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FOREI^7ORD

The format adopted for this thesis deviates from

the conventional in that the materials, methods and results

are presented in the form of three publications, the formats

of which comply with the requirements of the Canadian Journal

of Botany. A general discussion follows, and the thesis

terminates with a bibliography and appendices. This format

has been approved by the Council of the Faculty of Gracluate

Studies of the University of Manitoba.
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GENERÃL ABSTR.A,CT

Ratanopas, Supachai. Ph.Ð.. The University of Manitoba,

October, 1976. Variabii-ity and Nutrítion of Claviceps

purpurea in Culture. Major Professor: Claude C. Bernier.

Cultural characteristícs of 143 isolates of
Claviceps purpurea (Fr.) Tul . from various hosts ín the

Canadian Prairies were assessed and attempts were made to

determine relationships between cultural characters and

host origin and virufence of the isolates. Cultural-

characteristics varied considerably and were classified into
10 groups on the basis of type of gro\,¡th (raised or f J-at) ,

Èurface characteristics (smooth. folded or wrinkled) and

color of the colony (white or colored). None of the

cultural characteristics appeared to be rel-ated to host

origin of the isol-ates or to the virulence of 49 selected

isolates. Smal-1 , globose conidial masses were observed.

in cultures of a few isolates and more prominent coni¿lial-

horns were observed ínconsistentl-y in cultures of one

isol-ate. Sectoring occurred with equal freguency in
cul-tures derived from monoascospores as well as from

scl-erotia indicat.ing that it is probably duê to mutation.

Variability was observed among 20 monoascospore isolates
from a single sclerotium suggesting that variability
might be due to recombination of genetically different
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nuclei during the sexual stage as well as to mutation.

The development of conidial horns by isoLate

R-37C of C. purpurea as well as factors affecting their
formation were investigated further. 

. 
On media containingt

asparagine and a high concentration of sucrose (T2 medium)

cultures of this isolate developed either conidial horns,

small- globose conidial masses or a thick plectenchymatic

mycelial mat. cl-obose conidial masses and conidial horns

appeared to originate from microscopic conidial masses.

Twenty-day-old horns disintegrated readily in htater where-

as older horns did not. rn mature horns the coniclia l-ost

their oval shape and became rounded and compacted.

Extracts prepared blt susperìding young conidial horns in

$¡ater for 15 minutes contained fructose, glucose, sucrose

and one unidentífied sugar suggesting that sugars might

be ínvolved in the adhesíon of conidia in the horns.

Hor¡¡ever, no conclusions could be made regarding the

simi3-arity of the sugars in conidiat horn extracts and

honeydew.

, Conidial structurês occurreil more consistently

and abundantl-y on media adjusted to pII 7 and prepared

with either tap \^¡ater or deionized water containing

mineral salts símilar to those in tap water. Thick

plèctënêhynåÈic mycelial mats appeared to reseÍible tíssue

of ergot sclerotia. Sma11, b1ack, hemispherical structures

were occasionally observed. among conidial horns and were
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aLso composed of plectenchymatic tissue.

In a third study, the ínfluence of selected arníno

acids on grovrth and conidial production of C. purpurea \¡¡as

investigated. L-asparagine, L-glutamine and to a lesser

extent L-proline were good sources of nitrogen for mycel-ial

grovtth of five ergot isolates but supported apprecíabl"e

conidial production in two isolates only (F-2C and PM-2C).

All five isolates grew well on L-tryptophan but none of

them produced conidia. Dl-methionine, Dl-valine,
Dl-alanine and to a lesser extent DL-isoleucíne were poor

sources of nitrogen for both growth and sporulation of all
isolates. Mycelial growth of all the isolates 6¡ asparagine

was good even at 50 ppm nitrogen but two isolates only
(F-2C and PM-2C) produced conidia at levels of nitrogen

lower than 500 ppm. ß-Alanine and D-al-anine were relatively
poor sources of nitrogen for grob/th and sporulation of all
five isol-ates whêreas L-alanine was about as good as

L-asparagine. .fn the presence of hígh levels of L-asparagine,

sporulatíon of several isolates was enhanced by ß-alanine and

DL-al-anine and reduced. by D-alanine. At lor,rr levels of

L-asparagine, ß- and D-alanine were highly inhibitory to

both growth and sporulatíon of isolate F-2C and PM-2C. The

amíno acid analog DL-p-fluorophênylalanine (FPA) was

inhibitory tô both growth and sporulation of isolates F-2C

and PM-2C. The degree of inhibition depended on the

concentration of L-asparaginê and FPA in the medium.



GENERAL INTRODUCTION

Claviieps purpurea (Fr.) Tul ., a fungus in the

class Ascomycetes, attacks ovaries of various cereal-s and

grasses. These include rye, wheat, barley, oats and many

wíld and cultivated grasses. The disease is recognized by

honeydew exudate, and by black, hard scterotia produceil

on the heads of infected hosts instead of kernels.

On susceptible hosts, sclerotia are usually larger

thân the kernels and honeydew is produced abundantly.

Ilowever, smaller sclerotia (kernel size) and J-ess honeydew

are prod.uced by the fungus on cultivars of spríng \theat

than on cultivars of rye or tríticale (Platford and. Bernier

19761 . Furthermore, the production of very small scl-erotia

(smaller than the síze of the kernel) and small amounts of

honeydew in two wheat cul-tivars was considered as an expres-

sion of host resistance (Pl-atford and Bernier 1970¡ 1976).

Ergot isolates r^7ere found to produce smaLl amounts of honey-

dew and small sclerotia (smal1er than the size of the kernel-)

on both susceptible and resistant wheat cultivars, anil were

consídered to be Low in virulence (Ratanopas 1973).

Amino acid content. of plants has been related to

their susceptibifíty and resistance to diseases in several

stuclies (Kuc et a1 . 1959i Ross 1968; Strech and Cappellini

1965; van Andel 19ò5). The recent finding that alanine

occurs in high concentraËion in developing rye, tritical-e

and wheat seeds (Corbett et aI . 1974¡ Dexter and Ðroñzek
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1975) coupled with the fact that honeydew production is
reduced when florets are infected at or after anthesís

(Ratanopas 1973) suggests that this amino acid might have

an influence on sporulation. L-asparagine and. L-qlutamine

were found. to be of equal value as sources of nitrogen for
growth of C. purpurea (Taber and Vining 1957) and

L-asparagine has been widely used (Amici êt .L. l-967 a¡ Gjerstad

and Ramstâd 1955; Grein l-967; Johansson 1964a; Kirchhoff

l-929; Mantle and Tonolo J-968; Strnadová and Kybal i-g74l .

Hor^rever, the utilization of glutarnine for growth and

sporulation bears reexamínation since it has been reported

to predominate in cereal seeds (MacMaster et al . 19.7I).

Since reduced sporulation is an expressíon of
resistance in the host as welL as of low virul-ence ín the

pathogen it appeared that kno\rledge of nutritional- require-

ments for growth and sporul-ation in culture might lead to

a better untlerstanding of the phenomenon of reduced sporula-

tion cn:r the host.

Among 59 ergot isolates tested for their pathogen-

ieity on four wheat cuftivars, Ratánopas (1973) found

thaË a large number of isolates vrere less virulent ön two

cultivars kno\^rn to be resistant, Ì^rhereas many of them

showed high virulence on the other two cultivars known to

be susceptible (Platford and Bernier 1970). Variability

in cultures of C. purpurea, coll-ected in Europe, has been

reported to occur on a sucrose-asparagine medium (Amici
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et al. I967a; Grein 1967; StrnadovJ and Kybal Ig74).

However, no attempts have been made to establ-ish cultural

types or to determine relationships of cultural characters

to host ori.gin or virulence of ísolates.

The objectives of these studies were to investigate:

l-) variability of ergot isolates in culture and the

relationship of culËural .characters to host origin and

vírul-ence of the isolates; and 2) the effect of sel-ecteil

amíno acids, hrith emphasis on al-anine isomers, on grovTth

and sporulation of ergot isolates.



LTTERATURN REVTEW

claviceps purpurea (Fr.) Tul . is a fungus pathogenic

to the inflorescences of varíous cerêals an¿l grasses. The

fungus possêsses a sexual and an asexual stage ín its life

cyc1e. These stages have been described by several authors

including Barger (1931), eovd (lgzo), Butler and Jones (1961),

Dickson (1947, , Heal-d ( 1937) , Walkêr (1969') , and are
:

summarized. as fol-lows: The sexual stage is recognized as a

stroma, consisting of a slender, reddish, pale-víolet or

whítish stalk or stipe surmounted by a redilish, flesh or

pale-fawn-colored globular head referred to as the perithe-

cial- receptacLe or sphaeridium. one to several stromata

are produced by the germinating sclerotíum after cold

t.reatmerlt. The fl-ask-shaped perithecia are embedded within

the head vùith ostioles protrudíng to the upper surface of

the head. Asci proclucecl in the perithecia are l.ong, curvedt

hyaline, narrow at both ends and surrounded by paraphyses.

Each ascus contains eight sJ-ender, filiform, s lightJ-y curved,

hyaline, and continuous or septate ascospores. The asexual

stage is recognized by the fôrmation of honeydew containing

conidia and the production of sclerotia on the infecteil

f lorets .

The folLowing review deals primariJ-y with the

asexual stage of the fungus, its nuÈritional reguirements



and its variabil-ity.

Honeydew anil Conidia

(A) Formation of Honeydew Conidia

Barnett (1972) descríbed the imperfect stage of
C. purpurea as a sporodochium consisting of a compact

layer of conidiophores bearing conidia terminally; conidia

are hyalíne, smal1, ovoid, l-ce1led, and produced in a

sugary honeydew.

The meaning of the term "sporodochium" is not alhrays

clear. It is dêfined by Ainsworth (1967) as a mass of
conidiophores t,ightly placed together on a stroma or mass of

hyphae. On the other hand, Alexopoulos (1962) defines

sporodochium as a cushion-shaped stroma covered. with conidio-
phores, a definition which resembles closely that of Ainsworth

for an acervulus. According to Barron (1968), if the

fructification is flat or saucer-shaped, it ís referreil to
as an acervuLus; if cushíon-shaped, it is a sporodochium.

The amount of honeydew (as well as the size of the

sclerotia) is influenced by the fungus as well as by the

host. Smaller sclerotia (kernel size) and less honeydew

are prod.uced by the fungus on susceptible cul"tivars of
spring b/heat than on cultivars of rye or tritícale (Platford

and Bernier 1976). Furthermore, several host-isolate
combinatíons within spring and durum wheat were found not

to produce honeydew and the isolates were consid.ered to be



low in virulence (Ratanopas 1973) .

(B) Chemical Composition of Honeydeht

Honeydew of C. purpurea contains large amounts of
sugar. According to Kirchhoff (1929) undiluted honeydew

contains 2.33 mol-ar sugar sölution. The osmotic value of
the honeydew has an effect on the size of the conídia.

Comparative measurements on ídentical conidial material

ín undiluted and diluted honeydew showed spore dimensions

of 3.5 to 6 by 2.5 to 3 p and 6.5 to 7.5 by 4.2 to 4.8 ¡r

respectívely (Kirchhoff 19 29)

Dry honeyde\,¡ extract rras chromatographically anal-yzed

for its compositíon by Fuchs and Pöhm (1953). They found

seven sugars, namely, glucose, fructose, sucrosè, and four

unidentified. ones. Ãmongi the three known sugars, glucose

an¿l fructose hrere present in large amounts, whereas the

amount of sucrose was small . the presence of fructose,

glucose, and sucrose in the sphacelial stage vras confirmed

by the findings of Mantle (1965).

In addition to sugars, honeydew was found to. contain

numerous amino acids whích were characterized. as asparagine,

glutamic acid, glycine, alanine, tyrosine, valine, proline,

l-eucine, and phenyl-al-anine (Fuchs and pöhn 1953). They

acknowledged that honeydew was the product of the infected

host. Using chromatographic metho¿ls, Gröger (1958) disco-

vered 19 amino acids in the honeydew of four strains of
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9. purpurea from rye. The relative amount of each amino

acids analysecl for each strain showed no appreciable differ-

ence. Amino aci¿ls present in J-arge amounts were valine,
glutamic acid, leucine, alanine, y-aminobutyric acíd. In

mod.erate amounts were serj-ne, glycine, gJ-utamine, threonine,

lysine, aspartic acid, and proline. Histidine, arginine,

tyrosine, asparagine, phenylalanine, pipecofíc acicl, and

tryptophan were in small- amount.

(C) Chemical- Composition of Saprophytic Culture

C. purpurea is also capable of producing a variety

of amino acids in pure culture, Kirsten et al. (1966)

chromatographically analysed the mycelial extracts of C.

pEEp!I9è, growing ín a liquid medíum, as well- as the culture
fil-trate, for free amino acids. They found 28 nínhydrín

positive substances among which alaníne and lysine were

present in large amounts. There was no marked difference

in composit.íon between free amino acids. of the mycelium

and the culture f1uíd.

crein (1967) observed that conidia of c. purpurea

produced on a sucrose-asparagine agar medium, designated as

T2 medj-um (Amici et aI . 1967a1 , tended to stick together,

within a liquid drop, and to form globose bodies. The gl-o-

bose bodies were tiny and completely formed after an incuba-

tion period of about 15-20 days. B\1 paper ch:¡onatog'raphic analy-

sís, Greín (1967) found that mycelium from cultures rich in

such gLobose bodies contained glucose, fructose maltose and
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mannitol. The presence óf these sugars depended on the carbon

sources used. in the medium. Glucose was always found in
the medium containíng either sucrose, maltose or mannitol

as a carbon source. Working with two strains of C. purpurea

and enptoying a variety of nutrient nedía, Vining and Taber (1964)

found that the cultures pf these two strains always stored

trehalose and mannitol in the mycelium. They reported that
the accumulatíon of other carbohydrates depended upon the

medium in which the fungus was grown and the sÈrain used.

(Ð) Mechanism of Honeydev¡ Formation

Mower (1970) proposed a possible mechanism for

honeydew pro¿luction and carbohydrate assímilatíon by

Claviceps spp. infeating sedge and grass flowers. Each

species produces a distinct group of sugars and correspond-

ing weIl-bound ß - D- fmctosidases and tra¡sfructosidases, which

effect conversion of sucrose to mono-, di-, and oJ-igosaccha-

rides. Gl"ucose and fructose are founcl in varying concentra-.

tion in honeydew during pathogenesis of all species testêd-

except 9. gigantea 4. sp. which is parasitïc on maize.

Mor^rer and Hancock (1973) further demonstrated, by

chromatographic and autoradiographic analyses of the

infected floral structure, that sucrose is present ín the

phl-oem of the rachilla up to the host-parasite interface

region. Honeyde\^7 in the sphacelial region contains high

concentratíons of transfer arld cleavage proalucts of sucrose.
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They also found that the osmotic pressure is 25 fold greater

in the honeydew region than in adjacent host tissue. They

stated that host sucrose is converted into fungal sugars

which may serve not onl-y as nutrients for the sphacelium

but as a basis for the movement of carbohydrate from host

to parasite. Sucrose iq drawn from the host by two

processes: 1.) fungat sucrases cause a sucrose deficit

ín the region of the thallus which allows a net diffusion

of sucrose from adjacent host tissues, and 2.) a large

number of sugar species derived from sucrose and the

evaporation of r^tater from honeyde\47 cause an increase ín

osmotic pressure which causes a bulk f l-oút of phloem and

sap solutions toward. the parasite.

.. Recently, Mo$/er (1974) found that the patterns of

sugar components appeared to be independent of the morpho-

Iogical similarities among Claviceps spp. He suggested

that the difference ín honelrdew sugars might be a valuable

t,axonomic tool in this group of fungi. Srigars variecl both

quantitatively and qual-itatively between'species and

qual-ítatíve differences among sugars Ì¡rere found wíthin

.a species on several occasions. These differences may

be due to strain varíation but are more likely the result

of moLcl or bacterial activity in the honeydew. He

obtained good separatíon of honeydew sugars by using a

combination of paper chromatographic systems and gel

filtration colum chromatography.
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Sc Leroti a

(A) Nature of Sclerotial Formatíon

Ergot scl-erotía are black bodies, formed. by the

fungus, in place of the kernel of various cereals and

grasses. Tn a¿ldition, they can be iriduced to form on

inocul-ated haulm nodes (Stroll and Brack 1-944), seedlings of

certain rye varieties (r"g¡ris 1956) , and internodes . of rye (Garay

19s6).

The sclerotia of C. purpurea are usually .larger than ttre

kernels of the hosts and êxtrude beyond the gl-umes. Ho\,rever,

the size of the sclerotia is influenced by the fungus as well
as by the host. Smaller sclerotia (kernel- size) were found

to be produced by the fungus on susceptible cultivars of

spring r^theat than on cultivars of rye anil triticale (Platford

ancl Bernier l-'976). Furthermore, sclerotia produced on two

of several wheat cultivars tested, were found to be consiiler-

ably smaller (smaller than kernel- size) than scLerotia

produced on other wheat cultivars (Platforcl arld Berniêr 1970t

1976). The reaction of both cultivars was interpreted to be

a resistant reactíon. .It was recently found that several

funqal ísolates produced a few small sclerotiä or no

sclerotia, as well as aborted ovaries and partially infected

kernels, particularly on resistant cultivars. Such isolates

were considered. to be low in virulence (Ratanopas 1973).

In the deveLoping sclerotiun the ovary appears as

a deformed process at the top of the sclerotium because it
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becomes detached from the receptacle. It has been suggested
that the fungus merely grows directly on the sap from the
rye which bleeds into the hollow formed by the palea of
rye flowers. This plant sap serves as nutrient for the
fungus throughout its period of development (Ramstad and

cjerstad 1955).

By dissecting growing sclerotia, Kybal (1964)

found that the germinating conidia appeared to gíve rise
to sclerotia. Conidia were found. to germínate and form
long thick sphacelial hyphae: the hyphae then inter_
spersed and grew densely to form the compact scterotium.

Corbett et a1 . (1974) stuaied scLerotial development
of two straíns of C. purpurea on rye. They reported that
within seven days the ovaries vrere covered r¡¡íth white fungal
mycelium impregnated with the honeydew. By the tOth day,
the sphacelial myceLium was sporing freeLy and honeydew was

exuding from the florets. After about two weeks, pignnented

tissue was seen on the surface of the sphacelium. ft was,
however, confined to the proximal end of the sphacelium.
Grov¡th of the fungus proceded by the proximal addition of
new sclerotial tissue. The rate of scl_erotial_ growth is
presumed to be governed by the availability of nutrient
supply from the host plant, Gro\,¡th of the parasite ultimate-
J-y ceased when the host became senescent.

There are indications that fertilization has an

influence on ergot infection (Abe and Kono 1957; Campbell
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and Tyner 1959; Futrell- and Webster 1965; puranik and

Mathre ''971). In a recent study it was found that follow-
ing fert.ilizatíon, there $¡as a red.uction in the number of
sclerotia as well as the amount of honeyder^r produced and

that resistant cultivars expressed these reactions sooner

than the susceptible ones (Ratanopas 1973).

(B) Histology of Sclerotia

Several r¡¡orkers have attempted to elucidate the

hístol-ogical structure of ergot scl-erotia. Barger (1931)

noted and describeil three layers hTithín the scl-erotia of
C. purpurea. Outer v¡aI1s of the oi¡tmost layer of cel1s are

thick and brown to black. These wa11s contain chítin, but

no ceflulose. Cel-l contents are composed of oÍl- and protein.
The inner part consists of t\"ro types of tissue. The centràl
one is composed of small cells having in transverse section

the shape of an irregular star, ancl sometimes showing Iarge,

irregular intercellular spaces in the middle part. The

peripheral tíssues of the inner part are somewhat more

elongated and have rounded edges; cel-l walls are pinkish

whi te .

Ramstad and cjerstad (1955) revealed that normal

erqot sclerotial cel1s are arranged in a parenchymatous

structure. The cel1s are cubical to spheroidal, relative-
Iy thick walled and J-arge. They also found that
aberrant scl-erotia which occasíonalIy deveLop have
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much smaller rectangular cells, with considerably thinner
wall-s.

Stewaït (1957) also found that the sclerotíum of
g. paspali Stevens and Hal-l is composed of three layers,
namely the surface layer, a transitional 1ayer, and the
germ layer. The surface layer which stains green to pink
is composed of dead cell-s, and it acts as a protectíve Iayer.
The transitional layer stains red with safranin. The germ
1ayer, the vital portion of the sclerotium, stains green.
During the germinatíon of the sclerotium, the stipe is
ínitiatêd ín this vital layer.

(C) Chemical- Composition of oeveloping ScS.erotia

Recently Corbêtt et al-. (1974) analysed the amÍno
acid content of developing sclerotia and healthy rye seeds
in order to obtain information on the growth and metabolism
of the fungus under the conditions in which alkaioid synthe_
sis is most regularly achieved. They found that during
sclerotial development on fye (cul-tivar svalofrs Fourex),
concentrations of y-aminobutyric acid and alaníne were
higher than those of other amino acíds at about 7 to 13 days
after inoculation which was performed before anthesis.
Compared to the healthy developing seed of the same variety,.
the concentration of alanine was higher Ëhan that of other
amino acids at day 11 and from day 25 to 39 after the time óf
inoculation' Ttìe concentïation of alaníne in the free ainino acid frac-
tíon rose from 214 (w/w of free amino acids) 11 days after
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inoculation to a maximum of about 25ß between days 20 and

40 (maturity). In healthy developing seeds of rye (cult.ivar
Prol,ifíc) , triticale (Iíne 6A 190), and durum wheat (cultivar
Stewart), alanÍne retained a high level or increased slight-
ly over the first two weeks after anthesis and declined

rapiclly thereafter, whereas all the other amíno acids

remained at general-ly fixed levels (Dexter and Dronzek 1g7S) .

Nutritional Requirement of 9. purpurea

(A) Early Literature
ín Cul-ture

Classical papers on culturing C. purpu¡ea I/¡ere

reviewed by eovJ (1970) and are summarized as follows:
Tulasne in 1853 diluted honeydew and germinated conidia in
solution. He could obtain mycelium producing secondary

conidia. Brefeld ín 1881 was the first to gro\¡7 C. purpurea

artifícia11y on bread soaked in a nutrient solution as a

substrate. He obtained only mycelium and. conidia. Meyer

in 1888 tried to inmitate nature by using similar chemical

substances which were found in rye and its ash constituent.s

as determined by chemical analysís. Hís liquid medium

conËaine¿l glucose, starch, asparagine, albumin, peptones,

ammonium sulfate, magnesium sulfate, potassium chloride,
and dípotassium phosphate. This nutrient solutíon was used.

to soak bread ancl cott,on for growing the fungus. He could

obtain mycelium and conidia, but not sclerotia. In 1902,

Engelke grer^r C. purpurea on a solid medíum which consisted of
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glucose, anunonium nitrate, monobasic potassium phosphate,

magnesíum sulfate, and 2g agar. He could induce the

formation of Èiny knots of packed hyphal threads resembling

tiny scl-erotia which he cal1ed "mikrosclerotia" -

(B) Sclerotium-l-ike Structures in Culture

Bonns ( l-9 21) srey ç.. puryurea on various media

containing either carrots, string' beans, sweet potatoes,

rye seeds, rye screenings, rye heads, white corn meal, and.

'
yel-J-ow corn meal. He added agar to each medium and could

obtain only mycelium and conidia. In cultures which were

kept a long time, he found compact hyphal threads which

resembled pseudoparenchymatic tissue. On both types of

corn .meal, the dense mycelia1 grovrth rn/as a markedly purpl-e

color and became heaped-up in vermiculate form resembl-ing

sclerotia.

Kirchhoff (1929) described various growth forms of

'C; purpurea observed 
,in 

artificial cul-ture. Sclerotia
developed from smooth col-onies on a two percent nutrient
agar containing 0.I * monopotassium phos¡¡hate, 0.025*

magnesium sul-phate, 10t cane sugar, and 0.1* asparagine.

When 18 asparagine was added to the medium, tle growth becane

luxuriant and sclerotia]- development. was more rapiil and

pronounced. He obtained better results when a small amount

of potash lye was added to the medium to pro¿luce slight
alkalinity of the medium. His scl-erotia from culture were
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composed. of pseudoparenchyma without a cortical layer and

differed in external appearance from natural sclerotial
bodies. Ho\4rever, he claímed that the microscopic characters

of naturaL and artificial sclerotia were identical. Only

the marginal zone (2 to 5 mm broacl) of the smooth colony

v¡as transformed inÈo purple, later dult black sclerotial
tíssue. The formatíon of the artificially gror¡zn sclerotia
was completed in t\"/o months. He believed the fungus possess

the capacity to acidify the medium and thereby prevent the

developmênt of the smooth col-onies from whích al-one sclerotia
subsequently were produceil. Large bodies (3 by 5 or I by 9

mm) resembling incipient sclerotia r¡7ere formed on meclia

containing gelatin. He noted that the reaction of the medium

v¡as the essential factor in sclerotial formation. For

successful sclerotíal formation, the composítion of the

medium should guaraniee that there sha1l be no productíon

of free acid. McCrea (1931) also found pseudosclerotia in

o1d dry agar cultures. These pseudosclêrotia consisted of

mycelial knots rouniled up into pulvinate to hemispherical

structures, approximately 2 mm irr Ëliameter, embedded in the

Loose hyphae of mycelial mat. Ergot extract and vitamin

E separately added to the agar medium stimuláted the grov¡th

of the fungus and caused an early development of such

ps eudos clerotia.

The previous papers reporte¿l the formatíon of
scleret.ium-like structures of C. purpurea on agar media,
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but none of them reported the germination of those structures
into stromata. It was Schweizer (1941) who first induced

germination, into stromata, of a thickened mycelial mat grow-

ing on macerated. germinating rye seeds which has been cold

sterilized by carbon clisulfíde. He claimed that his
sclerotium-like tissues were anatomically similar to those

developing under natural condítions. He obtained stromata

from a germinating scl-erotium by subjecting it to a cold

períod followed by inoculation with pollen extract.
However, he made no histological studies of the stromata

obtaine¿l to determine whether it was functional .

Michener and Snell- (1950) tried to grov¡ Ç. purpurea

on chemically sterilized germinated wheat and rye by the

method described by Schweizer (1941). They fail-ed to
obtain sterile media even when the amount of chemical and

the treatment time were increased above the level recom¡nended

by Schweizer, Their media so prepared were heavily contami-

nated with bacteria and fungi. They also worked with heat

sterilized media and found that the groq'th of the fungus

was better on germinated than on ungerminated \dheat medíum.

The gro\'rth of the fungus r¡¡as poor on germinated rye medium.

There was no sclerotial- formation on these media.

Culnlnings et al . ( 1 9 52 ) attempted to groÌ,7 C. purpurea

in art.ifícial culture with a view to producing scl-erotia

havinq an alkaloid content comparable to that obtained from
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natural sclerotia produced on ïye. However, bv steriliza_
tíon of natural media with carbon disulfide, ethyl chloride,
propylene oxide and combinations thereof, they failed to
obtain sterile media.

(C) plant Extïact Media.

Berman and youngken (1954) investigated the effect
of rye homogenates. on the growth of C. purpurea. By compar_
ing homogenates of rye infl-orescences at three different
growth stages, non-flowering, flowering and fruiting, they
found that good growth of the fungus was obtained on ar-l
liquid extracts of each of these stages. Maximum growth
occurred on extracts prepared from the fruiting stage.
On rye mash suspensions, growth occurred only on media
prepared from the mature fruiting stage. Thus, this stage
contains substances capable of supporting growth of the
fungus. No growth occurred when chlorophyll r4ras removed.
by solvent extraction from rye homogenate and mash suspen_
sion. This seemed to indícate that chlorophyll or substances
associated with it are essential for Claviceps growth. There
were no differences among frozen, dried, or fresh materials
used.

Garay (1956) found that extïacts of detached parts of
rye namely ears, r-eavês, stems, nod.es and roots, either fresh_
1y prepared or sterilized by autoclaving or filtratíon, did.
not stj-mul-ate the germination of ergot.conidia. Hc,ü¡ever, extracts
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steril-ized by autoclaving stimulated fungus growtht a strong

effect was obtained in the case of ears. lïe could obtain
growth on rye embryos and isolated wheat roots, but the

hyphae grew around the roots and embryo hrithout penetrating

ínto them, even when roots and. embryos were injured with a

needle. He did not observe any kind of micro-sclerotía or

sclerotìa-

Guttation fluid of the host has an influence on the

growth of C. purpurea in .vitro (Lewis 1962a). The amount of
fungal growth in the presence of guttation fluid obtained

from seedlings of certain cereals, was found. to correlate

with the degree of susceptibility of the hosts. The fluid
of rye (cultivar Rosen) produced the most growth by germinat-

ing spores rnrhereas that of barley (cul-tivar Trail) producecl

the least. fn the same year, Lewis (1962]D\ investigated the

effects of some metabolites on the susceptibility of rye

seeclling to C. purpurea. He found that Dl-cr-amíno-n-butyric

acicl, L-arginine HCI-, B-alanine, L-glutamic acíd, DL- and D-

phenylalanine, and. succinic acid increased the susceptibil-ity
of rye seedling.s to C. purpurea. L-histidine, DL-isoJ-eucine,

L-Ieucíne, ÐL-methionine, Dl-norvaline, and L-tyrosine had

l-itt1e or no effect on infection-

Potbury and Drysdale (1969), working with rye and

barley varieties different from those used by Lewis (1962a),

studieit the effect of guttatÍon fluid on the gro\lrth of

C. purpurea. They investigated the effects of guttation
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f luicl from one variety of rye and four varieties of barJ-ey

on the grohrth of the fungus in vitro. Their results were

in contradictiôn to those of T,ewis (1962a) in that

seedlings of barley varieties proved similar to that.of

rye in becoming infected, and there r¡ras no clear correlation

betrnreen the effect of the guttation fluids on conidial growth

and the susceptibility of seedlings of the cul-tivars to

infection.

coatley and Le\n/is (1966) determined the compositíon

of guttation f l-uid from rye, wheat, and barley seecll-ings.

Glucose rras found to be the principle sugar cÕmponent of the

rye ancl barley fluids wíth galactose being highest in vzheat.

Total sugar content r¡¡as about equal in rye and barley f l-uids,

but lo$rer in wheat. Most of the amino acíd content in all three

f l-uids was aspartic acid or asparagine. Barley fluid was

far hígher than the other two in total- amíno acids, and

wheat the lowest. The majority of inorganic elemènts (P,

K, Na, Ca, Mg, Mn, Fe, Cu, B, zrr-, Mo, A1) were found to be

highest in barley ancl lowest in wheat witn tne exception

of Fe, in which rye was highest and barley lowest. For

vitamins, barley fl-uid was highest in choline, p-aminobenzoic

acid, and thiamine, while rye viãs highest i¡r inositol- and

pyridoxine. Wheat \^7a s much l-ower than the other tr^'o in

choline ancl inositol, and uracil was found only in barley.
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(D) Utilization of Carbon and Nitrogen Sources

C. purpurea can grow on a wide varíety of carbon

and nitrogen sources. The fungus was found to be capable

of utilizing various sources of carbon, namely, dextrose,

1evu1ose, galactose, cane sugar, glycogen and mannitol

whích induced very good growth at concentrations of 5 to 1596

(Kirchhoff 1g2g). Mccrea (1931) also studied the effect of

varíous carbon sources on the grov¡th of C. purpurea on

synthetic media, Among four sugars tested, namely, maltosê,

dextrose, levul-ose and. sucrose, 2-32 maltose proved to be

the best. There was not much difference bethreen dextrose

and levulose, but sucrose appeared to be a poor carbon

source for the groÍ\rth of this fungus. However, Kirchhoff
(1929) ha¿l obtained good growth on a nedia containing l0B

cane sugar. According to Michener and Snell- (1950), the

growth of the fungus was found to be rapid on media

supplemented with either glucose, fructose, or sucrose as

a source of carbon. Mal-tose, mannitol, arabinose, dextrin
and wheat starch were util-ized more slowly. r,actose and

raffinose were poorly utilizéd. Among nitrogen sources

studíed, asparagine, peptone, casein hydrol-ysate and yeast

extract were good nitrogen sources. AIIEnon ium and nitrate
nitrogen were not as well utíl-ized as organic nitrogen.

Effects of various organic and inorganic nitrogen

sources on growth of C. purpurea v¡ere d.etermined by Sim and

Youngken (1951-). They found that supplementary feedíngs
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of the liquid synthetíc medium with tryptophan, ornithine

and indole markedly inhibited mycelial gror¡¡th. Arginine

and ammonium suLfate had no signifícant effects on grovrth.

According to Tyler and Schwartíng (J-952) , 22

mannitol and 1? casein hydrolysate incorporated Ín their

basic nutrient solution vras the best carbon and nitrogen

combination for the maximum production of mycelium,

Working with tåe nutrition of three strains of C. purpurea

ín l-iquid shake culture, Taber and Vining (1957) found that

organic nitrogen sources, nameLy glubamate, asparagine,

ammonium succinate and urea r¡¡ere more readily utilized than

inorganic nítrogen sources, (NH4) 2So4, (NH4)2HPo4 ar¡d KNo3.

I-asparagine has been widely used as a sole nítrogen source

in meclia for c. purpurêa (Amici et aI. I967a; Gjerstad and

Ramstad 1955, Grein 1967; Johansson 1.964a; Kirchhoff 1929;

Mantle and Tonolo 1968; StrnadowJ and Kybal 1974). Among

carbon sources, glucose, fructose, mannose' cellobiose and

sucrose were readil-y utilized, but not xylose, ribose,

mannitol, starch, powdered cellulose, carboxy methyl

cellulose and methyl cell-üIose. An exogenous supply. of

biotin was required for grohTth of Ëhe fungus in the medium

containing glucose, ammonium succinate, and minerals. In

further studies, Taber and Vining (1960) found that the

alkaloid-producing and non-alkatoid-producing strains could

utilize succinic acid as a carbon source for growth, but

neither of them could utilizê L-tryptopúan as a carbon or
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nitrogen source for growth and this agreed. with a previous

findings (Sim and Youngken 1951).

Variability of 8. purpurea

Variability v/ith regard to pathogenicity, cultural
characters and alkaloid production of ergot has been reported.

Classification of the variatíon in pathogenicity and

al-kaLoíd production has been attêmpted (Barger 193L;

Campbell 1957; Grein 1967; Kybal and Brejcha 1-955; and

Ratanopas 1973).

(A) Variation in Pathogenicity

Stuclies on the pathogenicity of C. purpurea started

a long time ago. Barger (1931) reviewed Stäger's work

on biological races of Claviceps spp. The special-izecl

races of Q. purpurea mentioned by Stäger are summarized as

foLl-ows: 1) The race attacking rye (Secale cereale L.)

also infects v/heat (Triticum aestívum L.), barley (Horcleum

vulgare L. ) rÞado$¡ fescue (Festuca elatior t.) , Bromus sterilis
L., and a few Poa spp. 2) The ergot from sweêt vernal grass

(Anthoxanthum odoratum L.) attacks rye and some other grasses

but not barley. 3) !ìlood brome (Brachypodium sylvaticum

lHuils. ) Beauv. ) and mannagrass (Gl-yceria fluitans (L,) R. Br, eact¡

have an exclusif.e, single race. 4) The race of perennial rye-

grass (Lolium perenne L.), infects meadow brome (Bromus

erectus Huds. ) and other Lol-ium spp., but not rye.
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Campbell (1957) successfully inoculated 421_ isolates
of C. purpurea, from 38 different host species, on rye,

wheat, and barley growing ín the greenhouse. He found that
onJ-y one of three isol-ates from Gl-yceria borealis (Nash)

Batch. did not infect these three hosts. However, ergot
from rye infected all of. the grass species tested, both in
the f ielcl and in the greenhouse. These results differ from

those of Stäger (1903) who failed to secure infection in
many hosts in cross inoculatidn studies betv/een species of
the Gramineae. Furthermore, Campbell found that ergot from

pe.rennial- rye-grass infected rye. This contradicted Stäger's

results, but it supported the findíngs of aékJsy (J-956) who

infected rye with ergot from Lolium perçnne L. and L.

perenne L. with ergot from rye. Because of the existence

of variability in the conidial colonies, Campbell conctuded

that physiologic races of C. purpure.a, as proposed by Stäqer,

do exist but only in the cultural sense of the term. Ho$rever,

he found no evidence that these races r^rere species specific.
Ratanopas (1973) ínoculated the v,¡heat cultivars Kenya

Farmer an¿l Carleton, reported by Platford and Bernier. (L970)

to possess resistance to C. purpurea, as well as two suscept-

ible cultivars, \^?i th each of 58 isolates of the fungus

collected from'various cereals and grasses in Western Canada.

He found that disease severity varied with the isolates

within,as well as amonçJ, the four cultivars. Thê isolates
showed differential interaction with the resistant and
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susceptíb1e cultivars indicating that they differ in

virulence. Variation in virul-ence was also observed

among monoascosporic isolates originating from the same

sclerotium. There was no relationship between virulence

and host sources.

(B) . Variation and Morphological- Characteristics in Culture

. Several workers have reported on variation and

morphological characteristics of c. purpurea in cirl-ture.

Hohrever, none has attempted a thorough eval-uation of the

cul-tural characteristics of the fungus. Furthermore, each

author used different terms to describe morphological

characteristic s .

Michener and Snell (1-950) grew C. purpurea in culture

aiming to produce ergot alkaloid artificially. They

found that cultures from sclerotia known to have a

high al-kal-oid content differed morphologically from each

other although their nutritional- requirements were simil-ar.

fn some cases tr"7o or more types of growth, appearing within

one culture, \dere separated and treated as separate isolates.

Sozynski et al . (f965) studi.ed the effect of various

natural and synthetic media on the morphology and sporula-

tion of 9. purpurea. They reported that the composition of

the medium has an important effect on tlìe morphol-ogical and

physiologicalcharacters, sporulation, and al-kaloid

pro¿luction. of eight media stuilied, they found that potato
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extract-glucose-urort and mineral media supported good

gro\¡rth and sporulation ín both sol-id and J-iquíd culture.
The characteristics of the cultures they described $rere

size of coLony, morphological development, edge of the

colony, distributíon of spores on the colony, spore color,
slime proiluction, thickness of the colony, cross section of
the col-ony and dry weight of the fungus.

Grein (1967) reported a very high variability of the

cultural characteristics of a number of freshly isolated
strains of C. purpurea growing on an agar medium containing

asparagine and high amounts of sucrose (T2 medium) used by

Amici et al. (1967a). Among 6l- strains isolated from

sclerotia, he found that 90* showed variability in their
cultural characters, and only a few strains were stable

and reproducible upon subculturing. He used the fol.lowing

characters to describe the culËures: 1) color of aerial
mycelium: white, ívory, beige-vioIet, and violet; 2) type

of aerj-al myqelium- velvety, cottony and formation of

synnemata i 3) type of gro\^¡th of the whole culture= flat,
folded, wrinkled, bulky or clotted; 4) sectôring ability

or outgrowth production in giant coloníes.

Mantle and Tonolo (1968) descrj-bed the qultural characters

of C. purpurea on a sucrose-asparagine agar medium which

differed stightly from the T2 medium used by Grein (1967) and

Arnici et al-. (7967a). They found that the tv¡o strains
studÍed produced different. morphological characters in
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culture. One strain gave rise to raised cushion-like
plectenchymatic tissue, having a red-violet
color and bearing clropJ-ets which contained many conidia.

This strain vras unstabl-e ancl had a tendency to change

morphological-J-y into a new strain which consistently
produced fl-at whíte colonies with the presence of conidia

and the absence of plectenchymatic tissue. This new

isolate \,/as stabl-e. Another sÈrain produced off-white
colonies and consisted of a .compact \^rhite plectenchymatic

tissue ü¡íthout producing conidía.

Spallâ et al. (l-969) reviewed previous work ancl

summarízed the morphological characters of C. purpurea

cul-tured on T2' rnedium as follows: 1) purplish pink giant

colonies showing two types of sectors, the first one reddish-

violet, bulky with brownish-violet reverse, the second one

pinkish-violet with abundant aerial mycelium and violet
feverse; 2) fIaf, whitísh colonies vrith strahr-yeIl-ow

reversei 3) pinkísh colonies, sJ-ightly bulky, later

viole.t with light violet reverse; 4) thin, flat, smooth

colonies, Ì4rith a dendritic surface pattern anit with stra$r-

yellow reverse. Upon subculturing of some sectors they

reported that: l-. isotation from myceJ-ium which had not

sporulated yet gave colonies all of the same typet

2. ísolation from conidia gave colonies of several types;

ancl 3. the charact.eristics of colonies obtainecl either
from sectors of the giant colonies or from isolation of
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conidia were the same.

Workíng in solid culture with C. purpurea naturally
occurring on Phragmites communis Trin., Mantte (1969.)

described the cultural characteristics of different isolates
into five groups: 1) thick,purple, non-sporulaÈing colonyt

2') thin,whíte, sporulating; 3) thin, purpte, non-sporulating

tissue surroundilg a white sporulatíng center; 4') thin, light
purple, non-sporulatíng t 5) thin., purple, non-sporulating

sector in thin, white, sporulating colony. Isolàtes from

separate fragments of natural sclerotia of one collection
produced the same type of growth form characterizêd as white

colonies \,r¡i th abundant sporulation, except one isol-ate which

gave rise to a r^rhítê sporulatíng center having thick and .

compact periphery with a deep red-purple color and no

spores. Four sub- isol-ates l^rere macle from the second Ëype

of gro\i¡th form, one from the white sporulating center, and

three from different parts of the thick pigmented tissue.
He found that in the white isolate, the hrhite area was

stable but the pigmenËed isolates tended to revert to a

thin, non-pigrmented form during successive subculturing.

(C) Variation ín Alkaloid Protluction

Sclerotia of C. purpurea contain a number of active

ancl ínactive al-kal-oids and other nitrogen- containing

compounds. The active aLkal-oids are ergocryptine, ergocor-

nine, ergocristine, ergotamine, ergosine and. ergonovine
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(Kingsburf¡ 1964) but the total alkaloid content is variable.
Mothes and Silber (f954) destríbed two forms of variabil-
ity in the alkaloid content of the sclerotia. One form

was due to host species. Another form was J.ike]-y due to

strain differences within the fungus, since they obtained

l-êrge amounts of alkaloids from a black sector arìd found a

total- absence of alkaloids i¡r a wtríte sector from the same

sclerotiun. ftrq¡ conclucled that these parti-colored sclerotia
arose from multipi-e ínfections of two separate strains of

the f.ungus .

On the .basis of alkal-oid procluction, Kybal- and

Brejcha (l-955) divided rye ergot into five races which were

recognizecl by a standard content of certain fixed alkaloids

in constant proportions. These races were rich in 1)

ergotamine; 2l in erqotamine, ergocornine ancl ergocristine;

3) in ergotamine, ergocornine, ergocristine and ergocryptíne;

4) in ergocornine, ergocristine and ergocrlzptine; and

5) in ergocornine and ergocristine.- Ergonovine ancl ergosine

were present in aL1 the sclerotia examined.

Mutation and Heteroka is

The sexual organs of c. purpureg was reported by

Gäuman and Dodge (1928) for¡nd to include antheridia and asco-

gonia originating from the same thallus¡ this was taken as

evidence of homothalLísm. ¡Iomothallism in this fungus was

further demonstrated by McCrea (l-931) who crossed several
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singLe ascospore cultures from different locations, and

found no evidence of inhibition or acceleration of mycelial
groqrth of the cultures. The hyphae from each source inter-
mingled as they sprea¿l over Ëhe surface, formíng a mat of
normal appearance that could not be distinguished from either
of the original-s. Ho$¡ever, she did not report either mutation

or. heterokaryosis in this fungus.

Follo*ing treatment. with uv light, strnadovJ (1964)

isolated an ergot mutant which differed from the origínal
strain in producing, on agar media, a v¡rinkled colony lacking
aerial- mycelium. The diameËer of the colony was halved and

sporul-atíon was only one percent that of the o.riginal strain.
The mutant when inoculated i.nto rye heads yeilded only a few

sclerot,iat these had a much lower alkaloid content than the

original strain.

Sheu and PauL (1968) induced mutants of C. purpurea by

treatíng with UV light and y-rays, and found that these mutants

producecl a high level- of tryptamine. The mutants also varied

from the wild type parent. in growth characteristics, . .pII during
growth and nitrogen utíi-ization.

Amici et al. (1967b) reportecl heterokaryosis in
strains of C. purpurea grown on T2 medium. A heterokaryotic

strain produced late sectors on this medium. Mixed cultures
of certain sücai¡s, isol-ated from sectors, formed numerous

anastomoses on T2 medium. Furthermore r overgrowth of the

fungus was formed. at the contact zone between the coloníes.
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Staining the nuclei of hyphae from a culture of the
strain that produced. sectors, they could demonstrate that
each ceI1 usuall.y contaíns fíve nuclei. Moreover, hetero-
karyons produced large quantities of alkaloids, whereas

the original individual strains were unable to produce

significant amounts. Hewever, they reported that the
heterokaryotic condition j.s rare ín culture, but it is
freguent in the mycelium comprisíng sclerotia.

Strnadová (l-968) was able to obtain heterokaryotic
mycelium of C. purpurea by simultaneous platíng of conidia
of t\"¡o different defined auxotrophic mutants of an ergota-
mine producing strain. This heterokaryotic mycelium was

characterized by its äbiLity to grow on a miniÍaI medium and

to dissociate into both original auxotrophic mutants during
sporul aËi on

UsÍng the same med.ium as that described by Amici
et aI . (l-967a), Strnadová and Kybal (1974) confirmed Amici's
result in obtaining ,'late sectors" in cultures of C. purpurea.

They found that sclerotial as wel-l as moÐoconidial cultures
could give rise to sectors. From this evidence, they
concluded that ergot scl-erotia are connonly homokaryotic and

that these phenotypically different sectors result from a
mutation during growth of the colony. Their concl-usion

differed frc[n that of .Arnici et a1 . (1967b) who believed that
thb formation of the sectors is attributed to the segregation
of nuclei of the parent heterokaryon, Although heterokaryosis
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of C. purpurea coul-d be demonstrated in culture, its
importance in nature is not yet knor^¿n.

Cytology of C. purpurea

Jung et al. (1957) studied the cytology of C.

purpurea. They lyere able to demonstrate that only one

nucleus of normal size was detected ín a conidium stained

by Feulgen's method and with gêntian víol-et. Additional
information on cytol-ogy r,¡as presênted by Jung and Rochel-

meyer (1960) who reported that conidia in young cultures
are uninucleate $/hereas those ín ol-der cul-tures are multi-
nucleate, but develop uninucleate germ tubes. In older
mycelium the cells can contain several nuclei. Anastomosês

are fiequent in the young growing mycelium, but less

frequent in older one .

Robbers et al . (1974) worked with a homokaryotic

st.rain of C. purpurea which yielded high amounts of al-kal-oids

in culture. They found that during the grovrth phase, the

hyphal tip cel1 of such an ísolate is mul-tinucleate due.to

the rapid nuclear division associated with activellz growing

hyphal tips. As groi,¡th slo\^ts, the number of nuclei in the

hyphal tip decreases. When the rapíd phase of mycel-ial

growth has ceased, the hyphat- tip ceJ-ls become mononuclêate

just as the other cell-s in the hyphal strand.. As the

myceJ-ium ages, mononucl-eate conidia are formed..

This homokaryotic strain produced consistently high amounts
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of alkaloids, even after many successive transfers in
production medium. They stated that heterokaryosis may be

a necessary requiremenË for alkaloid proiluction ín some

strains of C. purpurea as reported by Amici et aL. (1967b) .

Role of Amino Acids on HosL Reaction and on crowth and

Sporulation of Fungi ín Culture

Several studies have attempted to relate the amíno

acid content of plants to their susceptibif-ity and resistance
to diseases (van Andel- 1966r. Increased. levels of histidíne
or lysine, or both, in blueberry fruits coincide with their
increase susceptibility to clomerella cingulata (Ston.)

Spaulding and Schrenk (Strech and Cappellini 't965) . D and

DI-, isomers of phenylalanine applied Ëhrough leaf mictribs of
apple markedly increased the resistance of seven apple

varieties to attack by the apple scab fungus Venturia

a_neg$g]¡_:_ (dce. ) Wint. (Kuc et al. 1959) . ttrese trdo cdrpounds

ted into potato dextrose agar at concentrations equal to those

used for infusion, inhibited the growth of several isolates of
raoe 2 of V. inaeqr:alis. Cotton cultívars resistant to FusariLim wilt,
contained considerably more cysteine in their roots than

did susceptible ones (Lakshninaryanan '1955)

Germinatíon and germ tube grohrth of spores of nlsariun

o'.j¡sponnn schledrt. f. sp. fabae Yu and Fang vrere ocflpletê y irùribited

þz g-alanine at concentrations above 40f (AbdeL-Re?rim et al. 1968) .

Broad bean (Vicia faba L.) seedlings of a susceptible
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variety developed severe ínfection when grown in infected
soil but remained healthy when this soil $¡as watered with
6096 ß-alanine. In addition, applying a 30g6 S-alanine solu-
tion to leaves, one drop twice daily for a period of 10

days before inoculation, prevented infection of seedlings
in infested soil. This indicates the translocation of the

. compound downward from the Leaves to the roots. It r"7as also.
found that root t.issues and root exud.ates of a resistant
variety contained g-al-anine. Investigating the mechanism

of resístance of some varietíes of broad bean (Vicia faba)

to\^7ards infection wíth F. oxysporum, Hashem tlS69) ""gç""t"a
that in resistant seecllings, hydrolysis of globulins in the
seeds produced more ß-al_anine than susceptible variety.

ß-Alanine \,zas translocaËed to the roots and passed into the
soíl, thus preventing infection by the fungus. Al_though DL-

isoleucine inhibited rust development on detached wheat leaves
(Samborski and Forsyth 1960) , ít had no ef fect ,on the infec-
tion of rye seedl-ings by C. purpurea (Lewis 1g62b). With

Fusaríum sol-ani f. cucurbitae Snyd. and Hans., racje 2,

Dl-isoleucine induced the formation of perithecia (perfect

state) in culture (Toussoun 1962). DL-methionine r¡zas effec-
tive in controlling Aphanomyces root rot of pea growing in
nutrient solution ín liquid culture (papavizas and Davey 19621 .

However, this amino acid stimulates growth and sexual_ reprodrrc-

tion of several isolates of Aphanomyces euteiches Drechsl.er

(Papavizas and Davey 1963a) Ln vitro. From these results,
Papavizas an¿l Davey (1963a) pointed out that although
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nutritional requirements of plant pathogenic fungi play

sígnificant rol-es in the development of disease syndromes,

the physiology of growth of pathogens in vitro may not

al-ways be used for predicting the final magnitude of
pathogenesis of thís fungus. Among non-sulphur amino acids,

DL-norvaline and DL-norleucine completely prevented patho-

genesis of Aphanomyces root rot of pea ín nutrient solutions,

whereas Dl-valine, DL-leucine, Dt-isovaline and Dl-isoleucine

were partially effectíve (Papavízas anil Davey 1963b).

sêveral amino acids have an influence on thê clevelop-

ment of fungi in culture (van Ande l- 1966). With Venturia

inaequalis (gks.) Wint., Ross (1968) found that DL-(s)-

alanine as a nitrogen source supporte¿l very good sporuLation

of certain isolates whereas L-proline, DL- (q) -aminobutyric

acid and glycine \,rere good nitrogen sources for another

isolate.

ß-Al-anine can inhibit growth and sporulation of some

fungi. With Cl-aviceps microcephala (lfal-l-r.) TuI., B-afanine

as a nitrogen source supported poor growth but good sporula-

tion (Singh et al. 19721 . This amino acid consistentl-y

inhibited the growth of Alternaria solani Kuhn, but it

increased growth when high concentrations of proline were

present (Lewis 1957). The gro$¡th of Neurospora crassa I^tas

also inhibited by ß-alanine (Herrmann and white 1966).

D-alanine was poor source of nitrogen for growth of

Phytophthoia infestans (I,þnt. ) de Bary which grar wel-l in the presence
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of L-alanine (Newton 19571 . Several i"¡ood-rotting basidio-
mycetes faíl-ed to utilize D-alanine except for Lenzites

trabea Pers. ex Fries, which could utilize D-aLanine when

applied together with L-alanine (,fennison and perrítt 1960).

Tryptophan is known to play a role in ergot alka-
loids synthesis (Kap1an et, aI. 1969). Teuscher (1964; 1965)

has al-so shor¡zn that only nycelium of straíns producing

alkaloids could actively take up L-tryptophan from the meclium.

The amino acid analog DL-p-fluorophenylal_anine (FpA)

inhibited sporulation of Ceratocystis ulmi (Buís.) and

Fusarium oxysporum f. lycopersicí (Sacc.) Snyd. and Hans.

in liquid cuLturei sporulation of C. ul-mi being more sensi-
tive to FPA than sporuJ.atíon of F. oxysporum f. Il¡copergici
(Biehn 1973'). FPA at the concentration that inhibited 909l

of the sporulation of both fungi did not appreciably inhibit
their total growth.

Spore germination and mycelial gro\,rth of ClailosÞorium

cucumerinum Ell-. and Arth., Collectotrichum lagenarium (pass.)

El-l. and Hal-st., Phytophthora cactorum (Lebert and Cohn)

Schroet.., Pythium debaryanum Hesse were reduced by FpA (van

antte 1 1966). The effect of FPA in protectíng cucumber

seedlings agaínst. C. cucumerinum and C. !êgenerinmr when

appl-ied to the roots before. inocul-ation, was reported by

an Ande1. ('19 621 .
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RESULTS OF RESEARCH

1. Rel-ationship of Cultural- Characters of Claviceps
purpurea to Host Origin and Virulence.

,ABSTRACT
Cultural- characteristics varied considerabLy among

143 isolates of Claviceps purpurea (Fr.) Tul. and were classí-
fíed into 10 groups on the basis of type of growth (raised
or flat), surface characteri-stics (smooth, folded or wrinkl.ed)
and color of the colony (white or col-ored). None of the
cultural characteristics appeared to be rel-ated to host origin
of the isolates or to the viruLence öf 49 selected isolates.
SmalJ-, globose conidial masses were observed in cultures of
a few isolates and more prominenË conidial horns .were observed

inconsistently in cultures of one isolate. These structures
do not appear to have been reported previousJ.y. Sectoring
occurred with equal frequency in culÈures derived from mono-

ascospores as lrell_ as those frqn sclerotia, indicating that sector_
ing is probably due to mut.ation in cultr:res of both types

of isolates. Hor^revêr, the variabiJ_ity among 2O monoascosporic

isolates from a single sclêrotium appeared to be too great
to be ascribed to mutation onJ-y and suggests that reconbina-
tion of genetically different nuclei during -the sexuâl st.age

of the fungus might also be responsible for the wide varíation
observed in this study among isolates of C. purpurea.
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INTRODUCT ION

Variabilíty within g. purpurea, the causal agent

of ergot of cereals and grasses, has been recognized since

Stäger in 1903 conducted ínfectivity tests v¡ith fungal
isolates from many host sources and. reported the existence

of several physiologic races (Barger 1931). Campbe1I (1957)

acknowledged the existence of physiologic races, in the

cultural sense of the term, but found no evidence that these

races are species specific. Virulence r,iras reportêd to vary

considerably among 49 isolates of C. purpurea coll-ected from

varíous cereals and grasses, r^rhen they \"7ere tested on 2

susceptibl-e and 2 resistant \,¡heat cultivars (Ratanopas l_9 73) .

However ¡ virulence 1\ras not related to host orígín of the

isolates.

Isolates of C. purpurea are usually cultured on malÈ

agar and. on this medíum they show few differences in cultural-

characters and most isolates produce white, sLightly fluffy
mycelium (Bernier, unpublished rêsults). Recently, a rnedium

containíng asparagine and a high amount of sucrose has been

shown to alfov/ ergot isol-ates to express diffe'rent cultural
characters (Anici et al. I967a¡ Grein 1967; Mantle and Tonolo

1968; Spalla et al. 1969). The present studies rdere initiated
to investigate the variabí1ity of cultural characters among

isoLates of C. purpurea from various hosts in the Canadian

Prairies and to determine relationships bet$¡een cultural
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ísolates -
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MATERTAIS AND METHODS

One hundred and forty three isolates of Ç. purpurea

collected from cereals and grasses ín the canadian prairies were

util-ized in this study. Of these, forty nine had been used

in a previous study and knowledge of their virulence was

availabLe (Ratanopas 1,973) . The number and type of isolates
tested from each host are presented in Tabfe 1.

Pure cultures vrere obtained from e.ither sclerotial-
pieces or single ascospores accordíng to methods described
previously (Ratanopas 1973; Appendix 1). Stock. cultures
were kept on 43 malt agar slants which, after about three
weeks .growth at room temperature, were stored at 50 C. The

malt agar medium consists of 15 g malt extract, 10 g maltose,
40 9 agar, and distilled hrater to make 1000 ml-.

The composition of the sucrose-asparagine medium

(T2 medíum) employed by Amíci et aI. (1967a) and used through-
out this study is as fol_Iows (S/I): sucrose, 100;

L-asparagine, 10; yeast extract, 0.I¡ KHrpO4, 0.25; MgSOn.7H2O,

0.25; KCi-, 0.L2; Ca(No r) r. uro, 1; FeSo, .7H2o, O.O2¡

ZnSO4.7H2O, 0.015; agar, 20r tap water to 1000 m1 , pH adjusted
to 5.2, sterilized by heating at 11Oo C for 20 minutes.

The experimental cultures were obtainêd by mass

transfers from stock cultures. A smal-l piece of myce.lial

mat fron each isolate was place¿l in the cenÈer of a 60 x 15

mm polystyrene or glass petri dish. containing L2 ml- of T2



Tab1e 1. Host origín, type,

Ç. Purpurea.

44

and. number of isolaËes of

Type of isolate
SingleHost Host Scle-

code rotía
asco- Total-
spore

Rye (Secale cereaLe L.) R

Smooth brome (Bromus inermis leyss. ) B

Durum r^?heat (Triticum durum Ðesf . ) U

Quackgrass (Agropyron repens (L. )
Beauv. )

Spring wheat (Triticum aestivum !. )

Triticale (X Triticosecale WÍttrnack)

Ryegrass (Lolium temulentum L.)
Timothy (Phleum pratense L. )

Oats (Avena sativa L.)

Reedgrass (Calamagrostis canadensis
(Michx) Beauu=-

Common reed.grass (Phraqmites
communi s Trin. )

Tall fescue (Festuca
ar un cl i n a c eã-EEEre-b . )

2z1t¡t/ r.2 (ro) 3s (17)

28 (2') - 28 (2)

3 ( t) 2r(-) 24 (rl

c 20 (6)

M 8(6)

r 3 (3)

L 3(3)

P 2(2)

0 1(r-)

cr 1(1)

PM 1( 1)

1(1)

3 (3) 23(e)

11(-) le (6)

2(2',, s (5)

- 3 (3)

2 (2\

- 1(1)

- 1(1)

- r(1)

1( 1)

Total e4(34) 49 (ls) 143(49)

L/ The numbers in parenthesis
tested for pathogenicity

indicate isolates previously
(Ratanopas, L973).
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medium. The plates were incubated at 25o c. All isolates
were replicated three times .

. The cultures were examined periodically untiJ- 30

days after inoculaËion and characterístics were assessed

and grouped.
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RESULTS

The mycelial growth of al-l the isoLates after about
14 days of incubation r,rTas white, r"Tithout pigmented centers
and generalry extended to about 2/3 oÍ. the p1àte. conidia
were generally produced over the entire surface of the
colonies. SubsequentLy, the mycelium of some isolates changed
to various shades of violet and yellow, particularly at the
ienter,while that of others remained white. The myceLial
mat of many ísolates continued to thicken while the surface
either remaíned smooth or became wrinkled or folded. After
30 days, the myceriar- mat of some isolates had become highly
raised and pJ-ectenchymatic whir.e that of others remained
reJ.atively f1at. The ísolates thus dispLayed consider.able
variation in cultural characters as illustrated in rigs.
r- 5.

Sectoring occurred. in l_0* and 98 of the cultures
derived from monoascospores and sclerotía respect.ively and
in only one of three plates of any gi\¡en isolate (Appendíx 2).
Sectoring generally occurred ear1y, close to the origin of
the colony, and involved the type of growth and/or the color
of the colony (Fig. 5 z A, C, D and F). Occasionally,
sectoring occurred. late, at the margin of the colony (Fig. 58),
and some colonies developed both early and l_ate sectors
(Fig. s¡).
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Figs. 1-3. Cul-tures of g. purpurea on T2 medium. Fig. l.
Three isolates showinq typical flat mycelial growth:
with A = smooth, B = folded and C = wrinkled surfaces.
Fig- 2. Three isorates showing typicat raised mycelial
growth: with A = smooth, B = folded and C = wrinkled
surfaces. Fig. 3. Side view of cultures showing:
A - raised, B : flat mycelial growth.



Fig. 1

r'í9. 2

Fiq.3
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Fíg.s. 4-5. CuLtures of C. purpurea on T2 medium.

Fig. 4. culturaf characters of 20 monoascospore

isolates from the same scferotium obtained from Durum

\^7heat. Fig, 5 . Seclors f ormed in .cultures of various
isolates: A, C, D and F, illustrate early sectors; B,

late sector; E, both early and late sectors.
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!t:

Figs. 6-9. Conidial structures of C. purpurea on T2

medium. Fig. 6. Small globose structures, 30 days

o1d. Fig. 7. Horn-Iike structures, 30 days old.
Fig. 8. Enlargement of gl-obose structures (x11).
Fig. 9. Enlargement of horn-1ike structures (xI1).
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Smal1, globose, yel1ow structures (Figs. 6 and g)

were observed on the mycelíal mat of 9 isolates (Appendix

21 . Upon microscopic examination, the structures-were found.

to consíst of masses of conidia adhering t-ogether. They did
not appear to be related to host origin of the ísolates since

they formed in ergot cultures from rye, durum wheat and spring
wheát.

In order to determíne relatj.onships between host-
source of the isolates and their cultural characteristics ,

the isolates were placed in one of l0 classes on thê basis

of type of groi,/th, surface characteristics and color of the

colony (Table 2). Minor variations frequently occurred \^¡íthin

a plate, and among the three pl"ates of a gíven isol-ate for
one to several- chaiactêrsi part.ícu1arLy for color, in
which case the j-solate was classified according to the

predominant characters. Isolates showing either violet,
yellow and white, or cream pigmentation were grouped and

referred. to as colored and white respectively.
There wére no apparent rel-ationships betv¿een any of

the cultural characters and the host origin öf the l-43 isolates
studied (Table 2). The cultural characters of the isolates
from a given host generally fel-L into many categories.
However., the isolates showed a greater frequenclz of ',flat"
vs "raised", "foJ-ded" vs "smooth", and ',colored', vs uwhite".

Considerable variation in cultural characters was

also observed when cultures from 20 single ascospore isolates
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obtained from a single scl-erotium from Dumm wheat \,/eïe

compared. (Fig. 4). The isoLates were classed into síx of
the l0 categories recognized in this study; nine were in
category 4 (¡:aised, folded, col-ored), six were in category

9 (flat, folded, whÍte) , and one each was in category 1, 2,

3, 6 and 10.

There was no apparent relationship bet\,¡een the cuftural
characters reveal-ed in this study and the virulence data of
the isol-ates obtained prevíousJ-y (Fig. 10). Isolates in
morphological category J-0, for exampLe, shovTed both high and

low virulence on each host tested.

Cultures of each isolate were examined microscopicall_y

for the presênce of conidia 14 and 30 days after inocula-
tion. For the isolates that produced a plectenchymatic type

of grovrth, conídia lrrere generaj-ly detected only in young

colonies. Only twelve isolatês, ten of which were testecl for
pathogenicity, clicl not produce conidia on T2 (Appendix 2).

The virulence of 7 of these 10 non-sporulating isolates
(R-4.A, R-64, R-74, R-l-14, C-7, T-2A and L-9) was relatively
high, on at least 2 of the four cultivars tested, whereas the

remaining 3 isolates were low in virul-ence on at least 3

cultivars (Fig. 10). Furthermore, while 3 isolates (P-1,

PM-l and B-2) which were low in virulence on all 4 cultivars
produceil abundánt conidia in culture, many other high

sporulating isol-ates ranged from low to high in virulence

inilicating that there is no relationship between virulence
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Fig. 10. Relationship of morphological category (see

Tabte 2) to virufence of 49 isolates of C. purpurea.
Virulence data from Ratanopas 1973. Disease ratíng:
0 = nonpathogenic, I = very l-ow virulence, 2 = 1ow

viruLence, 3 = moderate virulence, 4 = high virulence,
5 = very high virutence. For host code of lsofates, see

Table 1.
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and ability to sporulate on T2 medium.

To determine hrhether the sectors wou]d remain stable

upon subculturing, mycelium from normal and sectored. areas

from cultures of each of 13 isolates was transferred to

fresh T2 medium. All subcuLtures \^rere phenotypically identi-
cal to the original source of inoculum $riËh the exception of
one pl-ate originating from the viol-et sector of isolate R-2A

(Fig. 5A), which differed from the original ín producing horn-

like structures (Figs. 7 and 9). These structures were

composed of masses of conidia adhering together but vlere larger

than the smal-l, globose conidial structures observed previous-

J-y. Ho¡4rever, the horn-like structures ' failed to form v¡hen

used as inoculum on T2 medium and did not rèappear untit the

fifth subcul-ture indicating that their. formation is probably

influenced by other factors.
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D Ï SCUSS ÏON

A wide variation in cultural characteristics \,ras

observed in this study among the relatively large number of

isolates of C. purpurea. from the Canadian Praíries. These

results are in agreemenq. with those obtained with ergot

isolates from Europe (Amici êt al-. 1967b¡ Grein 1967).

Phenotypic ei<pression depends, among other factors, on the

medium, and an asparagine and high sucrose nediun clearly favors

greater erçressiør of cultural variatíon of ergot isolates than does rn¡re

media such as malt extract agar and potato dextrose agar.

On the basis of colony characteristi cs , the ergot

ísolates were grouped into 10 cultural types. However, none

of the cultural- characteristícs observecl coul-d be related to

host origin or virulence of the isoLates. Nevertheless, the

study did reveal several- aspects of C. purpurea which are

r^rorthy of discussion, namely the formation of plectenchymatic

type of growth, conidial mass and horn formation, .and the occur-

rence of sectoring. The most striking characteristic was.

the highly raised., plectenchymatic .type of grohrth producecl

by some isolates as opposed to the flat mycelial type normally

observed on malt êxtract agar. Thickening of the mycelial

mat occurred after the production of conidia and appears

analogous to the development of sclerotia in host florets

following the sphacelial stage. Scl-erotíal size is influenced

by the isolate as well as by the host (Ratanopas 1973;
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PLatford and Bernier 1976) and it appears worthr¡rhile
to determine whether scferotial size might be related to
the degree of mycelial mat thickening in culture, Further_
more, alkaloid production has been shown to be correlated
with thick, plectenchymatic fungal grovrth in either
surface or submergred cultures (¡{ant1e and Tonol-o L96g)

and the physiological_ function of this type of growth would
also warrant further investigation.

The formation of gJ_obose conidial masses and coniilial
horns by a few ergot isolates does not appear to have been

reported previously. Grein (1967), however, found upon

microscopic examination of young mycelial mats that conidia
adhere together in small- masses. perhaps in cultures of some

isolates. these microscopic stïuctures continue to develop
untiL they form vísíb1e conídía1 masses. If so,
conidial horns míght simply be large, extended conidial
masses. The morphoJ-ogy of these unusual structures as well
as the factors affecting their formation were the subject of
a separate investigation, the resuLts of which wíIl be

reported el-sewhere (Thesis section 2).
The 104 frequency of sectoring observed in this study

among sclerotial isolates was considerabLy Less Lhan that
reported by Spalla et a1 . (1969) and Strnadovd and Kybal
(1974), who found., respectively, that 788 and 34g of ergot
colonies formed evident sectors on T2 medium. This
discrepancy might be due to the fact that in this study,
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the isolates had been subcultured sevêral times by mass

Èransfers on malt extract agar prior to their use, whereas

in the European studies, colonies were d.erived directly from
sclerotj.a plated on T2 medium. Spalla et al . (1969)

attributed thè formation of sectors to the segregation of
nuclei in the mycelíum and cLaimed that sclerotia formed by

Ç, purpurea on host plants are heterokaryotic. On the other
hand, StrnadovJ and Kybal- (1974) observed sectors in cultures
derived from individual conidia and attributed sectoring to
mutation duríng growth of the colony and concluded that ergot
scl-erotia are commonly homokaryotic. The fact that in this
study, sectoring did occur in cultures of monoãscospore

isolates and that the frequency r¡ras about equal to that of
cultures derived from sclerotia, indicates that sectoring is
due to mutation.

The observations on sectoring in .this study do not
alIow any conclusion regarding the genetic nature cif ergot
sclerotía. ËIorrever, the variability of 2O monoascosporic

isolates from a single sclerotium appears :too
great to be ascribed to mutation alone and might be more

properi-y ascribed to the presênce of two or more genetícally
clifferent nucl-ei in the myce ]-ium of the parent sclerotium.
As thêorized by Spa11a et aI,. (1969) , the heterokaryotic
nature of sclerotj_a might arise after infection of floret.s
by high numbers of conidia or ascospores, followed by

anastomoses and exchange of nuclei bet$reen hyphae origínating
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from genetically. different spores. Thus, variation among

monoascosporic isolates might be due to recombination of
genetically ctifferent nuclei during the sexual stage of

the fungus. The wide variation of C. purpurea observed in
this and other studies (Grein 1967; Spall-a et al . 1969;

Ratanopas 1973) tends to support this theory and

suggests a fruitful- area for further investigation.
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2. Development, Morphology and Histology of Conidial
Horns Produced by Claviceps purpurea in Culture and

Factors Affectíng their Formation.

ABSTRACT

Cultures of a nnnoascosporic isol-ate (R-3ZC) of
CLaviceps purpurea (Fr.) TuI . on media containing asparagine

and a high concentration of sucrose (T2 medium) deve loped

eíther conidial horns, smal-J- globose conidial masses or a

thick plectenchymatic myceJ_ia1 mat. Globose conidíal masses

and conídiaf horns appeared to originate from microscopic

conidial- masses. TwenÈy-day old horns disintegrated .readily

in water whereas old.er horns did not. fn mature horns the

conidia l-ost Èheir oval shape and became rounded. and

compacted.

Extracts prepared by sr:spendiag young conidial horns in
hrater for 15 minutes contained fructose, glucose, sucrose and.

one unidentified sugar suggesting that suEars might be

inVolved in the adhesion of conidia in the horns. Hovrever,

no conclusions could be made regarding the simiLarity of
the sugars in conidi.al- horn extracts and honeydew.

Conidial stt uctures occurred more consistently and

abundantly on media acljusted to pH 7 and prepared wíth either
tap water or deionized water containing mineral salts similar
to that in tap water. Thick ptentenchymatic mycelial mats

appeared to resembl-e tissue of ergot sclerotia. SmalL,
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structures were occasionally observed.

and. were also composed of plecten-
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INTRODUCT TON

Claviceps purpurea (Fr.) TuL. is an ascomycetous

fungus causing ergot of cereals and grasses. The fungus
infects the ovaries and within 5:6 days produces honeydew

and conidia, follcraed by the develotrxrent of frequently prominerrt ¡rurp-
lÍsh-black scferotia. Ihe sexual stage of the fungus occurs in
the stromata of germinating sclerotia yielding ascospores.
The amount of honeydew produced and the size of the scl-erotia
are determined by the host as well as by the fungús (Ratanopas

L9 73; Platford and Bernier 1976., . The f ungus can be grown

readily in cul-ture producing abundant mycelium and conidia,
but not sclerotia. Myce lial growth is white and nondescript
on cornmon meilia such as malt agar and potato dextrose agar.
HoÍrever, on media containing asparagine and a high concentra_
tion of sucrose, ergot isolates display wide varíation irr grovrth

types (Thesis section J-; Amici et al. l_967a).

The format.íon of honeydew conídia occurs in sporo-
dochia consisting of a compact Layer of conidiophores bearing
conidia terminally (Barnett Ig72). Conidial production in
culture was reporte.d to occur on short conidiophores, ,

arranged in a rosette-like structure (Grei.n l.967l . Alkaloid
production by C. purpurea in liquid culture has been

extensivêly investigated (Bove' 1970). However, sclerotial
development in culture has not been,achieved al-though the
formation of sclerotiun - like structures has been reported
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(Bonns l-92f ; Kirchhof.f Lg2g; Mccrea 1930; Schwe lzer L94L) .

During studies on the variabitity of C. purpurea

in culture, one fungal isolate was found to produce promi_

nent, horn-like structures composed of conidia (Thesís

section f). Conidiaf horns did not form consistently and

do not appear to have been reported previously.
This communication reports on: 1) the development,

morphology and histology of conidial- horns; 2) fact.ors
affecting their formation; and 3) the presence of sugars

in conidial horns -
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MATE RTALS AND METHODS

ori in of Isol-ate Producinq Conidial Horns

A single monoconidial isolate of C. purpurea (R-37C),

previously found to produce conidial horns in culture (Thesis

section 1), was used throughout this study. Thís isolate
was the only isolate among l-4 monoconidj-at isol-ates of R-2AH

which produced conidial horns on sucrose-asparagine medium

{T2 medium). Isolate R-2AH originated from the violet sector

of isolate R-24 cultured on T2 medium. Isolate R-24 itself

did not prod.uce conidíal horns and originated as a single

ascospore isolate from a .rye sclerotium coll-ected at Clear

Water Bay, Ontario in 1968

Prgparation of Stock Cultures and Inoculum

Stock cùl-tures of isol-ate R-37C vrere maintained on a
I

defined glucose-asparagine agar medium (T medium) and prepared

about every three months using conidial horns produced on T2

medium as inoculum, Cultures in 6 cm pyrex Petri dishes were

incubated 20 days at 25o C in the dark and then stored at

50 c.

To prepare inoculum, conídia from stock cultures were

transferred to 5 mf afiquots of sterile distilled \^rater in

test tubes, and shaken vigorously to dislodge spores. The

spore suspensions were filtered through sterile cheese cloth

to remove the mycelium and adjusted to a concentration of
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10 
6 conidia,/ml -

The experimental cul-tures were prepared by applying

10 Ul of spore suspension to a sterile 6 inm Whatman No. 1

fil-ter paper disc. This was then placed in the center of a

6 cm pyrex Petri dish containing 12 mI of the test medium.

Five replications per treatment were enplcyed unless otherwise

inilicated. The cultures r¡7ere incubated at 25o C and

observations made periodically.

Culture Media

Stock culture medium - The medium was a glucose-

asparagine defined medium (T rnedium) modified from Taber

and Vining (l-957) and contained the following constituents:
glucose, t5 g; L-asparagine, 2.36 g¡ K2HPO4, 100 mg; KH2POA,

700 mg; MSSO4.7H2O, 20L mgì CaCL2.2HZO, 5.95 mg; FeSOn.7H2O,

5 mgr znSO4.7H2O, 4.4 mg¡ MnSOr.HrOr 2.75 mg; NaCI, 2.25 mq¡

CuSO4.5H2O, 0.27 mg¡ (NHn) 
UMorO, n 

.4H.2O , I.82 mg; agar, 2O g¡

glass distil-1ed water to l-000 ml , pH adjusted to 5.2 before

autoclavíng.

Standarcl medium - The medium is a sucrose-asparagine

medium (T2 nedium) which was employed by Anicí et ai. (1967a).

Tt consists of the following ingredients (S/L) : sucrose,

100; L-asparagine, 10; yeast extract, 0.1; KHTPO*, 0.25;

M9SO4.7II2O, 0.25¡ KCI, 0.12; Ca(NO 3l Z.4H2O, 1; FeSOn.TIIrOr

0.02; ZnSOn.7H2O, 0.015; agar, 2Oi tap v¡ater to 1000 ml,

pH adjusted to 5.2 before autocJ-avíng.
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Bqsa]- medium - To compare the effects of mineral
salt forrmrtation on the formation of conídial horns the
major ingredients of T2 medium in deionized water were use¿l

as a basal medium. Two saLt mixtures devel-oped for maximum

al-kaloid production by C. paspafi . Stêvens and Hall were

compared to T2 medium. .The mixture created by Mary et aI .

(1965), designated as TR medium contained the following
(mg/I) z ¿,1-C1j:6H2o,0.054; Ca(NO3)2. 4H2þ, 3OO; CuSon .5H2O,

7.45; FeSO*.7H2O,53.3; HrBO3r 2.5¡ KCJ.,2t9¡ RI ,0.75¡
MnSO¿.4H2O, 9; NaNO3r 120; NarSOr, 200 ¡ ZnSO .7fIrO, 5.3.
That developed by Mizrahí and Mil1er (I970) , designat.ed as

TM medium contaíned the following (mS,/I): A1-CI'. 6HrO, 5¡

CaClrt l-00; Ca(NO3)2.AH'O, 5OO; CoSO4.7lP"2O, 1_¡ FeSO4. TH2O,

1; KHrPOnr 2000; MgSOn .7H2O, 300; NaNOrr LOOi ZnSO..TH2O t

I0. The pH was adjusted as required with HC1 or NaOH prior
to autoclavinq at 110o C for 20 minutes.

Seasurement of Fungal Structures

The sízê of fungal structures was determined by

measuring 25 samples of each structure with the aid of a

micrometer and dissecting mÍcroscope, and the results expressed

as the mean and standard error.

Factors Affecting Formation of Conidial- Horns

The Þffects of pH, purity of water, agar concenËration

and mineral salts were investigated. Details of the method

are gLven in the result section.
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Tnfectivity Test

Inoculum was prepared by transferring young conidial
horns to 5 ml of sterile distilled water and shaking vigorous-

l-y to dislodge the conidia. The conidial suspension was

^adjusted to 10' conidía/ml for inoculation. Infectivity
r¡/as assessed on the four. wheat cuJ-tivars, Kenya Farmer,

Carleton, Manitou and Stewart 63 in the greenhouse. Five

heads r,'¡ere inoculated for each cuftivar at 10 florets/head
using a hypodermic needle and syringe (platford and Bernier
L97Ol . . Host reaction was evaluated as d.escribed by platfor¿l

and Bernier (1970, Appendix 3).

Hí s tology

Samples of fungal structures were fixecl Ín a solution
of Formalin-Propiono-Alcohol (FPA) 5:5:90 by volume and

embeclded in paraffin bl-ocks by the butyl alcohoL method.

The material was then sectioned \"¡ith a rotary microtome

and staineil \47ith Conant's quadruple stain (Johansen l-940).

Determination of Extracel-lular Sugars in Conidial lïorns

The presence of sugars in conidial horns \"ras

determined by Benedictts test (Harrow et al. 1-967; Appendix

4), foll-oweil by thin-layer chromatography. The presence of
sugars in ergot honeydew îras also determined for comparison.

SampJ-es were prepared from young, 20 day ol-d conidial-

horns ancl from 15 day o1d honeydew produced on Hercules
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durum wheat by HD-21- isol-ate. Conidial horns were removed

by using a fine ínoculatíng nreedle under a díssecL.ing micro-
scope taking care not to include any mycelium or mediurn.

Thêy werè suspended in distilled water ín the amount of
1- g/10 m1. Honeydew was díluted with distiLled water in the
amount of I g/L2O mI. After 15 minutes, the spores from each

suspension brere removed by lovr-speed centrifugation, and the
clear liquid. was passed through a steril-e membrane f il_ter
with 0.02 nm pore size. The filtrate was stored at 50 C

until used.

Cellulose powder MN 300 was used to prepare the
pLates (Schweiger L962'). Fifteen grams of cellulose was

homogenized in a blender with 90 mI clistilled water for
60 seconds. The suspension was applied onto five glass

plates, 20 x 20 cm, with the Desaga spreader adjustecl to
250ir in thickness for the 1ayer.

Reference standard sugars were prêpared as follows:
0.OI g/I0 ml distilled water for L(+) arabinose, fructose,
D(+)mannose, D (+)galactose, and glucosei 0.02. g/I0 mL

distilled hrater for sucrose and maltose. Five microliters
of each sugar solution and of the filtrate from honeydew

and 10 microliters of the f il-trate from conidial horn extract
were used. to spot. the plate,

Samples and standard sugars were appJ-ied as spots

to the base líne, at 2 cm from the edge of Ëhe plate, with
the aid of a micropipette. After drying, the plates $¡ere
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developed by ascendíng chromatography using a mixture of
distilled \"rater with freshly distilled ethyl acêtate and

pyridine in a ratio of 252100:35 (Raadsvel-d and Klomp

1971-). Each chromatographic run was made three times,

and dried with warm air between runs. The running distance

from the orígín to the sol-vent front hras 15 cm. After the

third run, the sugar spots were visualized by sprayíng Ëhe

pJ-ates with the following reagents: 1. sílver nitrate-
sodium hydroxide fol-l-owed by diluted sodium thiosulfate
soLution (Randerath 1966; Stahl L969) ¡ 2. p-anísidine
phosphate in ethanol- (ttlukherjee and Srivastava 1952);

3. p-aminobenzoic acid reagent (Ersser and Andrew I-971)i

4. aniline-phosphoric acid (Raadsveld ancl Klomp 1971);

5. benzidine-trichloroacetic acid (Stahl 1969). The

preparation of these spray reagents is outlined in
Appendix 5.

The Rg val-ues were uSed to determine the movement of
the sugars on the thin layer plates. They were calculated

from the formul-a:

*n= * too
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, RESULTS

Development and Morphology of Conidial Horls

The selected isolate r"zas tested initially on thïee
lots of T2 medium. Conidial horns (Figs. l-l-, 13) formed in
cult.ures on only one lot. of the medium. In cultures of the

other thro lots only smal1 globular and slightly raised
conidial masses (Fíq. 15) were produced on the mycelial mat.

fn cultures that did not form either the globular conidial
masses or conidíal horns, the rnycelial mat thickened and

became plectenchymatic (Fig. 17). I,{hen mature, the mycelial
mat tended to split in the center of the colony exposing the

thick layer of pl-ectenchyma (Fig, 3-7).

. The conidial horrùs became visible tO-l-s days after
inoculation and. were fu1ly developed by about 20 days. Conidial
horns consisted of a stra\4r-yelJ_ow sticklz conidial_ tnasses. Ftcm

microscopic observation of several young cultures, it appeared

that the structuïes. began as very small strav/-ye11o\^r masses,

scattered over the entire surface of the colony , consisting
of nany con:idia (Fig. 14). These structures appeared to develop into
globular conidial- masses or conidial horns. Conidial- horns

are straight when short but slíght1y curved at the tip when

long (Figs. 11, 13). Conidial horns of different ages .t4rere

transferred, using a fine needle, to a drop of water on a
glass slide for microscopic examination. young conidial
horns readily disintegrated in water (Fíg. 1-6). Mature



70

horns, on the other hand, were firm and díd not collapse in
the presence of \4/ater (rig. 13). Mature conidíal horns

I¡7 ere 1506 t 114U in height and 659 t 36U in ¿liameter.

Sma11, bl-ack sÈructures occasionally formed in
cultures that developed conídiaI horns (Figs. 11, 12) - Such

structures had not been observed previously in cultures of
this isolate or of other isolates (Thesis section I). These

structures were foimd to be soft, hemispherical , embedded in
the mycelial mat and measured on the average 7j9!76V in
height and 1054172¡ in diameter. Samples of the above three
structures were coll-ected and preserved in a solution of FpA

5:5:90 for histol"ogical examinaÈion later.

Histology of Fungal Structures

Longitudinal sections of mature conidial horns revealed

that they appear to form from c1osely interwoven sporogenous

hyphae Located under fluffy aerial- mycelium (Figs. lB, 1-9).

During growth, Ëhe conidial- masses appear to push through the

aerial mycelial mat and. gradually become horn-like structures.
Conidiophores are very difficult to observe from the sections,
and they are probabJ-y short and closely interwoven (rig. 19).

The conidia lose their oval shape and become rounded and

compacted (Fig. 20). Examination of cross-sections of the srnall

black, hemispherical structures-índicate that they are

composed of plectenchymatiò tissue (Fig. 21"). Sections of
thickened mycelial mat also resembled plectenchymatic t.issue
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(Eíg. 22). However, the cells of both tissues are l-arger

and not as uniform in size as cel-l-s from sclerotial tissue
(rig. 23). The plêctenchymatic tissues of these th'o

structures are very simil-ar to that of the cross section

of an ergot sclerotium (Fig. 23).

Infectivity of Conidia rrom Conidial llorns

. The results of the infectivity test indicate that

conidia from young horns are infectious: 5, 0, 16 anð, 22

sclerotia were produced on 5O ínoculated florets of the

cultivars Kenya Fa-ñner, Ca-rleton, Ivtranitou and Stei¡rart 63 respectively.

Factors Affecting thê FoImaÈj,on of Conídial Horns

Effect of þH - To determine the effect of pH on the

formation of conidial horns, T2 medium was adjusted to five

pH level-s ranging from 5.2 to 8. The experiment IÀras repêated

three times using a separate l-ot of medium each time, Five

Petri dishes were inoculated for each experiment.

The results differed in each experiment except at

pH I where mycetial nats were consístently produced. At

pH 7, coniilial horns were formed in alt three experiments

although relatively few horns occurred in one experiment.

At pH 5.2, conidial horns were formed in one experiment onIy.

There were no conidial horns at pE 5.5 and 6, however, at botTl

pH values, small conidial masses were formed in two experiments,

whereas only mycelial mats r¡¡e re produced in the other

rgical
)rn pr
Conid

:d on
)fas:

Long
:9. 14

: orig:
. mass

Fig. .

' coni<
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Fi.gs. 11-17. Cu1tural, morphological and histological !

characteristics of a conidial horn producing isolate of
C. purpurea (R-37C). Fig. It. Conidial horns and small
black globose structures produced on T2 agar medium (x6).
Fig. L2. Longitudinal section of a smal-l black hemispher-
ical structure (x20). Fig. 13. Longitudinal section of
a mature conidal horn (x20). Fig. 14. A microscopic
conidial mass (x100), Iikely the origin of a conidial
horn or a small globose conidial mass. Fig. 15. Small
globose conidial masses (x15). Fí9. 16. OvaI shaped

conidia of a disintegrated young conidial horn mounted

in water (x400) . Fig. L7. Plectenchymatic mycelial mat

of isolate R-37C on T2 agar medium.
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Figs. '18-23. Hístologicat characteristics of isolate
R-37C of Q. purpurea. Fig, 18. I,ongitudinal section of
conidial horn (x20) showing the horns attached to the
sporogenous hyphae on the T2 agar medium.
F'ig. 19.. Section at the base of a conidial- horn show-
ing sporogenous hyphae (x400). Fíg. 20. Longitudinal
section of a mature conidial horn (x400). Fig. 21. Cross
section of small black hemíspherical structure (x400).
FJ-g. 22. Cross section of plectenchymatic mycelial mat
(x400). Fi-g. 23. Cross section of the central portion
of an ergot sclerotium (x400).
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experiment .

Effect of v¡ater purity - T2 medium prepared with
either tap water or glass-distitled water, was comparecl at
pH 5.2 and 7 for its ability to support the formation of
conidial- horns. Four experiments were conducted using a

different l-ot of medium.each time.

Conidj.al- horns devel-oped only on T2 medium prepared.

with tap r4rater and were consid.erably more abunQ.ant on media

adjusted to pH 7. than at pH 5.2 (Tab1e 3). The formation

of conidial horns varied wíth each 1ot of T2 medium tested.
No conidial structures formed on media made with glass

distiLl-ed water at any pH.

Effect of agar concêntrati.on - Agar concentrations

of 2,3,4, 5, ancl 6t were compared in two sepârate experi-
ments r¡¡ith T2 meilium at pH 7. Agar concentration hail no

apparent effect on the formatÍon of conidial_ horns. A fev¡

conidial horns developed at al-l agar concentrations in one

experiment whereas in the other, small coni¿lial masses

developed at al-l agar concentrations.

Effect 9f water purity, agar concentratíon; and

pH - The results of four experiments are summarízed in
Tab1e 4. Conídial horns were produced consistently and

abundant.l-y only on T2 medium prepared with tap water an¿l

2* agar at pH 7. T2 prepared \"rith tap water arrd 4* agar

at pH 7 supported conidial horn formation in three exlgeri-

ments, whereas thaÈ at pH 5.2 gave rise to a few horns in



75

Table 3. Effêct of water purity and pH on the development
of conidial horns in T2 medium.

Experiment crowth characterísticql/
sT""" 

-distilled waterpE'5.-2- pE7

I
2

3

4

H

c

M

M

M

M

M

M

M

M

M

M

HHH

H

C

HH

l/ C = small conidiaL masses,
M = mycelial mat on1y.
g = predominantty conidial horns (H, few; HH, many;

HHH, very abundant).
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water purity and agar
the development of conidial horns.

Treatment
crov¡th characteris tícsl /

Exper iment
1234

pH 5.2

T2-tap r¡rater, 2Z agar

T2-tap water, 4Z agar

T2-glass distilled
water, 22 agar

T2-91ass distilled
\¡¡ater, 4à agar

PH7

T2-tap v/atef , 2Z agar

T2-tap water, 4ø" agar

T2-gfass distilled
r^¡ater, 22 ag:r

T2-g1ass distil-Ied
water, 48 agar

M

H

H

H

c

M

M

HH

c

HH HH

HH

c

HH

H

M

H

v C = sma1l conídial- masses.
M = mycelial mat .

1¡ = predominantly conidiat horns
HHH, very abundant).

(H, f ew; HH, manyi
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one experiment onfy. Medium T2 prepared with gJ-ass distil-led
r4¡ater and. 4å agar at pH 7 supported a few horns in one

experiment. this had not been found in previous tests.
E{fect of tap v¡ater sampled at. different Ëimes _

Although T2 medium prepared with tap water and adjusted to
pH 7 generally supported the formation of many horns, their
formation still remained erratic. To determine if the
variability might be due to differences in the quality of the
r^rater, tap r^rater drawn at monthly intervals was compared in
T2 rnedium at pH 7. Conidial horns formed on media prepared

with water from all sampJ.ing dates buÈ one. However, the
number of horns produced varied with the sampling date as

fol-lows: Apri1., 1974, no conidial hornsi May, L974, very
abundant horns; September and October, 7974, .few horns;

November and Decenber, L974, many horns; January, 1975, very
abundant horns. This indicated that water qualíty might be

responsibler in part, for the inconsistencies observeal

previously. To vêrify whether water quality might be a
factor, water samples drawn on December, Ig74 and January,

l-975 were analysed. for several cations. Tap water anal-ysis

for December and January, respectively, revealed the presence

and the amount of the foltowing cations (ppm) : K, 1.l-9 and

I.3; Ca, 14.5 and 1-4.I¡ Mg,8.92 and 8.90; Fe,0.02 and 0.02;
Cu, 0.04 and 0.16r and Zn, 0.00 and 0.04.

Effect of mineral salts - In vi e\4r of the above

results, a third salt mixture qras formulated on the basis
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t

of the anafysis of the tap water sample taken in ,fanuary,
.1975 and compared vrith TR and T¡4 media in 3 separate
experiments. The concentration of the cations was acì.justeö
to the values determined in analysís of tap water using the
following salts (mgll): Ca(lr9r¡ 2.4H2o, 83.0; CuSOn .5HrO, 0.62;
FeSO4.7H2O, 0.09; KHrpOnr 4.5; MgSO4 .7H2O, 90.2; Zngen.ll2},
0.18. These salts were combined with saLts from T2 medium,
added to the basaf medium and designated as TD medium. T2
medium prepared with tap water drawn in ,January, 1975 and
with deionízed. water served. as controls. All media were
adjusËed to pH 7.

Of the Èhree test media, only TD medium consistently
supported the formation of conidiaf horns (Table 5). However,
in trr¡o experiments, fevreï conidial horns were produced than
on T2 mêdium made with tap water. T2 prepared wiÈh deionized
distil-led r^rater appears to be superior to TR and TM media
in that conidiaf masses were produced in two expeïíments and
conidial- horns in the other, whereas only mycelial mats
without conidia were produced on the rateï tv/o media-

Thin layer chromatographic analysis indicated the
presence of four sugars in the extracts of conidial hoïns.
The Rg-value and the cofor reactions of each suqar to several
reagents are given in Table 6. Three of the four sugars
could be detected by four of the five reagents used and b1z



Table 5. Formation of
. media.

conidial horns on various salts

Media (pH 7)
crov/th characteris tícsl/

-

Exper iment
L23

a/T2-tap war'er'/

T2-deionized distilted
water

TD

TR

TM

HHH HHH

7/ C = small conidial .masses; _M = mycelial mat only;H = predominantly conidial hõrns (¡f, few; Híf ,manyi HHH, very abundant ) .
2/ Same lot of T2 medium, prepared with tap water d.rawn, in January, J-975., wãs used in air tñr"e 

""periments.TD = Basal medium * mineral salts comparable to tap r,rater.
TR = Basaf medÍum + Mary's salts.
TM = Basaf medium * Mizrahi's sal-ts.
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p-anisidine only. Rg-values of sugars detected with aI1 !

detecting agents employed were similar. Since p_anisidine
could detect moïe sugars, the average Rg-vafue of sugars
from l-0 chromatograms sprayed with this reagent are presented
in Table 6. Aft four sugars separated wefl with the solvents
used. On the basis of Rg-values and color reactions, three
sugars were identified as fructose, glucose, sucrose and

one having Rg-value of 59 remained unidentified. However,

the spot of this unidentified sugar appeared as pink_brown

on the chromatogram sprayed with p-aminobenzoic acíd indicat_
ing it might be isomaltose as reported. by Ersser and Andrew

(1971) . onfy tv/o sugars,. fïuctose and glucose, could. be

detected from the honeydew extract testeé.
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DI SCUS S ION

The results of the present stucly indicate that the

ability of ísolate R-37C to form conidial horns can be

maintained and improved by culturing on T2 medium adjusted

to pH 7 and prepared with either tap water or deionized

\^tater containing mineral sal-ts similar to those in tap water.

Microscopic examinat.ion of young cul-tures revealed the

presence of very small conidial masses which appeared to
give rise to either gJ-obose conidial masses or conidial
horns. The microscopic conidial masses appeared to ;e
simil-ar to the "globose bodies of conidial- masses" reporËed

by crein (L976) . Ho$rever, Grein did not indicate having

seen conidial masses visible to the naked eye. Conidiaf

horns appeared to develop from interwoven sporogenous hyphae

at the base of the horns. Although conidiophores are

difficult to observe, the sporogenous hyphae are likely
short conidiophores. Conidia and honeydew of C. purpurea

are forrned. on the host in sporodochia consisting of
a compact layer of conidiophores bearing coniclia terminal_ly
(Barnett I972J. Thus, conidial horns appear to be sporo-

dochia of this fungus in pure culture.
In addition to pH, the production of conidial-

structures .lrras greatly influenced by the mineral salt
content of the media. T2 medium prepared with tap water

proved superior to that with distilled \nratert however, the
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reguirement of the isolate for salts was only partly
satisfied by a formulation based on cations found in tap
water. This suggests that trace el-ements or som.e other
factors present in tap water might be ínvo1ved. The fact
that two salts formulations (TR and TM) containíngr additional
cations, did not support the producti.on of conidial horns,
indicates that the fungus does not require complex sal-ts for
thê formation of conidial structures.

It is evident from the data in Table 3, 4 and 5,

that the production of conídial_ structures is influenced by

factors other than pH and mineral- salts, which could not be

determined in these studies.

It is apparent from the results of these studies
that factors unfavorable for the production of conidiat
structures i,e. high or lc[^r pH, and ttre use of glass-distilled
water, favored the development of a thick mycelía1 mat

observed frequently by several workers (Thesis section 1;

Amici, et al. I967ai Johansson.1964b) and recentll' shown to
be associated with the production of alkal_oids in culture
(¡¿antle 1969). Histologically, the thick myceJ.ial mat was

found to be composed of pl-ectenchymatic tissue and to
resenble the tissue of sclelotia. These results are in agreement

wíth the finding of several- workers (Bonns 1922t Johansson

I964b, Mantle and Tonolo 1968; Mantle 1969). The smallf
black, globose structurès occasionally observêd among the
conidial horns were also composed of plectenchymatic tissue
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and might be smal_l sectors of thickened mycelial mat.

Four sugars were found. ín the water extract of
young conidial horns; they were fructose, glucose, sucrose

and one unidentified sugar. Although only fructose and

gJ-ucose were detècted in the honeydew extract tested in
this study, t.hese, as well- as sucÍose, have been reported
as the major sugars in honéydew (Fuchs and pöhm 1953; Mantle

1965). Howêver, sucrose was found in very smal-l- amounts onJ_y

(Fuchs and Pôhm 1953) and failure to detect. it in this study
might be due to its presence in quantities too low to be

detected. It is also possible it is not produced by the
isolate tested, since the sugars present in honeydew have

been shown to vary quaLitativelt¡ within a soecies of Clavice-ps
(Mower 1974). The mycelial mat of C. purpurea \^ras also
reported to contain glucose, fructose, trehalose, mannose

and mannitol (Greín 1967; Vining and Taber 1964).

Since extracts were prq:ared by suspending young conidial
horns ín water for 15 minutes it. rdould appear that the sugars

are present in the horns extracetlularly and thus might be

invol-ved in conidial adhesion. However, further work is
required to determine if the sugary material of the conidial
horns is identical to honeydew proiluced by this fungus on

cereal hosts.

The low incidence of conidial struct.ure formation
among isolates of 9. purpurea observed. previously (Thesis

sect,ion 1) might be attributed to the use of culture media
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unsuitable for their develo¡rent. A better appraisal of
the ability of ergot isolates to produce conidial structures
would be attained by testing ergot isolates on the medium

defined in this study.
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3. Influence of Selected Amino Acids on Growth and

Conidial Production of Claviceps purpurea in vitro.

ABSTRÃCT

L-asparagine, L-glutamine and to a lesser extent
L-proline were good sources of nitrogen for mycelial gror4rth

of five isolates of Claviceps purpurea (Fr.) TuI ., but
supported appreciable conidial production in only two iso-
lates (F-2C and pM-2C). A11 five isolates grew well on

l-tryptophan but only one isolate produced conidia. DL_

methioninê, DL-val-ine, DL-alanÍne and to a lesser extent
DL-isoleucine r¡zere poor sources of nitrogen for both growth

and sporufation of all isolates. Mycelial growth of al-l the
isolates on asparagine was good. even at 50 ppm nitrogen but
tr4¡o isolates only (F-2C and pM-2C) produced conidia at levels
of nitrogen lower than 500 ppm, g-Alanine ancl D_alanine vrere

rel-atively poor sources of nitrogen for growth and sporula_
tion of ali- five isolates r¡¡hereas L-alanine was about as good

as lJ-asparagine. In the presence of high levels of ..

L-asparagine, sporulation of several- isolates was enhanced

by Ê-alanine and Dl,-al-anine but reduced by D-al-anine. At. 1or4,

leveLs of L-asparagine, g- and D-alanine were highly ínhibitory
to both growth and sporulation of isolates F-2C and pM_2C.

The amíno acid analog Dl-p-fluorophenylalaníne (FpA) was

inhibitory to both growth and sporulation of isolates F-2C and

PM-2C. The degree of inhibition depended on the concentration
of L-asparagine and FpA in the medium.
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INTRODUCT TON

Ergot caused by the fungus Claviceps pglpurea (Fr.)

Tul . is recognized on fl-orets of cereál_s and grasses, by

honeydew containing coniilia and by purplísh-black sclerotia.
The amount of honeydew and the size of thê sclerotia

are influenced by the fungus as well as by the host. Smaller

sclerotia (kernel size) and less honeydev¿ are produced by

the fungus on cul-tivars of spring wheat than on cultivars
of rye or tríticále (Platford and Bernier L976). .Furthermore,

the proaluction of sInall afiÞunts of honeydew and smal_l_ sclerotia
(srnller Èhan the size of the kernel) in tl\¡o v¡treat cul-tivars, was

consídered as an expression of host resistance (Platford and

Bernier L97O¡ 1976). Ergot isolates found to producè srnall anr:r:nts

of honeydew and small-sclerotia on wheat cultivars resístant or

susceptibJ-e, v,ære considered to be 1c¡¡¡ in vimlence (Ratanopas 1973) .

Since reduced sporulation is an expression of
resistance ín the host as well as of low virulence in the

pathogen it appeared that. knoh'Ledge of the nutritional-
requirements for growth anil sporulation ín culture might

ultimately lead to a better understanding of the phenomenon

of reduced sporulation in the host. Although growth and

alkaloid production of C. purpurea in l-iquíd culture have

been widely investigate¿I (BovJ i-:g7O) , the nutritional-
requirements for growth and sporuLation on soLid media have

been largel"y neglected. Organic sources of nitrogen were
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reporte¿r to be more readíJ-y utílized than inorganic sources
with glutamate and asparagíne being of equal value in
supporting fungal growth (Taber and Vining 1957). Aspara_
gine seems to have been included ín most media used in
attempting to study the production of alkaloids in liquid
culture (Amici et al. 1967a; Gjerstad and Ramstad 1955; Grein
'1967; Johansson 1964a; Kirchhoff 1929; Mantle and Tonol-o

1968; StrnadovJ and Kybal 1974). However,r the utilization of
gl"utamine for growth and sporuì-ation bears reexamination since
it has been .reported to be the predominate amino acíd ín
cereal seeds (MacMaster et aI. 1971). The recent finding
that. alanine also occurs in high concentration in deveJ_oping

rye, triticale and Ûrheat seeds (Corbett et al. 1974, Dexter
and Dronzek 1975) coupled with the fact that. honeydehr .produc_

tion is reduced when florets are infecteil at or after anthe_
sís (Rat.anopas 1973) indicate that. this amino acid could
have an influence on sporuJ-ation,

other naturally occurríng plant amino acids have
been refated to the susceptibility or resistance of ptants
to diseases (Abdel-Rehím et al. 196g, Kuc et al. .1959;

Lakshminaryanan 1955; Strech and Cappellíni 1965; van Andel
1966) . With ergot, Lewis ( 1962b) found that DL_d_amino_n_

butyric acid, L-arginine HC1, p-alanine, L_glutamic acid,
DI.- and D-phenylalanine j.ncreased the susceptibiJ-ity of rye
seedlings to c. purpurea

Several amino acids have been reported to have an

influence on the development of fungí in culture (van Andel-
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l-966). With Venturía inaequatis (Cke. ) Wint., Ross (1968)

reported that DL- (o) -alanine, as a nitrogen source,

supported good sporuJ-ation of certain isol-ates whereas

L-prolíner DL (a) -aminobutyric acid and glycíne were good

nitrogen sources for sporulation of anotlrer isolate. D[rp-fluoropher¡21--

alanine r¡/as reported to inhibit sporulation of Ceratocystis

ulmi and of Fusarium oxyspoTum f. lycopersici in liquid

culture (Biehn 1973). ß-Alanine inhibited the grohrth of

Claviceps microcephala (!Íaflr.) Tul . (Síngh et aL. L9721 , of

Alternaria solani Kuhn (Le\,¡is 1957) . and of Neurospora crassa

(Herrmann and White 1966).

This paper reports on the influence of sel-ected

amino aciils on growth and sporulation of five isolates of

c. purpurea, which were eíther high or l-ow in virulence,
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MATERTALS AND METHODS

Isofates

Five monoconidial isolates of C. purpurea were

sel-ected on the basis of their pathogenicity on the spring
hrheat cuLtivar Manitou. Tsolates C-25C, R-37C, F_2C \4rere

high in virulence whereas pM-2C and R-3gC were low in
virulence, when rated according to the disease severity
scale used previously (Ratanopas 1973; Appendix 6).
Isolate R-37C was also selected because of its ability to
produce conidíal- horns (Thesís section 2). The iJolates
initially were maintained on T2 medium. Later, they were

maintained on the synthetic SD2 medium which supports
abundant sporulation of each isofate. After incubation for
20 days at 25o c, the cultures,were kept at 50 C and used

as inocul-um within three months.

Medi a

The standard sucrose- asparagine médium (T2 medium)

used previously (Thesis section 1 and 2) \,ras used in the
first experiment. Subsequently, a synthetic medium contain-
ing sucrose and asparagine (SD2 medium) was developed and

utilized. SD2 mediuin consisted of agar, 20 9; sucrose, 100 g;

L-asparagine, 10 g (2118 ppm nitrogen) ; KrHpOn, 100 mg;

K¡I2PO4, 700 mg; M9SO4.7H2O, 4.4 mg¡ MnSO4.H2O, 2.75 mg; NaCl-,

2.55 ng; CuSO4.5H2A, 0.27 mg¡ (NH4) 
6Mo7O2 4.4H2O, 1.82 mg;
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glass dj.st.iIl-ed water to l-000 ml. The medium was adjusted
to pH 5.2, anð. autoclaved at l-l0o C for 20 minutes.

Initially, T2 medium without asparagine was used as

a basal medium and is referred to as T2 basal medium.

Subsequently, the "standard basal_ medium', was SD2 medíum

r"zithout asparagine .

Prq¿aration of Amíno Ac j.ds

Each amino acid (,Baker Analyzedr reagent) was dissolved ín
glass distil-l-ed .water and used at a concentration of 500 ppm

nitrogen, unless other$¡ise indicated. These solutions, after
adjusting to pH 5.2, were sterilized by filtratíon through
sterile membrane fil-ter (MetricêI .cA-g) with 0.2¡r pore size
and added to the basal medium.

Preparat.ion of InocuLum and Method of Inoculation
Conidial suspensions were prepared by transferring

a small piece of agar from the stock cultures to 5 ml-

sËerile distilled water in a test tube and shaking vigorousLy,
The conidial suspension was passed through two layers of
sterile cheese cloth to remove the mycelial_ debris and the
concentration adjusted to l-06 conidia/ml.

Disposable sterile plastic petri dishes (15x60 nrm)

contáining 12 ml of media were inoculated by applying I0 ¡r l-

of the inoculum önto a sterile 6 mm filter paper disc
(Whatman No. l-) which e¡as then placed into the center of
each dish. Three plates hrere used for each treatment, and
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each experiment was conducted once. The inoculated plates
were incubated at 25o C.

Measurernent of F' a1 crowth

Fungal growth was assessed by measuring the iliameters

of the colony 1-5 days after the first vísibi.e mycelial growth.

The amount of sporul-ation was determined by randomly cutting
four 7 nrn discs containing mycelium and conidia from each

Petri dish. These four discs were transferred to â scre$l-cap

vial (3 drams, 19x65 mm), and. inactívated by suspending in
5 ml of 1-B CuSOn solution. The vial v¡as then shakên

vigorously to dislodge the spores. Five hemacytometer grids,
each 1 nun2, were counte¿l for each replication and the

average number of spores expressed as nunber of conidia/cm2

of mycelial growth. The significance of the difference
between the mêans rras determined by Duncanrs multiple range

test.
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RESULTS

Effect of Sêlectêd Amíno Acids on crowth and Sporulation
In an initial experiment, four amino acids at 500

ppm nitrogen wêre compared to asparagine at 2I1g ppm

nitrogen, as nitrogen sources for growth and conidíal
productj.on of five isolates of C. purpurea. Each amino

acid vras added to T2 medium prepared without nitrogen.
Mycelial growth and conidiaL production varied among

the five isolates on the high asparagine medium as well_ as

on the other sources of nítrogen: mycelial growth of isolates
PM-2C and R-38C was generaLly less, whereas conídial_ produc_

tion of isolates F-2C and pM-2C was generally greater than
that of the other isolates (Tabl-e 7). Reducing the
concentration of asparagine to 500 ppn significantly reduceil
coniclial production of a1l but one isolate (F-2C) but had no

appreciable effect on the growth of any. isolate with the
exception of PM-2C. MyceJ_ia1 gror^7th of isolates R-37C, pM_2C

and R-38C was less on glutamine than on asparagine at 500 ppm,

However, conidial production of a1l the isolates was similar
in these tÌ,vo amino acids, with the exception of pM-2C on

glutamine which was equal to that of asparagine at 2llg ppm

nítrogen. Although mycelial growth of ísol-ates pM-2C and

R-38C r^ras slightJ.y less on proline than on asparagine (at
500 ppm), proline vTas an excellent source of nitrogen
for sporul-ation of these th¡o isolates. T\,ro isol-ates onJ-y
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(PM-2C and R-38C) produced conidia in a nedir¡n contaínjng

DT,-alanine even though mycelial gror4rth of alI isolates
was fairly good.

fn another experiment, seven amino acids were

compared at a concentration of 500 ppm nitrogen in the
standaïd., clefined basal medium. L-asparaqine, L-glutamíne
and to a lesser extênt !-prolíne, were al1 good. sources of
nitrogen for mycelial growth of all- the isolates, hovrerrer thq¡
supportêd appreciabl-e conídíal production in only two iso-
lates (Table 8). On the other hand mycelial grornTth of al_L

the isolates was fairLy good on L-tryptophan, but none

sporufated on this amíno acid. Dl-methionine, Dl-valine
and to a lesser extent Dl-isol_eucine, were poor sources of
nitrogen for both growth and sporulation of alI the isolates.

Effect of Decreasinq Concentratio.n of .L-asparagine on

Growth and Sporulation

Mycelial- growth of all thè isolates was relativefy
good even at 50 ppm nitrogen (Tab1e 9). However, only two iso_

l-ates (F-2C and PM-2C) produced conidia at levels of nitrogen
lower than 500 ppm. Sporulation of these t!,ro .is.olates

decreased. with decreasing nitrogen concentration and only
PM-2C produced co¡Lidia at 50 ppm nitrogen.

Effect of Alanine Isomers

g-Alanine and D-alanine v¡ere reLatively poor sources
of nitrogen for growth and sporulation of a]l five ergot
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isolates whereas L-alanine was about as good as L-asparagíne
(Tab1e 10). The racemic mixture of this amino acíd supported

fairly good mycelial growth of aI1 isolates but conidia were

produced by isolate pM-2C only. The mycelial growth of all
isol-ates on ß-afanine, although considerabty restrictecl, was

very thick and tissue-like.
To determine vrhether the four alaníne isomers were

either ínhibitoùy to'growth and/ or sporulation of some ergot
isol-ates or poor sources of nitrogen, they were tested agaín

in the presence of L-asparagine at the concentration used in
SD-2 medíum, ß-alaníne significantLy. reduce¿l the amount of
myceJ-ial growth of al-l the isolates except F-2C (Table 11).
Mycei.ial growth of a1l" the isolates on the other alanine
isomers was equal to that in SÐ-2 medíum except for
PM-2C: here growth \¡zas significantly reducêd

by al-l- the isomers. Conídia were produced by all isotates
in every treatment, however, certain isol ate-treatment

conbinatíons enhanced or reduced sporulation while
others had no. effect. Thus, DL-alanine enhanced spo.rula-

tion of isol-ates c-25C and pM-2C and ß-al-anine that of R-3gC

whereas D-alanine reduced sporulation of isolates C-25C and

R-37C only and ß-alanine that of isolates R-37C and pM-2C.

p-AJ-anine and D-alanine which reduced sporulation¡
and D[, -alanine whích enhanced sporulatíon, of several ergot
isolates in the çirevious experiment, were tested again to
determíne whether their effects Í{ouId be greater at l-ower
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levels of total- nitrogen. Each alanine isomer \"ras conbined

with L-asparagine ín several ratios not exceeding 400 ppm

totål nitrogen and compared with L-asparagine at 300 ppm.

Only isolates F-2C and pM-2C, which had prêviousLy been

shown to sporulate welL in medium containing 300 ppm nitrogen
as L-asparagine (Table 9) were used in thís experiment.

Mycelial growth and conidial proiluction were good

for both ergot isolates in L-asparagine as the sole nitrogen
source (Tab1e 1-2). The tv¿o ísol-ates differeil considerably
in their response to the al-anj-ne isomers: conidial_ produc-

tion of F-2C \¡ras significantly reduced from that of
L-asparagine alone by all three isomers at al-l mixtures
tested, whereas that of pM-2C was unaffected in 1-3 mixtures
of each isomer. Conidial_ production of F-2C \4ras more

sensitive to the isomers, particularly to D-al-aníne and

DL-alanine, than mycelial_ growth. A1I mixtures with
D-al-anine sígnificantly reduced mycelial growth of both
isolates, &¡hereas all mixtures with Dl-al-anine were lrithout
affect on grohrth of either isolate. Mixtures with p-alanine,

on the other hand, reduced mycelial growth of F-2C in aIl
but one mixture (100:200) and of pM-2C in only one mixture
(200:200). Mycelial growth was severel-y restricted and

sporulation compl-etely inhibited for both ísolates in g- and

D-al-anine used alone whereas sporulation, but not mycelial
growth, of both isolates was significantly reduced in
DI,-alanine . used . atrone .
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Effect of Dl-p-Fluoïophenylalanine (FpA)

The effect of FpA on mycelial growth and conidial
productíon of isolates F-2C and pM-2C was assessed by
adding this analog in concentrations ranging from 5_200 ppm,

to basal medium containíng L-asparagíne at 211g and 300 ppm

nitrogen .

The effects of FpA on mycelial growth and conidial
production of both ísolates r4re re more pronounced in media

with a low 1eve1 than with a high level of L-asparagine
(Table 13). At a low level of L-asparagine, conídial produc_

tion of both isolates r^¡as sígnificantly reduced at an FpA

concenÈration of 5 ppm, whereas at a high level of
L-asparagine conidial- production was reduced at 10 and 50

ppm FPA for iso,late pM-2 and ¡'-2C respectively. Reductions
in mycelial growth rrere concomitant with the above reductíons
in sporulation with the exception of isolate F-2C at 300 ppm

nitrogen for which a reduction in mycelial g¡ov¡th required a

higher concentratíon of FpA. Mycelial growth and conidíal
production of both isolates subsequently decreased with
increasing concentration of FpA at both revels of T,-asparagine.

Inhibition of sporulation as a percent of the control
was calculated for each treatment-isolate combínation
(Appendix 7) in order to obtain the effective dose of FpA

required for a 90? reduction in sporulation (ED'O). The ED90

of FPA for both isolates was 100 and 10 ppm at high and low

1evels of L-asparagine respective ly.
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D TSCUSS TON

These studíes show that the utílization of amino acids
as nitrogen sources for mycelial gro\,¡th and production of
conidia, varies among isolates of Ç. purpurea. Furthermore,
arnino acids suitabl-e for. growth v/êre not necessarily good for
sporulation and others, such as B- and D-alanine, which

appeared to be poor sourcês of nitrogen for qrowth and

sporulation vrere shor^rn to be hJ.ghly inhibitory to both.
Pronounced. dífferences in sporulation were observed.

among isolates on media containíng high levels of L-asparagine
(Table 7). the trrrlo abr:ndantly sporul-atjJrg isolates also produced

the most spores at lower levels of nitrogen (Table 9) whereas

the other isolates produced few or no conídia at concentra-

tions of 500 ppm nitrogen and lower indícatíng that sporula-
tion reguires high levels of nitrogen in these isolates,
There did not appear to be. any relationshíp between virulence
of: the isolates on a cul-tivar of spring v¡heat and nitrogen
requirements for sporulat.ion. Hov/ever, the total free amino

acids of deveLoping endosperms have been reported to differ
significantly during thê first two weeks after anthesis, and

to be less in durum $rheat than in either triticale or rye

and less in triticale than in rye (Dexter.and Dronzek 19?5),

Thus, the nitrogen requirement of isolates for sporulation
in culture shoul-d receive greater attention in future
studies, in vÍew of its potentiál relationship to performance
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of the isolates on the above cereal hosts.

L-glutamine did not appear to be a betteï source of
nitrogen than L-asparagine for gïo\"/th or sporulation of
ergot isolates Ì,/hen tested in either complete or defined
nedia. These results are ín agreement wíth the findings of
Taber and Vining (1957) . L-proline and L-alanine were found

to be relatively good sourees of nitrogen for growth of most

isolates; however, L-alanine was also a good source of
nitrogen for sporulat.ion of all_ the isolates whereas L-proline
was a good source for tr{o isoJ-ates only. The free amino acid
fractions of rye, triticale and durum r^rheat \^rere leported to
contain high amounts of L-afanine and L-proline as well as of
L-asparagine-aspartic acid and L-gfutamine-glumatic acid
(Dexter and Drqnzek 1975) . fn view of the differential-
response of ergot isolates demonstrated in this studl,¡ it
woul-d seem worthwhile to further compare the growth and

sporulation of isolates of known virulence (Ratanopas 1973)

on media consisting of various combinations and concentra_
tions of the above amino acids.

Resul-ts of the comparative utílization of alanine
isomers as sole nitrogen sources or ín combination with high
and. fow levels of T,-asparagine suggest. that ß-and D_alanine

are not only poor sources of nitrogen for growth and

sporul"ation, but highly inhibitory to both, particularly
at 1o\¡r fevels of L-asparagine (Table 12). However, the
isol-ates differ in their response to the isorners and the
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production of conidia in particular, r¡/as inhibited to a

greater extent ín isolate F-2C than in pM-2C.

The resufts with ß-alanine are not in agreement \^¡ith

the findings of Singh et aI . (1972) who reported that this
amino acíd supported poor growth but good sporulation of
C. microcephala (Watlr. ) Tul . Hollrever, Singh et al.
apparently used a single isolate in their tests and if the

variability r^/ithin C. microcephala ís as great as that of
9. purpurea, perhaps other isolates r^rould respond differently.

Sporulation of several isolates was enhanced

significantly by ß-alanine and Dl-alanine in the fr"""n.u
of high l-evels of L-asparagine (Table 11). The performance

of ß-alanine j-n this regard would seem to provide an explana-

tion for the irr*creased susceptibíLity to C. purpurea of rye

seedl-ings treated with this amino acid (Lewis Ig62b). These

results afso support the conclusions of van AndeL (l-966) who

stated that stimulating and inhibitory effects of amino acids

on growth of plant pathogenic fungi are dependent on the

concentration of the amino acid concerned and the composition

of the med.ium, particularly in regard to the presence of
other amino acids, trace elements and vítamins, Van Andel

also points out that sträins of the same species can respond

differently to a given amino acid and the results of this
study indicate that Q. purpurea resembfes fungi such as

Phytophthora infestans and Helminthosporium gramineum in
this regard
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DL-p- fluorophenylalanine which was reported to be

highly inhibitory to sporulation buË not to growth of
Ceratocystis ulmi and of Fusariurn ox:,'sporu:n f. lycopersici
(Biehn 1973) ¡^'as inhibitory to both sporulation and groh/th

of the t$ro ergot isolates tested, The systemic activity
of FPA in cucumber seedlings against Cladosporium cucumerinum

and Col-lectotríchum l-agenarium (van Ande1 l_962) as weLl as

that of S:alanine against Fusarium oxyspomm f. sp. fabae

(Äbdel--Rehi¡n et al' 1968) indicates that these tr^ro aÍûlo acids, as

well as D-alanine, should be tested further for chemothera-

peutic and antisporulañt activity against ergot.
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GENERAL DISCUSSTON

VariabiJ-ity wiËhín 9. purpurea has been reported

with regard to pathogenícity (Barger 1931; Campbell- 1-957;

RaËanopas L973, , alkaloid production (Kybal" and Brejcha

1955) and cultural characteristics (Arnici et aI . 1967b; Grein

1967; Mantle and TonoLo 1968; StrnadovJ and Kybal 1974\.

RecentLy, virul-ence was also repörted to vary consíilerably

among isolates of Ç. purpurea, but was not related to host

origin of the isolates (Ratanopas 1973). The fírst part
of the study was performed to investigate the variability
of cultural- characters among isolates of q. purpgreg from

various hosts in the Canadian Prairies and to determíne

relationships betwêen cultural characters and host origin
and virulence of the isolate.

The cultural characteristics of the 143 ergot isolates
studied were found. to vary considerabl-y. This finding is
in agreement with that of Amici et aI . (1967b) and Grein

(1967) with ergot isolates from Europe. Unfortunately,

there appeared to be no reLationship between cultural-

characteristics and host origin. Furthermore, identifica-
tíon of virulent isolates by specific cultural character-

istics was not possible. The method of floret inoculation
used to establish t.he virulence of isolates.is tedious
(Platford and Bernier 1976; Ratanopas 1973) anil a preliminary
screening on the basis of cultural characters would
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have been useful in reducing the number of isol-ates to be

tested on hosts. Thus, although cultura] characteristics
were found to be as variable as other attributes of C, purpurea

which have been studied, and can be grouped into readily
recognizable categories, there seems to be no reason

to do so.

Variability in cultural characteristics was also
demonstrated. among nonoascosporic isolates from a single
sclerotium. Such variability appeared to be too great to
be due to mutation alone and. might be due to recombination

of genêtícally different nuclei during the sexual stage of
the fungus as suggested by Arnici et al . (f967b).

' The f,ormation of gJ-obose conidial masses by a few

ergot isolates and of conidial horns by one isoláte does not
appear to have been reported previously and the deveJ-opment

of these interesting structures as well- as the factors which

affect their formation v¡ere investigated further.
Both types of conidíal structures appeared to

originate from microscopic conidial_ masses which under

suítabLe condition, continue to enlarge. On the basis of
similarities between the format.ion of honeydew and ionídia
on the host and conidiaL horns in culture, it is suggested

that conidial- horns might be sporodochia of the ergot
fungus in culture.

Studies .of the factors affecting the formation of
conidial horns by isoLate R-37C indicate that the ability
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to form these structures can be maintained and improved by

culturing on T2 medium adjusted to pH 7 and prepared Ì,{ith

either tap watèr or deionized water containing mineraÌ

sal-ts simil-ar to those in tap water. These results provide

an explanation for the low incidence of conidial structures
observed in section 1 and suggest that a more meaningfut

assessment would be obtained by culturing ergot isolates
under conditions defined in section 2.

The highly raised pletenchyrnatic type of growth

produced by some isolates j-n these studies and al_so observed.

by other investigators (Amici et aL. L967a¡ Johansson l-g64b,-

Mantle and Tonolo 1968r Mantle 1969) is most striking.
Thickening of the mycelial mat occurred after the production

of conidia and appears anal-ogous to the development of
sôlerotia in host florets following the sphaceJ-ial stage,

Histologically, the thick mycelial mat was found to
be composed of plectenchymatic tíssue and to.resemble tissue
of sclerotia. These results are in agreement with the
finding of several rdorkers (Bonns 1922¡ Johansson 1964b;

Mant,l-e and Tonolo 1968; Mantle 1969). ït became apparent

during the course of these studies that factors unfaVorabl-e

for the. production of conidial structures i.e. high or lor,7

pH, and u1e of glass clistíIled water, favored the develop-

ment of a thick mycelial mat in isolate R-37C.

Although the resuLts from the first study indicate
that. only some isolates prod.uce thick mycelial mats perhaps
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other isolates would do so under more favorable conditions.
The histological similarities between the thick mycelial

mat and the sclerotial tissue, the fact that the former

was recently shown to be associateil with alkal-oid production

in cul-ture (Mantle and Tonolo 1968; ¡4antle 1969) and the fact
that similar tissues have been reported to produce stromata

(Schweizer 1941) suggests that, the function and germinating

capacity of plectenchymatic mycelial mats should be further
ínvestigated .

Three sugars reported to be present in honeydew

(Fuchs and Pöhm 1953; Mantle 1965) we¡:e fornd in water extracts
of conidial horns. Since extract.s were prepared by suspending

young conidial horns in r¡¡ater for 15 minutes it woutd appear

that the sugars are present in the horns extracellularly and

mighÈ be inr¡olved in tÌre adhesion of conidia. Hovrever, sucrose was

not found in the honeydew extract tested in this study either
because the ísolâte used does not produce this sugar or because

it is present in amounts too l-ow to be detected. Therefore,

further work is required to dêtermine íf the sugary material

of the conídial horns is identical to honeydew

Recent studies have indicated that the amount. of
honeydew and the size of the sclerotÍa in C. purpurea are

influenced by the fungus as well- as by the host (Pl-at.ford

and Bernier 197A¡ 1976 i Ratanopas 1973). These differences

in host-parasite relationships might be due Ëo quaLitative

or quant.itative differences in the nutrie.nts suppJ-ied by
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the hosts or to differences in nutrient reguirement among

ísol-ates of the fungus. Thus, in this study, several amino

acid.s were compared. as nitrogen souïces on the assumption

that better knowledge of the nutritional requirements for
grohrth and production of conidia in culture might ultimately
provide a better understanding of the phenomenon of reduced

sporulation ín the host.

UtiLization of amino acids varied appreciably among

the j.solates tested in this study and amino acids suitable
for growth were not necessarí1y good for production of
conidia. Al-so, .three of the five isolates tested. required
high levels of nitrogen for sporulaËion. NevertheLess,

there appeared to be no relationshíp between the virulence
of the isolates and nitrogen requiiements for sporulation.
However, the total free amino aciils of developing end.osperms

have been reported to differ significantly during the first
t$/o weeks after anthesis, ancl to be less in durum $¡heat than

in either triticale or rye and less i¡ tritic¡l e than in rye
(Dexter and Dronzek 1975). Thus, the nitrogen requirement

of isolates for sporuJ-atíon in cuLture shouLd receive greater

attention in future studíes -

The differential response of ergot isoLates

demonstrated in this stualy. particularly to L-proline and

ß-alanine, suggests that grohrth and. sporulation of isolates
of knorn¡n virulence (Ratanopas J-9 7 3) shouJ-d be tested f urther
on media consisting of various cornbinations and concentratíons
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of the amino acids reported by Dexter and Dronzek (1975)

to predominate in the free amino acid fraction of rye,
triticale and durum v¡heat i.e. L-alanine, L-pro1ine,
L-asparagine-aspartic acid and L-gl.utamine-glutamic acid.
Furthermore, such tests shoul-d be conducted on media adjusted
to pH favorable to the production of conidial structures or
plectenchymatic grohrth as demonstratecl in section 2.

KnowJ-edge derived from the present studies suggests

that it might be worthwhile to analyse cereal host.s r,7i th
varying degrees of resistance to ergot, for total free amino

acids including g-a1anine, which \¡ras not incluilecl in analyses

conducte¿l by Dexter and Dronzek (1975).

The resistance to ergot found to date (platford and

Bernier l-970) is not. f.ikely to be very effective in male

sterile l-ines used to produce hybrid wheat, since many florets
would be infected and produce either small scl-erotia or
aborted ovaries and no kerneLs. Therefore, other hrays of
restrictinq ergot infection should not be negl_ected. The

results obtained in this study r¡rittÌ DL1>- fluorophenylalanine,

ß-alani.ne and D-alanine suggests that these amino acids

should be tested further for chemotherapeutic ancl anti-
sporulant activity against ergot.



115

BTBLIOGRAPHY

Abdel-Rehim, M.4., S.M. Ilichail, and M. Hashem. 1968.
On the control of the infectíon of Vicia faba
by Fusarium oxysporum f. fabae through the
appfication of ß-afanine. Flora Abt. A. 159:

. 135-14 0.

Abe, T., and M. Kono. 1957. On the relation between the
infection and the fertilization of cereal crops
inoculated \^¡ith a conidial suspension of ergot.
fungus, Claviceps purpurea (Fr.) Tul . Sci. Rep.
Fac. Agric. Saíkyo Univ. 9:34-40. (English
summary). 

r

Ainsworth, G. C. 1967. Ainsworth & Bisbyrs d,ictionary
of the fungí, 5th ed. Conmon\^Tealth Mycological
Institute, Kew, England. 547 p.

Alexopoulos, C. J. L962. Introductory mycology. John
Wiley and Sons, Inc., New York. 613 p.

Amici, A. M., A. ¡4inghetti, T. Scotti, C.-Spalla, and

L. Toqnoli. 1967a. Ergotarnine productíon in
submerged culture and physiology of Claviceps
purpurea. Appl . Microbiol . 15:597-602.

Amici, A. M., T. Scotti, C. Spalla and L. Tognoli. I967b.
Heterokaryosis and alkaloid production in
Cl-aviceps purpurea. Appl.Microbiol. 15:611-615.

Barger, c. 1931. ETgot and ergotísm. curney and Jackson,
London. 279 p.

Barnett, H. L. 1972. Illustrated genera of imperfect
fungi, 3rd ed. Burgess publishing Co., Minneapolis.
24L P.

Barron, c. L. 1968. The genera of hyphomycetes from soil .

the lfill-iams and Vlilkins Co., Bal-timore. 364 p.



116

eékd=y, N. 1956. Ein Bèitrag zur Biologie des Mutterkoïns.
Phytopathof . z- 26 2 49-56.

Berman, M. L., and H. w. youngken, Jï. 1954. The use of
certain rye homogenates foï supporting grovr'th of
Cfaviceps purpurea (Fr.) Tu1 . J. Am. pharm.
Assoc. Sci. Ed. 432200-204.

Biehn, I¡I. L. I973. p-Ffuorophenytalanine selectively
inhibits sporulation of two wilt fungi.
Phytopathology 63 : 42L- 423.

Bonns, Vü. I^I. Lg22. A preliminary study of Claviceps
purpurea in culture. Am. J. Bot. 9:339_353.

,Bove, F. J. L970. The story of er{ot. S. Karger AG,
Basel (Swítzerland) . 297 p. 

r

Butler, E. J., and S. c. Jones. f961. plant pathology.
Macmill-an & Co. Ltd., London, 979 p.

Campbell, üÌ. P. 1957. Studies on ergot infection in
gramineous hosts. Can. J. Bot. 35:315-320-

Campbell , W. P., and L. E. Tynêr. f959. Comparison of
degree and duration of susceptibility of barJ-ey
to ergot and true loose smut. phytopathology
49:348-349 .

Corbett, K., A. G. Dickerson, and. p. c. Mantle. Ig: 4.
Metabolíc studies on Claviceps purpurea during
parasiÈic development on rye. J. cen. Microbiol.
84:39-58.

Cummings, R. H., C. M. Wright, and Iq. D. Sherl . Ig5Z-
Unusual aspects of Claviceps investigations.
Phytopathology. 42:5I3. (Abstr. ) .

Dexter, J. 8., and B. L. Dronzek. Igjs. emino acid composi-
tion of maturing endosperm from hexaploid tritiiale
and its spríng rye and durum h/heat parents. Can.
J. Plant Sci. 55:537-546



Ll-7

Dickson, J. G. L947. Diseases of field crops, Mccraw-
Hill Book Co., Nev¿ York. 429 p-

Ersser, R. S., and B. C. Andrer,r. Ig7i_. Rapid thin layer
chromatography of clinically ímportant sugars.
Med. Lab. Technol . 28:355-359.

Fuchs, L. und M. Pôhm. 1953. zur Kenntnis des Honigtaues.
Sci. Pharm. 21:239-24\.

Futrell, M. C., and O. J. Webster. 1965. Ergot infection
and sterility in grain sorghum. PLant Dis. Reptr.
49:680-683.

caray, A. St. 1956. The germination of ergot conidia as

affected by host plant, and the culture of ergot
on excised roots an¿l embryos of rye. Pþysiol .

Plant. 9:350-355.

Gäumann, E. A,., and C. l^t. Dodge. 1928. Comparatíve
morphology of fungi. McGraw-Hill Book Co., New

York. - 701 p.

cjerstad, c., and E. Ramstad. , 1955. Tnfluence of certain
chemicals on the growth and alkaloid formation of
Cl-aviceps purpurea (Fr.) Tul . in artificial
culture. J. Am, Pharm. Assoc. Sci. Ed. 442736-740-

Goatley, J. L. and R. W. Lewis. 1966. Composition of
guttation fluid from rye, wheat and barley seedlings.
Plant Physiol-. 4I: 37 3-37 5 .

Grein, A. 1967. Some cultural , morphological and physio-
logical observations on Claviceps purpurea (Fr.)
TuI. grown under saprophytic conditions. Giorn.
Microbiol. L5:2I7-228.

Gröger, D. 1958. Uber den Nachweis freier Aminosauren
im Honigtau des Mutterkorns. Arch. Pharm. Berl .

291:106-109.



rl8

Harrov¿, 8., E. Borek, .A.. Mazur, G. C. H. Stone, and.
H. Wagreich. I96j. Laboratory manual of
biochemistry, 5th ed. W. B. Saunders Co.,
Philadelphia. J-69 p.

Hashem, M. :]969. The mechanism of resistance of some
varieties of Vicia faba towards the infection
with Fusarium oxysporum. Flora Abt. A. l-60:L64-
167 .

Heald, F. D. 1937. Introduction to plant paÈhology.
Mccraw-Hil-l Book Co., New york. 579 p.

Herrmann, R. L., and C. VÍ. üthite. l-966. ß-alanine inhibi-
tion in Neurospora and its reversal by carbamyl
compounds. Biochim. Biophys. Acta. 124:233_240.

,Jenníson, M. !ü., and A. M. perritt. 1960. physiology
of wood-rotting basidiomycetes: TII. Studies on
the utilization of opticaL isomers of amino acids.
Mycologia 52:628-635.

Johansen, lD. A. l-940. pl-ant microtechnigue. Mccravr-Hill
Book Co., Ner¡¡ york. 523 p.

Johansson, M. l-964a.. GroT^rth and alkaloid production by
Clavicêps Þurpurea (Fr.) Tul . I. The effect of
h'hey and whey fractions. physiol . plant.
17 z 493-5O6 -

Johansson, M. 1964b. cror¡¡th ancl alkaloid production by
Claviceþs purpurea (Fr.) TuL. II. The effect
of chelating agentsi especíal.1y B-hydroxyquinoline
(oxine). Physiol . plant. I7 SO7-529

Jung, M.,8. Stahl, and H. Rochelmeyer. Ig57. Zur Frage
de Ein- Order Mehr-kernigheit der Konidiosporen
von Claviceps purpurea TuI . (Mutterkorn).
Naturwis senschaften 44295. In Rev. AppI. Mycol .
36:398.



119

Jung, M., and H. .Rochelmeyer. 1960. zur Morphofogie
und Cytologie von Claviceps purpurea (Tulasne)
in saprophytischer Kulture. Beitr. Biol .

Pflanzên. 35:343-378. In Biol. .Abstr. 3622603.

Kaplan, H., U. Hornemann, K. M. Kelley and H. c. Floss.
1969. Tryptophan metabolism, protein and alka-
loid synthesis in saprophytic cultures of the
ergot fungus (Claviceps sp.). Lloydia 32:489-49j.

Kingsbury, J. M. 1964. Poisonous plants of the Uníted
States and Canada. prentice-Hal1, Inc., New

Jersey. 626 p.

Kirchhoff, H. 1929. Beíträge zur Biologie und physiologie
des Mutterkornci l zes . Centralbl_. für Bqkt.,
Ab. 2, 77:310-369. In Rev. AppI. Mycol . B:560-562.

Kirsten, G., T. Hartmann, und M. Steiner. 1966. euantita-
tive analyse der freien aminosauren aus saprophytis-
chen ]<ulturen von Claviceps purpurea. pl-anta Med.
14 z24I-246

Kuc, ,J., E. Barnes, A. Daftsios, and E. B. Williams. 1959.
The effect of amino acids on susóeptibility of
apple varieties to scab. phytopathology 49:313-
315.

Kybal, J., and V. Brejcha. f955. problematik der Rassen
und Stanne des Mutterkorns ClaviCeps purpurea
TuLasne. Pharmazie I0t752-755. In Rev. Appl.
Myco1. 36:97 .

Kybal, J. L964. Neue Beobachtungen über die Bildung der
sklerotien von Claviceps purpurea (Fr.) Tul .

Pl-anta Mêd. 12:166-16 8.

Lakshminaryanan, L. 1955. Role of cystine chelation in.
the mechanísm of Fusarium wilt of cotton-
Experientia 11 : 388-389.



120

Lerdis, R. W. f956. Development of conidia and sclerotia
of the ergot fungus on inoculated. ïye seedlings.
Phytopathology 46 : 295-29 6.

Lewis, R. W. L957. Amino acid nutrition of Alternaria
Solani. phytopathol- ogy 47 =I2I-I25.

Lehris, R. w. I962a. Guttation fluid: effects on growth
of Claviceps purpurea in vítro. Science 13g:690_
691.

Lewis, R. b7. 1962b. Effects of some metabolites on the
susceptibility of rye to Clavíceps pulpq¡ea.
Phytopathology .52 z9j 3-97 5 .

MacMast.er, M. M., J. J. C. Hinton, and D. Bradbury. l-971.
Microscopic structure and composition of the v¡heat
kernef. pages 51-113 in y. pomeranz, ed.. ytrheat_
Chemistry and Technology. American Association of
Cereal Chemists, Incorporated.. St. paul , Minnesota.

Mantfe, P. c. "1965. Hypercapsulated growth of teuconostoc
mesenteroides in the.sphaceJ.ial =a.n. oi@
purpurea. Antonie van f,eeuwenhoek 31: 4I4_422.

Mantle, P. c., and A. Tonolo. 1969. Relationship between
the morphology of Claviceps purpurea and the
productíon of alkaloids. Trans. Br. mycol . Soc.
51: 499-505 .

Mantle, P. c. 1969. Studies on Claviceps purygrea (Fr.)
Tul . parasític on phragmites communis Tïin. Ann.
App1. Biol . 63¿425-434.

Mary, N. Y., W. J. Kelleher, and A. E. Schv/arting. 1965.
Production of lysergic acid derivatives in
submerged culture. IfI. Strain selection on
defined medía. Lloydia 28:2IB-229

McCrea, A. 1931. The reactions of Claviceps purpurea to
variations of environm.rrt. ãl J, Bot. t8:50-7g.



1'2T

Michner, H. D., and N. Snel1. 1950, Studíes on cultural
reguirements of Claviceps purpurea and inactiva-
tíon of ergotamine. Am. J. Bot. 37 252-59.

Mízralni, A., and G. Mill-er. 1970. A defined medium for
the productíon of lysergic acid alkaLoids by
Claviceps paspali. Biotechnof. Bioeng. 12:64I-
644.

Mothes, K., and A. Silber. 1954. Über die Variabilitat
des Mutterkorns. Forsch. Fortschr. dtsch. Wiss.,
28:101-104. In Rev. Appl .Uycol . 342224.

Mor^rer, R. L. 1970. A possible mechanism for honeydew
production and carbohydrate assimilation by
Claviceps species. Phytopathology 60 : 15,36.
(Abstr.

Mo\,/er, R. L.,and J. c. Hancock. 1973. Mechanism of honeydew
formation by Claviceps purpurea, Ãbstr. in the 2nd

fnter4ational Congress of Plant Pathologv, paper
No. 0 336

Mov/er, R. L. L974. The taxonomic significant of honeydew
sugaïs from ergot. Abstr. in 66th Annual meetíng
American Phytopathological Society and 4Oth Session
Canadian Phytopathological Society, p. I23-I24.

Mukherjee, S., and H. C. Srivastava. Ig52. Improved spray
reagent for the detection of sugars. Nature 169:330.

Newton, $I. 1957. The utilization of singl-e organic nitrogen
' compounds by wheat seedling and by Phytophthora

parasitica. Can..J. Bot. 35 2445-448.

Papavizas, c. C., and C. B. Davey. L962. Preventj-on of
Aphanomyces root rot of peas by amino compounds.
Phytopathology 52:2 4 (Abstr. )



122

Papavizas, G. C., and C. B. Davey. 1963a. EffecÈ of
sulfur-containing amino compound and related
substances on Aphanomyces root rot of peas.
Phytopathology 53 : I09-115.

Papavizas, G. C.,and C. B. Davey. 1963b. Effect of
amino compounds and related substances lacking
sulfur on Aphanomyces root rot of peas.
Phytopathology 53 zLJ-6-I22.

Pl-atford, R. G. , and C. C. Beïnier. 1970. Re.sístance to
Claviceps purpurea in spring and durum \¡rheat.
Nature 226:770-

Platford, R. G., and C. C. Bêrnier. L976. Reaction of
cultivated cereals to Claviceps purpurea. Cair.
J. Plant Sci. 56:51-58. '

Potbury, M., R: B. Drysdale. 1969. Effects of guttation
flui.d from rye and. barley on growth of Claviceps
purpufea in vitro. Trans. Br. mycol . Soc.
53:137-l-38.

Puranik, S. 8., and D. n. Mathre. Ig: I. Biology and
control of ergoÈ on mal-e steríle'wheat and barley.
Phytopatholcigy 61 : 1075-I080.

Raadsveld, C. W., and H. Klomp. Lgj!. Thin-1ayer chromato-
graphic analysis of sugar mixtures. J. Chromatogr.
57:99-106.

Ramstad, E., and G. Gjerstad. 1955. The parasitic growth
of Claviceps purpurea (Fr.) Tul . on rye and its
relation to atkaloid formatíon. J. Am.. pharm.

Assoc. Sci. Ed. 44274\-743.

Randerath, K. 1966. Thín-1ayer chromatography, 2nd ed.
(Transl. from German, by D. D. Libman). VerJ-ag
Chemie. GmbH. Wei¡heím /Bergstr. Academic press,
Nei,, York and London. 285 p.



123

Ratanopas, S. L973. Evaluation of resistance to Claviceps
purpurea in two wheat cul,tivars and effect of
fertilization on the diseàse reaction of resístant
and susceptible cereal cultivars. M.Sc. thesis,
University of Manítoba. 60 p.

Robbers, J. E., L. c. Jones, and V. M. Krupinski. Ig74.
Ergot physiology: The production of ergot alkaloids
in saprophytic cufture by a homokaryotic strain
of ergot. Lloydia 37: t08-111-.

Ross, R. c. 1968. Amino acíds as nitrogen sources for
conidial production of Venturia inaequalis.
Can- J. Bot. 46:1555-1560

Samborski, D. J., and F. R. Forsyth. l-960. hhibj.tion of
rust development on detached wheat leaves by
metabolites, antimetabolites and enzyme poisons.
Can. J. Bot. 3 8 z 46i.- 47 6 .

Schweíger, A. .1962. Trennung einfacher zucker auf
cellul-ose-schichten. J. Chromatogr. 9 :374-376.

Schweizer, G. I94L. Über die Kultur von"Claviceps purpurea
(Tu] .) auf kal tsteri ]i s íerten Nährböden.
Phytopathol . Z. 13:317-350.

Sheu, C. W., and A. G. paul . f96g. Tryptamine formation
blz mutants of Claviceps purpurea. Lloydia 31:9-l-6.

Sim, S. K., and H. W. youngken, Jr. 1951-. The effects of
certain organic and inorganic nitrogen feedings
on growth and alkaloid biosynthesis in Claviceps
(ergot) mycelium. J. Am. pharm. Assoc. Sci.
Ed. 4O ¿434-439 .

Singh, S. 8., B. S. Bais, and D. R. Singh. 1972. Effect
of different carbon and nitroqen sources on the.
grohrth and sporulation of Claviceps microcephala
(Wallr. ) ru1 . Mycopathol , Mycot. Appl . 46 z3jj-378.



124

Sozynski, J., O. ïlnicka, and I. Tumidatska. 1965.
iiber den Einfluss Verschiedener Nahrmedien auf
den Polymorphismus und die Sporulatíon von
Claviceps purpurea-Stanmen. Mycopathol. Mycol.
Appl . 27 t24I-252.

Spalla, C., A. M. Amicí, T. Scotti, and L. Tognoli. 1969.
Heterokaryosis of alkaloid producing strains of
Claviceps purpurea in saprophytic and parasitic
conditions. In Fermentation Advances, edited
by D. Perlman. Academic press, Inc., Ne$r york.
p. 61I-628.

Stäger, R. 1903. Infectionsversuche mit Graminen Gramineen-
bewohnenden Claviceps-Arten. Bot. Ztg. 

, 
6l: I1l-J_5 g.

Stahl , E. 7969. Thin-1ayer chromatography, a laboratory
handbook, 2nd ed. (Transl. from cerman, by M. R. F.
Ash\^/orth). Springer- Verlag, New york, Inc. 1041 p.

Stewart, R. 8.. 1957. The morphology of the sclerotium of
Claviceps p.=p"ii. phytopathology 47:444-445.

Stoll, .A'., and Brack. 1944. Über die Entstehung von
Sklerotien des MutterkornpiJ- zes (Claviceps purpurea)
an den obersten Halmknoten d.es Roggens. Ber.
schhreiz. bot. Ges. 54 ¿252-254. In. Rev. Appl . Mycol.
26:39I-

Strech, A. w., and R. A. Cappellini. 1965. Changes in free
amino acids and reducing sugars in high bush
blueberry fruit infected with Glomerel-1a cingulata.
Phytopathology 55 : 302-303.

StrnadovJ, x. 1964. Eine morphologische Uv-Mutante des
Mutterkorns Cl-aviceps purpurea (Fr.) Tul . Flora
Abt. A. L55:223-227. rn Rev. Appl-.. Mycol .

44l.347 -



I25

/Strnadova, K. 1968. Heterokaryose bei Cfaviceps purpurea
(Fr.) Tul . Herba Hung. 7:45-48.

StrnadovJ, K., and J. Kybal . Ig74. Ergot al-kaLoids: V.
Homokaryosis of the scferotíâ of Claviceps purpurea
(Fr.) Tut. Folia Microbiol. 19:212_280.

Taber, W. 4., and L. C. Vining. Ig57 - A nutritional study
of three strains of Claviceps purpurea (Fr.)
TUI . Can. J. Microbíol-. 3:1_12.

Taber, W. 4., and t. C. Vining. 1960. A comparison of
isolates of ClavicepP spp. for the ability to grov/
and to produce ergot alkaloids on certain nutrients.
Can. J. Microbiol. 6:355_365.

Teuscher, E. 1964. úber die Zusammenhänge zwiscþen aktiver
Aufnahme von Tryptophan und Alka 1oidbiogenese bei
Claviceps purpurea (rr.) tul . Flora Abt. A. 155:
80-89.

Teuscher, E, 1965. Tryptophanstoffwechsel und Atkaloid_
bildung beim Mutterkornstamm SD5g in saprophytischer
Submerskultur. 1. t,titteilung Der Tryptophanstoff_
wechsef des Mutterkornstammes SD5g. pharmazie
20 2778-784.

Toussoun, T. A. 1962. Influence of isoleucine isomers on
thê development of the perfect stage of Fusarium
solani f. cucurbitae race 2. phytopathol ogy 52:
1141_1144.

Tyler, V. 8., and A. E. Schwarting. Ig52. The culture of
Claviceps purpurea: I. crowth and nutrition in
submerged culture. J. Am. pharm. ,A,ssoc. Sci. Ed.
41:590-594.

van Andel-, O. M. 1962. Fl-uorophenyfalanine as a systemic
fungicide. Nature Ig 4;7gO



L26

van And.eL, O. M. 1966. Amino acids and plant díseases.
Annu. Rev. Phytopathol . 4:349-36g-

Vining, L. C., and W. A. Taber. 1964- Analysis of the
endogenous sugars and polyols of Claviceps
purpurea (Fr.) Tu1. by chromatography on ion
exchange resins. Can. J. I{icrobiol-. IO 2647_657.

Wa1ker, J. C. 1969. pl-ant pathology, 3rd ed. Mccraw-
Hil-l Book Co., Ne\,7 york. 819 p.



Appendix 1.

L27

Method for obtaining pure isolate of Clavicêps

purpurea in culture.

l. Sclerotial isolates:

Peeled scl-erotia were soaked for approximately one

minute ín a 2e" sodium hypochlorite aqueous solution. This

was followed by three r^rashings in sterile distilled waÈer.

Each sclerotium was cut aseptical-ly into several piêces and

placed onto 43 malt agar pfates that had been acidified with
one drop of 23 lactic acid. After germination, mycelium

vras transferred to 48 malt agar slant held at 24ot c. These

sclerotial cultures \4rere stored at 30 C for further use.

2. Single ascospore isolates:

Unsterilized sclerotia'were placed on moist steríl-e
vermiculite in covered plastic containers -and stored at 30 C

for approxímately six weeks. For germination they were held

aE 24o C untit the stromata r^/ere fully developed (approx-

imately 4 weeks). Ascospores were collected by the technique

of securing one stromatized. sclerotia to the interior bottom

of an aerobic culture dish (95 x 62). It t¡/as inverted for
a time interval over a 48 malt agar plate so thât thê

ascospore population on lhe plate vras invariably sparse.

This facilítated a single ascospore transfer to an agar

slant of the same medíum. Germination was permitted at room

temperat.ure Q4o C). Following germination, mycelium- was
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Appendix J-. ( Continued )

transferred onto 4A malt agar slants and maintained at 30 C

as a stock culture of a single ascospore isolate.
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Appendix 2. Cultural characterístic of individual isÕlates
used in the study.

Êt¡I ÈJ .lO ÊÉ ()(Ú d-.{ .¡
O (')..1 ,.t .lJ tr.lr rú Oõ õ rd ôo F .Q.d n .,r É Ð()>r Odø Ê Í-¡ tJ.{,< r-{ O rd O O cr
Ê{ O (, O E U tr-.t (t

rsolate 1/ Characteristics
Growth Surface Cofor

Rye (Secale cêreale L.)

R- 1*
R- 2A*
R- 3A*

R- 4A*

R- 5A*
R- 6A*
R- 7A*

R-8*
R- 10Ax

R- 11A*

R- 12A*

R- 13A*

F-14*
R-15*
R-16*
R-17*
R- 18*
R- 19

R-2OA

R-21
R-22

R-23A
tt_a À

R-25

Flat wrinkled
Flat folded
Ffat folded
Flat folded
Flat folded
Flat wrinkled
Fl-at folded
Flat smooth
Raised folded
Fl-at folded
Flat folded
Flat smooth
Flat wrinkled
Raised folded
Flat smooth
Flat smooth
Flat folded
Fl-at folded
Raised f ol-ded
Raised folded
Flat smooth
Flat smooth
Flat wrinkfed
Raised folded

whi te
col ored
cofored
col ored
whi te
colo red
colored
white
c ol ored
co lored
iolored
white
white
col ored
colored.
wh ite
co lored
white
white
co lored
white
whi te
co lored
white

+

+

+

+

+

+

+

-f

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

t-

+

+

+

+

+

+

+

+

+

+

+

+

+
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Appendix 2. ( Continued )

CE¡t. -r -{O ÊÊ () rd (Ú.,l .-t
o {¡..1 ..t +J !{rl al oo E .e --t o ..1 E ÐaJ> OÊrn Ctr O-r.c Fl o d o o c)A o O o E O r{r (/]

Ch aracteri st i csf s olat.e
Growth Surface Col-or

R-26
R-27
R-28
R-29
R- 30

R-31
R-32
R-33
R-34
R- 35

R-36

c olored
colorecl
white
colored
colored
co lored
colo red
co lored
co lored
white
colored

Leyss. )

co lored
white
colored
white
white
whi te
white
white
co lo red
colored
co lored
c olored
co lored

Ffat folded
Raised folded
FIat smooth
Flat wrinkled
Raised folded
Flat wrinkled
Flat wrinkled
Flat wri-nkled
Raised folded
Raised f ol-ded
Raise_d folded

F lat
F lat
Rai s ed

Rais ed

F l-at
F 1at
Flat
Flat
Rai sed
Rai sed
Rai sed
Raised
Flat

f olded
fol ded

fo lded
f olded
f ol- ded

folded
f olded
folded
folded
f ol ded
folded
folded
folded

+

+

+

+

+

+

+

+

+

+

+

+

+

ì+
+

+

+

Smooth br ome (Bromus inermis

B- 1*
B-2*
B-8
B-9
B- 10

B- 11

B-L2
B_ I3
B- 14

B- 15

B- 16

B- 17

B- 18

+

+

+

+

+

+

+

+

+

+

+

+

+-
+-

+-

+
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Appendix 2. (Continued)

çt)r Fl ,-r O dÊ O rd rd --r .d
QJ (,...j ..t Ð tl.P rd O(J (J 

'! OU E ,Q'.1 o '-l E Ðo> oÊo c! o;-q -{ o d o o cJ
Pr U O u É O q-l ('

Characteristics
Gror^rth Surface Col-or

f sol- a te

B-19 Flat folded colored
B-20 Raised folded white
B-2L Raised f ol-ded white
B-22 Flat fotded cofored
B-23 Flat f ol-ded colored
B-24 Flat fofded colored
B-25 Flat folded white
B-26 Flat wrink]ed colored
B-27 Flat wrinkled colored
B-28 Raised wrinkled colored.
B-29 Raised wrinkled colored
B-30 Raised fol-ded v¡hite
B-31 Fl-at wrinkled colored
B-32 Flat wrinkfed colored
B-33 FIat wrinkl-ed colored
Durum v/heat (Tríticum durum Desf.)

Flat wrínkl-ed
FIat folded
Flat smooth
Raised folded
Raised folded
Raised fold.ed
Raised folded
Raísed wrinkled
Raised folded
Flat folded

+ +

+

+

+
l+

+

+

+

+

+
+

D- 1*
D-2A
D- 3A

D- 4A

D- 5A

D- 6A

D- 7A

D- 8A

D- 9A

D- lOA

vrhite
col o rêd
co lored
white
colo red
co lor ed.

colored
c o1o red.

colored
whi te

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
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Appendix 2. (Continued)

çOtI r-{ rJO ÊÉ o rd rd.-t .rl
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Isofate Characteristics
Growth Surface CoLor

D-11A
D- 12A

D- l-3A

D- 14A

D- 15A

D- 16A

D- 17A

D- 18A

D- L9A

D-2OA

D- 21A

D-22A
D-23
D-24

Raised folded
Raised smooth
Flat folded
Raised foldêd
naisêd folded
Flat foldêd
Flat f ol-ded
Flat folded
Flat folded
Raised folded
Raised folded
Raised folded
Flat folded
Raised folded

colored
coLored
whi te
cofored
col ored
wh ite
white
white
white
colo red.

colored
col. ored
white
whi te

co lored
colored
colored
col,o red
col-o red
white
colored
co lored
whi te
colo red

:l
-+
-+
-+
-+
-+
-+
-+
++
-+
-+
-+
-+

+

+

+

+

+

+

+

+

+

+-
++
+-
+-
+-
-+
+-
++
++
+-

+

Quackgrass (Agropyron repens (L. )

Beauv. )

c-l-*
c-2*
c- 3A*

c- 5A*

c- 6A*

c-7t
c-8*
c-9*
c- l_0 x

c- 11

FIat folded
Fl-at folded
Flat folded
FLat folded
Flat folded
Raised folded
Flat wrinkled
F lat folded
Flat fol-ded
FIat wrinkled

+

+

+

+

+
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Ch arac t.eri s t ic sIsoLate
Grovrth Surface Color

c-12
c-13

c- 15

c- 16

c-77
c- 18

c- 19

c-20
c-2I
c-22
c-23
c- 24

Raised folded
Raised smooth
Raised folded
Flat folded
Flat wrinkled
F lat f ol-ded
Flat wrinkled
Flat folded
Raised folded
Flat smooth
Ftat ' folded
Raised fotded
Fl-at folded

co 1o red
cofo red
colored
white
col-ored
whi te
white
whi te
whi te
white
whi te
colo red
white

+

+

+

+

+

+

+

+

+

+

+

+
I

+

+

+

+

+

+

-+
-+
-+
-+
-+
-+
-.+
-+
-+
-+
-+

Spring wheat (Triticum aestivum L.)
M-2* Flat wrinkled cofored
M-4* Flat smooth white
M-5* Raised folded Ì,/hite
M-6* Flat folded colored.
I4-7 Flat fofded colored
M-8* Flat folded white
M-10* Fl-at folded white
M-f4 Raised fofded white
M-154 Raised folded colored
M-164 Raised folded cofoïed
M-174 Ffat wrinkled colored

+

+

+

+

+
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r F-l flo Ê
Ê () rd rd..{ ..1
CJ (f).r1 -.1 Ð llÐ rú O.õ € rú Oo E ¡.-r o ..r E +ro> ogn clr o
-l.c Fl O {ú O O Oao uoE o q-.1 (')

Isol-ate Characteristics
Gror,íth Surface Col_or

M- I8A
M- 19A

M-2OA

r'r- 2 l-A

M_22A

M-23A

M-24A
M-25A

Triti cal-e

T- 1*
T- 2A*

T- 4A*

T-6*
T-7x

Raised folded
Flat wrinkled
Flat wrinkled
Raised folded
Flat folded
Flat folded
Fl-at folded
Raised folded

(X Triticosecale

Fl-at folded
Ffat folded
Fl-at folded
Flat . fol-ded
Flat smooth

col o red
col ored
white
colo red
col ored.

colored
col ored
white

Wíttmack)

colo red
wnite
white
col-ored.
co l oTed

+-

-+
+-
-+

l

-+
+-

++-
+-

+

+

+

+

+

+

+

+

+

+

+

+

Ryegrass (Loliu¡n

L-3* Raised
l,-9x Flat
L-12* Flat

temulentum L. )

f olded
f ol- ded

smooth

white
co lored
white

+-
+-

+

+

Timothy (Phleum pratense L.)

P- l-* Flat f ol-ded colored
P-2* Fl-at folded colored.

Oat (Avena sativa L. )

O-l* Flat fotded colored



135

Appendix 2. ( Continued )
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f sol-ate Characteri stj. cs
Growth Surface Co1or

Reedgrass (Calamagrostis canaden-
sis (Michx) Beauv. )

CT-1* Flat folded colored
Common reedgrass (phragmites
cornmuni s Trin. )

PM- l_* Fl at folded whi te
TalL fescue (Festuca
arundinacea Schreb. )

F- l-* F lat smooth whi te

L/ "4" indícates monoascosporic isolates; * indicates the
isolaÈe previously tested for pathogenicity.
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Appendix 3. Evaluation of host reaction produced by

Ç. Purpurea.

Visual rating of sclerotia size measured twenty_one d.ays

after inoculation.

1. Sclerotia smaller than normal kernef.
2- Sclerotia approximately the size of normal- kernel-.
3. Sclerotia larger than kernel , extending beyond the

glumes _

Visuaf rating of honeydew production ¡neqrgrCglen' jeys
after inocufation.

l-. No visible honeydew.

2. Honeyd,ew confined withín glumes.

3. Honeydew exudíng from, infected florets in smafl
drops.

4. Honeydew exuding from infected florets in large
drops and n_:nn ing down the head.
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Appendix 4. Benedictrs test for the presence of reducing

sugar (Harrow et al . 1967) .

Benedict's reagent is prepared by dissolving 173 g

of crystalÌine sodium citrate and I00 g of anhydrous sodium

carbonate in about 800 m1 of water. Stir thoroughly and

filter. Add to the filtered solution 17.3 g of copper

sulfate dissolved in 100 ml of water. Make up to 1 liter
wíth dístilled water -

Add I drops of each of the sample solutions to 5 ml

of Benedictrs qualitative reagent, and. shake eachrtube.

Place all the tubes at the same time into a boiling water
bath and continue boiling for three minutes. Al-low to cool
and observe. .



Appendix 5. Preparation of vísualising reagents for
chromatograms .

1. Silver nitrate-sodium h)¡droxide (Randerath 1966; Stahl
1969).

Spraying rêagent 1: 1 ml saturated aqueous silver
nitrate solution is diluted to 200 ml- with acetone and 5-10

ml \^rater then added untíl the precipitate has dissolved.
Spraying reagent 2: 0.5 N solution of sodium hydroxide in
aqueous ethanol which is prepared by dissolving 20 g sodium

hydroxide in a minimum amount of water and the soîution
diluted to 1 I with 95? ethanol . Spraying reagent 3: 58

aqueous sodium thiosulfate sofution which provj_ded. permanent

zone location trithout heating. Spraying is carried out with
l- and allowed to dry, followed.by 2. After the maximum

color of spots appears the plate ís sprayed with reagent 3.

2. p-Amínobenzoic acid reaçtent (Ersser and Andrew 1971).

A stock solutíon is prepared by dissolving 2 g

p-aminobenzoic acid in a mixture of glacial acetic acid
(36 ml), water (40 ml) and 85å orthophosphoric acid (1.6 mI).
The stock solution (2 parts) is diluted with acetone (3 parts)
for use. After spraying, the plate is heáted in an oven at
95-1000 C for l-0 minutes.



Appendix 5. ( Con tinued )

3. p-Anisidine phosphate in ethanol (Mur¡herjee and

Srivastava 1952).

This reagent is prepared by dissolvingr 0.5 g
p-anisidine in 2 ml 854 orthophosphoríc acid and diluting
the solution idith ethanol to 50 m1 . The precipitated
p-anisidine phosphate is filtered and the filtrate used

as the spray reagent. After spraying, the plate is heated

in an oven at 95-1000 C for 5 minutes.

4. Aniline-phosphoric acid (Raadsveld and Klomp 1971).

It is prepared by dissolving 1.3 ml orthophosphoric

acid (85?) and 1.3 ml aniline in 100 mI 70? ethanol . The

reagent is stored in the dark in the refrigerator. After
spraying, the plate ís dried får 15 minutes at a temperature

of 1000 c..

5. Ben zidine- trichloroaceti c acid (Stahl 1969).

Benzidine iñ the amount of 0.5 E is dissolved in
10 m1 acetic acid. Ten ml 403 aqueous trichloroacetic acid
is added- The mixture is diluted to 100 ml with ethanol .

After spraying, the plate is heated to 110o C for l0 minutes.
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caused by ClavicepsAppendix 6. Rating system for disease

purpurea (Ratanopas I97 3)

Infection
Varietal- Rating
reaction

Type Frequency of Amount
Sclerotia of

Honeydew

Immune (I)

Very
re s i stant
(VR)

Res i stant
(R)

Moderate J-y
res i stant
(MR)

Mode rately
s us ceptible
(MS)

Susceptibi-e
(s)

No infectiont
seed in all
florets.
Abortive reac-
t.íon (AR) mainly;
no sclerotia.
AR and sclerotia
of size 1& 2
on1y.
Sclerotia mainly
size l- & 21 1 to
3 sclerotia of
size 3.
Sclerotía of síze
2 & 3.

Sclerotia
mainly size 3.

Not greater
than 408

Not greater
than 608

Not greater
than 80?

Greater than
808

L

L-2

I-2

3

4



Appendix 7.

14l-

Percent inhibition of p-fluorophenyalanine
(FPA) on mycelial growth and conidial produc-
tion of two isolates of C. Þurpurea ín basal
medium containing . two L eüe lE-õFT:ãsparag ine
as a nítrogen source.

? ïnhibition of
Concentration 2118 ppm nitrogen 300 ppm nitrogen
of FPA (ppm) F:ZC---ÞM=2t- -- F:Z¡--------ÞE=Zõ-

;r7- -:t

5

10

50

100

200

l-0

L6

73

96

97

7

l-6

/J

77

84

L4

38

62

67

67

4]-5
227
2-1 53

46 96

7r 100

12 75

27 92

42 96

65 98

73 100

L6

92

100
I

100

100

f/ C= conidíai production; G = mycelial gror,7th.




