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CHAPTER I

INTRODUCTIOR

Bew Zealand is unigue in that the entire basis of her

national economy is based upon livestock-pastorsl farming. of

the foriythree million azores in occupation for agricultural and
pasioral purposes,; seveniesn and a half million are of sown
pasturs and about thirteen and a helf zillion of natural grass-
lends., The seventeen and a half wmillion acres of sown pasture
are down in imported grasses of which &?&?%@i%&%&ig one half hae

been surface sown and the remaindsy sown on eultivated land with

high producing Bnglish grsssss. These have been selected for
such guelities as leaf ares and density of leaves, form of the

plant, resisiance 3o drought and many other desirable agronomie

properiies, Regarding the disease facior, there hag been no
attempt in Few Zealsnd at breeding for resistance to disease with
the exception of Blind seed dissase of Ryegrass caused by
Gloeotinis

emulenta (Prill. ot Delacr.) Wilson, Hoble st Gray,

I% has been observed that funge
are widespresd throughout the country. One can only spseulste on
the importance of these leafspot diseases with respect to pasture
yield. It may well be that lesses ars not particunlasrly great
since onliy rarvely do they atirast the attention of the farmer or
extension worker. However, according %o Chester (1948} the farmer
usually is not concerned with a plant disease until losses reach

fiftesn per cent of the crop., and rarely does he take action until
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they amount to twentyfive percent. If this is so0, it is reasonable
to suggest that fungal leafspot diseases of pasture grasses are of
some importance in this country.

Chester (1945) has made a special study of estimating disease
losses and caleulating their importance, Employing an artifieial
defoliation technigue he was able to obtain evidence of the extent
of losses sustained by crops that have lost foliage as a result of
disease or insect attack. VWheat was found %o have 2 yielé reduction
of twenty to twentyeight per cent if one quarter of its funetional
leaves were lost between rosette and boot stages. Yield reduction
vas greatest near the mid-season of the plant. This is understandable
when one realises that in the early life of the plant the leaves that
are removed or reduced are replaced by others, while as maturity
approaches the laa?es have largely outlived their usefulness. In
mid-season thé photosynthetic activity is most essential to the
storage of food. His experimental work with cereals showed that
losses of foliage in mid~season resulted in a very marked yield
depression, ranging from thirtyseven to ninetynine per cent. It
follows then, that so-called negligible or "trace" damage at this
period is in fact quite serious.

As well as the reduction in yield Chester found there was a
reduction in the quality of the grain pr@éﬁeség In addition,
maturity was considerably delayed.

Jacques (1937) ascertained the effects of different intensities
of defoliation on early root growth of ryegrass, cocksfoot and crested
dogstaile He found that root deterioration increased with the
severity of defoliation. Weinmann (19&%) also demonstrated the
close relationship between leaves and roots. Thus, foliage-yield
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ralatiéséhip is not entirely a direct one. Reduction in leaTf:aves
leads to reduction in root development and in turn to a redaction in
water intake. This is reflected in further less in quantity and
quality of yleld.

Chester experimented with cereals but his findings are equally
applicable to grasses. The grass seed itrade is of considerable
importance to New Zealand. In 1955, over one anﬁ threequarter
million bushels of Ryegrass aﬁa approximately thirteen million pounds
of other pasture seeds were machine dressed in this couniry. Thus
aay factor which contributes towards a reé&@fian of quality and
quantity of harvested seed must be regarded as of some conseguence.

The seed trade, however, is ineidental to the primary purpose

of growing grass in New Zealand, The maximum yield of dry matter

per acye is aimed at in order that the maximum number of stock can be
carried per acre. Whereas Chester was concerned mainly with the
'grain yield, the more important aspect to the pastoral farmer is the
foliage yield. A reduction in photosynthetie tiasﬁe as caused by
leaf spot diseases for example, will affect the formation of fresh
leaves as is borne out by the old axiom "leaf makes leaf™.

There are many reports inﬁi@atiég the importance of foliasze
diseases. Tabulated on the following page are two independent
estimates of the percentage loss caused by some leaf spot fungi on

common pasture grasses.




Table T

Estimated Percentage Loss Caused by leafspet Fungl

in Washington in 1943.

{Sprague 1950)3

Pathogen

Hosb Percentage
Disease Loss
Timothy Selenophoms bromigena (Sace.) 2:5
Sprague and Johnson
hynchogporium secalls 0.8
(Cude. ) Davis
Scolecotrichum graminis (Pekl.) 240
Cocksfoot 8. bromigena 2:5
R. srithosporun Caldwell 1s5
Ss pgraminis 260
Mastiposporium rubricosum 540
{Dearn. & Barth) aprague
Brome S bromicens 265
Rs gecalis 048
Ss graminis 2s0




Table IT

Estimated Percentage Loss Caused by leafspot Pungl
in New York for the Years 1952,5%,55.
(Roberts et al., 1952,54,56)

Host Pathogen Percentage %&%@&%@ Loss ;
Fleat Gt Second Cub
1952 19%% 1955 1952 1953 1955
Tiﬁm&%kﬁy @w’?‘g L8 :Lmé& L7 1.0 @wﬁ
{3&% 'ﬁ}ng% Dol &mﬁ Dol ‘Qwﬁ
Cockalooat 220 Quly leBh Db 1eb 2el)
a0 Deb 165 Oely Oely LB
Lel Lali 1eH Dol Oal 2ol
Brone Le7? 1e5 tLe2 25 YO Lall
- 1.0 Deb - trace 1ab
!
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Leafspot diseases ol grasses also have an effect on the
palatability of the pasture. Thus MacVicar and Childers (1955)
report that in midsummer the yield ané‘galaiabiiity of ﬁactzlié
glomerats was seriously affected by Rhynchosporium secalis Caldwell
and Scolecotrichum graminis Fekl. Further, Granti (1953)
demonstrated that in a erop with fortyfour per cent infection of
Seolegotrichum graminis there was an overall loss of nutritive value
of approximately 25.22 per cent.

In view of our dependence on pastures, it ie surprising that so
1ittle work has been carried out in this country on such an important
subject. In Table III are presented the recorded fungsl leaf spot

diseases of grass species in New Zealand.

Pathogen Host Authority

Mastigosporium rubricosum | Dactylis glomerata L. Brién & Dingley

(Dearn. & Barth.) Sprague 1951
Pestucs elatiocr L. Sydow 1924
Agropyron_ repsus Brien 1942
Beauv.
Hordeum murinum L. | Brien 19L2

These three organisms comprise the total aumber of grass leaf
spot fungi identified in this country. Compared with the many
hundreds of leaf spot fungi recorded overseas, this list is
surprisingly small. Most fungl are not restricted to one host and
there are cages where over one hundred different species are attacked

by the one pathogens In WNew Zesland we can e¢ite only one fungus
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‘R. secalls), as a pathogen of two different grass species. American

workers in particular, have devoted much study to this field and comple
textbooks have been written on diseases of pasture grasses.

In the majority of cases the control of folisre diseases of
pastures is by selection and breeding for resistance. A pre-requisite
to any such programme is fundamental knowledge of the diseases
involved. It has been observed that in the Manawatu cocksfoot
(Dactylis glomerata) in particular expresses a variety of leaf spot
symptoms throughout the year, suggesting that s number of pathogens
are involved. The overall aim of this research project was to
determine what fungl were in fact contributing to the symptom complex.

The particular sims were:i-

(£} To isolate and prove pathogenicity of fungi causing leaf
spot diseases of cocksfoot in the Manawatu.
(ii) To study the symptoms as induced by each pathogen under
field and glasshouse gonditions,
(111) To st%ﬁy‘gaea eausal orgenilsm in pure cultuve.
(iv) To stﬁéy the seasonal succession of easch disease,
{v) To determine for each disease the influence of temperature

on: f(a) the incubation period (as defined by Walker 1350).

(b} the severiiy of attack.
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URVEY OF FUNGAL LEAP 8P0T DISEASES OF

b

COCESFOOT IH THE MANAWATY

. Tasolation Technigues

faw

Durding the year 19%6, ilsclationg were made fyom many lesf spot
lesions of vocksfool. The technidues used may be divided inte two
categorissi-

{1} Surfaece sterilization of lesaf itlasues.
{2} vethods involving the uss of spore suspensions.

iization of Ieaf Tissuesn.

(1) sur

ane Sher

Bmall plages of tlszsue approximately tweniy by ten millimeires
ware cut Ifrom the gdges of young lesions and enclosed in a muslin bag,
the top of which was secuved with a rubber hand, The bag was then
placed in s 5400 milldilitre besgker with 2 coarse wire 1id on top and a
rubber hose from the tap passed just through the 1id. The tap was
turned on at a8 pressuyve sufficient to csuse the bag to be vigorously

agitated and se permit thorough surface washing of the tissue pleces.

After eight %o ten hours the Dag was rinsed in sterile water and the
diseased tissues removed and dpied on sterile filter paper. The
pleces were then set out on thyes plates of Potato Dextrose Agar,
genevally five plsces %0 a plate. In the sarly esries of isolstions
the plates were incubated at 247 Centigrade. On further examination
of the literature concerning leaf spot dissases of gresses 1t was found

that several foliage pathogens of cocksfoot grew more rapidly at lower

temperatures, in some instances 2L° C. beling recorded ss thelir mazimy

aratures, Thereafter plates were kept at room temperature

which varied bhetwesn 170 and 209 (.
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Results from this method were poor. Contaminants tended to

perow the slower growing pathogens and so this method was

abandoned in favour of partial sterilization by means of chemicals.
Two chemicals were %$ried, namely a solution of ten per cent sodium
hypochlorite and a solution of 001 per cent mercuric chloride.
ATter experimentation with vavying %i%@g of steriligation the
following technique was finally adopted.

and pre-soaked in

The tlissue pleces were placed in s muslin bag
seventy per cent ethyl alechol for twenty seconds and then %?&ﬁ&fé?gﬁé
$o a 001 per cent solution of mercurie chloride for one and a half

washed in tap water, followed by

minutes. The bag was thoroughly

pinsing in sterile water. The tissue pieces were then dried and

plated as ocutlined previously. Results were excellent, bacteria being
the only contaminants.

when bacterial contamination aid occcur it was still possible to
obtain the fungus in pure culture. Four van Tieghem cells were set
in a Peiri plate of P.D.A. while the medium was still liguid. 4 small
agar square with the contaminated f&ggﬁs was placed inside the van

Tieghem cell and the plate incubated at roonm temperature. With the

resumption of growth on this fresh medium the bacteria were restricted
by the eell while the fungus grew é@@a through the agar beneath the
base of the van Tieghenm cell t¢ the surrounding asgar.

A lesioned area was a&smiﬁeé under a binceulayr migroscope and

fruiting bodies, if present, were plcked off with a sterile needle and
transferred each to a separate drop of water. If the sgpores vere
contained in pyenidia they were set free by %%aasﬁing4§$$ pyenidium
with the tip of a sterile needle., The resuliing spore suspension

was then streaked ascross a plate of P.D.A. with a sterile loop. This

method was much gulcker than partial $§$r222%3%§$ﬁ of tissues and
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enabled individual colonies that developed from widely spaced spores
to be transferred to test-tube slopes as stock cultures. As an aid
to this procedure, lines were drawn on the bottom of the Petri dishes
and the spore suspension streaked along the corresponding agar
surfaces. Thus, by examining the plate under the binocular micros-
cope it was possible to follow the spore line and readily locate the
germinating spores. Individual spores were gouged out from the agar
with a sterile needle and hence monosporous isolates were obtained.

During the initial isolations, both methods were employed in
order to verify that the fruiting bodies did belong to the fungus
causing the lesion, and not to a secondary invader. Onece this had
been established the spore suspension method was used wherever
possible.

B. Completion of Koch's Postulates

In order to prove the relationship between a species of fungus
or bacterium and a particular diseased condition, Plant Pathologists
have adopted a set of rules which must be satisfied before any
organism is accepted as the specific cause of a disease. These .
eonditions were first stated by Robert Koch in 1882 and are known as
Koch's Postulates.

Applied to fungl they are as follows:-

1, The specific fungus must be always assoclated with the disease.

2, It must be isolated from the diseased area and cultivated in
pure culture.

3. The pure culture when inoculated back to a susceptible host
must produce the same disease. ‘

" 4¢ The specific fungus must be re-~isolated in pure culture from

the artificially diseased plants and proved identical with the

original cultures.
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rechnigues Tor obitaining the pathogenic organiens in pure
¢ulture have already been described in Chapter I. The fulfilment
of Koch's TPostulates is deseribed in the following section.

A strong spore suspension in water was made from those fungi
madis. fungli which could not

which sporulatsd on culture

be induced to sporulate on medis, a suspension of mycelial fragments
of the mygel~

was prepared. The methoed consisted of picking off some
ial thateh with a needle and breaking it up into falrly small fragoent:

11 glase beads

in & test~tube of sterile water., Ten to tweniy sma
wevre introduced into the fesit-tube and the whole shaken vigorously for
half & minute so that the mycelium was further broken up. Before
inoceulating the plants, a 4rop of the spore or mycelial suspension
vas slways examined under the mleroscope so that an idea of the
congantration could be gained.

The cockefoot plants werve grown in four ingh pots filled with
stesn sterilized 801l and kept in a glasshouse at temperatures ranging
between 15° and 22° C. At the time of inoculation the plants varied
in age from four weeks o five months so that any effect of age on
disease incidence could be noted.

Plante about 1o be inocculated were first exanined for gsymptoms
of disesse. This precaution was found necessary because several

plants developed lesions of Seolecotrichum graminis (Pekl.) frem

drifting spores. The leaves of disease free plants were then rubbed
between the finger and thumb in order 1o remove the "bloom®., A
better take of dissase always vesulted when this was done.

Two methods of inoculation were attempted. Plants were sprayed
with a Tine mist of the fungal suspension by means of & "Windex™ sgpray
attachment. The second method was to paint a fungal suspension on
the leaves with & sterile brush. This latter procedure was slow and

tedious and did not give any better results than spraying.




fangal suspension

Usually six plants weve incoulated with each
and three contirol plants sprayed with pure water. Plants were then
placed in a humidity cabinet Loy Lfortyelight hours. Shorter periods
of high humidity gave a poorer take of disease, whereas longer
pericds were not advantageous.

The humidity cabinet measured 2 x 2 x 2¢ feet and was panelled
with gié%ﬁ on the sides and voof. A shallow tin tray covered the
floor of the cabinet and was filled with one and a half inches of
fresh water. The potted plants were placed in this tray and evapo-
trangpiration quickly raised the atmospheric humidity of the cabinet
to one hundred per cent. Cross contamination by water of guttatien
was avoided by spacing the planis well apart.

After fortyeight hours the pots were vemoved and placed in the
glasshouse where the temperature varied bhetween 15° and 229 ¢,
Plants were examined sach day for disease syspioms.

As a result of the above experimental work conducted between
Hovenber 1955 and Decewber 1956 the following fungl were shown %0
contribute to the leaf spot eymptom complex of cocksfoot in the
Hanawati.

Of thess fungi, only Mastig
previcusly rvecorded in New Zealand as a foliage pathogen of cocksfootd.

osporium rubricosum has been

(Brien and Dingley 1351).
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A detalled study of eagh disesse and its causal fungus is
presented in subseguent chapters.




MATERTALS AND NMETHODS
A. The Indueing of Sperulation.

Spore morphology and dimensions are essentisl for the positive
identification of a fungus. |Henes, the inducing of sporulation is

a pre-vaqulsite (o the ildentification and formal study of an or

panist.

It is preferable to obiain spores from the host for when ithe fungus is
grown in pure culture, the composition of the medis nay have an

@fﬁ%ﬁt on spore morphology. However, sporulsiion on host tissus has
never been observed for some fungl; in such eases, sporulation on
artificial medis must suffice. In addition, large guaniities of
gporas are sometimes requirved for experimental purposes. Thus, it

is often very convenient %o é@ able to é?%&iﬁ profuse sporulation on

guliure nmedisz,

Difficulty was at first experienced in obtaining spores from
some types of lesions. By collecting lesions at all stages of
development and subjecting them %o various perdods of high humidity,
the most suitable conditions for &&gi%§§ %§&§&1§§i$§ ware generally
found,

The technlgue consisted of covering the bottom of a Petri plate
with a elrele of filter pepsr. Sufficient sterile water was added

to molsten the filter paper and then a sterile glass slide was

§§5§%§$§@% on it. Laaves with lesions at all stages of development
were cut inte one ineh lengthe and placed on the glass giide so that
they were out of direct contact with the water. Plates were

incubated at room temperature which wvaried betwesn 16° and 210 o,
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One hundred per cent humidity was quickly attained within each
Petri dish. The length of time under high humidity varied
according to the age of the lesions, thirtysix hours being
sufficient in most cases.

(2) 2 DC S AR #3 A LML SO L R .
The majority of the fungi studied sporulated readily on most

types of culture media. Two of the pathogens, however, proved very
loathe to reproduce. Reports from overseas indicated that these

two fungi had failed to sporulate on common laboratory media. Special
media were described, however, on which limited success had been
obtained, In addition, a treatment with ultra-violet light was
desaribed for § (Fekl.}« Details of this
technigque and a modification used in this thesis will be given when
dealing with this organism.

B. Spore Germination Studies.

Spore germination experiments were conducted over a range of
temperatures in order to determine whether germ tube length and
¢olony growth were correlated. It was also hoped that there would
be a link with seasonal influence on disease prevalence.

Germination was determined in water and on P.D.A.

(1) Qn ¥ater.

A drop of sterile water was placed on a sterile slide and
between fifty and one hundred spores were dﬁod by means of a needle
tip. Too many spores seemed to delay germination. Each slide was
deposited in a separate Petri plate and kept at one hundred per cent
humidity by virtue of a moistened filter paper on the bottom of the

plate. To prevent the slide from becoming wet it was rested on a
second slide.
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(2) Qn P.D.A.

A thin film of P.D.A., was spread with a bent glass rod on to a
sterile slide just prior to inoculation., This practice was necessary
as the wAtih dried up very quickly. Spores were placed on the
agar either by stroking the surface with a spore laden needle or by
applying them in the form of an agqueous suspension using a wire loop.
The inoculated slides were kept under high humidity as described
previously.

Duplicate plates of water and P.D.A. were set up for each
temperature interval.

It has been common practice amongst Plant Pathologists to plot
the percentage germination against time. Bonner (1948) pointed out
that from the practical angle, it is much more important to know the
germination time for the first few spores than to know Ythe average
time taken for all spores to germinate. His technique was to record
the time taken for the first ten spores to germinate,calling this
period the "germination time". GCermination was defined as, "that
stage of development where the sides of the germ tube are parallel”.

In these studies a preliminary trial, consisting of single slides
of P.D.A. and water at each temperature, preceded the main experiment.
Slides were examined at four hourly iuntervals so that an estimals of
Bonner's "germination time", could be obtained. 1In the main expor~
‘iment, slides were examined during the estimated germination time
L one hour. Finally, after a suitable time had elapsed, the germ
tube lengths at the various temperatures were measured.

All spore examinations were made with the low power objective
of the microscope and spore measurements under high power. Observ-
ations were made as quickly as possible and the slidesreturned to their
respective Petri plates to be returned to the appropriate incubators.
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Gcmlmt;nc spores were drawn at suitable intervals of time in
order that the mode of germination and germ tube branching could be
clearly shown. The germination of particular spores could be
followed by noting the r«dinaa on the two microscope stage scales
when the spores were in the centre of the field. All drawings were
made with the aid of a camera lucida.

C. The Effect of Media on Colony Growth.

Brancato and Golding (1953) have tested and evaluated the vale
idity of ueing the diameter of the colony as & reliable indication of
growth. They found that the thickness ol the substrate did not
affect the diameter but that the dry welight of the colony was mater~
ially altered. Hence, colony diameter does give a satisfactory
measure of fungal growth. |

The optimum temperature for colony growth on P.D.A. had been
determined in a previous experiment. Ideally, to find the maximum
effect of media on growth, all fungli should have been grown at their
optimum temperature found on P.D.A.

Mastigosporium rubricosum unfortunately has an optimum temper-
ature below summer room temperature. Thus, over the nine day exper-
imental period, this fungus was kept at 17 * 190, as refrigerated
incubators were not available at the time.

It is realised that the optimum temperature on P.D.A. is not
necessarily the optimum growth temperature on all medla. It -hﬁuu
be however, a good indiecation of he most favourable temperature.

The Petri plate inoculation technigue first attenpted consisted
of cutting a cylinder, #erty millimetres in diameter from a stock
culture on a plate of P.D.A. A cork borer proved ideal for the
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operation. Results from this methed were very imsatisfaciovy:
growth was uneven and depended on whether the plug had been inverted
or not., Thus correlation belween colonies was poor. |
A second technigue was therefore attenpted and proved eminently
successful. M, rubricosum, H., ovihosporum and £, donacig var.
stomaticola are all prolific spore formers on P.D.A.S0 & sterilized
needle tip was used t¢ transfer a few spores from the stock sultuve

%0 the experimental plates containing fifteen millilitres of media

adjusted to a pH of 5.3. This latter adjustment was necessary o
as to cancel out any effect of the hydrogen ion concentration.
Sterile normal solutions of hydrochloric aclid and sodium hydroxide
ware used to adjust the pH and all readings were made with the Beck~
man meter. The uss of sterile acid and alkall obviated a second

autoclaving with its asccompanying effect of altering the pHs The

agar surface was touched lightly with the spore laden needle tip.
four colonies per plate, and duplicate plates set up at each temper-
ature level. Hine days later, two diameters at right angles to one
another were m@agaréé on esch colony and the averags iaken.

ght modification of the above method was necessary for

graminie and S. maculets because of their poor sporulation on

culture. A small arsa of mycelium, approximately eight %o ten
%@i&i&szgég in dismeter was picked off the stock culture with a
needle, Four such pleces were placed on a Petrl plate and $we plates
et up at each temperature as before. After nine days the colonles
were measured and from this figure nine millimetres were subiracted,
thus giving the mycelial growih over the experimentsl peried, For
want of a name this latter method of incculation has been called the

red to as such for the

"Hycelisl fragment tschnigue® and will be refe
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remainder of the investigation.
The inoculum used in all the media experiments was one
generation removed from natural material and had been cultured on

P.D.A, for fourteen days.
Details of the various media used in this experiment are as
follows =

Ereparation of Media
(1) laboratory Potato Dextrose Agar. (PeDoAs)
Peeled potatoes 200 grams
Agar 12 grams
Dextrose 10 grams
Distilled water 1000 miliilitres

Pinely sliced potatoss were boiled in 500 mls. of distilled
watsr for half an hour, After settling, the clear liquid was
decanted through muslin and made up to 1000 mls. with distilled
water. Agar and dextrose were added, the mixture boiled to dissolve
the ager, and then poured into smaller flasks and autoclaved at
fifteen pounds per square inch for twenty minutes. This was the
standard autoclaving time and pressure for all media.

(11) Difeo P.D.A.

Potato infusion 200 grams
Bacto~Dextrose 20 grams
Bacto-Agar 15 grams

Thirtynine grams of the mixture were suspended in 1000 mls. of
distilled water and bolled to dissolve the medium. It was then
autoclaved.
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(1ii) Difco Prune Agar.

Prune infusion 36 grams
Bacto-Agar 15 grams
Distilled water 1000 mls.

Twentyfour grams of the mixture were suspended in 1000 mls. of
distilled water and boiled to dissolve the medium. It was then

autoclaved.

(iv) Oxoid Wilk Agar.

Bacteriological Yeast Extract 3 grams
Bacteriological Peptone 5 grams
Agar~Agar 15 grams

¥ilk equivalent to ten mls. of fresh milk. Adjusted from pH 7.2

t0 ?ﬁ 5695

/ (v) Malt Agar.

¥alt extract 20 grams
Agsr 25 grams
bDistilled water 1000 mls.

/ (vi) Soybean Agar.

Ground Soybeans 100 grams
Agar 17 grams
Distilled water 1000 mls.

The soybeans were soaked in 1000 mls. of tepid, distilled water for
thirty minutes. They were siecamed for thirty minutes and then
Tiltered through muslin and the volume restored to 1000 mls. The

agar was then added, the whole steamed and then autoclaved.
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/ (vii) oOatmeal Agar.

Oatmeal : 42 grams
Agar 15 grams
Distilled water 1000 mls.
The oatmeal was cooked in fifty mis. of distilled water in a water
bath at 60°C. for one hour, filtered through muslin so that a clear

liquid was obtained. The liquid was boiled, the agar added and
steamed till the agar melted.

/ (viii) Cornmeal Agar.
Cornmeal 42 grams

The whole was then autoclaved.

Agar 12 grams
Distilled water 1000 mls.
Prepared the same way as Oatmesl agar.

{ix) Tomate Juice Agar.
Tinned tomato juice 200 grams.

Agar 20 grams
Distilled water 1000 nlo,

{(x) Water Agar.

Agar 12 graus
Distilled water 1000 mls.
(xi) Garrot Decoction Agar. (Kilpatrick and Johnson 1956).
Carrot leaves 300 grams
Agar 12 grams

Distilled water 1000 mls.

Three hundred grams of carrot leaves were finely ground and added

to 500 mls. of distilled water. The material was steamed without

pressure for one hour and then strained through two layers of
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chessecloth, The strained decoction was added to 500 mlse of
distilled water containing twelve grams of dissolved agar, and
the volume was adjusted to one litre with distilled water.

(xii) Coecksfoot Agar. Bollard's method (1950) modified.
Cocksfool leaves i00 grams

Agay 15 grams

Distilled water 1000 mls.

One hundred grams of green, disease~free cocksfool leaves were

chopped vy and extracted in 1000 mls. of distilled water by steam~
ing for three hours. The resulting extract was filtered and made
up to a litre againe. ?if%@sg,grags of agar were added and after
autoclaving the pH adjusted to 5.9.

Thais medium was more dilute than that of BollardS because
approximately 300 mls. of distilled water were added to the £il~
trate to make the guantity up to 1000 mls. again, Bollard added
| the agar only.

When this medium was first prepared it was thought that the
volatile compounds driven off during the steaming may have been

advantageous to growih. A double guantity was theprefore prepared,

one litre beling steamed in an ordinary round flasgk and the other
litre in a flask Pitted with a condenser head so that the volatile
compounds wers returned.

Ho difference could be detected in growth of colonies between
these two media. Hence, the condenser head was omitted in further

cocksfoot preparations,
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(x111) Sterile Natural Material.

Cocksfoot leaves
Carrot Leaves
Pea Stems.

The only method of sterilization so far mentioned was by heat.
The one serious disadvantage to sterilization by heat is that the
chemical composition of the material may be profoundly altered.

Hansen and Snyder (1947) describe a method whereby natural
material such as stems and leaves can be sterilized by fumigants
instead of by heat. 1In this way the composition of the material
remains unchanged. In addition, the advantages of using natural
host tissue for culturing fungi are many. Snyder and Hansen (1947)
discuss them with particular reference to the inducing of sporulation.

Hansen and Snyder's method of gaseous sterilization was modified
and used in this investigation, The material to be sterilized was
cut up into pieces no larger than thirty millimetres in length and
put into small jars with tightly fitting 1ids., Into each Jjar a few
square inches of moistened filter paper were dropped. This was to
make sure that the material was not too dry although the precaution
was probably unnecessary as the efficacy of the particular gas used
in this experiment was not reduced by a low humidity, Hansen and
Snyder used either ethylene or propylene oxide as the fumigant.
Beither of these two gases was available so methyl bromide was used
instead. Methyl bromide has a boiling point of 4.5°C.; hence a
twenty cubic centimetre ampoule was placed in the freezing compart-
ment of the refrigerator and cooled down to minus 10°%. It was
then quickly removed, the tip broken with a pair of pliers
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and the liquid poured into the jars. About one cc. of liquid was
added for every 100cc. jar capacity. A second person immediately
screwed down the Jjar lids so that the escape of gas was minimised.
Methyl bromide is a very poisonous chemical and so the operation was
carried out in a large, well-ventilated room. After twentyfour
hours a little of the material was transferred, w!.t!i the aid of
sterile forceps, to sterile Petri dishes and then covered with 15«
20 mls. of water agar. Plates were ready for use immediately the
agar had hardened.

In general, sterilization was good. However, sometimes it was
not one hundred per cent effective and the sterilization had to be
repeated. The method outlined above was wasteful because a great
dul of the fumigant vaporized on contact with the air. The use of
some -migl type of closed eircuit system would be an advantage if
larger quantities of material required sterilizing.

Observations were made on the relative growth rates on various
media, and also on appearance and intensity of sporulation, and
spore dimensions.

D« The Effect of Temperature on Colony Growth

The medium used throughout these temperature experiments was
P.DeAsy prepared in the laboratory from potatoes and adjusted to pH
5:9 by the addition of normal hydrochloric acid and aorlnz sodium
hydroxide. The range of temperatures used were 5° - 369C.

Large numbers of Petri plates were rcquzria for this experiment
and so all the temperature recordings could not be run concurrently.
Some difficulty was experienced in obtaining sub-room temperatures
during the summer and hence some of the recordings had to be left
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until the late autumn, This prolongation of the over all experi-
ment was unfortunate because a fresh batch of P.D.A., had to be
prepared. Growth on Difco P.D.A. varied from that on laboratory
P.D¢A. but would have given continuity vetween recordings over this
lengthy period.

Plates containing fifteen millilitres of P.D.A. were inoculated
in an identical manner to that for the media-growth experiment.
Duplicate plates were incubated at each particular temperature for
nine days before measuring the diameters. A time interval of nine
daye was chosen because it was a convenient compromise between the
slower growing fungi becoming large enough for accurate measuring
and the quickest growing fungus becoming too large for four colonies
io fit on a plate without interference. '

E. The Effect of Hydrogen Ion Concentration
on Colony Growth

Difficulty was encountered when altering the pH of the media
in that the pH markedly changed after the final autoclaving,
particularly in the more alkaline values. In addition, hydrolysis
of the agar occurred in pH levels below 4.0 and hence they did not
gel.

The method finally evolved is outlined below, Two litres of
Difco P.D.A, were prepared and one hundred and fifty millilitre ali-
quots were poured into eleven 250 ml. conical flasks, autoclaved,
and then placed in a waterbath at 50°C., Twenty ml., amounts of
PeDsA, were poured into ten 30 m, beakers and placed in a water-
bath held at 45°C. to prevent solidification of the agar. A
measured amount of normal hydrochloric acid was run out from a
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burette into one of the 20 ml. samples of P.D.A. and stirred

and acid was then

vigorously. The temperature of the Pel.l.
allowed to fall to 289C. and at this temperature the pH was read
amounts of normal hydroghloric

with & Beckman meter. Varying
acid or tenth normal sodium hydroxide were vun into the P4,

samples and a titration curve was bullt up. This rather cumber~

gome method of using separate P.l.i. samples each time was
necsssary because at a ltemperaturs of 28°C. the agar was beglnning
to solidify and a fresh addition of seld or alkali could not be
mixed with it. If s higher temperaiture than 289C¢. were used there
would have been a danger of craciking the fine glass alectrode.

From this titration curve the amsuntis of acid or alksli required to
give a pangs of values at approximately 0.5 unit intervals were
estimated, Belore adding the hydrochloric acid or sodium hydroxide
both solutions were heated to approximstely 90°C. and kept at this
temperature for 15 minutes. This procedure was found necessary as

fungal contaninsnt occurred in the unhested alkali. These

estimate amounts were added as gqguickly as poasible %o the aliguots
of PsDedA. and then a ten millilitre sample was removed fré& gach
flask iz order to determine the {rue hydrogen ion concentration.
nt plates, each containing 15 mls. of P.D.A,

From each aliguot, eig
were poured for each level.

This method proved very satisfactory, sstimated and final
values being of spproximately the same order. Contamination eof

plates was also very lov.
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¥, The Construction of Temperature Cabinets

These cabinets were a modified form of the temperature cabinets
used in the Department of Plant Pathology, the University of Wiseon-
sin. The American cabinets measured 3 x 2 x 2§ feet, were covered
with R-V~Lite, and consisted of four frames put together with screws
to facilitate dismantling when not in use. The temperature was
maintained by means of a 500 watt strip heater controlled by a thermo-
awitch,

A cabinet of these dimensions was constructed and covered with
windolite (an opague, plastic re-inforced sheeting material). Heat
was supplied by three 100 watt bulbs which rested on the floor of the
cabinet. The plants were supported on 2 low fibrolite table,

Various thermostats were experimented with, the one giving the
most sensitive temperature conirol being a TS52 Sunvic thermostat.
This thermostat wes then placed in various parts of the cabinet in
order to find the region of maximum sensitivity. The minimum
variation found wes 20 Farenheit end this occurred when the instrument
was placed Jjust above the floor of the cabinet by the door.

The original cabinet had a folding blind of R-V-Lite instead of
2 door. The blind was found to be unsatisfactory as t0o much heat
was lost around the edges and so it was replaced by a door, hinged at
the top.

On experimentation with this modified cabinet it was found that
"hot spots"™ occurred on the table jJjust above the bulbs.

In addition, the cabinet was rather large and cumbersome.

Two smaller cabinets measuring 2'2 x 2'2 x 2' were constructed.
To eliminate the hot spots, the table was covered above and below
with fibrolite and the intervening space filled with vermiculite as
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as an insulating medium. To make a better seal at the door, strips
of black velvet were tacked on to the frame.

These latter two cabinets were very successful. A temperature
of 28°C. could be maintained, even when the outside temperature
dropped to 10°C.

G« The Preservation of Diseased lLeaves

When first isolating out pathogenic fungl from lesions it was
found necessary to keep some specimens of the lesions so that
experience could be gained in identifying the causal organism in the
field,

Diseased cocksfoot leaves were cut into six inch lengths and
placed in special humidity tubes. These tubes were originally used
for culturing anaerobic bacteria and measured nine xnabu in length
and two inches in diameter and were widened into a bulb at the
bottom. This bulb was one quarter filled with water and then a plug
of cotton wool was pushed down the tube until positioned just above
the bulb and held there by three glass projections. This plug
served to keep the leaves out of contact with the water but allowed
the humidity in the tube to be kept at a high level., VWhen stored at
6-109C. in the refrigerator, leaves kept fresh and natural for three
to four weeks.

A second method was developed for preserving disessed leaves
over a longer period. Large test-tubes were procured and one inch of
powdered calcium chloride poured into them. A plug of cotton wool
was forced down the tube to keep the chemical in position and thea the
leaves were placed in the tube and the rubber stopper fitted. Tubes
were kept at 69-10°C. in the refrigerator. With this method the leaves
dried out fairiy quickly and could be kept for an indefinite period.



CHAPTER IV

A STUDY OF FIVE LEAF SPOT DISEASES
AND THEIR CAUSAL FUNGI

um (Dearn. and Barth.) Sprague.

of the genus Mastigosporium was that by Fresenius (1852) when he
described
the conidia were 4= or 5-septate and bore one or more filiform

appendages at their distil ends. ILindau (1907) has recorded this

album on several grasses. He noted that

fungus on no fewer than nineteen species, but Sprague (1938) does
not regard all these records as valid.

Sprague (1938) studied Mastigosporium leaf spots on Gramineae
and compared the causal organisms with regard to their occurrence
in nature, morphology, and pathogenic capability. As a result of
this work he found that in addition to Ji, album with its
appendaged conidia, there was a non-appendaged variety. By virtue
of spore morphology and dimensions, colony characteristics and host
range, Sprague reconmended that these be differentiated as two
distinct species. He noted that the earliest, though brief
description of the non-appendaged organism was by Ellis and Davis
in 1903, who named it M. album var. calvum Sllis and Davis. Sprague
{(1938) agreed with this description but considered the differences
sufficient to warrant elevation of ¥, album var. galvum £llis and
Davis to specific rank and proposed the name M, calvum (Ellis and
Davis) Sprague.
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in 1318 recorded M. aglbum var. muticum Sace, as a new

British fungus also on cocksfoot. However, from the descriptions

ague (1338) considersd these two fungl as

of spore morphology,

baing identical with his specles M. calvum. In this paper he

listed the other synonyms so that the complete list is as follows)-

album var. puticunm

aspecific epithet is avallable®. Henes the nasme nov becones

and Barth.) Spragus.
Spragus also reported in this paper his finding of a third

1 Bromus vulgaris (Hook}. The spores

spacies of |
that they are not only much

differ from thoss of

smaller but are ?gggza&i? gylindrical instead of navicular or

elliptieanl. He proposed the

Sprague, sp.nov. and gave a formal description of it.

nade a genersal etudy of the genus

Spragus’s obaervatlon that the species

osporium probably exists in different forms. Bollard

osum was

found that the host range of his isclates
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not the same as those recorded by Sprague. However, he postulated
that these differences may be due to differences in the genetic
constitution of the host material and that 1t would be necessary to
inoculate the same host material with both isolates to determine
the true identity.

Sprague (1950) listed both Dactylis g ata and Agrostis

stolonifera as hosts of Y. rubricosum. m:m (1950) bvelieved
that isolates from these two grass species are dlstinet forms of

‘the one species. He therefore proposed that since these differ-
annﬁu are accompanied by alight changes in morphology, the name
E._rubricosum should be retained for the fungus attacking species
of Dactylis, and that the fungus attacking Aggggi;g~g;gxg§1;!gg

| ve designated as a new variety, g‘~gg§g;gggnm'war. agrostidis.
Ko perfect stago has yet been found for any of the species.

Fuckel (1869) suggested that M. album and Dil ,
might be two stages of the one fungus. Hoﬁnvur;'naxtnsr,Spragup
(1938), Sampson and Western (1939), nor Bollard (1950) could find

any canneetion betwean these two fungi.

| . rubpicosum is widespread over most of Hurope and‘ﬂorth
America where it is reported to cause severe damage in some seasons,
(Sprague 1950' and Creelman 1956). Stapledon and Jenkins (1322),
Sampson (1924) and Bollard (1950) reported it causing considerable
damage to A 53 itensis in Britain, particularly in the late
autumn and early spring. Sprague (1938) mentions that leaf damage
varied from one to six per cent on jAgrostis species in the U.S.A.
M. rubricosum has also been reported by Sprague (1938, 1946, 1950),
Stapledon and Jenkins (1922), Sampson and Western (1942) and
Bollard (1950) as the cause of a serious leaf spot of Dactylis




glomerata. Observations in various parts of New Zealand by the
writer tend to show that it is prevalent for only a very limited
period of the year in this country.

Sprague (1950) lists twelve hosts of M. rubricosum of which
seven are Agrostis species. Four new hosts have since ' been
listed by Sprague (1955) all of which were found in Alaska.
Details of these new hosts are given in Appendix I.

The perfect or sexual stage of reproduction has never been
found for M, rubricosum. It is, therefore, classified in the
Fungi Imperfecti by Clements andASbtar (1931) as follows:

Fungl Imperfecti

Moniliales <~ conidia are neither borne in pycnidia nor
acervuli but on conidiophores, either discreet
or in groups.

Moniliaceae ~ hyphae hyaline or bright coloured, loose and
cottony, rarely fasciculate; sterile and
fertile hyphae or conidiophores both present
as a rule, the latter differentiated by means
of vescicles, whorls, basidia, sterigmata, etc.
conidia concolourous, that is, hyaline or
brignt coloured. |

Micronemeae —~ hyphae very short and little different from
the conidia.

Mastigosporium ~ conidia not catenulate, ciliate at apex and
upper septum, conidiophore not inflated, often
obsoliete.
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(2) SYMETOMS

- Diseased leaves are first covered with numerous dark brown
to purple flecks with a water-soaked reglon surrounding them. As
the leslons become older they increase in size up %o 12 x 5
millimetres. (Jee Plate3 .). Mature lesions are almost black in
colour with a thin yellow-brown halo, while most have a small
cream coloured area in the centre from which a single crob of
spores is produced on conidiophores. Macroscopically they appear
as a silvery mass which couid at first be mistaken for the dead
'cut;clo splayed back by the pathogen. These conidia are best
seen on fresh 1esiohs in the early morning when dew is present. On
severely diseased leaves the individual flecks coalesce so that
considerable reduction of photosynthetic tissue occurs.

Lesions caused by M. rubricosum are rather similar to those
of Stagonospora maculata especlally in the younger stages. However,
as the lesions increase in size the symptoms may be distinguished
since those of the former lighten in colour at the centre whereas
the lesions caused by 3, maculata remain dark throughout.

The diseased condition caused by E, rubricosum is commonly
referred to as Leaf Fleck or Hye Spot.

It was found that the best time to collect Mastigosporium
spores was early in the morning with the dew still on the young

lesions. Alternatively, leaves with very young lesions were
subjected to periods of high humidity in Petri plates.
Bollard (1950) records that }i, rubricosum produces one Crop




only of coenidia. Observations on several occasions confirmed this
statenmant.

The conidiophores are short, ll.5 - 16.51 in length, single,

and form the conidia by expansion of the distil portion and eventual
abscisslion.  The conidia are hyaline, elliptical, generally 3-

saptate with constrictions at the sepita. & few spores are 2- oy L-
septate. (Plate4.).

Fifty spores, produced under conditions of hizh
Petri plate from naturally diseazsed mesterial were measured. Their
dimensions were as follows i~

Length Yean 5.

e
Wo

jidth Yean %«%ﬁ

Range 11.6 - 16.9u
Dimensions of spores from natural materisl are vecorded in overseas
literature as follows i~
sprague (1950) Bollard (1950)
Length 29 - Gop . 31 5gus + 5438
wWidth G - zgu 10 - i%ﬂ

It iz important to state the environmental conditions under
which the spores are produced. welles (192L) was one of the first
to point out that the environment can greatly influence spore
dimensions. He records that - "frulting structures in the form-
genus Gercospors were 50 -~ 150 per cent longer in ths rainy season®,

Hence, 11 is guite possible that the production of spores under




eonditions of high humidity may produce spores of significantly
different dimensions from those in the field.

Likewise, when recopding the dimensions of spores on artificisl

adia, details of the composition of the substirate, age of the
culiurs, the temperature at which it is grown, and perhaps the pH,
should be given.

%

Yoasuremsnts of

wars taken in conjunction with

an experiment determining the effect of media on colony growih.

The incculum was one generation removed from natural material and
was grown for fourteen days on P.D.A. at 17%. Zach batch of media
was adjusted to pH 5.9, inoculatsd, and then incubsted at 17°C. for
nine days. Piftty spores from sach type of %%éi%% were measured
under hizgh power, being mounted in g drop @fyiéﬁﬁﬁgﬁ%ﬁéz acid
fuchsin,. The resulting data wers analysed using unean's Multiple

Range Test, {(1955).
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Effect of Temperature on "Spore Jermination Time®

ter

of ¥ rubricos

um in Distilled

Femparature in
legrees centigrads

QM\ 5]
e
[
-
gk
F
B
L &M

sermination time -
in hours 36 24 i 18 2l

It is clear from the above iable that the optimum temperature

for spore germination is in the region of 19°C. Prior to this

Ao The optimum tempsrature Tor growth of

m colonies was found to be in the region of 11°C. Thus
thars 18 no positive correlation between germination time and rate

of colony growth for this fungus,

7

erature on Germ Tube Length of

Hffect of Te

ter after 24 hours.

_rubricosum in Distilled

L
Bt
i
st
Wi
B
iy
L]

degrees centigrads

Germ Tube length )
in microne nil trace Bl 1z trace

The length of the germ tubes after tweniyfour hours again
demonstrates that the optimum temperature for germination is in the
viecinity of 15%C. and bears no relation to the optimum temperaturs

for colony growth on F.0.4A.




At a temperature of 19°C. the appearance of the germ tube was
preceded by a swelling of the spore, generally three to four hours
after preparing the spore suspension. @ne or two stout germ tubes
were produced from the segments, not necessarily from the terminal
ones. On some spores they soon branched profusely, while on
others they remained as a straight tube for twelve to eighteen
hours. Germ tubes which branch at an sarly stage in germination
were irrcgular in shape and appeared to contain large vacuoles.
(Pige 1. ).
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Duplicate plates were each touched four times with a spore laden
needle tip so that four colonies per plate would result.

TABLE VII.

Effect of Media on Orowth Rate of M. rubricosum
after Nine Days at 18%1%.

Vedium ¥ean Colony Diameter in mms.

Oatmeal | —98— —_— s
“Gopmeal ) 85

Tomato / o ) S p e

Peastems 7

Carrot stems &7

Milk 65

valt 65

Cocksfoot leaves 59

Difco P.D.i. 57

Lab. P.D.A. 57

Frune 57

Carrot Lely

Soybean L2

water 38

Cocksfoot 37
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Colonies of U . PoDehe 878 slightly ralsed from

the surdace of the agar, the centre portion rising %o a golden=-
brown, sliimy knob §f conidia, The mycelius grows into g crsanmy-
yellow mat having a leathery texture and being free from aerial
mycelium,. After nine days growth slizght convolutions were Just
discernible. Within s few days of Turther growih these ridges
developed greatly. (Plates.)

On the majority of media uaed the above description is
applicable, apart from minoy differences in colour and texture of
the mycelium,. Colonies on milk agar differed in that the myceliunm
was wnite and asrial with few spores present. On watepr agar the
mycelium was sparse.as alse was sporulation, In addition, spores
were significantly smaller than those on other nedia,

Satmeal was found 0 be the nmost satisfactory medium for

culturing M. rubricosun Decause of its gulek growth and prolific

Zffect of lemperature on Growth Hate of M. rubricosum

on P.Dsh. after Hine Days.

Temperature in

jegress centigrade | 5 8 11 14 17 20 24 28 32
\verage colony o , ) .
iameter in mms. 26 L3 67 59 57 45 23 trace nil

Bollard (1950) records that on Coeksfoot agar 25°C. and 15%.

are respectively the mazimum and optimunm temperatures for growth.
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Prom Table VIII it can be seen that on P.D.A. 28°C. and approx-
imately 11°C. are respectively the maximum and optimum temperatures
for growth of M, rubricosum. With the aid of the binocular micro-
scope a few small hyphae were seen at 28°C. Colonies grown at
24°%c. were the typical yellow to off-white colour but were very
much raised from the agar surface, strongly convoluted and with few
spores. Sporulation was generally prolifie, particularly at 5°C.

F.D.A. after Nine Days at 18°L1%.,

pH B0 Bali 349 Lol 5.0 5.9 647 746 843 8.6 940

ean colony
Qlameter | 22 22 19 22 39 54 L7 43 39 44 4
e ) IS

Over the range of pH 5.0 -~ 9.0, growth appears to be independ-
ent of pH except that growth at pH 5.9 is a little greater. Although
the colonies at the higher hydrogen ion concentrations were smaller
they contained a greater proportion of conidia than did the others.
Apart from the differences in conidial concentration at the different
' pH levels, colony morphology remained very similar.
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FIGURE 5
on colony growth of the fungi on PaDed e
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(1) Taxonomy and Review of Literature.

Oudemans (1897) recorded a leaf spot disease of Sgcale cereale
and named the pathogen Marsonis secalis. The first mention of the
generic name Rhynchogporium was made by Frank in 1897. He eredited
his associate, Heinsen, with the naming of the new genus. Frank
observed that the disease caused by the above species on barley was
of considerable economic importance, and that seedling plants were
frequently killed in severe attacks, He failed to give a formal
description of the genus 63' the species and this was left to
Saccardo (1906). '

The next record of the disease was in America in 1515, and
since then it has been reported in Northern Europe, South America,
Africa, Australia and New Zealand, 1In the U.S.A. yields of bariey
have been reduced by as much as twenty to thirty per cent (Caldwell
1937). |

Davis (1919) believed that Oudemens had incorrectly classified
the fungus in the Melanconiales and so he recognised Heinsen's genus
Ehynchosporium in making the new combination Rhynchosporium secalis
(Oud.) Davis.

Caldwell (1931) collected a new species of the genus
Rhynechosporium attacking Dactylis glomerata. Symptoms were identical
with those of R, secalis, the only morphological difference being in
the shape of the conidis which were more uniformly eylindrical than
in Rs secalis. Caldwell named it Rhyncl

Some doubt was expressed by Caldwell (1937) as to the validity
of the genus in the family Moniliaceae. He stated that the
"taxonomic position of the genus Rhynchosporium is somewhat debatable




ey éé%i i

since the genus appears to possess charvaeteristics common o both
orders, Monilisles and Melanconialeg®. Howsver, on closer study

Caldwell recognised Rhynchosporium as the true genus in the family

doniliavean.

. . Y
Sprague (19507 nam

hosts and since making this list has found twe more in Alaska,
(Sprague (1958), and two more are listed by Heiners (1354).
It would appear, however, that the dividing line between

shosporum 1s not a sharp ones Caldwell based

his division of the two specles on parasitisn and spore morpholosy.

sgealis is characterised by a beak vhereas R _orthospor

straight cylindrical spores. Sprague {%%%%? deseribed couidia of

&

extrenely varisble size and shape on Agropyron sube
had a slight tendency towards the formation of obligusly hooked

_g8calis. He aceredited this varlabllity to chang

apleces ss in R,

Sprague, however, examined Rhynchosporium collected

ris sprundinaces and stated that the spores were definitely

. secalis, but assigned it

to the latter because some of the spores tended to be obliguely
hooked at the apsx.

In view of the simildrity of the two species and the difficulty
srium on Phalerds arundin-

in deciding to which specles the Hhynechosne

aces balongs, 1% may well be that Caldwell wase somsvwhatl preomature in

naming Re

orthosporum as a new specles. Snyder and Hansen {1954)
in discussing the wide vardisbility of fungi emphasisge that it is not
the differencesbetween individusls which provide the basis for

speciation but rather the similarities which tie them together.




conasidaped.

The classification of R. orthosp

Shear (1921} as follows:

Fungi Imperfecti

Eoniliales ~ conidla are neither horane in pyenidia nor
acervuli but on conidiophores, elither
disereat or in groups.

¥oniliaceas « hyphae hyaline or bright coloured, loose
and cottony, rarely fasciculate; sterile
and fertile hyphae or conldliophores both
present as a rule, the latter differentiated
by means of veslecles, whorls, basidis,
sterigmats, etc. conidia concelourous, that

is, hyaline or bright coloured.

Hyalodidymae -« conidia two celled, hyaline opr bright
coloured, globose to oblong or fusoid.
Rhynchosporlium - conidis not catenate, obliguely beaked,

eyiindric.

The first sign of the disease is the sppearance of dark, water-
aosked patches 1 ~ 3 gentinetres in length or either surface of the
leaves. Thege areas rapidly dry out and becoms light brown in
eolour with a darker brown margin, (Plate 6. The lesion enlarges

radially s0 that a series of ¢oncentric ringe characterise older




on leaves
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Lesions caused by R

PLATE 6.

.

g 800

tion, spproximatel

gnifice

&
L=

Conidie of R, orthosporun from Oatmeal ager,
m

PLATE 7+



older lesionss Owing to the large dead, "scalded” patches which
may be twenty centimetres in length, the leaves become wrinkled and
twisted., The symptoms of this disesse are very distinet and no
confusion should arise in identifiying it. The common name of

Seald most sdeguately characierises the dlissass,

ay

Yery few conidis were found on lesions in the fleld or in the
glasshouse. Following the recommendation of Caldwell (1937),
dissased leaves were subjected to high hunidity in Petri plates
neid at 20°C. for several days. Conidia were produced in great
aumbers by this treatment. All told, 235 conidlas were measured
after belng obtained by this nmethod. Por eass of measuring the
spores were stalned in lactophenol acid fuchsin,

Ilength Kean 164Bu  SeDe is%p
Hode zég%p
Range 136l = %E;%ﬁ
width Hean 3;%&.
2 Range 245 - %g%n
Caldwell (1937) records dimensions of the conidia as follows:-
Length hely = LI+4n
width 263% = %a%ﬂ

The conidla are cylindrical and uni-septate, the septum
dividing the spore into equal povtions. There ils no hilum
apparent. Conldia are formed dlrectly on the stroma in vast
numbers and sporulation is most abundant in the csntral and most

completely collapsed area of the leaf spot. lesions may ocour




on sither surface but spores are Tormed only on the side where
infection was initiated.

sorum sporulates freely on culture media. Caldwell

noted that media with high levels of carbohydrate tended to

produce eonidia of diverse shape and size. Present investigations
showed that of the various media used for culturing the fungus,
only Cornmeal and OCatmeal agers ??ﬁﬁﬁﬁﬁé/ﬁ%%%%ig which closely
resembled those from natursl material. Conidia on other medis
were one to four septate, varied greatly in size, and nmany appeared
to produce "buds® from the spores.

%o comparison was made of spore dimensions on variocus media

Effect of Temperature on “"Spore CGermination Time"

n Dletilled water.

ﬁ%&?@ﬁé centigrade 5 10 19 24 28

Germination time 4

in hours 21 17 i3 i9 2L
The above tab. nows that the optimum temperature for germ

tube growth on distilled water is in the viecinity of 19°C. Generally,

a gingle, terminal germ tube is formed but occasionally two germ

tubes may appesr simulitaneously from both snds of the spore. iUnlike
many of the other fungi, the tube curves and branches very shortly
after its formation. This made an accurate measurenent of its growih

very difficult. (Fig.b.).
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Effect of Temperature on Germ Tubs Length of

Distilled Viater after 24 hours.

Temperature in

degrees centigrade | 5 10 13 2L 25
Germ tube length B B o o
in microns 36 640 16.2 Gobs trace

As expected, germ tube growth and "germination time" are
positively corpelated, Correlation between tube growth and growth
on PiD.A. is poor. At the optimum temperaturs of 139C., colony
growth on P.D.A. is thirty per cent greater than at 24° and 10%.,
whereas the regpective germ tube growth on water is two hundred

and Tifty per cent greater.

Petri plates were inoculated by the Yspore needle-tip

technique® and then held at 17° *1%. for nine days.




Zifect of Hedia on Growth Rate of R. orthosporum

e

after Hine Days at 17%1°¢.

Bedium Hean Colony Diameter in mms.
Catmeal 95
LAB. P.D.A. gl
Cornmeal 8L
Tomato 76
Prune 69
Cockefoot 62
¥ilk 55
e ;f%&ﬁ 506
Water m7
Carrot 22

Hine day old colonies on P.D.4. are crean
geprial mycelium %0 ralse them above the agar

from the inocculum in g wniformly radizal manney an

produce a al

These are roughly cylindrical in shape with one to

imy,

vas

in colour with little

&a%f&aae

They grow out

4 at the centre
eream mound of irregularly shaped conidia, (Plate 8.

thres very

pronounced septa and in many cases the gpores appear 1o be composed

of seversl

semi-scherical balls.

The central region of the colonies

commences to davken several days later and in ol1d colonies beconss a

dari brown.

After several weeks the entire colony develops a very

dark pigment sc that the myceliasl thatch appears ai%%gi black.

Jolonies on Milk, Prune and Cocksfoot szars are fairly similar

%0 those on

; gg}ﬁ%t {g/%‘i/ﬁ

conidia are all very irrsgular and on ¥Milk

3
z
é



& twenty-one day old colony of

s orthosporusm grown st 13
2.0, Ay y Glemeter = 185 mas.
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Y

agayr they are branched, giving the sppearance of producing buds.

On Tooato, Soybsan, and Carrot agars colonies eve produced
in which the mycelium is aerisl. %?%?%% are scattered among this
mycelium and do not occur ag a mound at the cenire.

On Cormmenl, Oatmeal and water agars coloniss are spread out
over the ggar surface. They all produce uni-septate cylindeical

conidia similar 0 thoss occurring naturally. n the two fTorsar

madia %§%4§%%g§§ sporulates profusely. On ter agar a very sparse
myeelial network is formed which shows very cleasrly that the spores
are attached directly o the hyphae in groups of up to siz.

Caldwell (1937) records that on media with low sugar content

1 produces conidis which are similar to those from the

host,
gffect of Temperature on Growth Rate of
hosoorun on P.D.4A. after Hine Days
Tempepaturs

in degress C. 5 11 1L 17 20 2L 28 32

Average colony | ‘ / , i ,
diameter in mmsJli 62 83 i 55 63 & nil

=

%y

A can be seen from the table, growth occurred betwesn the
tenmperature limits of 5% and 289C. with the optimum betwesen 17° and
20°. Colony morphology did not seem to alter with the temperature

gnd sporulation was abundant at all but the extreme tenperatures.

(e} The Zffect of Hydrogen Ion Concentration on Colony Growth.




Bffect of zH on Growith R

Polleshs aftor Hine

e o o . 3 - e - £ e o =
fe 4 E@#g f‘fi‘eé% §§§ éé'asi% %a% f}s% %3&? e Ces Ueln Yol

ean coliony
diameter g trace 11 %0 5h 90
in mms.

o
W
pe
b
W
&n
€

&w
.
L

limited growth range than had any of

the other four fungil. Growith was inhibited below pH 3.4 and
restricted up to 5.9. From pH 5.9 to 8.7 1t was unrestricted but
at 9.0 the effects of alkalinity bsgan to show.

The higher pil levels affecied the morphological form of the
colonies. The cone of spores that normally is found at the centre
was enlarged and in many cases the mycselium 4id not grow out beyond
this area, Colonies dild not appear normal until the P.D.A. was

adjusted o pH 5.0,
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Ce Scolecotrichum graminis Fekl.

Fuckel (1863) described a leaf spot fungus on Dactylis
PACLyiLis

glomerata which he called Scolecotrichum graminis.

Lind (1913) exemined the herbarium of Rostrup and commented

that Rostrup believed S. graminis Fekl. represented the luperfect

gtage of Yycosphaerelils recutita.

Von Hohnel (1923) pointed out that the genus Scolecotrichum

is probably invalid. He argued that the genus Scolscoitrichum EKze.

is based on the type species 3, virescens Kze., but stated that

this fungus is of a very doubtful character and that §. graminis
Pekl. is a Passslors with the perfect stage Carllis recutiia. He

therefore proposed the name Pasgsalora gfa&iais (Pckl.) Hohn, to

replace 3, graninig Fekl. Von Hohnel further stated that the

following fungi are identical with Passaloras graminis (¥Fekl.) Hohne

Scolecotrichum compressum Allesch.

Pagassiore hordel Otth.

Pogsalora punctiformis Otths

Sphaeris recutita Fr.

Metasphaerella recutita (¥Fr.) Sace.

Subseguently, further confusion was caused by Horsfall (1930)
when he suggested that the genus {ercospora seemed a more logleal
place for the fungus than Passalors as the latier has many-septate

conidiophores, while those of Passaloras graminis (Fekl.) Hohn.

=Sceolecotrichum graminis Fekl.) are continuous and rarely septate.

Horsfall therefore proposed the name (ercospora graminis (Fekl.)

Horsfall.




Chupp (1954) rejected this latter argument on the basis that
the conidia were minutely echinulate and could therefore not be

classified as a Gergospora. Additional evidence was provided from

the host range. Cercogspors species are strongly limited in theilr

host range, whereas this fungus has a particularly wide rangs of

appears from the literature that the former name ig favoured by

American and Continenital workers, and the latter by English workers.

Literature concerning %%@;;’éisiégi@az status of §, graminis

is almost non-existent. Sprague ii%%%}’g@@%ééﬁ% that morphological

varients occur (as on Pog ampls ¥err.) but whether they are anything

mors %@&% variastions due t0 host and humidity is not bnown. This is

surprising consldering the widespread nature of the fungus.

£ 8

The host range of 3. graminis is unusually large. Sprague (1950}

records 14l different hosts for this fungus in the U.S5.4, and since
‘¢his list was complled, a further seven hosits have been recorded, six
in Alasks (Sprague 1955) and one in the U.S5.4. {(Yeiners 1954).

Brien and Dingley (1951) list Dag ta as the only

host for this fungus in New Zealand, During the course of the
present investigation g series of isolations were taken from lesions
on many common pasture grass species. 48 & result of these

yninis was commonly Pfound on Phileum pr se bui

isolations 3.

contrary 10 expecitations, this was the only other host of

inis which was detescted.

There are many reporis on the seriousnsss and wide host range
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Johnson and Hungerford (1917) state that in

savere outhreaks of the diseare slmost sll ths leavss of affected

plants ave dried up during the flowering perlod, Sprague (1938)
found forty per cent of the leaves of winter rye in Oregon to be
diseased. Other reports on rye are by Guarch (1941}, in Uruguay,

- Jankowska (1929} in Poland, Laendaluze (1541) in Spain and Shitakova-
Roussakova (1939) in Russia. This last worker reported that £ifty
per cent of leaf surface was affected and that in some districts it
was no less sericus than rusts.

series of estimates of damage %0 Dact

.
e

yiis glomerata by

gZraminis were published by Roberts et al. in 1952, 1954, 1956.

3.

They found that losses varied from one to two per cent and these
figures are verified by Sprague {z%%gg who states that the fungus
is one of the most important leaf spots on common pasture grasses
on the East Coast of Horth Americs.

minig has been reported overseas at all times of the year

but appears to have its peak periocds in the spring and autum.
Several overssas rescarch workers have claimed discovery of the

sexual phase of J,. nis

{Rostrup, cited by Lind 1913), Von
Hohnel (1923)}. In no case.has subsequent research confirmed the

connection between the conidial stags, 8. graminis and the postulated

perfect stage cutitas The practice is still to regard this

fungzus 8s & menmber of the Fungl Imperfecti, with clagsification as
follows, (CUlements and Shear; (1931).
Pungi Inperfecti
Moniliales - conidia are neither borne in pyenidis nor acervuli
but on conidiophores, either discrest or in groups.

Dematiaceae - hyphae typically dark, olive to brown or black,




o

rarely hyaline but the conidia then dark, loosed and
byssolid, more or less rigid, rarely fasclculate;
sterile and fertils hyphae or conidiophores bhoth
present as a rule, the latter differentisted by
means of veséicles, whorls, basidia, sterigmata,stc.:

conidia $yplcally dark, but sometimes hyaline.

g

iacronemsas -~ hyphas manifest and distinet from the conidia.

Seolecotrichum -~ conidis not ciliate, muriculate, caplitate,
catenate, not verrucoss, bul are acroplesurcgen-~

ous; conidiophores not flsxuous or torulose, nop

inflated but simple, short, fasciculate, mosily erect.

Young lesions appear on the 1&%?%% as small chocolate~coloursd
dote surrounded by a pals yellow ares, They very soon elongate and
within a wesk or appsapring have %ﬁﬁ%@% up %o Somm. long and &mm,
wide. Some lesions stay at this size whils others continue %o
elongate 80 that streaks 3 - 4 oms. in length are not uncozmon;
hence the common name of Leaf Streak for the disease. The degree
of leaf? infesction can vary from g few lesions per leaf to many
hundreds. In cases of severs infection the streaks coalesce so
that a considerable porilon of the leaf iz killed. Glder streaks
are light brown and oceupy the zones between one or two leaf veins.
The wvelns appear as thin dark brown lines running along the lighter
lesioned avea. The original site of infecetion is darker and
generally found at the centre of the long streak. Along the entire
lesion are the fruiting bodies, (Plateld ). They are most noticeabls
as small black dots arranged in regular rovws. Zach fruiting body is

a fasciecle of unbranched, irregular conidiophores bearing bicelled




PLATE 9. Lesions ceused by %ﬁ?ggégggzg on leaves
of Coc ot.

PLATE 10. Megnified view of leslons caused by
¢, graminig to show the cheracteristic

Truiting bodies,



conidia. The fruiting bodles may be formed on both sides of the

leaf, but generally cccur only on the upper surfacs. Sampson and

-

western (1954) and Zprague (195C) record that they found them only

on the uoper surisgs.

Conidia occur in great numbers on young lesions. Mature
lesions, when ezxanmined with the naked eye, appsared %o have many
gporas present. & more detalled exzamination, however, showed that
they were only fascicles of old conidiophores which had shed their
eonidia.

¥atural material was gathered at various intervals throughout

the year and 219 spores, in all, vers measured with the following

resultsi-

Gonidia Range Hode Hean
Length 28e1 = 46e2u 3540 3509 S.D. 3ellp
Width 8e3 = 1letp Selip

Li9e5 =107.3R 90810

FPascicules are of dark, unbranched, geniculate, non-sepiate,
conidliophoras, which besr the conidia, The conidia are cylindriecal,

breadly rounded at the base and tapsring slightly at the tip.



FIGURE 41, Fruiting bodies of §; greminie from
Coakafoct, conidiec sre detached from
the conidiophores. =x 250.
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& well defined hilum marks the point of attachment to the
conidiophore, (Plafert2 .). Under natural conditions the conidia
are generally uni-septate, but vwhen f?§52 lesions have been
subjected to periods of high humldity in Petrl plates, then & few

aonidis are tvo or oven thres seaptalte.

Bfforts to induece 28,

inis to sporulste in culture by
growing 1% on various media, by alternating light and dark conditiens,

w

by exposure to sunlight, and by varying the temperature, wers

unsuccessful. Braverman (1956) deseribed a tschniqus whereby he
£

was gucceesful in obtaining s few spores. He grew the fungus on

p

a mixture of vegeiable Julces {(commercially known as V-8 juice in
the U.S.4.), for three weeks. The covered plates were then exposed
to %E%?@*?i%ié% light for sizteen minutes at a distance of 3Gemss
from the 1ight. nfortunately V-£ juice was not available in Hew
Zealand and tomato jJulce vwas used in its placse. The technique was
identical with Braverman's ezcspt that, whereas he used a copper

Hewitt lamp of 900 watts, the only avallable lamp was a Westinghouss

Sterilanmp Y.L, 782,

| %g%?&i@%iﬁﬁ eould not be obtained on Tomato agay even when the
time of exposure, distance away from the lamp, or concentration of
the medium were asltered. By using Cocksfoot agar and exposing the
covered plates for five minutes at a distance of llens. from the
ultra~viclet lamp & few clumps of spores were observed after elght
deys. Only fifteen of these spores were measured so that their

average length of L3.9 microns. is not a very relliable figure.




(v)
Germination of 3, graminis was morphologically similar at all

temperatures. A single germ tube emerged from the smaller, distil
end of the spore and continued to grow for twelve t0 eighteen hours
before branching. A second germ tube, from the other end of the
spore, appsared sixz to twelve hours after the initiasl one. iHigher
temperatures tended o accslerate the rate of iis appearance.
Twelve hours after setting up the experiment nearly every spore at
2490, had a second germ tube, whereas at 16°C. avproximately fifty
pey cent had second germ tubes,

Septa formed across the hyphae at an sarly stage in their

development.

Effeot of Tenperature on YSpore Germination Time® of

Be zgraminis on P.D.4, and Distilled Water.

Pemperature in
degress centigrade 7 16 18 24 28
Germination time Feloho| 1240 %65 2.0 2.5 3e5
in hours

Water | 28,0 12.9 6,0 Lo 3640

The “germination time" was much 1sag@§ on distilled water than
on P.D.hey G8pecially at the extrenmss of temperature. The time
interval betwosn the appearance of the first and second gsrm tubes
was also corrsspondingly longer, and branching 4id not commence at

such an earliy stage.

The cptimum, maximum and minimun temperatures for spore
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germination on distilled water closely followed the pattern observed
on ?QniAQ

TABLE XVI.

Effect of Temperature on Germ Tube Length of 3. graminis
on P.D.A, and Distilled Water after Twelve Hours.

[ramrntm in )
degrees centigrade 7 16 18 2i 23

Germ tube lemgth | P.D.Au| mil 70,2 86,8 112.9  79.2
in microns :

Water | nil trace 47.1 55.0 nil

Both the "spore germination time"™ and the germ tube lengths
show that 2h°c. is the optimum temperature for this fungus on P.D.A.
and distilled water. These results agree with the colony growth

measurements on P.D.A., as pécmted'an page 61.

(4) Ehysiological Studies

Petri plates were inoculated by the "mycelial fragment®
technigue. They were then held at 24° £ ,5%. for nine days.




Difco P.i.A. 150
Cocksfoot 160
Gatmeal 152
Gocksfoot leaves L5
Carrot lsaves 138
Carrot 132
Prune 130
Labe Pedohs 128
Oormmeal iiz

¥ilk

frod
o

water 92

Soybean 86

Tomato 52
Hals &l

Posa stenms 56

crowth on labopratory FP.b.A. produces colonies which are
composed of a dark green, slightly convoluted, mycellal mat of a
tough, leathery nature. This mat iz raised a little above the
agar surface and covered by a carpet of short white aerial hyphae,
{?éga%}3a§g %o spores could be found on P.U.A. On conmercially

prepared Difeo P.D.A. the aerial hyphae are much longer,




PLATE 13, A twenty-one day old co&ony of
8. greminis grown at 24°C, on

Pe De As 3 Clameter = 320 mms.



#

especislly around the periphery, thus giving the colonies a larger
diameter.

On Oatmeal agar the fungus assumed s different growth form. The
mycelium 4id not project above the surface, was not so thick, and
the colonies werse yellow at the centre and white around the edge.

On Cor

nmeal agar colonles were produced with white, assrial

F

mycelium, quite unlike those on the other media.

CEffect of Temperature on Growih Rate of

o

Se graminis on FP.D.A. alfter Hine Daye.

LR
ft
ot
fet
£
I
o

Temperature in

j 20 2i 28 %2 36
degrees centigrade

Average colony 18 28 B9 88 1llg 127 62 16 nii
dlameter in mms,

4% %29C. growth was very slight and the colonies were extremely
convoluted. At 28°C. they were still very convoluted and the under
surface of the colonies badly cracked. At all other f{emperatures
colonies were regular in outline and only slightly ridged.

Sporulation 4id not occur at any of the temperatures.




Hean colony| o ) ,
diameter in|l8 L8 77 109 160 157 152 153 1h42 132 11l
millimetres

Below pH L.k the colonies i were very similar to

those grown at temperatures at 289¢,. or higher, that is very

pronounced than at the other pH levels. Betwsen pH 5.0 and pH 7.6
eolonies were unrestricted by hydrogen ion concentration. From

pH 7.6 to pH 9.0, although the macroscoplec appearance of the

eolonies was normal, the effect of alkaliniiy became more apparent in

its rvetarding effect on growth.




Fungil classified under the genus Selenophoma

deseribed as & species of Sg; Pagserini (1878) is cited by

and Sacc. was recorded in 186864, also on Arundo donax,., Sprague and
Johnson (1950) compared the spore dimensions of the two and
pronounced them as being only two collections of the same fungus,

na in an endeavour %o

Maire (1906} erected the genus 3sleno
cover the pyenidial species with hyaline, falcate spores of

On the basis of Haive's description, Sprague and Johnson

{1940} concluded that Selenophoma is the logleal name for the genus.

They considered that, ~"certain fungl with non-sepiate, faleate
gpores borne in small globose pyenidis with coarse globose peridial

Haire than ic

cells, were more logleally assigned to J¢

to include species with somewhat obtusely pointed spores, other

8

chacteristicas agreeing. In this paper ther also proposed that

nticola Bauml. be included in Zeler

species with spherical, compact pyenidis besving faleate, hyaline

spores. Frandsen's Lunospora was described during World War II

when communication with other vworkers was &

=

Petrak (1947} after a critical cbservation




aire. The type

-

yspora (Penz. and Sacc.) Frandsen, based on

e

toris oxvgpora Penz. and Sacc. was also considersed a synonym

nacis (Pass.; Sprague and A.G. Johnson.

assptate sporaes, forp

septate &gé?@ga
have been mature for a considerable period of time, usually afier
over-wintering on the dead host, Sprague and Johnson (19
report the finding of septate spores from over-wintered material

s in Washington.

Howaver, septation of over-wintered aspores is not particulariy

con The twype species ta stomaticols Bauml. which

1s the basis for g tomaticola is itselfl based on

winter conidia. n the iginal description, however, the spores

s

woere described as azepitate.
Sprague and Johnson (1947) 1ist the following eight synonyms

W T T
Aelde JOnNSOR L~
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Within the speclies Zelenophoma donacig are many fungl which
cannot Jjustifiably be separated into species because many of thenm

grade from one group type to another. Petrak (1929) created the

species Selencphoma drabas (Fekl.)

0 cover these groupse.

! , V . . P
Sprague (1950) believed that this species was "too inclusive to be
practical®. Sprague and Johnson (1947) grouped all the fungi in

this complex under the heading Selen

opha
{(Bauml,) Sprague and A.G. Johnson. Synonyms for this variety

arse given by them asi-

Le lunata Frandsean, 1943

Ls penniseti Frandsen, 1943

donacis var. gio

into ten major groups on the basis of host range. This differentia~
tion appears o be somewhal jentative. Cross inoculations between
groups have Dsen attenpted on a fovw grasses with negative results

but there ars £%1i1l 3 considerable numbsyr of known hosts which have
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not been clagsifisd into groups.

Sroup two contains the races attacking Dactyliis o

lomerata

The isolates from the two hosts are morph-

clogically identical and will cross inoculate,

was 80 severe as Lo reduce greatly seed set, with lesions ccourring
on 211l leaves and even on the heads., Apparently clones differ
widely in their dissase susceptibility. It has bDeen noticed in

donacis var. ticola

gLom

in esxtiremely severe
on the seed heads of some plants, |

pyenidia and conidis are splashed aboul by rain, asccounting fér
local spread of infection. Allison, &%@%@ang?$§$?%§§ the é%éi%ﬁ%iﬁg
of pyenidis helf g mile asway %@%% infested gi@%igg He theorizes
that pyenidia may even be carried greater distances by the wind.

This seems 0 be an extraordinarily great distance for whole

pyenidis o be transported by alr currents.

Seed infection of g. bromigena reported by Allison {(19L5).

In cases of severs infectlion the fungus fructifies in the glunss
and oceasional pycnidia are found enclosed betwoen the lemms and
palea in commercially dressed seed.

s classified in the Pungl Imperfecti by Clements

and Zhear (1931) as follows:-

Fungl Imperfecti
Phomales (Sphaevopsidales) - conidia borne in a pyenidium,

Phomaceae « pycenidis globoid, conic or lentiforn, menbranous,




mgg?w

carbonous or sub-coriscecus,; innate, erumpent or
superficial, ocstliolate or astomous, separate or

&

with a sublcle or stroms, which is wvariously

=

loculats, typically dsrk: econidia various, borne
on simple oy ramoss basidia, or arising from the
pyenidial wall.

=

Hyulosporas - conidia one celled, hyaline, globose, ovold,
ellipseid or botuliform.

Selenophoma - pycnidis separate, sometinmes cespitose, without

subicle or siroms, not rostrate or cylindric,

glabrous, ostiolate, not maculicole; ¢onidis

neither catenate not c¢iliste; basidia typleally

gimple; spores lunsate.

wwaves
%%gigﬁg are of the eyespot type and may be 10 x 5um. in slize.
Young spots arve purple in colour and as they mature the horders
darksn and the centre becomes a dark cream. This area is composed
of thin dead cells which can easily be lifted off. Sometimes
small light Lrown pyenidis ave enbedded in this central area, but

snerally they occur on the under side of the leafl. Surrounding

E

the completse lesion is a pale yellow ares or halo, The lesions
appear very similarp on the lower leaf surface except ihat there arse
morse pycnidia present. These are found between the leaf velins and
often there sye present only one or two large pyenidia; in other
cases there may be up $0 six small pyonidia. They are very prom-

inent and are only partially embedded in the dead tissue.




PLATE 14. Lesions caused by S, 4 cis var., gt 1 8
on leaves of %ﬁcfﬁ%bot.

4 -

PLATE 15. Magnified view of one of the above lesions
to show the pycnidis.



e

In some areas of the leaf the originsl lesions have spresd so
that large patches of tissuve arve killed and turn brown. In this
straw~coloured area pyenidia ave found in grest nurbers, even though
there may not be any definite spots present. Sometimes the fruiting

bodlies of 3. graminis may be found in thess dead areas. It is very

ma was the original pathogen and 3., graminis

the secondary invader. This has been noted in artificially
%i%%&%%% plants. On severely diseased leaves the distil portion of
the leaf withers but by the time this has happened most of the

pyenidia have discharged thelr spores.

| The pathogen is widely found on the seed stalks and lesions
%%éﬁ oocur amongst the florets. These leslions are restricted by the
ribs on the stem and are creamy with light brown borders, bsing so
nurerous that quite often 1t is hard to find any tissue that is not
ﬁi%%a&é@; The pycnidis are smaller than those on the leaves and
are not restiricted %o the lesions.

Common names oy this dissass are Zye Ipot or Hale Spot.

(3)

Infection of cocksfoot by 2, donacis var.

e

gsvere on the seed heads of

sone plants, suggesting the possiblliity
of sesd infection. To test this hypothesis, seed (including the
palea) from severely diseased seed heads were removed from the
rachilla, and one half were surface sterilized. This was achieved
by placing them in s muslin bag, pre-soaking for twenty seconds in
seventy per cent ethyl aleohol, and then in .00l per cent mercuriec

ehloride solution for one and a nal? wminutes, They were then



ks

PLATE 46. Lesions caused by S donaci
YEr. g_’ggmat;_colg on
flower stalks of Cocksfoot.



waghed thoroughly in tap water snd rinsed in sterile water. Both

5

surface: sterilized and non~treated sesds were plated oul on Pale!

L

pproximately ten seeds per plate. They were incubated at 24°C.
and observed esch 4a¥.
Hon~sterilized seed plated 0n 10 P.D.4. yielded s great

variety of fungl and bacteria. ver one hundred seads

were ex amined closely in no instance were colonies of §, donacis

var,. gtomaticolas observed.

Fungi of any type falled 10 grow out from surface sterilized

geeds plated on F.D.4.,, suggesting either that no dsep sealed
myceliwe was present, or that this treatment wes s0 sgvere as 1o
kill the mycelium which may have been present in the seed, The
former theory is Tavoured because this method of surface steriliz-
ation was found 1o be the wost satisfactory in itissue plating work,
the surface contaminants beling killed while the mycelium of the
pathogen locatsd within the host tissues wWas: unaffescted.

These limited results do not precluds the possibility of sesd
infection. 1% ise pertinent to note that Allison (1945) working
with 3 closzely related species found that, "pyonidis may be seed
borne in ¢ases follovwing ssvere linfection when the fungus fruct-

ifies on the glumes, as 3,

seed”, Ho record of seed infection of Dactylis glomerats by

ticola has been found in the literature.

Pyenidlia ave

1

material, They were gouged out, mounied in lactophenol fuchsin



PLATE 47. A pyenidium snd pycnidiospores of
S. donacis ver. slometicols from a lesion

on Cockefoot. Note the well defined
osticle. HFagnificstion, spproximately 600.

g
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and their pyenidiospores measured. From observations on measure-
ments made throughout the year, it appeared that the season
influenced the dimensions of the spores. In view of this an
analysis of variance was carried out, comparing spores measured

in summer with those collected and measured in late autumm, with

the following results:~

Seasonal Effect on Spore Dimensions of
8. donacis ver. gtomaticola

Dimensions Summer Late Autumn
‘ean length 16491 5D «3lp 13450 2De «30n
“Mode 16.5)1 13.9!

Range 14.9 - 21.5): Fe9 =~ 16.5)1
Mean width 2.91 2.5)1
Range 1e7 = 3e3n Le7 = 3e31

Pyenidia On stalks 20 =~ 791 x 25 - 9,’91
On leaves 50 - 1lu x 65 - 1&0}1.

Authority Sampson and Western Spragur Shaw
(1954) (1950) (1953)

Pyenidia - hO-lfaO)x x uo-ll?x 60-100}1

Spores 13-291 x 3--14}1 10-291 % 1-3}1 10-2911 x 2)\




,

The zycnidla are dark brown and occur between the velins on

z

aither side of the lesion, They are round or slightly elongated
with a prominent osticls. The spores are falcate, non-sepiate
and hyaline,. On over-~wintered material a septum is occasionally
presente.

icola sporulates readily in

gculture. when comparing spore dimensions Trom culiures grown on
different medla, differences were noticed between the means. The
means were therefore statistically analysed and compared using

G

nge Test (1955}, with the following results:-

Duncan's Ha

Spore Lengths in S

Summer
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The result of this analysis shows that the differences in spore
lengths gathered in the summer and those gathered in the late sutum
wers very highly significant. In view of these findings, ths

importance of stressing the period of the year when spore dimensions

ware taken cannot e overalm
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tedisa Tomato PeDJAs Oat Corn Milk

" PO S—_TT ) 2002 e 2000220
Mean in 1739 16.73 16.04 15.90 15.18
microns

H.Bs Any two means pot underiined by the same line are

significantly different.
Any two means underlined by the same line are not
significantly different.

Expressing these results in another form shows that:i-

(1)

(11)

(111)

(iv)

(v)

The lengths of spores from colonies grown on Tomato agar
are significantly greater than those grown on Oatmeal,
Cornmeal and Milk agars.

Spores produced on F.D.A. are significantly greater in
length than those from Milk agar.

Spores from colonies grown on P.Dsde, Oatmeal and Cornmeal
agars did not differ significantly.

Spores from colonies grown on Oatmeal, Cornmeal and Milk
agars 4id not differ significantly.

Spores from colonies grown on Tomato and P.D.A. did not
differ significantly.

(b) Spore Germination
(1) On P.D.A.

The same general description of germination on P.D.A. is applic~

able to all spores which germinate within the range of temperatures
tested, that is 7° - 28°%C, The spore first swells and one or two




septa are formed. The swelling is usually confined to the ends

but this is not invariable,  ¥Within the next few hours germ tubes
develop from both ends of the spore and it very soon bescones

impoasible to distinguish the section which comprised the original
BpOTS. Latersl hyphae branch out from the germ tubss and sspia
form on the germ tubes and thelir branches.

Becauss of the inabllity to distinguish the spors soon after
geymnination and also because of the profuse hyphal branching, it was
impossible to measure the germ tube lengths after stated intervals

of time had elapsed. Comparing growth after eighteen hours, no

diffarence could be detected between growth of spores at 20° and
249C. although spores at the latter temperature germinated one and a

iek Ryl

half hours earlier. Spores incubated at 28°C. had the same ge
ation tims as those incubated at 20%C. but once they had sent out a

germ tube of several nmicrons in length they appeared almost to cease

growing and remained at this stage during the following twentyfour
hours.

At both 20° and 24°C., sporulation was observed to have occurred
after thirtyeight hours. Between fifty and one hundred spores were

s
produced in the central ton of esgeh thsllus.

’
¥
®
$ukn.

b d

nation Tine® of

Effect of Temperature on "Spore Geyrn

Se donacis var. gtomaticols on P.D.A.

Temperature in 7 i 20 24 28 - 32
é%g@%%g centigrade

Time in hours 16 12 Be5 7 8e5 e
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24

Q




{ii) On Distilled water.

when spores o germinate in distilled water they

usually send out a single, terminal germ tube which grows siraight
and unbranched for periocds of up %o twelve hours. The germinstion

time at the various tenperatures was as follows:i-

Effant of Tewperaturs on "Spove Uesrmination Time® on

nacis var. ticola in Distilled Water

Temperature in 7 1k 20 24 28 32

degrees centigrads

Time in hours 19 16 i2 i1 iz e
Growth in distilled ?ﬁi%? Was 810W. After twantyfour hours

the one oy twe terminal g@ia tubes remained unbranched and at 20°C.

and 24°%0, averaged about one hundred and £ifty microns in lengith.

(a) The Effect of Vedia on Colony Growth

Inoculation of plates was by the "spore needle-tip” ftechnique.

Duplicate plates were set up at 247 +,5%,
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4 twenty-one day old colony of
8, donascis var. stomsticols grown

m-ta-:-————va p :
at 25C. on P.D.4., dismeter = 370 mms.



v

from the reverse side the colonies are pink with purple edges.
The second generation (that is sub-cultures of the first gener-
ation) contains a few variant forms. By the time the fourth
generation is reached there are few colonies similar to the
original culture. The variants may be élassifiod into three
main types.

(i) Colonies that are more convoluted and raised from
the agar than is the true form. They are a deep yellow colour
and secreie a yellow substance into the agar so that the entire
P.DeAs plate is tinged yellow.

(i1) Colonies that are dark brown with a very siight
purple tint. The central region is convoluted into a black
"rope"” of conidia. The periphery of the colonies is lighter in
colour and more aerial, giving the appearance of a light mycelial
fringe.. Both these variants have approximately the same dimen-

sions as the true form.

{111) Colonies that consist of a central area of
vegetative mycelium and conidia from which a number of thick
brown rhizomorph strands develop radially. This variant form is
entirely dissimilar to any of the other forms.

From the above results, it is apparent that any presentation
of results of investigations on the morphology and physiology of
this pathogen are almost valueless unless acqompaniod by inform-
ation indicating the number of generations removed from fungal
isolations and the environmental conditions under which the

organism was grown.
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The Effsct of Tempersture on Colony Growth

o
o
g,

i}

Bffect of Temperature on Growith Bats of

e

S~

2. donseis var. gtomaticola on P.D.4. after Nine Days.

perature in , )
degrees centigrade| 5 11 14 17 21 24 28 32

Average colony 28 g2 118 127 138 147 i6 nil
dilametsr in nms.

The inoculum for this experiment was one generstion removed

from natural material end was grown on P.D.A. at 24°C. for four-

teen days. Maximur growth was at 2L°C. but dropped away very
sharply at temperatures higher than this. 4Above 2L°C. the
colonies lost thelr circular outline and became extremely convel-
uted. Below 24°C. the rate of growth dropped away gradually.

At 147C. the hyphae became morve aeriasl, the maximum amount being
at 5°C. so that colonies had quite a different appearance from

thogs grown at optimum tempsrature.

-
(4

£

on P.D.A. after Nine Days at 24° ©,5%C,

st g R g = ! & £z o s )
§;§§ :%ai} 59%@ %e:‘jﬁ é&téé :}a} g"?g% 5}9? ?e{;‘*‘f i}e;& Geb 5‘%&&%

¥ean colony

diameter in B0 66 128 131 136 135 1L 54 9% 95 85

NS,




igh acidity levels

causad the colonies $to be stunted, irregular in shape, and

=

convoluted. The optimum rangs for growth is from pH. L.k ~
6.7 although, outside this optimum, growth does not fall off

80 rapidly as it does for the other four fungi.
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The genus Stagonospora was erected by Saccarde in 1384.

Sprague (1950 )states that the genus Stagonospors is separable

from

with some difficulty because éi%%ﬁ%iégg of pyen-

idiospores are very similar. Iin such instances the speciss are

laft in the genus to which they have been customarily referred.
The species Stap

ubseriats was first described by

Qnospora 8

Desmazieres in 1846, He recorded finding it on Enodi

but named the pathogen Henderscnia sul hen Saccardo

created the genus Sts name of this speclies

to Stagonospora subseriata (Desm.) Sacc.

W

Grove (1935) recorded finding a distinct form of Jtagonos

The pyenidias were asrranged

HeBehe The gpores were fusiform, 35-L sepiate,

vellow with coarse contents, and 27-40 x L.8-6.5n, with a mean
aize aﬁyﬁé*ﬁﬁguA They were borne in globose golden brown pyon-
idis with walls %p in thiciness. Sprague observed that apores
varied in the degree of constiriction at the septa. Graham (1952}
points out that the degree of constriction depends on the season.
Conidia from over wintered tissue and from new spring leaves are
usually consiricted and contain large globules near the sepia.
Spores produced in culiure and those gathered in the autumn have

1ittlie or no consivictions.




cand  the varlety

Sprague (1948) compared $. subseria;
macnlata from the viewpoint of morphology, parasitic nature and
type of symptoms produced on their respective hosis, He consid-
gred the differences 1o be of such a magnitude as %o warrant

elevation of the variety maculsia to specific rank, and propossd

in ecausing a leaf dissase of cocksfoot in pastures in the middle
Atlantic States of Horth America. Roberts et al., (1952, 1954,
1556} have estimated that losses in the region, of one to two per
cent, can be accredited to this fungus Graham (1952) stated
that the fungus causes a major disease of cocksfoot in the Horth-

west reglon of the U.S.4. He found leaf lesions on almost gll

cocksfoot plants throughout the growling season and often entire
blades were killed.

The onliy formal work carried out on this organiam is %@gtlﬁy
Graham (1952), and Graham and Sprague (1953). This is surprising

s &

in view of the recognit 8 & follags pathogen

gm&
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o cuckefoot.

2

Lesions first sppear as very small watery spois. Thess
darken rapidly, almost to a black tint and at the same tine
enlarge up to five millimetres in length. (Flateld}. Young

watery lesions are vepry sinmilar to those csused by %;%;%%%%%%?%%%

gminis. As the lesions increase in size, however, they are

easily distingulished Decause thosse caused by &

greatly, whereas those of 5 culata do not. Mature lesions of

)
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PLATE 19. Leslons caused by £. msculats on the lesves
of Cocksfoot.

Pycnidiospores of 8, maculsta from P.D.A.
Hagnification spproximstely 750.

PLATE 20.



S. maculata do not develop a lighter area in the centre but
remain a purple-black colour; hence the derivation of the
common name, PFurple Leaf Spot.

Graham (1952) stated that "black pyenidia may be visible
under tl_\a raised epidermis™., Although the disease was uander
close observation for almost two years and scores of diseased
leaves were collected and examined under the microscope, in no

instance were pycnidia observed.
: is classified in the Fungi Immcu
because the perfect stage of the fungus has never been detected.
Clements and Shear (1931) elassify it as followsi-

 Fungi Imperfecti

Phomales (Sphaeropsidales.) - conidia are borne in a pyenidium

Phomaceae - pyenidia globeid, conic or lentiform, membran-
ous, carbonous or sub-coriaceous, innate,
erumpent or superficial, ostiolate or astomous,
separate or with a sublicle or stroma, which is
variously loculate, typically dark; conidia
various, borne on simple or ramose basidia,
or arising from the pycnidial wall.

Hyalophragmiae ~ conidia x-celled, oblong to fusoid, typically
with distinet septa. |

Stagonospora - pyenidia separate, innate or erumpent,

globose; conidia muticate and normal.




{a} Sporulation and Spore Description

s have not been detected on lesions in the

o
L
i;g
o
&

field. Hany lesions of varying stages of maturity and at all
segsons of the year have been c¢olliected. Detalled microscopic
examination was carrisd oul, both before and after lesioned leaves
had been subjected to varying periods of high humidity. Iesions
were ?%&@&@ out with a needls into a drop of lactophenol geid
fuchain and the resulting tlssue suspension examined under the
microscops. On no ocecasion were pyoenidia or conidia of this
fungus observed.

Zporulation in culture was not profuse and $ook three to four
vweeks to develop. It was found that this period could be shortened
by exposing five day old covered culitures t0 a W.L.782 vWestinghouse
ultra-violet lamp at a distance of fifteen centimentres for five
minutes. Pyenidia appeared after eight to twelve days on FeDshes
Cornmeal, Oatmeal, Tomaito, Halt and Carrot. agzars, also on aterile
cocksfoot and pes stenms.

The degree of sporulation depended upon the isolate. He

isolates studied wers sterils, Graham (1952) records that

%
£

culats failed $o sporulate on ‘common laboratory media,

that one of the four isclates he studied was sterile on all media.
He obtained occasional pyenidlia on Cornmeal, Bean Pod, and Alfalfa
Infusion agars, with good sporulation on doyabean, Clover Infusion
agars, and sterile bipdsfoot trafoll stems. It is possible that
the discrepancy between Graham's observations and those recorded
here is due to differences in the %?%?%E%%i&% ability of the various

gtrains studied.

o




Pyanidia produced on P.l.4A. were large and essily seen with
the naked eve. They werye Tound to vary in slze from

23%*52%% % Qﬁﬁwéﬁ%p.

Dimensions of pycnidiospores produced on P.D.A. are as

follows i~

Range ¥ode , %@aﬁ
th fgg&éé“g%%s%l ﬁ'f/’;&E}l 3 }1 w»&ﬁa f‘;seﬂl
width - - %6%?

On Pebshe the pyenidiospores are contained in reddish, globose
pyvenidia which are surrounded by a mycelial thatch. Pyenidiospores
are long and narrow, two to seven septate, with the mode at three.
They are not constricted at the sepia. The spore contents are
very granular, and the spores are pointed st the tip and blunt at
the base.

Dimensions of conidia produced on naturally diseased materisl
ave recorded by overseas workers as follows i~

Sprague (1941} Petrak %135?; cited by Grove (1935}
Sprague (1941)

2?"‘55591 4 i;sé**é‘%}l §§”§§§%}l 4 §*“‘§f;)i 2%}"*5%»{5.{ X Ge a?l




(b} Spore Cermination

Bffect of Temperaturd on Spore "Germination Timet

FPeDeA. and Distilled vater

Temperature in , ;
degrees centigrade & i5 18 2y 28 31

SGormination tine ﬁ%sﬁaéa 260 1.5 1.5 10 1e5H 1.5
in hours ; - , »

water | 2.5 2.0 20 240 2D 2ol

The above table shows thatl the "germination time " on PeDibe
was only half an hour less than the time taken for ten spores to

germinate in distilled water.

4 characteristic feature of the germination of S, maculates
ssems to be that a fow spores germinate well shead of the majority.

This rendered a critical comparison of germ tube lengths at the

various temperatures ilmpracticable, more particulsrly as the
fgermination times" wers equally short and similar.

Germ tube measuremenis were taken six hours after incculation
and g broad over all picture could be gained from them.

The comparable growth of S, maculats on P.D.4., and in

dilstilied water in the first twslve hours is understandable when
one realises that the large spore provided some nutrients in the
aarly stages of growth and so the composition of the mediun is of
'%iﬁé? impoptance at this stage.

@g@%%h,%a% slightly greater on P.J.4. at all temperatures but
the difference was only in the region of ten to fifteen per cent.
The optimum tempersture appeared 1o be 28°C. and this was closely

followed by growth at 240 and 31°C. This is surprising because
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colony growth at 31°C. is almost negligible and at 28°C. is only
a fraction of that at 24°C.

At 18°,15°, and 69C. a very slight gradation in growth could
be sesn, although at each ftemperaturs there were individual spores
developing germ $tubes of much greater length than the average germ
tube lengths at the other tenperatures.

~ Germination on both P.D.4. and in distilled water took the
form of one or two gernm tubes emerging terminally from the spore.
These tubes continued to grow unbranched for ten to twelve hours

by which time the identity of the spore had been lost,

(a} The Effect of Hedia on Colony Growth
Flates wepre inoculated by the "myeelisl fragment® technigus.
A1l plates were incubated at 24%%,5°C. and the colony diameters

measured after nine days.




Labe PeDshe
Difeo Pelohe
Carrot leaves
Cocksfoot
Gatmeal

Prune

Carrot

Pes stems

Hateyr

Cockasfoot leaves

Hoedium Hean Uolony Diameter in Hillimetres
Cornmeal §7%

169
L7

On P.0.4, the nyeeliuvr is white, aerial and dense but the

colonies do not assune the form of a leathery nat as do the other

four fungi on this medium.

Hoat oulty

ras develop a deep pink or

red colouration at the centre and in many, these cocloured areas

may occur anywhere on the colony.

associsted with these areas.

Colonies on all media were very sinm

o Pallshe

Sporulation is very often

ilar to those described

¥inor differences wers apparent, however, such as the




PLATE 21. 4n eleven day old colony of £. meculsts

grown at 24°C. on P.D.A.
Diameter = 570 nms.

PLATE 22. An enlarged portion of & thirty-eight day old
colony of S. meculste grown on P.D.A. Note
the pycnidis.




lower density of mycelium on Cornmeal and Oatmesl agars, and the

absence of colouration on many medla.

(b} The Effect of Temperature on Colony Growth

Effsct of Temperaturs on (Orowth Hate of

Se maculata on P.D.4. after

Temperature in ‘ ' ,
degrees centigrade| 5 i1 i 17 20 2h 28 32 36

Average colony , o , N
diasmeter in mms. |63 g2 182 323 416 L6 257 28 trace

Only the faintest suggestion &% growth could be detected at
36°9C,

4% 3290, the colonies were small and raissd from the agar
surface 80 that they appearsd as balls of white mycelium resting on
the agar. The under side of the colonies were deep red in colour.

The optimum temperature for growth was 24°c. and at lower
temperatures growth fell away rapidly, although at 5°C. it was still
quite appreciable.

Unfortunately, a sterile strain of 3, msculata was used in this

temperature experiment and recordings could not be taken of sporu-
lation intensities at the variocus temperatures.
Comparison of the growth rate of the Tive fungl at their

optimun temperatures for growth on P.D

grows at three times the rate of Selenorhoma donacis

ieols and six times the rate of |




fastest and the slowest growers; respeciively. In addition,

8, maculata has a much wider temperature~growth range than any

of the others.
{e) The Effect of Hydrogen Ion Concentration on Colony Growith.

Por esch g level one plate was inoculated st four, wall
separated, points and two plates were each inoculated in the
cantre. In this experinment, as with sll the other pH experi-
ments, Difoo Pe.lleA. Was used instesd of the laboratory prepared

PeDebe Hesults are recorded In the Tollowing table:i~

Effect of pd on

on P.D.A. after Fine Days at 24°#.5%,

pH 320 3ol 349 heli 5.0 569 6a7 Teb B3 Bab 940

Bean colony | 37 103 283 448 LL7 453 452 LUL7 L7 L50 439
diamater in
millinetres

integonism occuvrred in +hose plates of pH range Ll = 9.0
which were ilnoculated at four points, This necessitated the
taking of the aversge ¢f only the two plates with the single ine
oculations. Hence a slight variation can be seen from pH L4 -8.7
vhere probably none should exist., This zone of unrestricted
growth is greater Tor 3, maculats than for any of the other four
fungi.

The more acid media csuses the fungus to form larger quantities
of ﬁﬁg?ﬁﬁaﬁ,ﬁgigggigg than usual so that up %0 pH 3.4 the colonies

have very eonspocuous, large red centres.




CHAPTER V¥
THE SHASONAL SUCCESSION OF RBACH DIsEasE
A, Field Observations

Observations on the seasonal occurrence éf the various
diseases vwere made &%yﬁﬁﬂthly inﬁer%als throughout the yerieé
Hovember 1955 to July 1957. 1In the early stages, some .
difficulty was experienced in differentiating the five disecases
on the basls of sympbom expression in the field. However, by
plating out the lesions and keeginé dried specimens of similar
1@SiéﬁsV§$§ comparison it was very soon possible o identify
each individual disease.

It must be emphasised thai the survey covered all situations
under which ééﬁxsfas% acrmally grovs,. Observations were made in
open paddocks where the sheliter from sun and wind was at & min~
imum, in cocksfoot seed paddocks where the vegetation was much
more rank and luxuriant, and in sheliered areas such as undey
%?%és agé nexs to @aizéiags. Plants growing in these last
mentioned situstions were generally attacked by leaf spot fungi
0 a greater extent, presumably because the @ié?@ﬂli@a%e was more
favourable to the pathogens, Plantes were often sheliered from

the direct rays of the sun and the atmosphere was more humid.




Le General Survey of the Individusl Diseases.

(a) Leaf Pleck, caused by Mastigosporium rubricosum.

This fungus was found %0 have a very limited season. iz
Tirst appeared in mid-August, causing very severe lesioning, and
was very abundant until early Hovember. Lesions have not been
found at any other period of the year, AS demonstrated by
Bollard (1950) and verified in this work, spores of M. rubricosum

will not survive desicecatlion and so the hot, dry summer months
tend to prevent the spread and growth of spores. Overseas
reports (Bollard 1950, Sampson and Western 1952), indicate that
the fungus is prevalent in the autumn as well as in early spring.
Presumably the autumn is too dry and hot in %hé Manawatu district

for infection by this fungus.

(b} Scald, caused by Rhynchosporium orthosporum

Leslons caused by Re _orthosporum are never very common during
any month of the year, A Tew dlsessed plants have been found at
_ail times but ons cannot state any §artiaﬁia§'seas§§ as being the
peak period. Caldwell (1937) records that little disease was
evident in Wisconsin during the summer or winter. The extremes
of climate are not so pronounced in the Manawatu as in Wisconsin
and this would, perhaps, explain the discrepancy beiwsen the two

sets of observations.

(¢} Leaf Streak, caused by Scolecotrichum graminis

The peak period for Leaf Streak disease is from mid-autumm
until late spring. It diminishes in intensity during November
and in the following two monthes occurs meinly on plants which are




wi%%u

sheltered from the sun, A few lesions appear in Pebruary and

the dissase gradually bullds up in intensity, once more bacoming

wmon in April. Sporulation is not profuss on lesions produced
during the summer. The ceoler, moist autumn weather appsars to
favour sporulation.

minis caused by far the most lmportant leaf spot

disease of cocksfoot in this district. %?i%f observations in
whangarel, Auckland, wWellington, Christchurch and Dunedin at
various times of the year have shown that the foregolng siatement

iz probably true for most of Hew Zealand.

(d) Eye Spot, caused by Jelencphoma
4 few leaf spot caused by this fungus can be found at

month of the year although they are naver very comuon until the
gpring. Buring Ociober, Hovembey and Degember, lesions are
fairliy plentiful and in soms cases may coalesce to kill the entire
leaf. Oockafoot plants flower in December and January and
although lssions are hard to £ind on the leaves during these
months, they may cover the flower stalks of many plants, The
spread of pyenidiospores is malnly by rain splash and therefore a
localised "flare-up® of the dissase mey coccur during the summer

months after wet perisds.

(@) Purple Isaf Spot, caused by Sie

Lesions were not cvbserved during the winter and early springe
The sarliest this disease has been detecied was towards the end of

Hovenmber. The disease bocomes fairly common in Decembar but

lnost disappears during the next twe months. It incersases in




intensity during Harch and quickly reaches a peak, graduslly
tailing off until ¢ disappears at the end of May. Like

¥e rubricosum,S. maculats causes a considerable loes of photo-

synthetic tissue at its peak, but this peak periocd does not

last for many weeks.

The diseass susceptibllity of nineteen varieties of Cocks-~
foot was noted over a periocd of Tive months, from sarly November

1956 until mid-Mavyeh 1957, The following varieties were involwved:

Engligh Imporied
%i%%??@ 11 Sweden.
Oron Canada
Taradus II Sweden

Ve Ramekes Germany

G.8, Hetherlands
Se 143 Wales
8. 37 Wales
8. 26 wWales

Horcules Canads

Rosgkilde Denmark - Akarons UaS.h,
Brage Sweden Akaroa Hew Zealand
Daeno LI Imported e 235 Lincoln H.Z.

Certified Vevw Zealgnd

The plante wers grown as separate clones, thirty for each
variety, in & fairly open paddock and grazed down by sheep when
the majority of plants had resched a height of approzimately
eighteen inches.

The disease incidence on these plants correspendsd with
observations made for the district as a whole, except that lesion~
ing was never as severe as in the more favoursble microclimates.

puring the observation peried the weather was generally hot




and dry and considered to be unfavourable for leaf spot,
ﬁé?%l%g%%%ﬁa

in late January and February the expression of leaf spot

aymptoms was almost ﬁégzégi%iﬁ but leaf rust, caused by Uromyce:

dactylidis Otth. was very bade. In cases of severe infection

entire plants were kilied by %&i% disease.
Examination of the experimental records %%%%%% that varietliss

did not differ very greatly in thelr disesse susceptibility. The

affect of the great divergenss of growih form and $ime of maturis
between varieties was partly nullified by the experimental con—
dltions. If the gragzging had been more lenient and infreguent,

between

the time of flowering would have differed nmouve markedly

varisties and possibly would have affected the disease incidence.

In spite of these eircunmstances, all Hew Zealand lines were

affected by S, gronminis to a greater sxtent than were imported

lines. In particular, Wew Zealand Akerca was severely attacked
by this €
cent of the leaf ares lesioned., The greater incidence of infeet~

ire of the

ungus with some plants estimated as having over fifty per

fon on Hew Zealend vavietles is an interesting fealft

experiment. It may well be that . graminis in New Zealand has

bacome adapted to growth on local varietles and therefore lost its
general property of infecting all varieties %ggazzyg

Eﬁéﬁ?&@&&i plants in some lines stood out from the rest as
%@iﬁg badly dissased. 1% seems,; therefors, as %ﬁﬁ%%% resistance
is a genetical factor within varieties, Hence breeding for

' resistance could be a possible way of controlling the disease.




Be The Effect éf %@%g@?aéﬁ?@ on the Eﬁﬁ@%&%igﬁk
Period and Severity of Attack

Walker (1350) defines the incubation period as the interval
between infection (establishment of the pathogen within the host

following penetration) and the sppearance of the disease.

in order %o determine the effect of tenperature on the

incubation periocd of the fungi the foliowing experimental work

was conducted.

Hine pots of cocksfeot plants, varying in sge from elight
weeks to six months, were inoculated with a spore suspension of
rubpicosum. Similar plants were inceulated with R, orthosporum,

L B¢ BaGY 5, making thirtysixz pots

in alls In addition, six conitrol planis vere sprayed with

2

nis was not used in this experiment. On

distilled water.

culture medis 1% fails to sporulate, and when nyeelial frags
are used as incculum there iz no establishment of infeetion.
Previous work with germination of spores in distilled water

‘had shown that the "germination time® at room temperature (16° -

20%.) was no longer than eighteen hours for any of the fung
Other work had shown that, when plants were subjectsd $o high
humidity for twentyfour hours after inoculation, a very low incidence
of disease pesulted, whereas, after fortyeight hours of high humidity
disease incidence was high. It was postulaied therefore, that
infection should have been established within fortyeight hours from
the time of inoculation.

All fortytwo pots of cocksfoot were kept under high humidity

for fortyeipght hours and then removed to tempersture cabinets.




These cablnets were held at tenps

ratures of 179, 24° and 28%,
being four

Into each cabinet were placed fourteen ;@%gg these
plants inocculated with each %?%%aia& and two control plants. Beth
young and ¢ld plants were held at each temperature so that age

effect, if any, could bs recorded,.

%&@%%‘éayg after inoculation (that ig% one day éf%@% gzgaéag
the gi&ﬁ%g in the temperature cabinets) minute, water-sosked
areas sppeared on all inoculated plants held at temperatures of
17° or 24°C, %%%%§§~%§%§@g§%§§ hours theso areas turned brown
in %@%kééﬁif% and developed into the typleal losions of the disease.
Disease ineidence was severe at both these lempsratures, perhaps
slightly more so at 17°C,, and within ten days of manifestation,
resulted i%y%ég death of those leaves which were badly infected.

?&& age of the plant 4id not appear %é affect 1ts susceptibilisy
to the fungus.

Hone of the plants held at 28°C. developed lesions over the
next twentyone days. One pot was removed on the fourth day and
placed again in the humidity cabinet at room temperature. Five
days later (that is, nine days after incculation) a few lesions
wepe seen. Apparently a tenperature of 28°C. inactivates the
pathogen but does not kill it immediately.

(b) Secald (Rhynchosp oz ,

The earliest evidence of infection sppeared fifteen days

after inoculation. Like M. pubricos fungus ecaused the

appearance of symptoms simultaneously at tenperatures of 17° and

24°C. and was equally intense on both o0ld and young plants. On




no plant, however, was infection severe, seven or eight lesions

per plant being the maximum. Yo disease was observed at %%ﬁﬁgg

evan after twentyone days

() Eye spot (Selenophoma donaci
Symptons of the disecase were discernable geven davs after
inoculation at both 17° and 24°%C. The disease took the form of

small chlorotic areas which developed into the characteristic eye

spot within three to four days of first appearing. A% neither
temparature wers there many leaf spots. \§%i§ seems 10 be a chay-

acteristic of S donacis var. gtomaticols as i@?&%ﬁiﬁ@ in é%%

. £ield never approximates the ilmportance of the other diseases.
This disease became apparent at §%§$a/%ﬁﬁ to %%%?%% %&§% after
inoculation. Infection was slight, there being only five lesione
noted on the three plants inogulated. |

| Six days after inceculation, diseass symptoms were noticed
simultanecusly at both 170 and 24°C., Two days later the disease

Infection vwas 8o severe at

was perceptibvle im the 28°C. se
the twe 1@@@? tenperatures that ﬁ%ﬁ? of the lesf blades were

k¥illed. At 28°C., plants were only moderately diseassd.

2« Disgcussion

e e

The principal comment that can be mads on the above resulis
is that temperatures of 17° and 24°C. equally affect both the
incubation pericd and severity of atitack for each organism.

as the only exception as 1t was slightly mores path-

ogenic at 17° than at 2490. This is understandable when one
realises that the mazinmun growth temperature for this fungus in

pure culture is not much above 24°0,.




Be rubricosum was the slowest growing fungus on culture

medla and yet was the first to cause manifestation of the disease.
Obviocusly the retarding effect of the host plant ie nogligible.
w,on the other hand, is almost as slow growing as

gosum but at 17° and 24°C. it takes fifteen days to com-~

plete the incubation pericd. The preaction batween %@%%’%ﬁé path~

> %%:% @?i &

Ogen must be considerable to cause this delay of expr

ta have faivly similasr

incubation periods at the two lower temperatures, but the effect
of the host must be a great deal more inhibitory for the latter
pathogen because it has a quicker "Spore germination time", and

grows very much faster on culture medig.

As would be expected, those fungi which did not grow

28, on culture medis 4id not develop in the host,
‘ 5 which has a maximum growth temperature slightly

grows quite vigorously at 28°C. on culture media and was able to

gauses moderate infection &t the higher tenmpsratures.

Although only one aspect of the environment, namely temper-

ature, has been studied, i1t is interesting to note that . maculata

and 3. graminis are the dominant fungl over the summer, provided

the condlitions are not 00 4dry.

common up until late Decembsy and then falls in disease intensity

over the sumer, H. rubricosunand B, orthosporum are not warm

wéather fungi and so the former, in particular, is restricted to

the moist, relatively cool spring.
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Bange.

The following is the list of new hosts reported since Spragve 1550,

rubricosum. (Dearn. and Barth.) Sprague

ag?&% i3 aequivalvis Alaska, Sprague.:

borealis Alaskas. Zprague.

jalmagrostis nutkaensis Alaska. Sprague.

Phleunm alpinun Alasks. Sprague. .

un orthosporum. Caldwell.

Agrostis exsrats Alasks. Sprague.
%3&@%&3?&% arundingesus U.S.A. Helners.

amasgrostis canadensis var. scabra Alaska. Sprague.
Lolium remotum U,S.A. Meiners.

Fekl.

Agropyron latiglume Alaska. Spragus.

A sericeum Alaska. Sprague.
Ae trichophorum. Meiners.

Ae %&gya a var. ampla Alsska. Sprague and deiners.
%f&%&g?%%%&% latifolia Alaska. Sprague.

Hordeun brachyantherum Alasks. @§%a%§%g
Puccinellia pauperculs var. alaskana Ailaska. %@?%ga@%

(Bauml. } Sprague and A.G.Johnson.

Agropyron scabrun Aust.®
Ae trachycaulum Alaska. Sprague.
Aa wheat hybrid Aust.

Amphibromus neesii Asust.

Anisopogon avenagesum  Aust.

Aristide vagans Aust.

Avens fatua (afada. Conners and Savile.
Danthonia caespitoss Aust.

e 3@22&&% Aust.
Do penisililata Aust.
De ramosas Aust.

Deschampsia canthonioides U.S3.4. Sprague and Meiners.
Deysuxis monticola var. valids Aust.
Dichelaaime ravre Aust. Shav,

% Hew hosts of 3, dc X nat ia noted in Australia
but with no authority quoted were ?@3§?§@§\§% page 102 of
the Agricultural Gagette of Hew South wWales, Feb. 195k,




Micerolaena stipoidss Aust. Shaw.
Heurschne Huelleri Aust. Zhaw.

Pog caespitosa Aust. Shaw.

Ps stenantha Alssks. 3pragus.

Puceinella paupercula var. alaskansg Alaska. Sprague.
“?é?égﬁiﬁﬁ capensis Aust. Shaw.

Be elongatus Aust,. Shaw.
8tipa aristiglumis Aust. Shaw.
Se variabilis Aust. Shaw.

Tristunm spicatum Alsska. Spragus.
Triticum vulgare Aust. Shaw.
?@Eﬁia Myuros Aust. Shaw.
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