 2l.4 45.2

(94) (97) (97) (100)

58.8 60.0 59.8 58.8
+1.3 1.8 2.9 1.9

(104) (206) (106) (104)

59.2 60.4 56,1 63.4
+3.1 +7.2 4.1 4.6

(104) (107) (99) (112)

57.1 49.3 55.7 59.1
4.7 +8.6 17.1 6.1

(101) (87) (98) (1.4)

49.4 50.6 50.3 53.6
2,2 7.1 8.7 6.1

(87) (89) (89) (95)

57.6 57.4 59.1 58,2
+3.4 4.6 15.1 5.0

(102) (101) (104) (103)
59.1 58.3 59,2 58.2

+#4.9 +3.1 1.2 2.9
(104) (103) (104) (103)

s water
1:3

55.6
+0.4

(98)
56.17

56.4 + 2.4 (100)
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with C.praticola were more toxic to cabbagec roots than any of the
extracts of plants infected with either of the R.solani strains. This
shows that C.praticola produccs more toxin than the other two fungi.

b) Effect of extracts on shoot growth

The results with stems werc not so striking
as thosc obtoined with roots. Uninfected cabbage and lettuce oxtracts
had no inhibitoyy effect on growth, ond in fact slightly stimulatcd
growth, ¥xlyvacts of both plants infected with B;EQL%EE(S) had a
small depressing offect on shoot growth, whereas those of R.solani(L)
had no such effect. Nxtracts of letituce plants, but not those of
cabbage, infected with C.praticola had an inhibitory effecect on the
growth of cabbage shootls.

From these results it can be concluded that
each of the three fungi con produce toxins inhibiting the growth of
cabbage shoots. The filtrates of C.praticola wore the most toxic of
the three fung?. In some casos the seedling%appearod to have been
maccerated, and werc - jelly-like at the beses of the hypocotyls.

This indicates that the cnzyme system may yot be rosponsible for
this particular effect. Filtrates of R.solani(S) worc more toxic
to the roots than those of R.solani(L). Further, the lcast pathogenic
strain, B;EEE%EE(L)S had less effect on the growth of cabbage roots
than either of the pathogenic strains., There is an indication hero,
of a: connexion with pathogenicity.

The most concentrated extracts of C.praticols

and R.solani(S) macerated the hypocotyls of cabbage scedlings. This
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Table 41

0]

Effect of eoxtracts op cabbage and lettuce plants infected with the

fungi, on tho growth of lottuce scedlings

Extract

Fungus Host

R.solani(S) Cabbage

Lettuce

R.solani(L) fnbbace

Lottuce

C.praticola Cabbage

Lettuce

Nil Cabbago

Lettuce

Water

Growth of lettuce scedlings in mg, dry weight of

sets of 20 seedlings. #ach figure is the mcon of

5 sets.The standard crrors for tho means are given.
The figures in brackets indicate values relative

to those obtained by growing the sccdlings in water,

which arc made 100

Root

Dilution-Uxtract

1:0 331

2.7 3.2
10.2 0.4

(81) (96)

2.5 2.9
0.3 0.4

(75) (87)

2.7 3.0
0.2 10.4

(81) (90+

2.2 2.8
+0.2 40.2

(66) (84)

2.4 2.7
+0.1 0.1

(72) (81)

2.2 2.5
0.3 0.4

(66) (75)

3.4 3.3
0.2 0.1

(103) (100)

3.3 3.4
0.2 10.3

1:1
3.3
10.4
(100)
2.7
0.5
(81)

3.2
0.2

(96)

3.1
£0.3

(93)

2.9
10.4

(87)

2.8
i—Oo4‘

(84)

3.4
0.2

(103)

3.3
;!:004

z wator

1:3
2,8
+0.6

(84)
2.6

0.2
(78)

3.4
+0.2

(103)
3.2
+0.4
(96)

3.2
0.3

(96)
3.2

0.2
(96)

33
0.3

(100)

3.4
40.1

(100) (103) (100) (103)

3.3 1+ 0.1 (100)

Shoot
Dilution-iixtract ¢ water
1:0 sl 1:1 1:3

14.1 16.0 15.6 14.6
+1.4 1.0 1.3 0.9

(96) (109) (106) (100)

14.0 14.8 15.2 14.7
1.7 2.0 1.6 1.1

(95) (101) (104) (101)

14.0 13.9 14.2 15.4
1.8 2.2 11.4 30.9

(95) (95) (91) (105)

14,2 14.0 13.8 15.2
+0.9 0.4 +1.6 1.6

(97) (95) (94) (104)

13.5 14.1 14.0 14.6
+1.4 1.6 +1.3 1.4

(92) (96) (95) (100)

1402 14:3 15.8 14.7
+1.2 1.6 1.1 10.9

(97) (98) (108) (101)

4.6 14.7 14.3 14.6
+1.4 1.2 1.2 12,0

(100) (101) (98) (100)

15.7 15.6 15.2 15.6
+2.1 1.4 1.6 2.2

(107) (106) (104) (106)

14.6 4+ 1.7 (100)
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o) Effect of oxtracts on root growth

The cxtracts of beth cabbage and lettuce
plants uncontaminated with fungus, had no effect of the growth of the
roots. Extracts of lettuco plants infected with R.soloni(L), as well
as those infected with C.praticola, werc more toxic to the growth of
lettucoe roots than any of the other cxtracts. Here apparcntly, there
is a connexion with pathogenicity. Both R.solani(L) and C.praticola
parasitized lettuce scedlings, and produced extracts which were toxic
to lettuce.

The extracts of cabbage plants infected
with C.praticola were also toxic to the growth of lettuce roots,
It can bo assumod that this fungus, which parasitized cabbage as well
as lettuce, produced the toxic principle on cabbage, and this was toxic
to lettuco roots. The extracts of cabbage plants infected with
R.solani(S), inhibited the growth of lettuce roots only to a very
small cxtent. The extricts of lettuce plants infected with this fungus
howover, werec more more toxic than the corresponding extracts from
cabbago.

b) LDffect of extracts on shoot growth

The effeccts of tho cxtracts on lettuce
shoots werc much less than thoir offocts on roots. Tho morce concentrated
cxtracts of both cabbage and lottuce plants, infected with cach fungus
had & slight inhibitory cffect on shoot growth, whereas extracts from
both uninfected hosts were not inhibitory. The inhibitory effects

of the extracts of infected plants was a genoral effect, there being
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wheoreas the extracts of cabbage and lettuco scedlings uncontaminated
with fungus werc not toxic.
b) There are indications that o fungus parasitizing its normal
susceptiblo host, produces the toxic principles in groator quantity
than when they parasitize leoss susceptible hosts.
c) At the concontrations uscd in thesc cxperiments, it appoars that
there is no highly éotent specific toxin from any fungus, having a
selective effect on eitheor cabbage or lettuco. In other words,
thore are no indications to suggost that cach fungus producos a
toxic principle which is very different in its effccts on either host,
from toxic principles producod by the otheor fungi.
d) In most cases, root growth showed rosponses to o toxic principle,
whereas the responsc on the part of the shoot was only just discerniblc.
This may be due to the fact that the shoot consisted largely of
hypocotyl and cotyledon, producecd by the utilization of materials
stored in the soced; and responses to external factors czn largely
be overcome by the prescnce of sufficiont rescrves for the growth of
tho shoot.
c) Although tap root lengths roduced with incroase in concentration
of the fungus cxtracts, it is unwise to attach too much importance to
these results, because the observations of the tap root length do
not accommodate the presence of laterals, which wore, however, slow
in boeing formed.
f) The toxic principle cannot cntirely be separated from cnzymes,

(particularly the pectolytic and cellulolytic enzymes) and the
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obscrvations made zbove, may be a measurc of cnzymc activity,(which

in turn could be connected with the degrec of inactivation of enzymes)
rather than 2 completely separatc toxin.

g) Although, as stated earlicr, a fungus tonds tec preduce a more
cfficient toxic principle whon growing its susceptible host, the
effects of thoe various oxtracts on cabbage and lettuce scodlings
canmot be strictly corrclated with pathogenicity.

C - Bffcects of autoclaved extracts of infected cabbage and lettucce

plants on thc growth of cabbage and lettuce secdlings

The procedurce adopted in this scrics of
oxperiments was the same as that described for the preocceding ones,
cxcopt that the cxtracts were autoclaved for 20 minutcs at 15 p.s.i.
pressure. It was hoped that the pectic 2nd cellulolytic onzymes would
be complectely inactivated by the autoclaving, and that the possible
effects of a heot stable toxin could be obsgorved,

Table 42 shows the offects of the autoclaved

extracts on the dry weights of roots and shoots of cabbage and lettuce
seedlings. From thesc results it is cloar that the autoclaving

had & profound effect on the toxicity of the extracts, none of which
wore as toxic to cithor cabbage or lottuce, as the unautoclaved
extracts. It can bo concluded therefores that either the toxicity of
tho culturce filtrates was duc te the presence of thermolabile cnzymes,
which werc thomselves toxic, or that there were toxins present in the
extracts, which werc quite distinct from the cnzymes, and that thesc

toxins were themselves inactivated or destroyed during the autoclaving.
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Tablo 42

Effocts of autoclaved oxtracts of infoected cabbage and lottuce scedlings
on the growth of cabbaoge and lettuce secdlings

ixtra

ct

Pungus Host

o

R.solani(S) Cabbage

Lottuce

R.soleni(T,) Cabbasc

Lettuce

C.praticola Cabbzge

Nil

conc
dil

Lottuce

Cabbage

Lettuce

Weter

- Twtracts wer
- Ixtracts wor

¢
)

Growth of scocdlings in mg.dry woeight of scts of 20
scedlings.Bach is the mean of 5 setsgstandard
crrors for cach mean are giveon;The figurcs in
brackets relative to those obtaincd by growing the
sccdlings in water, which arec made 100

Cabbage Loettucc
Root Shoot Root Shoot
conc dil conc dil conc dil conc dil

11.2 11,1 55.7 53.6 3.2 3,2 15.2 14.6
#0.4 0.6 13.6 4.1  10.4 +0.6 11.8 41.0

(101) (201) (98) (95) (96) (96) (104) (100)

10.6 11.0 55.2 55.6 3.3 3.2 14.8 14.6
0.6 0.4 2.0 43.0 40.4 0.4 +2.0 2.1

(96) (100) (97) (98) (100) (96) (101) (100)

11.0 11.2 59.2 56.1 3.4 3.2 14.3 14.7
£0.6 0.4 1.8 4.0 0.6 0.2 1.8 2.0

(100) (101) (104) (99) (203) (96) (98) (101)

11,4 11.2 57.1 58.8 3.1 3.3 15.6 14.8
0.4 0.6 2.2 3.6 +0.8 10.4 3.0 .2.2

(103) (101) (101) (104) (94) (100 (106) (101)

10.9 11.1 58.2 55.7 3.4 3.3 14.7 15.2
0.6 40.4 4.0 42.6  43.3 40.4 +1.7 41.6

299) (101) (103) (98) (103 (100) (101) (104)

11.4 11.2 57.4 58,2 3.1 3.2 14.6 14.3
10.4 10,6 3.0 2.0 0.8 10.4 1.2 1.8

(103) (101) (101) (103) (94) (96) (100) (98)

10,9 11.6 57.6 56.3 3.3 3.2 14.7 14.2
20.4 10.6 3.0 +2.0 +0.6 0.4 1.4 1.9

(99) (105) (102) (100) (100)(96) (101) (97)

11.2 11.0 59.0 56.4 3.4 3.2 15.2 14.6
io.z __"'Oo/;[' i‘2.6 i‘2¢2 iO-’{I- io-Ar _4_'2.0 i104

(101) (100) (104) (1003 (103)(96) (104) (100)

11.0 £+ 0.7 56.4 + 2.2 3.3 & 0.2 14.6 + 1.7
(100) (100) (100) (100)

used undiluted
dilrted with nn courl volume of wator
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DISCUSSION

The present work sought to inquire into the
nature of the process of paragitism of various plantes , by different
strains of R.solani and a related species, and was directed in
particular to tho causes underlying the specificity of parasitism
shown towards different hosts by these fungi. The ability of the
plants to resist parasitic attacks, depends on their having a
satisfactory defence mechanismy or on their ability to cause the
brenkdown of the parasite's attacking mechonism. The latter could
conclevably take place oither-early, or late in the parasitic process.
in different host-parasite combinations.,

The wpecificity of parasitism for the host-
parasite combinations used in the present work, was very clearly
defined both in experimonts carried out in vitro, and in soil.

Shephard (1957), found that onvironmental conditions had only =

limited effect on this specificity, and the rosults obtained in tho
present work confirm these findings, because although the environmentiol
conditions were the same for each host-parasite combination in the
different experiments, they were not identical in the soil cxperiment
and the in vitro experiments. Novertheless, the pattern of specificity
of parasitim, was the same in all.

No evidence was obtained that suggested a
rclationship between pathogonicity and the cultural featurcs of the

isolates. Comparod with the other two fungi, R.solggi(s) grow moro
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slowly on each of theo media used,; yet it never failed to demp-off
cabbage scedlings in a number of conditions, whereas B;ER&EEE(L)
failed to do so although it grew nearly twice as fast as did R.soleni(S)
on a viriety of media. Agzain, although R.solang(L) end C.praticola
had very similar growth rates under a variety of conditions, and
both these fungi parasitized lettuce to about the same cextent,
E;EEAEEE(L) did not kill cabboge whereas C.praticola did. None of
thesc facts can be explained in tcrms of the behaviour of the thrce
fungi in culture.

The possibility that the host influences
the parasitc beforc contact was made betweon the two was suggosted
by Kerr, (1966), as a rcsult of his studies on the effoct of root
exudates from radish, lettucce and tomato planss on the growth of
R.solani. Fungus growth was stimulated only by radish and lettuco
root exudates but not by exudates from tomato roots. Radish and lettucc
wore susceptible to attack Ty R.solani, but tomato was resistant. It
appoared that the growth of the fungus wos stimulated only by exudates
from plangs that it could parasitizec. He suggestecd that host cxudates
"may affect the ability of a fungus to "find" a suitable host" in the
sense that growth will be stimulated in the region of tissues that

the fungus could later parasitizc.
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If exudates from resistant plants were also
stimulatory, this growth would be wasted. A further point is that
these effects occur only because the root is essentially a leaky
structure compared with the other parts of the plant. Flentje, (1957),
claimed that substances cxuded by the roots of certain plants play
2 part in derermining whether or not strains of R.solani will
parasitize the plants, and that a chemical stimulus alone, or in
conjunction with a contact stimulus is important in the specificity
of parasitism. Kerr and Flentjc, (1957), beleived that there was a
close correlation between the susceptibility of the seedlings
to R.golani, and stimulation of tho pn+thaznms by the cu-dlings.

An investigation of these claims was aemajof object in the present
work.

The fungi which were used attacked their
hosts through the hypocotyl, and were presumably comparable to those
used by Kerr and Flentje (1957), although they did not say explicitly
thet their plants werc parasitized in this way. Exudates from cabbage
roots grown in water culturc under sterilc conditions did stimulate
the growth of R.solani(S) which parasitizes cabbage, but they also
stimulated the growth of R.solani(L) which, at the most, was only a
very weak parasite of this host.

Similarly, lettuce root exudates stimulated
the growth of R.solani(S) which did not parasitize lettuce, as much as
thoy stimulated tho growth of R.solani(L) which actively parasitized

this hosts so that these two strains, highly specific in their
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paragitism of cabbage and lattuce, there wos no indication of a
specific relationship between susceptibility of & host to infection
and colonization, and stimulation of growth from exudates from the
roots., These results clearly conflict with those of Kerr and Flentje
(1957), so far as stimulation of growth is concerned.

There are, of course, differences in the
two sets of experiments. Thore is the obvious one that different
fungi wore used, and therc is the subsidiary one, that in the prcsent
work, the plants were grown with their roots in water, whereas Kerr
and Flentje grew them in sand. Although they did not stete specifically
that only water was used, it socems sofe to assume that this was so.

It might be argued that thesc results
support the hypothesis of Kerr and Flentje to the extent that exudates
from the onc plant resistant to the three fungi, did not stimulate
the growth of any of them. On the other hand, the results shown in
Table 2 indicate that C.praticola did kill an appreciable number
of wheat secdlings boefore omergence, whereas the other two fungi did
not. Here too, ability to parasitize was not rclated to the stimulation
of growth of the parasitc by root exudates.

An obvious deficiency in the present work
was that only water was used to grow the scedlings. This however,
makecs these results comparable with those of Kerr and Flentje, who
themsclves used water and not nutricnt. The usc of water instead of
nurrient probably explaimg why only exudates from very young

gseedlings of cabbage and lettuce were stimulatory. After the initial
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period of growth, in which reserves within the seed were boing used,
the supply of nutricnts in one form or another probably became limiting.
If nutricents had been uscd, the stimulatory effects might have
persisted longer, On the other hand, the usc of very young scedlings
is not too unrcalistic because this is the type of plant most readily
attacked by each of the threo fungi.

L furthor point of criticism of the present
work would be implied by the question, what is the point of . studying
the effect of root exudates on the growth of fungi that attack through
the hypocotyl? Some arguments to justify the use of root exudates ere
that if the roots exude substances with specific effects, this might
suggest that the hypocotyls from the same plant would do so also; and
that if the growth of the fungus'is stimulated by exudates at the root
surface, the effect might persist, and influence the behaviour of
the fungi at the hypocotyl.

Contrary arguements arc that even if the
roots did exude substances with specific activity, it would always
be necessary to show that these substances were exuded by the hypocotyl,
or that their effects on fungi growing at root surfaces persisted, and
influenced the behaviour of the fungi at tho surface of the hypocotyl.
The fact is that the place to look for substances having formative
effects on the hyphae of fungi invading through the hypocotyl, is
the hypocotyl itsclf., This is, o course, technically very difficult.

In the prosent work, an attempt was made to
cbtain some effect of hypocotyl exudates, but the mothod was not

ideal, if, for no other rcason, that any hypocotyl effects would most
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probably have been swamped by those of the roots. The resulis obtainéd with
the experiments with, and without hypocotyl exudates did not differ
significantly.

In fact the effect of root exudates on
the fungi used in the prescnt work, appears to be no more than a
"rhizosphere effect", in which stilulation of growth was not general
but specific.

Flentje, (1957), stated that some strains
of R.solani generally attached themselves to, and grew along the
lines of junction of the epidermal cells. He found that a stem—
attacking strain exclusively followed these lines of Junction.
The three strains used in the prescent work behaved in this characteristic
manner on the surface of cach host. It was found, however, that the

characteristic orientation was not confined to the lines of Jjunction

betwecn the epidermal cells, and the hyphae were often obscrved to
grow longitudinally along the cell surfaces, as well as along the
lines of Jjunction of cells.

Further, Flentje, (1957), stated that
strains not pathogenic to a host, fail to become attached to, or
orgenize on, the stems. In the present work however, it was found
that all strains attached to, became orginized on, and even produced
infection cushions on the surface of each host. There was, however,
some correlation between the amount of organization, both in terms of
oricntation of the hyphae as well as infection cushion formation

and, pathogenicity. It appecars then, that thore are wide diffcrences
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in tho capacity of different strains to organize on host surfacos.
Kerr and Flentje, (1957), suggested the
hypothesis that "attachment to, organization on, and penetration

of a host by the radish strain of P.filamentosa (R.solani), is

controllod by the nature of the cuticle surface, and the presence
of & diffusible material which is excreted onto the cuticle surface
from the undorlying coells", They found that structures resembling
infection cushions wore formed on cellophane in response to radish
root exudate by a radish strain of R,solani, but not by other
strains of this fungus.

They also found that hyphae of the radish
strain, became attached to, organized on, and penetrated radish
opidermis strips (prosumably of the hypocotyl) moistened with radish
root exudate, whereas on control strips with nowexudate, attachment
and growth along the lines of junction of cells occurred, but no
infoction cushions wore formed, and no penetration took place.

In the present work, it was found that
apart from the failure to stimulate fungus growth in a specific way,
root exudates had no effect on the formation of infection cushions,
which were produced on each +type of epidermis by each fungus with
the same frequency for each fungus-epidermis combination, with
or without rocot exudato, from any of the threec hosts. These results
aro therefore in conflict with those of Kerr and Flontje (1957),

with respect to specificity of the effects of root exudates on
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stimulation of fungus growth, as well as the effects of root exudates
on infoction cushion formation on strips of hypocotyl (or coleoptile)
opidormis,

Tho present results, however, confirm the
findings of Kerr and Flentje (1957), that the nature of the cuticle
surfaco was important in the behaviour of R,solani on plant surfaces.
These workors found that on domaged stoms of radish, no infoction
cushions were formed on punctured areas, and they always formed on
intact cuticle surfaccs. This fact, togethor with the evidence that
cellophane was not penctratod by their radish strain, indicated the
importance of the contact stimulus in organization on, and penetration
of a surface by R.solani. The rosults obtained in the present
work, pwoduced much evidenco in support of this hypoyhesis.

Each of the three fungi used here, formed
charactoristic structures on non-living surfaces, and although they
wore not identical with infection cushions in appearence, they were
evidently adhesive in function. The term "contact cushions" is
proposed for these structures. The contact cushions formed on
different surfaces woere not identical in appearence, varying in
structural dotails. This could possibly be correlated with differences
im the configuration of the different surfaces., There can, of course,
be no questicn that contact cushions only in response to particular
substances, because the surfaces had been thoroughly cleaned, and

were almost certainly chemically inert.
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Flentje (1957), did not observe his strains
of R.solani to form contact cushions on either glass, collodion,
cellophane, cotton or other non-living surfaces. He cited this as
evidence of the inadequacy of tho contact stimulus theory to explain
the behaviour of a strain of R.solani, and, with the other evidence
on root cxudates discusscd above, brought in the chemical aspect to
explain it, These criticisms are ina}plicable te the ‘strains used
in the present work,

Returning to the host plants, there is no
doubt that the different fungi reacted difforently to different hosts,
and it has becn shown that those differences are not related in
spocific ways to exudates from the roots of the hosts. It could,
of course, be argued that sclective action on the fungi might have
been due to some substances not extracted from the hypocotyls, by
the technigues used, but this soleoctivity could instead depend on
differences in the configuration of the surfaces of the different
hosts,

Boacuse it wag found that thereo was some
correlation between pathogenicity, the degree of organization of
the fungi on the host surfaces, and the frequency of iﬁfection cushion
formation, it might appear that these observations discredit the
contact stimulus hypothesis. On the contrary, they provide some
evidence for it, and in view of this, thc work on the behaviour of
the fungi on roplicas of surfaces of hypocotyls and coleoptiles

was undertaken.
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Under the electron microscops, the
prepayations of the host surfaces show, that while there ars differences
in the detailed structure of the cuticles, thero are also common
features, The latter include the absence of pores (apart from
stomata), and the presence of longitudinally arranged ridges
on the surfaces of cabbage and lettuce hypocotyls and wheat coleoptiles.
The dimensions of these ridges varied from host %o host. It was
known from other observations, that not only do the hyphaec follow
the lines of junction between epidermal cells, but that thsy also
grow longitudunally along the faces of the cells, at some distance
from the lines of junction. This behaviour could be conditioned
by the longitudinal ridges seen under the electron microscope.
Comparisons of the dimensions of the ridges with those of the hyphae
indicated that this was well within the rcealms of possibility.

In the light of the above, the following
is suggested to explain the behaviour of the hyphae after they have
come in contact with the epidermis of the host. The growing points
of the hyphae are directed both along the lines of junction of the
epidermal cells, and longitudinally, along the faces of the cells,
adjacent to the ridges on the surface of the cuticle. Because this
orientation took place on replicas as well as on the epidermis
itself, it is unnecessary to postulate that it depends in any way
on substahcoes exuding from the host and accumulating on tho: surface.

It can, of course, be argued that tho

replicas may not have been perfect, and this argument derives some
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weight from the fect that although the hyphae did become orientated
on the replicas, infection cushions similar in appearence to thosc
found on the intact host surfaces were not formed,

-There is another point of intorest regarding
the effects of host exudates on the fungi. This is implied by the
question, what significance can host cxudates have on a well-
nourished fungus, deriving its nutrient from a substantial external
inoculum? In some experiments, the fungi were very well nourished
from an agar disk inoculum before they come into conteact with the
host, but the behaviour of different fungi on host surfaces gtill
differed greatly. It is difficult to imagine how oxudates from
the host could have caused any further stimulation of fungus growth
because this was alrecady luxuriant.

There is however, the possibility that the
effect of plant exudates was on the type of branching .of the
hyphao, rather than on growth in general. This would seem to be
the anly way in which exudates from hosts could act specifically,
i.e. by having formative effects om the parasite; so that the type,
but not the amount of growth was altered.

In this connexion, the results of two sets
of experiments were interesting. Firstly, host exudates were
found to have no effect on the numbers of infection cushions
formed on epidermal strips from tho host, and seccondly, the hyphac
branched rcpeatedly when contact cushions were formed on non-living

surfaces, in the absence of any plant product.
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Thoso findings stand in contrast to thosc
of Kerr and Fleontjo (1957), who state that host oxudates did have
an offcct on infoction cushion formation, and whosc work is supported
to some cxtent by the findings of Cannon and Corbett, (1962), and
Dodman and Atkinson, (1962), Thore is also the further point
that neither Flentje, (1957), nor Kerr and Flentje, (1957), report
the formation of contact cushions oninon—living surfaces in the
absence of substances of host origin. The present work is in conflict
with these observations as well.

Further eovidence as to the significance of
thé contact stimulus was obtained by climinating the surface con-
figuration of the hosts, by covering the cuticle with an inert
substance, such as collodion. Infection cushions wore never formed
under thesc conditions. It could be argued hore that the film
preventod host exudates from reaching the fungus, so in further
experiments, the hypocotyls and coleoptiles were washed with
organic solvents. It was assumed that these treatments would romove
most of these substances which may have diffused through the cuticle
onto the surface from the underlying epidermal cells. After the
troatments, the surfaccs were still found to be suitable for
attachment and ‘-organization of the hyphac.

This again, would scom to reduce the
significance of host exudates inththe formation of infection

cushions. It could be argued that the washings did not completely
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remove all traces of diffusiblesubstances, and that the remaining
traces could have brought about specific effects, but this would
seem unlikely.

Finally, tho experiments of Kerr and Flentje
(1957), with damoaged cuticles, ond pieces of the cuticle removed, !
resulted in the formation of infection cushions only on the intact
cuticlo, and not where it had been damaged or removed., All the
evidence presented above indicated the paramount significance of the
contact stimulus, and it appears that the chemical stimulus may
be of lesser significance than Kerr ond Flentje (1957), believe it
to be.

Penetration and infection cushion formation
appeared to be closely linked. Roots and cotyledons of each of the
three hosts were not penetrated, and infection cushions were not formed
on their surfaces by any of the fungi. The only leaves that were
penetrated were those of wheat by C.praticola. Here again, infection
cushions were produced. Each fungus produced infection cushions on
wheat coleoptile surfaces and penetrated coleoptiles from them.

Although the formation of infection cushions
alweys preceeded penctration, it often happened that structures which
wore nét penctrated from the outside by the fungi, were parasitized.
Thus hyphae grew into the cotyledons of cabbage and lettuce from the
hypocotyls, which were penetrated directly. The surface configuration
of the cotylodons might be important in this connexion because if the

toxture of the cotyledon surface is very different from that of the
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hypocotyl, attachment might mot take place, and the formation of
infection cushions may be prevented., The presence of wax or other
substances on the cotyledon surface could account for this,

Although cotyledons were not penetrated becauss the requirements for
the formation of infection cushions may have been lacking, a similar
oxplanation does not account for the fact that penetration occurred
only from some, and not all infection cushions, produced on the
surfaces of non-susceptible hosts. No definite conclusions could be
drawn about these, because some of the infoction cushions from -
which there was no penetration, were better developed than some from
which therc was penctration. Further investigations along these lines
may prove to be profitable.

The surface of & host was not the only
critical barrier which determined the specificity of parasitism.
Thisg was clear from the fact that although each fungus did penetrate
each of the threc hosts, they did not invade each type of host tissue
equally rapidly. That there were differences between fungi in the
extent, speed, and direction of invasion, was immediately evident
after penetration.

Another variable factor was the amount of
mycelium entering the cortex from infection cushions, after the
surface of thc hosts had been breached. Although penetration may
have an effect on 2ll these factors, it appears to be indirect.

It seems therefore,y that what occurs after penetration is the
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significant foctor in determining whether or not a seedling will
be damped-off,

The studies on the invasion of the host
tissues provided some information regarding this aspect. The pathogenic
strains invaded the tissues of suscceptible hosts, and the hyphae
reached the stele in a short time, rclative to the speed of invasion
of less pathogenic strains. The timo taken for the hyphac to reach
the stele, therefore, appears to be an important factor. If the

Vconducting tissues arc not damaged, then the plant would line,
because the roots can obinin their source of energys, and the shoots,
their moisture and mineral requircments. The plant would continue to
grow, even though the cortex is infected; and would eventually become
resistant by virtue of their age (Shephard 1957).

Investigations on the post-penetration
stages of parasitism revealed that this was exactly what 4id happen.
The hyphae of pathogenic strains reached the stele of susceptible
plants very rapidly. There were indications that the hyphae grew
more laterally than longitudinelly., In other words, the invading
hyphace tended to grow towards tho stele rather than towards the
cotyledons or roots., This factor, together with difforences
in the speed of invasion, could explain why some plants are not

dampoed—off.



211

The question arises asg 1o what causes these
differences in the rates and direction of invasion of different hosts
by different parasites. One possibility that must be considered is the
occurrence of a hypersensitive reaction, which Flentje (1957), reported
for a strain of R.solani, where the presence of the fungus caused
the adjacent cells of the cortex to produce a hypersensitive reaction,
resulting in the death of the hyphae, presumably by the production
of one or more substances toxic to the fungi. In the present work
.there was evidence that hypersensitive reactions sometimes occurred
because cells around some lesions were discoloured, and the hyphae
had apparently stopped growing. Howevor, it could noy be demonstrated
that the substances produced in the hypersensitive treaction were
fungicidal, because the fungus grew whon dissccted out from the
lesions and planted on agar.

It was comcluded that the hypersensitive
reaction resulted in fungistasis. It is clear therefore, that the
nature of the hypersensitive reaction of different hosts to different
gtrains of R,soleni is variable. Sometimes, as was observed in the
present work, it resulted in fungistasis, whereas, for the host-
parasite combinations such as used by Flentje (1957), the effect was
fungicideal.

Host resistance in the present work could
not be explained ontirecly onthe basis of hypersensitivity, because
the hyphae of weekly pathogenic strains were often not affected by

the hosfs'hypersensitive reaction, and continued to advance into the
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tissues. Extracts of the host plants werc testcd for the presence of
toxic substances, which might have retarded the growth of tho less
pathogenic strains, Heat sterilized decoctions and membrane filtered
homogonates of host tissues were used, to test their influende on the
growth of the fungi.

Thoere was no cloar evidence of a specific
toxin being produced in the tissues of more resistant hosts. All
tho dococtions and homogemates stimulated the growth of each fungus
but the increase in cach case was not proportional to the increase
in concentration of the extracts., This could mean that inhibitors
were present, but that their effects wore swamped by the growth
promoting effects of tho extracts.

If toxins were present in sufficiont
concentration, and if they were highly potent, then it would have
been expected that fungus growth would increasc with increasing
dilution of the plant extract., This, however, was not observed.
Further investigations along these lines could be rewarding.

Some inter#sting observations were mada
on the parasitism of whoat by the R.solani strains, and more particularly

by C.praticola. The latter fungus invaded wheat tissues more rapidly

than did the two R.solani strains. There appeared to be a delicate
balance between the rate of invasion by C.praticola and the rate of
production of new leaves (and leaf sheaths) by tho wheat plant. It

was found that when C.praticola had reached the inner epidermis of the
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coleoptile; the wheat plant had produced a leaf sheath which had to
be parasitized before the plant could be killed. When C.praticola had
parasitized the first leaf sheath, the plant had meanwhile produced a
second, and possibly a third leaf sheath.

The ability of a plant to continue growing
must depend on its conducting tissues remaining intact. It is not too
difficult to imagine bhow this happens, because the vascular elements
in wheat are diffused throughout the plant, and are not concentrated
centrally as in cabbage and lettuce. If the fungus could not destroy
all the vascular elements, then both roots and shoots would continue
to grow and provide morc barriers to the fungus until it is old
onough to acquire resistance. These considerations, however, are not
the only ones involved, because they do not explain why the growth of
oach of the fungi inside the tissues of the wheat plant was slow in the
first place.

The parasitism of wheat, although somewhat
different from that of the other hosts, does not provide much information
as to what factors tend to influence the rate of invasion of a hostu
by a pathogens Onc of these factors must undoubtedly be associated
with the ability of the fungi to push their way through the host tissues.
This could be accomplished either by breaking down the cells that the
fungus comes in contact with, or, by passing in between the cells, or
by & combination of both thesc methods.

Accordingly, the ability of the fungi to

produce cell wall degrading enzymes was investigated. Barker and
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Walker (1962), grew scveral isolates of R.solani on synthetic media
and testod the culturc filtrates for PME, PG and cellulase activity.
They stated that foliage strains showed highor PME and PG activities
than did root or stem isolates. Thoy also claimed that there was a
correlation botwceon pathogenecity and PG activity of eoxtracts of

the fungi grown on synthetic media.

It is known that R,solani and rclated spocics
can grow in a wide range on hydrogen ion concentration. In the present
work, 21l the experiments on the action of cell wall degrading enzymes
wore carried out 2t a pH of 5¢7. Bach fungus grow satisfactorily at
this pH. Because the offccts of o wide range of hydrogen ion concentra-
tion wore not investigated, these rosults are subject to the criticism
certain possible subsidiary effects of pH have been ignored.

When the fungi were grown on pectin, the
filtrates of cach fungus showed somc PME activity. This did not happen
whon the fungi were grown on pectato. This shows that PME production
by these fungi is adaptivo. PME activity was loast in filtrates of
C.praticola, which, howevor, was tho most pathogenic fungus of theo
throe. If it could be argued that tha pH requirements werc not

suitable for PME production by C.praticola, then the supplementary

quostion arises as to why the pH was suitable for PME production by
the other two fungi. It appears more likely that there is no direct
relation between PME activity of the culture filtrates of the fungi
grown on synthetic substrates and pathogenicity. Clearly, if there

was such a correlation, then tho filtrates of C.praticola would be
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more n~ctive than those of the other two fungi.

Similar results were cobtained in the
experiments on PG activity. Again, pectin was o better substrate for
PG production than peectate, by cach fungus. C.praticola again produced
filtrates which were less active than those of the other two fungi.
Thess results cannot bo correlated with pathogonicity. It appears that
the substrates on which the fungi were grown have a profound effect on
the production of pectelytic enzymes, although actual amount of growth
is not directly related to cnzyme activity. Barker ond Walker (1962),
stated that they did find a correlation between PG activity and
pathogenicity, but their conclusions in this respect can be gquestioned
bocause they depend on assesments of pathogenicity, in terms of an
index, which is itself quite arbitrary.

Even if there were a corrclation between
tho PG activity of the filtrates and the pathogenicity index, this is
still somewhat unrealistic, becausc it is necessary to demonstrate
the prescnce of these enzymes in host tissues, particularly because
PG activity varies when fungi are grown on different substrates. The
fact that PG is produced in culturc, deoes not necessarily mean that
it is produccd in the tissues of a host by & fungus. The significance
of a correclation as found by Barker and Walker (1962), therefore, is
rather obscure in rclation to the process of parasitism.

There was some variation in ccllulase activity
of the culturc filtrates of the fungi, dopending on the substrates

on which they were grown. Again, as was obscrved for pectolytic enzymes,
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there was no good correlation betwoen cellulase activity of the filtrates,

and pathogenécity of the fungi to cabbage and lettuce. These results

arc in agrcement with those of Barker and Walker (1962), who did not

find any corrclation between cellulase activity and a pathogenicity index
The feact that no quantitative rclation

has beon obscrved between pathogenicity and the cnzyme activity of the

filtrates from cultures on synthetic mcdia could mean no more than that

the host tissues arc very different from synthetic substrates, both

for fungus growth and the production of cell wall degrading enzymes.

Accordingly, the investigotion of the enzymes presont in diseased host

tissues was the next logical stop.

Bateman (1963), has pointed out that few
attempts have boen mede to domonstrote whether the cell wall degrading
onzymes produced by & pathogen in vitro and those found in vivo are
similar or different. Ho attempted to study this, and found that the
poctolytic onzymes produced by Re.solani in culture are not the same,
and do not act on their substrates in the same way as thoso associated
with Rhizoctonia infected bean tissues.

In the present work it was found that for
oach of the onzymes investigated, (PME, PG and collulase), therc was
no good correlation between tho enzyme activities of the culture
filtrates of tho fungi grown on synthetic substrates, and the activities
of oxtracts of host plants infected with the fungi. It is clear,
thereforc, that enzyme activitics vary considerably with the substrates

on which the fungi grow. Theso rcsults are in agrecment with those of
Bateman(1963).
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There is, however, a good qualitative similarit;
between the two sets of enzyme preparations, because thec same enzymes
were produced in culture on synthetic substrates, and when these
fungi parasitized host plants. It was found that some extracts of
host plants infected with pathogenic fungi were more active than the
extracts of the same plant infected with a non-pathogenic fungug. Thero
might seem to be a corrolation hero, with pathogonicity; but this may
be mercly becausc the pathogenic strains grew more vigourously. In
othor words, the effect may be the result of, and not the cause
underlying pathogonicity.

If pathogenicity were directly related to
the enzyme activitics of the extracts of diseased plants, then it
would have been oxpected that the extracts of plants infected with
C.praticola would have beon morec active than those of plants infocted
with the other two fungi. This, however, was not observed oxcept in
one or two isolated instances. It was concluded that there was no
quantitative reclationship between the activity of cell wall degrading
enzymes present in oxtracts of diseased plants, and pathogenicity.

In spite of the above facts, it still
secoms likely that cell wall degrading enzymes play some part in the
parasitism of tho plants by these fungi if only because cach fungus did
produce pectolytic and cellulolytic enzymes when they parasitized the
seedlings. Further, each fungus progressed in betwocn cortical cells,
and also ponetrated them, so there can be no doubt that the cell wall

dograding enzyme systems arc importent, Their precise mode of aetion
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needs further investigation. It could be that these systems are
inactivated in some ways by host tissues, or that their offeccts
are swampod by other factors.

The toxicity of extracts of cabbage and
lcttuce seedlings infected with the fungi, to the roots of young
secdlings has been clearly demonstrated, Shoots were not markedly
sensitive, probably because, up to 14 days from germination, thoy
might still have been dependent to some extent on the rescrves in
the cotyledons or the products of photosysthesis of the cotyledons.
Another factor which might possibly be even more important is that
the toxic principle might not have boen translocated sufficiently
quickly to the uppor portions of the shoots. This seecms quite likely
because in treatments where highly concentrated extracts were used,
the base of the hypocotyl was often macerated, whorecas the upper
parts of it werc still healthy.

Further, some seedlings which wore in
contact with the extracts up to the level of the cotyledons, were
completely macerated. It is significant that the concentrated oxtracts
macerated the plants at the base of the hypocotyls. The appearence
of hypocotyls damaged in this way was vory similar to plants damped-
off by the fungi in the normal mannor. It would appecar that the
factor responsible for damping-off is extractable, and further studies
with thesec extracts, and attempts to characterise the substances

involved may provide useful clues about their role in parasitism .
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It is of coursc recognized that the cause
of maceration, and cventual demping-off might consist only partially
of cenzymes. Although thers was no good corrclation between pathogenicity
and the offect of the cxtracts on the young secdlings, thore were
indications that the toxic prineiple was produced in grcater abundance
when the fungi parasitized their normal susceptible hosts. It is
possible that the differontial offccts might have boon duc to this
fact,.

Although the possibility is not entirely
overruled, it appears to be very unlikely that a highly specific
toxin is involved, because there is no indication of its selectivity,
or indecd, that tho toxins are highly potent. The thermolability of
the toxic principle has boen demonstrated. It might,; of course, be
that the toxic principle was entirely enzymic in naturc, but at
present, there remains the possibility that there arc other thermo-
labile toxic substances in the disocasoed planté. Further work in this

connexion should prove profitable.
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SUMMARY

1. Determination of pathogenicity

The pathogenicity of three fungi to cabbage,; letiuce and wheat
seedlings was investigatcd both in oxperiments in soil, and under
sterile conditions. ngglggi(S) caused severe damping-off of cabbage,
but failed to damp-off lottuce seecdlings. R.solani(L) was severely
pathogenic to lettuce, but did not dampw>ff cabbage secedlings.
C.praticola parasitized both cabbage and lettuce, causing rapid
damping-off. Wheat was parasitized only to 2 very limited extent

by cach fungus. Specificity of parasitism was clearly defined, and
was not altered by cenvironmental conditions.

2. Bffect of host exudates

4 = On funsus growth

a) Root exudates from cabbage stimulated the growth of each fungus

by 30 - 40 %, and those from lettuce did so by 120 - 150 %. Wheat

root exudates were hardly stimulatory. Both pathogenic, and non-patho-
genic fungi weore therefore stimulated to about the same extent.by

each root eoxudate, and thore is thercfore, no correlation beiween

the stimulation of fungus growth by cexudates and pathogenicity.

b) Exudates from roots, hypocotyls and cotyledons had almost the
same stimulatory effects as exudates from roots alone. This stimulation

tooy cannot be correlated with pathogenicity.

¢) Exudates collected in the first weck from each host were stimulatory,

but this dropped sharply in the second and third weeks, It appeans that
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that the biggest stimulatory effocts were obtained with younger seedlings.

B - On the formation of infection cushions

The addition of host exudates to washed cpidermis strips had no effect
cn the number of infection cushions formed by any fungus, or on the
size and development of these cushions. Host exudates are therefore
non-spocific in their mode of action, which is not corrclated with
pathogonicity.

3. Behaviour of the fungi on the host surfaces and on othor surfaces

A - Host surfaces

a) Wach fungus produced infection cushions on ths hypocotyls, but not
on roots, cotyledons and leaves of cabbage and lettuce scedlings.
They also produced infection cushions on wheat colcoptiles, and

C.praticola formed them on wheat leaf sheaths.

») The number and degree of complexity of the infection cushions

was variablo, but they werc gonerally more abundant and botter
developed on susceptible host surfaces.

c) Bach fungus grow along tho lines of junction of the epidermis
cells, and also longitudinally, along cell faces, parallel to these
lines of Jjunction.

d) Bach fungus became orientated on dried epidermis strips, and also
on strips treated with organic solvents, as well as water, to remove
any host exudate that might have been present.

e) Host surfaces were covored with thin films of plastic materials
to destroy the surface configuration. No orientation of the hyphae were

observed under these conditions. The surface configuration appearsy
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therefore, to be important in this respect.

B -~ DNon-living surfaces

a) 'Contact cushions' were formed by R.soleni(S) on cellophane, and

by both R.solani(L) and C.praticola on glass and polystyrene surfaces.
These were not identical in appearence with infection cushions. The
surface configuration varied, and this appears to influence the
appearenco of the structures produced. No stimulatory substances were
concorncd in their formation.

b) The hyphao of each fungus oricntated on true, as well as on inverse
replicas of the host surfaces on which the hyphae normally orientate.
Bosause no stimulatory substances could be present on the replicas,

it was concludud that orientation was independent of them, and depends
on the surface configuration, and the fungus concerned.

4, Bxamination of host surfaces under the electron microscops

The surfaces of tho host plants were examined under the electron
microscope, and it was found that each of them had longitudinal
ridges on the cuticular faces of the cells, These could account for
the longitudinal orientation of the hyphae, the growing points of
which could have boon directed along the adjacent grooves. It casts
doubts on the possibility of substances of host origin bringing about
" the orientation of the hyphae,.

5. Ponetration

Penetration always took place from infoction cushions. The extent of

penetration was, however, variable in different host-parasite
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combinations. Each fungus penetrated hypocotyls, but not roots,
cotyledons or leaves of cabbage and lettuce, and penctrated coleoptilos
but not roots of whaat. In the host-parasite combinations that did

not result in damping-off, the extent of penetration from infection
cushions was very erratic.

6. Invasion of the host tissues

The specd, cxtent and dircction of invasion of the host tissues

was variable. Pathogenic fungi invaded susceptible host tissues
laterally, rapidly progressing towards the stele, whercas non-pathogenic
invadod at a slower rate in both lateral and longitudinal directions.

Te Sclerotia

The presence of sclerotia both on the surfaces, and insgide the

tissues of the hosts, appoared to have little bearing on pathogenicity.

8. Hyperscnsitive reactions

Host cells were observed to be discoloured in advance of penetrating
hyphae, and were in some instances caused by a hypersensitive reaction.
Fungus growth was stopped in some, but not all lesions in non-susceptilble
hosts. The result of the hypersensitive reaction was fungistatic

and not fungicidal. This, however, could not completely account for

the specificity of parasitism.

9. Bffect of host decoctions and homogenates on fungus growth

Mild inhibitors of fungus growth appear to be present in decoctions
and homogenates of host tissue. These were non-spocific in their action,

and wore not sufficiently potent under the conditions of bio-assay, to
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be significant in the spoecificity of parasitism.

10, The action of cell wall degrading enzymes

A -~ ZEnzymes produced on synthetic substrates

&) Each fungus preduced PME,PG and cellulase when grown in culture on
appropriate synthetic substrates.

b) Enzyme activity varied, depending on the substrate used for fungus
growth.

c) Thore was no good correlation between the growth of the different
fungi on a particular synthetic medium, and the enzyme activities of
these fungi.

d) There was no correlation between pathogenicity, and the activity
of any of the enzymes present in the culture filtrates

B -~ ZEnzymes present in diseased host tissues

a) Bach fungus preoduced PME, PG, and cellulasc when thoy parasitized
cabbage and lettuce seedlings.

b) Enzyme activity (for cach of the enzymes), of the extracts of thr
diseased seedlings bore no rolationship to that of the culture filtrates
of the fungi grown on synthctic subsirates.

c) There was no correlation between the activity of each enzyme

in tho extracts in infected seedlings, and pathogenicity.

d) The presonce of pectic substances in the tissues of cabbage and

lettuce hypocotyls was demonstrated by histochemical methods.
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C -~ Ability of fungus extracts to macerate host tissues

2) The culture filtrates of the fungi growing on synthotic substrates
macerated cabbage and lettuce scedlings, but these effocts were
unrclated with pathogonicity.

b) Extracts of the plants infected with the fungi, macerated cabbage
and lettuce seedlings, but the effeccts were non-specific,; and could not
be directly correlated with pathogonicity. There was an indication that
a pathogenic fungus produced extracts of higher enzyme activity than
than did a non-pathogenic fungus, but this might have been due to the
better growth of the non-ogenic funfus, rather than the basis of the
specificity of parasitism.

11, Toxins

a) Extracts of the host plants infected with the fungi were toxic to
the growth of eabbage and lettuco scodlings.

b) The toxic principle was non-specific, and its action could not be
correlated with pathogenicity, neither could be distinguished as
scparate from cell wall degrading enzymos.

¢) The toxic principles were found to be thermolabila.
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