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1.

INTRODUC TTON.

The ornamental zinnie (Zinnie elegans Jacg.), is one of the most popular

of the late summer and autumn flowering ennuals. The species origineted in
Mexico as a simple-headed flower type, and waes later introduced to North America
and Hurope where new types were quickly created offering great variation in
plent form and shades of blooms, In New Zealand the zinnia is particularly
popular, being in great demsnd as a bedding plant for use in home gardens and
public perks. Seedlings are rsised commercially by nurserymen from seed
imported mainly from Burope and North America.

There have been widespread reports throughout New Zealand in recent years
of severe losses in zimmia sowings from a disease characterised by post-emergence
damping off due to stem lesioning at or above ground level, and severe spotting
of foliage. Nursery conditions created by dense sowing, and the meintenance of
high humidity within boxes by overhead watering seem to be conducive to rapid
build-up and spread of the digease. Attacks have frequently been so severe as
to render complete sowings unsaleable.

The only foliege disease of zinnias recorded in New Zealsnd is Alternaria

leaf spot caused by the fungus ALUERNARIA ZINNIAR PAPE (Dingley and Brien 1956).

In this report the authors describe symptoms on the foliage and stems of adult
plents, and state some of the morphological end yhysiological properties of the
casual organism. No menticn ig made of symptoms having been found in this
country on seedlings, although they state the disease has been reported overseas
as being seedborne, and causing a seedling blight as well as leaf apot symptoms
on adult plants.

Disease outbreaks in seedling zinnis sowings have been frequently
experienced by New Zealand nurserymen using sterilised soil, in seed imported
from countries where Alternaria leafspot is well established. This suggested
the possibility of such outbreaks being, in fact, a seedling phase of Alternaria
leaf spot, the source of primary inoculum being the seed. In preliminary

experimental work isolationg from infected cotyledons and seedlings showing

post~emergence damping off due to stem lesioning, consistently yielded a species c



Alternaria identical in all reapects +to Alternaria sinnise isolated from

foliage lesions of adult plants. Mature plants incculated with Alternaria
isolates from naturally diseased seedlings produced leafspot symptoms identical
with those commonly observed in field plantings of zinnias, and caused by

Altermaria zinniae. Observations and preliminary experimentation thus

warranted the hypothesis that in New Zealand there is one Altermaria species
pathogenic to zinnias end capable of c¢ausing infection of both seedlings and
adult plenta, the primary infection arising from the use of imported seed carry-
ing viable inoculum of the fungus.

Alternaria zinnise was first reported from Denmark in 1902 by Rostrup

(Baker and Davis 1950), and has since been recorded from many other countries.

In spite of the wide distribution of the disease and frequent reportas of severe
losses there have been very few detailed studies of the diseage and casusl
organism, The most notable of these are papers by Pepe {1942), Dimock end

Osborn {1943), Neergasrd (1945), and Baker and Davis (1950). Moreover, a study
of these papers reveals major gaps in knowledge of the pathogen, and also several
conflicting statements concerning the mode of secondary spread of the fungus, the
method(s) by which the ceusal organism may overwinter, end in particular, the
precise mode of association between pathogen snd seed.

In view of the considerable economic importance of Alternaria leafspot of
zinnias in New Zealand, the fact that virtually all seed used for New Zealand
sowings 1s imported, and the absence of any investigational work on the disease
and its causal organism under New Zealand conditions, a study was carried out
between January 1963 and November 1964 at Massey University of Manawatu, the
main objectives of which were:

1. To define symptoms of the disease on seedlings and adult plants.

2. To study the morphologicel and physiological properties of the causal

organism on culture media.

3. To determine the method(s) whereby the pathogen may overwinter.

4. To study the seedborne neture of the disease.

5. To develop & practicel method whereby seed may be screened for the

Pressnce of viable inoculum.



To determine the health status of zinnia seed imported to New Zealand
dQuring 1963 end 1964.
To investigate the possibility of controlling Altermaria leafspot

digsease in New Zealand by use of an appropriate seed treatment.



MATERIALS AND METHODS,

The materials and methods used in each experiment are described in detail
in the appropriate sectionas. Techniques and materials used in several sections

are described here and media components outlined in Appendix I.

1. LABORATORY TRCHNIQUES.

MEDIA PREPARATION,

1. Artificial media.

Stocks of potato dextrose agar (PDA), prune agar, and water agar were
prepared in two litre gusntities, autoclaved, and stored in 250ml. flasks
(approximately 150ml per flagk) stoppered with cotton wool. These media were
prepared from Oxoid and Difco preparations dissplved in distilled water. Other
artificial media were prepared when required for specific studies.

2. Water-soluble plant extract media.

Autoclaved and non-autoclaved.

Both were prepared from natural plant tissue, and the water extrazt
added to 2,4} water agar. The flasks were stoppered with cotton wool and
stored at 10° ¢ wntil required.

3., Natural media.

Plant tissue was fumigated with chloropicrin and transferred aseptically
to sterile petri plates. 1.2% water agar was poured into each plate over the
plent tissue. Plates were stored at room temperature for at leastten days to
allow the chloropicrin vapours to dissipate and growth substances from the plant
material to diffuse through the agar.

Propylene oxide would have been a preferable sterilant to chloropicrin,
but was unfortunately not available in New Zealand. Propylene oxide is a less
severe gterilant, having lags effect on orgesnic plant components then

chloropicrin or heat and has the advantage that plates may be poured prior fo

sterilisation, thus reducing the risk of contamination.



POURING OF PLATES,

The fungus was cultured in the laboratory in petri plates $.5cm in
diameter. 15 to 20ml of medium was used in each plate, allowing approximately
nine plates to be oktailned from the 150ml of media stored in easch flask. The
pouring procesz was carried cut under normal conditions of asepsis. This involved
flaming the neck of the flask and lifting the 1id of the plate directly over the
bottom during pouring, to reduce the chance of aerial spores contaminating the

media.

METHOD OF INOCULATION OF NEDIA.

Initial difficulty was experienced in finding a suitable inoculation
material for culture studies. Single spores and mycelial fragments proved
unreliable end it was decided to use a circular piece of inoculum from the
fringe of a scraped, 10 day culture. The piece was cut from the culture with
a bum diameter corkborer. The digc was transferred to the plate to be inoculated
using a flamed needle, and placed upside dovn in the ceéntre of the plate so that
the fungal mycelium was in direct contact with the agsr surface.

MEASUREMENT OF COIONY GROWTH ON CULTURE.

Inoculation of plates by discs of agar allowed linear increase in
growth with respect to time. Because of this linear rate it was necessery to
measure the colony diameter only after a specific period ~ usually 10 days.
Colony size was recorded in mm. Two measurements were taken, at right angles to
each other, and the average recorded. In all measurements bmm was subtracted

from the total %o account for the dismeter of the inoculum disc.

PRODUCTION OF SPORES FOR INOCULATION AND STUDY.

Alterneria zinniae appears to be a difficult laboratory organism

because of its reluctance to produce, under ordinary cultural conditions,
sufficient quantities of wniform spores for inoculation experiments. The

development of a suitable method for quick and certain production of spores

Wag Neaessary -
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l. To determine the conditions under which mass spore production could be made
to occur artifically.
2, Tor the identification of the fungus growing from plated tissue and seed.
3s For production of adequate numbers of apores for inoculation and infection
studies.

No satisfactory results were obtained from methods such as cutting
up and mixing the culture in petri plates (Von Rands & Kunkel 1940); Klaus 1940

as used for Altemaria solani E1l. and Mart.). However, a modification of a

method for inducing sporulation of A. soleni (ILudwig, Richardson & Unwin 1962)
gave falrly good results. This method consisted of scraping cultures with a
glass slide and washing the culture surface under running water for twelve hours.
It was found necessary to place a layer of cheesecloth over the plates to keep
the medium in place during this washing process. The cultures were then cut,
uging a Smm corikborer, to provide a large numher of agar circles which were
removed from the culture with a needle and placed mycelial face upwards on the
inaide of a petri plate lid. 4 circle of filter paper was placed on the bottom
of the plate, moistened, and the 1lid replaced. The agar circles were held for
48 hours at room temperature to allow full production of spores along their
periphery and also to & lesser extent on the top of the surface mycelium, The
spores were readily removed by Jetting distilled water from a plastic washbottle
onto the agar circles and collecting the dislodged spores in suspension in a
tegt tube.

This "agar circle®™ method, though tedious, provided spof'e numbers
sufficient for positive identification of A, zimniae and for spore measurement
studies of isolates grown under different media, temperature, and pH conditions.

In later work, however, ultraviolet light was used to provide high
concentrations of spores for plant inoculation end inoculum potential studies.
The culture surface was scraped with the end of a glass slide and washed in

_running water for 12 hours. The open plates were then exposed to ultraviolet

lJight for one minute. They were then stacked on a tray in =n inverted, slanted
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position, so that each plate was partially closed by the bottom of the plate
against which it leant, Teis arrangement appeared to provide optimum
humidity conditions for sporulation. The plates were incubated at 28°C in the
laboratory. A velvety layer of spores could be seen covering the agar surface
within 36 hours. These were waghed off using a washbottle Jet. A fine camelhair
brush was also used to ensure dislodgement of all spores present. The plates
were thenrestacked as before. This method had the advantage over the "agar
circle" method in that several successive crops of spores could be harvested at
one to two day intervals until the medium became too dry. Although eseptic
conditions were not maintained in this process conteminetion was not found to
interfere with inoculation or spore germination studies.

When not required for immediate use the spores in auaspension were
collected on filter paper by suction through a Buchner funnel, air dried and
stored in closed petri plates at 10°C. Under these conditions the spores were
found to retain their viability and pathogenicity for at least six months,

The use of a detergent to help in dislodging spores was satisfactory,
provided that spore concentration measurements only were reguired. It was not
used if the resultant spore suspension was required for plant inoculation as
detergents appeared to reduce spore germinatioﬁ and viability, and to heve a
delaying effect on disease manifestation in inoculated plants.

In all spore studies concentrations were expressed as spores/ml, The
original suapensions were centrifuged at 1500 rpm for 10 minures and the spores
resuspended in 10ml of water to obtain comparable meagurements in all cases.
The concentrations obtained by the UV method were up to 350,000 sporea/ml

from each plate.

METHODS OF ISOLATION OF THE FUNGUS FROM HOST TISSUES.

A. Isolation from spores.

Diseased plant material was arranged on a glass slide and placed in

the bottom of a petri plate which had been lined with filter paper. The filter
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paper was moistened with distilled water to allow maximum humidity to develop in
the petri plate whén the 1lid was replaced, The plate containing the tissue was
held at 28°C for 48 hours, and the tissue examined under a 50X binocular mi cTosco]
Sporulation was invariably evident, but if the spores were not completely
developed the petri plate was replaced in the incubator for a further 12 hoursa.
In most cases an incubation period of 48 hours wae sufficient to allow the full
development of spores. Isolates of the fumgus were then obtained by removing a
gingle spore from the tissue surface,using a flamed needle, and placing it in
the centres of a plate or test tube glope of FDA.  Spores growing in regions
relatively free from other contaminents were chosen for isolation. In scme
inatances (e.g. discased gtem or root tissue) it was necessary to cut the
lesioned area medisnally before incubation. Thig induced the fungus to sporulate
along the cut surfsce, whereas it was often loathe to sporulate on unwounded
areas of the tissue. The presence of spores on the edge of a cut surface was
also convenient in allowing them to be more readily removed from hogt tissue
and legsened the risk of dislodging conteminemts along with the spore.

B. ISOILATION AS MYCELIUM.

An alternative to the more usual method of isolation from tissue by
single spores was to plate diseased tissue pieces to agar and allow the fungal
mycelium to grow out into the medium. In most cases 0.1/ mercuric chloride
solution was used as a gurface sterilant to kill contaminants present on the tiss
before plating. 4n immersion period of 1 win. was found to be sufficient for thi
purpose., In some cases severe washing of tissue pieces in running tap water for
6 hours wag used to remove surface-borme contaminants.

Small pieces of tissue about lmmz, cut from the Jjunction of healthy
and diseased tissue on the periphery of the lesion, were used for plating to ager
Tissue from this area was used in an endeavour to obtain isolation pieces in
which the furgus was actively growing and invading healthy plant cells. It was

less likely that saprophytic fungi and bacteria had been able to colonise such

areas to any great extent. The tissue pieces were placed on a muslin squere and

the corner ]
5 of the muslin drawn together and secured with a rubber band.
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The muslin bag so formed was then placed in a beaker for washing or immersed in
0,1% mercuric chloride for lminute. The muslin bag was removed from the mercuric
chloride or washing water, opened and 1lsid out on sterile blotting paper to dry
for 2 hours. During this drying period another sheet of sterile blotting paper
was placed over the muslin to reduce the chance of contamination of the tissue
vieces by aerial spores. When dry, the tissue pieees were transferred asepticall
to prune agar., Five tissue pieces were placed on each plate. Prune agar was used
for plating because its pH (pH5.5-5.7) is such as to effectively inhibit the
growth of bacteria associated with plant tissue. The plates were incubated at
28°C for 3 days and reisolation of the fungus growing out of the tissue to fresh
plates of FPDA was then employed to obtain the fungus in pure culture.

This tisaue plating technique was used in ceses where the fungus was
loathe to sporulate directly oh host material gubjected to high humidity. In all
other cases, where sporulation readily occurred directly from host tiassue,
igolation by single spore inoculation of plates wasg used, since this method was
less tedious and gave gquicker results. The tissue plating method was especially
vseful for the isolation of the pathogen from infected root tissues and from debrii
of infected plants which had been buried in the soil for several months.

Unleas specifically stated, the funpgus was isolsted from host tissue by

means of single spores.

24 ZINNIA PRODUCTION IN THE GLASSHOUSE.

The soil used for all seed sowings in the glasshouse was steam
sterilised and contained loam, peat and waghed send in the ratio 2:1:1, plus
% oz. superphosphate and 3 pz. ground limestone per bushel. Seedboxes
127 x 9" x 3" were filled with this so0il to within 1" of the top and the bozea
placed in open flat trays containing weter to woisten the secil prior to sowing.
Soil was considered to be suitably wet when patting the gurface with the hend

produced a slurry. The boxes were then removed from the trays and allowed to

drain for ten minutes. The soil was made reasonably firm in each box apg
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levelled with a short piece of timber which was dragged over the soil surface.
Seed was lightly scattered on the surface and covered to a depth of abouf 3"
with finely sifted loam, Further consolidation of the surface was then
carried out to allow maximum contact between soil and seed. The boxes were
lightly watered with a mist spray and placed on the glasshouse bench out of direct
gunlight., Approximately 200 to 250 seeds were sown per box.

The geed germinated in about three deys depending on temperature, and no
further watering was carried out until full emergence had occufred (7 to 10 dsys).
In the early stages of growth watering was carried out by misting, but when the
plants were fully established the water was applied directly onto the soil
gurface.

Plants were pricked out when 13 to 2" high into a transplanting soil
mixture containing loam, peat and sand (7: 3: 2), 1 oz lime/bushel and Loz/bushel
of a baglc fertiliser mixture conteining 2 parts superphosphate, 2 parts dried
bloocd and 1 part sulphate of potash. In most cages trengplanting was directly
into pots. This operation was carried out allowing as much s0il as possible to
adhere to the roots.

when they were beginning to bud the plants were pinched back to allow the
deve lopment of more leaves and flowers per plant.

Overwatering was evolided at all stages of growth to allow wmaximum root
development. In general no supplementary nutrients were added to pots during
the growth period.

Sowings were made every three weeks to provide sufficient numbers of plants

in all stages of growth for experimentation.

3. GLASSHOUSE MANAGEVENT AND DISEASE CONTROL.

During the summer months some difficulty was experienced in keeping the
glasshouse temperature down to moderate levels in the heat of the day. Histing

the inside of the roof and walls, and the opening of all vents wag effective to

a certain extent. On very hot days (over 85° F glasshouse temperature) it was
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found necessary to pour water on the floor and bénch surfaces to maintain
temperatures cool enough for plant growth,

In the winter, thermostatically controlled electric heaters mounted below
the benches enabled the temperature to be kept above 55° F and allowed plant
growth taroughout the winter wonths.

The mein insect pests present on the plants in sufficient numbers to
require control measures were white butterfly larvae, aphids and red apider mite.
These were controlled by Derris dust, lLindane dusts and Azobenzene "Fumite" smokes
reapectively. Aphids were by far the most troublesome and during the summer and
avtum dusting was carried out every week. Once a fortnight a commercial size
"Nexa" ¥ strip was burnt in the glasshouse as a fumigant for general purpose
insect control.

The only fuhgal disease of any consequence was Botrytis cinerea Pers. ex Fr.

This was controlled by bumning a "Pumite" bomb in the glasshouse when outbreaks
oceurred. No special meesures for the control of A. zinniae were employed except
care to prevent direct watering of leaves and the removal of any.infected plant
tissue. Cenerally the removal of the cotyledons of all plants during trans-
planting was sufficient to keep the disesse at a low level.

After use all boxes and pots vwere soaked in cold water for 24 hours and
then scrubbed to remove adhering soil. They were then soaked in a 1% formslin

solution for 24 hours prior to stacking and subsequent reuse.

+ "Nexa": The trade name of an I.C,I. product
containing lindane as its bagic
ingredient.,



4o PLANT  TNOCULATION  TEOHNIQUES.

The following inoculetion methods were successfully used in glass-

house experiments carried out over a wide temperature range {60-85° F):-

1. A drop of spore suspension was placed on the flat portion of leawes
using a fine nozzled dropper. This method alse proved successful in stem and
flower inoculation experiments. All controls were inoculated with drops of
sterile distilled water.

2. Plant parts were atomised to run-off point with a spore suspension
by uge of a "Windex" sprayer of the plunger type. Controls were sprayed with
sterile distilled water.

3, Mycelium on blocks of ager approximately z" square were placed,
mycelial side downwards, on the surface of leaves and stems. Controls were
inoculated with clean sgar squares.

All plants were then placed in & glass-walled inoculstion cabinet
for 48 hours following inoculation. There wass no critical control of temperaturs
and humidity during glasshouse inoculation experiments. In general the
temperature was kept down by maintaining air movement through the glasshouse
by leaving all vents open during the day. Humidity was kept as near to 10Cj
as possible by spraying the plants and the interior of the inoculation cabinet
with a fine gpray of tap water at frequent intervals during the day. The
cloging down of the houge and the uge of electric heaters at night maintained
the temperature at or sbove 55° F. These temperature and humidity conditions
were continued for 48 hours following inoculation, and the plants were then
removed from the cabinet and placed on the glasshouse bench. Recording of
gymptoms, percentage infection, and subsequent reisolation were carried out
10 days after inoculation, unless otherwise stated.

The three different methods of inoculation gave comparable results

in preliminary experimentation. The results of this work are recorded

in Table 1.
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TABIE 1. COMPARTISON OF HMETHODS OF ARTIFICIAL INOCULATION (F ° PLANTS,
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This experiment demonstrated that there was no appreciable difference

in the percentege infection obtained by each of the three methods. In most
experiments methods 1 and 2 were used as they were both more convenient and more
comparable to infection under natural conditiona.

In plent inoculation experiments requiring ecritical control of both
humidity and temperature, a sealed room which could be maintained at all
temperatures from 65 to 85° F (+ 2°) by means of a fan heater attached to a
thermoatat was usged. Humidity was kept at levels renging from 75% to 90% by
placing shallow traya of water in front of the heater, and by placing the pots
containing inoculated plants in trays of water. A thermograph was used to record

the temperature and relative humidity conditions throughout critical experiments.,

5. METHOD AND ASSESSMENT OF ZINNIA SEED GERLKINATION,

The ultimate aim of testing for germination was to zain information
on the field planting value of the seed and to provide results which could
be used to compare the value of different seedlines and treatments.

Germination is defined as "the emerpgence and development from the
seed embryo of thoge essential structires which are indicative of their ability
to produce normal plants under favourable conditions.” (Iithgow. 1956).

It is thus not correct to regard the number of sprouted seeds as representing
the germination of each sample, but only seeds producing normally developed
healthy seedlings. In this study normal seedlings were considered to have
either of the following features:-

1. BSeedlings free of decay, with rormally developed and attached
cotyledona and rooisg.

2, Beedlings free of decay, presenting a normally developed root but
having small portions of one or both cotyledons broken off.

Abnormal seedlinga, which were not counted in the germination percentage

for each seedline, were considered to have one or more of the following

deformities: -~
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1. Poorly developed at the end of the test as a result of slow germination
due to low wvigour.

2. Broken sprouts, including seedlings with one or both cotyledons
missing, and seedlings having a portion of the root missing and where subsequent
growth of seminal roots did not occur by the time of the final cowmt.

3. Unhealed cracks or breaks on the hypocotyl or roots, that extended into tl
conducting tissue.

4, Roots or leaves which were injured to such an extent that the injury
prevented their normal functioning.

5. BSeedlings which, at the end of the germination period, showed practi~
cally no sign of growth even though the seedcoat may have burst, regardless of
whether or not the cotyledons were coloured green.

6. Weak unhealthy shoots or roota.

7. Deformities such as rolling up of the cotyledons or hypocotyl.

8. Seedlings developed abnormally owing to seedborne digease, provided
that there was no evidence that infection took place from a neighbowring
infected seed or seedling.

Laboratory germination of zinnia seed was carried out by the "folded
towel" technique as described by the Intermational Seed Testing Association.
The germination temperature was 25°C, and interim and final counta were made
3 days and 7 days respectively after the commencement of the test.

Two blotters,.each with 100 seeds, were used for sach sample teated.
Folded blotting paper was used as the substrate, the seed being spread
sufficiently to prevent the seedlings from coming into contact before they were
counted and removed. The folded blotters were enclosed in moiastened towelling
to maintain the level of moisture needed to supply the requirements of the seed.
The towelling and enclosed blotters were placed on a sheet of plaatic which
served as a base to support the sample during the test period.

Most of the germination tests were carried out at the Seed Testing

Station, Palmerston North, but some tests were carried out at Massey University

of Menawatu, by using a 25°C incubator with a glass door as a germination cabinet.



In all cases the average number of normsl seedlings obtained
from each of two lots of 100 seeds was recorded as the "germination

percentaget,

16.
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Introduction.

The morphological and physiological characteristics of A, zinniase isolated
from naturally infected zinnia plants in New Zealand were studied on artificial
media in the laboratory. Special consideration was given to conidial production
by the fungus on different culture media to determine whether any of the medis
studied allowed relisble and prolific production of conidia which could be used
for plent inoculation and disease cycle studies.

Inoculation gtudies were undertaken to determine whether A zinnise was

pathogenic to all parts of plants of Zinnia elegans (roots, stems, cotyledons,

adult leaves, blossoms and the seedcoat). This study was felt necessary because
there doea not seem %o be any work to date proving the pathogenicity of
A. zinaiae to all these host organs. Proof of pasthogenicity was determined
using Koch's Postulates and supplemented by spore measurement studies.

The taxonomy and nomenclature of the fungus causing Altermariosis of

zinnia were also considered.

A. ARTTFICIAL MEDTA STUDIES.

1. INFLUENCE COFF MEDIA TYPE ON CULTURAL FEATURES AND GONIDIAL PRODUCTION
OF A. ZIKNIAE PAPE.

Species of the genus Alternaria usually grow well on artificial media,
A. zinniae is no exception, but there are reported inetances where difficulty
has been experienced in inducing sporulation of the fungus on culture media
(Dimock & Osborn 1943, KcDonsld & Martens 1963). Dimock 4 Osborn report that
'Sporulation has been very poor on all culture media tested, including potato-
extract agar, PDA, bean agar, oatmeal agar, pea agar, cornmeal agar and water
agar." Neergaard (1945) slso notes the difficulty of maintaining sporulation
of isolates of A, zinniae after geveral weeks growth on artificial media.

Accordingly, studies were undertaken to determine which media were most

suitablé for (a) growth, and (b) sporulation of A. zinniae.

A total of 18 autoclaved media, & natural media and 7 plant extract media

were investigated and the morphology and sporulation capacity of the fungus on
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each media type recorded.

To avoid alftering the composition of natursl media by subjecting them to
high temperatures by autoclaving, chloropicrin was used as a surface sterilant.
Propylene oxide has been used overseas (Klarman & Craig 1960) for this purpose,
but was uwnfortunately not available in New Zealand.

Snyder & Hansen (1947e, 1947b} outlined the various methods of using natural
host material as media for fungal culture.

Details of the preparation of the 31 different m=dia used in these studies

are recorded in Appendix 1.

(a) Artificiel media.

All artificiel media were prepared in 250 ml lots sometime before they
were needed and stored in flasks in the refrigeretor. Vhen required they were
heated in a steem bath until liquefied. Before pouring into petri plates the
media was cooled in a water bath at 45-509 C.

(b} HNatural media.

The advantages obtained from the ugse of natural media may be due to
small smounts of essential vitemins and growth substances present in the natural
plant material used.

Natural media were prepered from plent material, which waa suspended in
1.2/: water sgar. Pleces of plent tissue were placed in a dessicator containing
2 ml. of chloropierin for 24 hours. The material was then transferred to
sterile petri plates end covered with 1.2% water agar. The agar was allowed
to solidify and the plates stacked in an inoculation cabinet for 10 days at
room temperature. This allowed diseipation of any chloropicrin vapour from
the plates and also allowed time for the diffusion of any orgenic material or
growth substances from the surface of the plent tiassue into the agar.

{¢) Plant extract media.

Natural plent material was placed in a Varing blender and finely

macerated in 50 ml. of distilled water for 15 minutes at 2,500 rpm. The

regultent slurry was filtered through two layers of cheesecloth to remove
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most of the fibrous material and then put through blotting-maper-mache filter.in
a Buchner funnel. %The total volume wes then increased to 200 ml. using sterile
digtilled water. The guspension wag filtered aseptically through a Seitz-Werner
filter to remove any fibrous material and also any bacterial and fungal con-
taminents. The filtrate was transferred aseptically to an autoclaved flask con-
taining 100 ml. 1,2% water agar, and the flasks stoppered with cotton wool.

This allowed the preparation of water soluble components from natural plant
tissue in water agar. When required the flasks were heated in a steem-bath to
liquefy the agar and the medium held at 45~50° C. in a waterbath ready for use.
Patri plates were labelled with a random number corresponding to each
medium type. Approximetely 20 ml. of medium was poured into each of 5 plsetes
and allowed to solidfy at room temperature. Rach plate was inoculated with a
bm circle of the fungus obtained from the periphery of a 10 day old culture
of 4. zinniee grown on FDA.
Following inoculation the plates were incubated at 28° G. Average measure-
ments of colony diameter were recorded for each media after 10 daya. Results of
cultural characteristics and conidial production were also recorded. ZExperiments

vwiere repeated wntil uniform results were obteined.

Average colony diameter and deseription of colony characteristics

are presented in Table 2,



NORPHOIOGICAL CHARACTERISTICS (F 10 DAY OID CULIURES CF

TABLE 2.
A, ZINNIAE ON DIFFERENT MEDIUM TYPES.
TYPE OF COLOEY  COLONY COLOURATION MICELIUM COIONY COLONY AERTAL pH
MEDIUM. DIAMETER Lower Uppersurface DENSITY SHAPE OUTLINE MYCELIUM
surface
Centre fringe

A. ARTIFICTAL AUTOCTLAVED MEDIA.
Difeco P.D.A. 78 B DG, ¥ 4 R E 4 5.
Oxpid P.D.A. 84 B-Br. DG 7] 3 kR B 4 He
Iab. P.D.A. 86 B DG, W 4 R E 4 He
Prine agar 79 Br, Br. W 3 R D 2 5ot
Water agar 80 W w W 1 R D 0 4.5
Nutrient agar 71 W W W 3 R D 5 6.7
Czapek-Dox agar, 82 B G-GR W 4 R E 3 6o €
Mycological

peptone agar, 45 Br. G-GR W 4 R b 2 5.€
Sabouraud agar. L3 B G-GR kg 5 R E 2 5.5
Cornmeal agar e B DG W i R E 1 Bed
Soil agar. 82 W W W 2 R D 0] 6.2
Malt agar 48 B & W i R B N 5.9
Oatmeal agarx 86 Br. Br. W 3 R E 2 6.3
Tomato-juice agar 64 B G-GR W 3 R E 4 5.6
"G Y.E. agar 62 B G-GR W 3 I D 3 6.2
V8~ juice agar 71 B Lz Iz 5 R E 5 4.3
Dextrose agar 84 1Br. Iz W 2 R E 2 6.8
G.L.P.A. 3 B G L 5 R E 5 6.1

(Continued over)
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TABIE 2 (contd, )

Type of COIONY COIONY COLOURATION MYCELIUM CCLONY GOIONY AERTAL pH.
MEDI UM, DIAMETER Iowexr Uppersurface DENSITY SHAPE OQUTLINE MYCELIUM
surface

Centre Fringe
B. NATURAL MEDIA,

Zinnia blossom agar B84 B G=-GR W 1 I. D 1
Zinnie leaf agar 87 W W W 1 I b 1
Zinnia seed agar L6 B DG w 2 I E 3
Tobacco leaf agar 71 B G W 2 R E 3
Tomato leaf agar 76 B jred W 3 I E 4
Iettuce leaf agar 77 B G 114 3 R E 2
C, PLANT EXTRACT MEDIA.
Zinnia blogssom agar 83 B (=GR W 2 R D 2 6.6
Zinmia leaf agar 8L B G-GR W 1 R D 2 6.9
Zinnia seed agar 68 W W W 1 R D 2 6.6
Tobacco leaf agar 65 B G W 3 R E 4 6.4
Merigold leaf agar B4 B DG 15 2 R B 2 652
Tomato leaf agar 47 i ) w 2 R E 3 5.3
Iettuce leaf egar 88 G G W 2 R E 2 6ot

KEY (Table 2)

COIONY COIOURATION: B = black, Br. = brown, & = grey

GR = greenish tinge, D = derk,l. = 1ight
MYCEIIAL DENSITY: Represented on a scale 1 to 5, where the
mycelium density on Difco P.D.A, = L.

COLONY SHAPE: R = regular, I = irregular.
COIONY QUTLINE: E = entire, D = diverse.
AERIAL MYCELIUM PRODUCTLON: Represented on a gcale 1 to 5, where the

gerial mycelium production on Difco
PoD-Jﬁo - l[-.



The colour of colonies on most media was grey. The fringes ¢f all colonies
were lighter coloursd than the centres of the cultures, and were often white.
Some medie gupported abundant fluffy white aerial mycelium whercas othera tended
to favwur mycelial growth below the surface of the subgtrate.

Moat ¢olonies wexe circular in shape but some showed a diverse outline. Some
of the colonies growing on natural media showed irregularity in shape, possibly
due to an uneven distribution of organic plant materials in the media favouring
growth.

Some bacterial contemination was present in natural media, which tended to
decreage colony size on some of the media prepared from plant tissue treated with
chloropicrin, As a result, colony diameter messurements recorded on these media
are probably less than that which would occur if full growth-rate potential counld
be expressed in the absence of contaminants.

Resulta of the relative conidial production of colonies of A. zinniae on
each medium type were recorded by counting the average number of spores in each
of three rendom fields wnder a binocular microscope (X 40) for each of three
different areas on each colony = centre, mld-region and fringe, The to%tal spore
production on each medium was determined by washing the culture surface, affer
10 days growth at 28° C, with a fine Jet of water and determining the concentra-
tion of spores in a total volume of 10 mls. of water with a haemocytometer.

Resultz of conidial production on each medium iype are recorded in

Table 3,
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TABLE . CONIDIAL PRODUSCTION (P A, ZINNIAE OW DIFFERENT
MEDIUM TYPES.
TYFE (OF IOCATION AERIAL OR AVERAGE NO. OF CONIDIA TOTAL CONIDIAL
MEDIUM of CONIDIA SURFACE G M F PRODUCTION 1000/n
MYCELTUM

A.  ARTTRPICIAL AUTOC LAVED MEDIA.

Difco P.D.A. Oov A 63 38 N 9
O=zoid FDA Qv A 15 12 20 6
Iab. P.D.A. o A 62 0 0 6
Prune agar c S 16 3 0 4
Water ager C (3] 10 0 0 4
Nutrient agar Nil Nil 0 0 0 0
Czapek-Dox agar c A 48 7 5 4
Mycological

peptone agar Ov A 52 61 76 6
Sabouraud agar M A 32 200+ 20 22
Cornmeal agar Ov A 6 11 2 2
Soil agar G S 15 2 0 2
Malt agar F A 0 0 1 2
Qatmeal agar Ov (] 12 9 4 4
Tomato Juice agar G A 60 19 0 8
T,G.Y.E. ager C.¥a A 200+ 42 0 20
V8~Juice agar G A 16 17 0 6
Dextrose agar Nil Nil 0 0 0 0
G.L.P. agar Nil Wil 0 0 0 0

{Continued over. )



TABIE 3 {Contd, )

TYPE OF IOCATION  ARRTAL OR AVERABE NO. O CONIDIA TOTAL CONWIDIAL
MEDIUM O CONIDIA SURFACE H M F PRODUCTION 1000/ml.
HYCEIIUM
B. NATURAL MEDIA,
Zinnia blossom agar Ov 8 164 113 10 36
Zinnia leaf agar Ov 8 200+ 161 17 L8
Zinnia seed agar Ov S+4 112 183 42 28
Tobacco leafl agar Ov S+4A 200+ 110 200+ L8
Tomato leaf agar Ov S 200+ 200+ 23 &0
ILettuce leaf agar Ov S+h 130 200+ 200+ 60
C. PLANT EXTRACT MEDIA,
Zimnia blossom agar Ov 5 18 200+ 30 18
Zinnia leaf agar Ov 8 37 200+ 57 16
Zinnia seed agar ov S 118 16 &b 12
Tobacco leaf agar Nil Nil 0 0 0 Q0
Marigold leaf agar C 4 37 3 0 &L
Tobacco leaf agar C A 16 0] 0 2
Iettuce lesf agar c S 23 2 0 2
_KEY : LOCATION OF CONIDIA. Ov = overall

C = centre

M = mid-region

B = fringe

Total conidial production was dependent on the total colony area,

mycelial denaity, end the relative density of conidia over the culture surface.

To determine whether wedium type had an effect on the dimensions of

conidia produced by the fungus, thirty spores from each medium were measured on

a stage micrometer. The range of gpore body length, body width, beak length and

total length are recorded in Appendix II.

The body length of spores of

A. zinnise produced in each medium typs is recorded graphically in Figure I.



FIGURE 1. BODY

IENGTH OF CONIDIA OF A. ZINNIAE

MEDIUM.

A, ARTIFICIAL AUTOCLAVED MEDIA.

FROM DIFFERENT MEDIA.

Difco P.D.A.
Oxoid P.D.A.

Iab. P.D.A.

Prune agar

Water agar
Nutrient agar
Czapek-Dox agar
Mycol. peptone agar
Sabouraud agar
Cornmeal agar
Soil agar

Malt agar
Qatmeal agar
Tomato Juice agar
T.G.Y.E. agar

V8 Juice agar
Dextrose agar

G.L.P. agar

B. NATURAL MEDIA

T

T
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Zinnia blossom agar
Zinnia leaf agar
Zinnia seed agar

Tobacco leaf agar

Tomato leaf agar

Iettuce leaf agar
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PIGURE 1 {contd,)

Go PIANT EXTRACT WMEDIA,

Zinnia blossom agar . 43,05
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Tobacco leaf agar -—
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Tomato leaf egar r ' 45.1
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From these results it can be seen that, of the 31 different media
studied, only a few favoured high growth rate of the fungus, i.e, -
Autoclaved media Oxoid TDA
Iab. PDhaA
Czapek-Dox agar
Qatmeal agar
Soil agar

Dextrose agar

Natural Media Zinnia blossom agar

Zinnia leaf agar

Plant extract media Zinnia bloggom ager
Zinnia leaf agar
Maripold leaf agar

Iettuce leaf agar

Colonies on all of the medias studied were non-chromogenic, except on
Lab. PDA where one of the five non-pigmented inoculation pieces gave rise to a

chromogenic culture.

¥oderate numbers of spores of the fungus were produced on colonies

zrown on: Autoclaved media:

Sabouraud agar, TGYE agar.

All natural media

Plant extract media: Zinnia blossom agar, zinnia leaf agar.

Natural media supported greatest spore numbers of the fungus from each
colony, but their preparation was not considered practical for laboratory studies

of A, zinnise or for the production of caaidia of the fungus for plant inoculation

experiments.
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In later studies on methods of inducing sporulation in culture {page 32)
ultraviolet light treatment of colonies growing on laeb. FDA was found to be of
most value, This medium also hes the advantege of being readily available,

inexpensive and simple to prepare.

Spore measurements varied cwnsidersbly with tize media on which they were
produced., Spore body length was most consistent between medium types on plant
extract media, but varied quite considersbly on different autoclaved and natural
media.

The overall range of body length of conidia of the fungus on all media was

18.45 u to 82,0 u with a mean of 47.18 u.

CONC LUSIONS.

The results of this experiment show that A. zinniae is capable of growth on
a wide range of artificial, naturel and plant extract media. Oatmeal, dextrose
and potato-dextirose agars appear to be the most convenient for laboratory study
of the fungus in culture.

For spore production on culture media, Sabouraud and TGYE agars appear to
be the most practical. On only 4 of the 31 media studied did the fungus fail to
produce at least some conidia in culture. In most ceses, however, (23 of the medi.
studies), conidial production was so low that thege media could not be used for

the production of spores for plant inoculation or disease cycle studied.
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PLATHE 1. Two culbures of A. Zinmmiae on PDA.

Ieft = reverse side of culture after 8 days srowth at 28°C.

Right - obverse side of culture after 10 days growth
at 28°C,

PIATE 2, Microphotograph of surface of culbure of A. zinnise on
eofoh 2 ro : : et e Zp Ao
DA showing sparsity of conidial production.
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2,  EFFECTS OF TEMPERATURE ON_ THE GROWTH OF A, ZINNIAE IN CULTURE.

Studies were undertaken to determine the effect of temperature on colony
growth characteristics and conidial production of the fungus. This study was
also used to determine the range of temperature for optimum growth of the fungus

on culture media.

Two isolates of A. zinniae, one from field infected leaves and the other
from naturally infected blossoms, were used to inoeulate plates of PDA. Thirty-
nine plates per isolate were inoculated with a 5mm agar circle from the periphery
of each culture, and the plates incubated at different temperatures. Three plates
of each isolate were placed in incubators set at temperatures of 14, 20, 22, 26,
28, 30, 33, 37, 4O, and 45° C, and three plates in refrigeration units at O and
5° C. The diameter of the colonies was measured after 10 days and the average for

each temperature calculated for each isolate.

The differences in colony diameter after incubationfor 10 days were not
significantly different between the two isolates used. The average colony
diameters for each isolate are recorded graphically in Figure 2.

The cardinal temperatures for growth of the fungus on PDA were O, 28 and 45°C.
The fungus grew well over a range of temperature from 25 to 30 © C.

As far as colony characteristics were concerned there were marked differences
in colour and aerial mycelium production, depending on the temperature at which
the fungus was grown. At optimum temperatures for growth, colonies were grey to
grey-green in colour with a white fringe area. Higher and lower temperatures
induced changes in cultural features in that colonies growing on plates incubated
at low temperatures possessed a wider fringe area, dense, fluffy, aerial mycelium,
and tended to be lighter in calour (white to light grey). Cultures arising from
inoculated plates incubated at temperatures above the optimum possessed a very

narrow fringe area, produced spafse aerial mycelium and tended to be darker in

colour (dark grey to black). Thus as the temperature of incubation of inoculated
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plates increased from 0° C to 45° C, aerial mycelium production snd fringe
dizmeter were decreased and the intensity of mycelium pipmentation increased

from light grey to black.

Conidia were produced in low numbers on the surfazce of colonies grown at
temperatures ranging from 20°C to 33°C, with most spores being present on cultures
at temperatures between 26 and 30° C. Conidial production at all temperatures
was relatively poor, maximum concentrations of only 6,000 spores per ml being

obtained at 28°C and less thesn 2,000 spores per ml at 20 and 33%.

The optimum temperature for growth of A. zinnise in culture has been recorded
by various workers. Neergaard (1945) suggests an optimum of 27°C on standard
nutrient agar. Dimock & Osborn (1943) state 27°C on PDA, and Kispatic (1951)
guggests that the optimum temperature for growth and gporulation of the fungus
on malt agar and malt-peptone agar is "about 25°C*.,  The results by these authors
are in reassonable agreement with those obtained in the present study.

The temperature required by the isoclates for mycelial growth may be made the
subject of taxonomic considerations, as it may imply a differentiation of physio-
logical races within the individual species or variety (Neergaard 1945). No such
raceg were distinguishable on the basis of different temperature optimums in

culture between the isolates of A. Zinnise studied here.

CONC LUSIQN.

On the bagis of this study it was concluded that the optimum temperature for
growth of A, zinnise in the laboratory wag 28%C. This temperature was accordingly
used for incubation of the fungus on culture media.

The temperature range allowing sporulation was narrower then the renge for
growth, 4 small temperature increase above the optimum for growth had a greater

depressing effect on spore production in culture then a small reduction in

temperature below the optimum.
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S TRE EFFECT OF TLIGHT ON COIONIES,

To determine whether light had an effect on conidial production of A. zinnia
in culture, colonies of the fungus were sublected to different light intensities
for varying periods of time.

Under natural conditions many fungi fruit only when exposed to light, often
to the direct rays of the sun, for varying periodas of time. BShort periods of
exposure to ultraviolst light are known to promote intense sporulstion in some
fungi (Leach 1962)., Similarly, artificially induced alternmating cycles of 12 hou
light and 12 hours dark have been used to induce spore production of some fungi o
culture media. (Iilly & Barnett 1951),

To study the effect of light treatment on sporulation of A. zinniae, 21
five-day-old colonies of the fungus on PDA were placed on a window-sill in the
laboratory for approximately 6 hours per day, for periods from 1 to 7 days. The
plates were thus exposed to sunlight which passed through the window and petri
plate lid. The plates were returned to the 28° C incubator following each daily
treatment. OConidial production was determined by washing spores from the culture
surface with a fine Jjet of water and determining the concentration of the result-
ant spére suspension using & haemocytometer. Spore concentration was expressed
as the number of spores per ml in the total volume of 10 mls. of spore suspension.

No stimulation of cohidial production was observed in cultures exposed to

sunlight for 6 hours each day for up to 7 days.

The effect of alternating cycles of 12 hours light and 12 hours dark on
sporulation of A, zinniae in culfure was also studied. Pive-day-old culiures were
placed under a single tube "daylight" fluorescent lamp for 12 hours and then
placed in s closed drawer in the dark for 12 hours.

No increase in spore production was observed of the fumgus exposed to

alternating cycles of 12 hours light snd dark for periods of up to ¢ days.

Diener (1952) and Ieach (1961) hsve described the use of ultraviolet light

for inducing the sporulation of diverse fungi in culture.
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Cultures of A. zinniad with lids removed were placed 4" from a WI30 ultra-
violet light tube (peak radiation 3700 2 ) for periods of exposure as low as
one minute, and then the cultuves were held at 28° G for 36 hours.

A very marked increase in the number of conidia produced was observed.

The effect of ulfraviolet light in inducing sporulation of A. zinniae end the
effect of various culture treatments prior to irradiation with uliraviolet l1ight

are discussed in a later section (page 35 ).



4o THE EFFECT OF REFRTIGERATION ON COIONIES,

In order %o study the effect of low temperature treatment on the viability
of A. zinnise in culture, two 10-day-old colonies were placed at each of three
temperatures { -8, 0, and 5°C) in réfrigerators. At 10 day intervals a 5mm circle
of agar and mycelium was removed from cultures held at each temperature and
placed in the centre of a fresh plate of PDA. These plates were placed in an
incubator at 28° C, and average colony dismeter recorded after 10 days.

The fungus proved very resistant to low temperatures, being capable of growth
at 28°C following up to 90 days storage at -8° C. At temperatures of O and 5° C
Ao ginnise showed mycelial growth at 28° ¢ following periods of astorage of up to
120 days and over 312 days respectively. Tests on cultural viability following
storage at 5° C were discontinued after epproximately 10 months (312 days) at the
end of which time the fungus was still capable of growth when incubated at 28° C.

Storage of colenies at temperatures from =8° to O° C stopped the growth of
the fungug but failed to induce any morpholegical changes in the cultural
characteristics of subsequent colonieg arising from inoculated pletes incubated
at 28° C, Once the colonies were returned to favourable temperetures normal
growth resumed. Colonies stored at 5° C produced dense white aerial mycelium
efter geveral days, but colonies obtained by inocunlating fresh plates of PDA with
mycelium of cultures stored at 5° C were morphologically identical with normal

cultures of the fungus.
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5e  FACTORS INFIUENCING SPORULATION I CULTURE,

A study of the factors influencing the sporulation of A. zinniae in culture
was necessary to obtain a method for the production of adequate quantities of
spores for plsant inoculation and disease cycle studies, and for the identifica-
tion of the fungus growing out from plated $issue and seed.

¥ailure to sporulate in culture is a major problem in the study of any
fungal pathogens. This is particularly ftrue in the identification of seedborne
fungi where the difficulty of identifying non-gporulating colonies on culture
media is a major obstacle %o developing routine detection procedures.

The use of different cultural media did not seem to yield useful results
(Page 26}. Although spores of the fungus were produced on s wide range of media,
gpore concentrations were insufficient for plant inoculation or disease cycle
studies.

Prom preliminary studies it appeared that promotion of spore production,
because it could not be induced by nutritional means, could only be brought about
by alteration of physiological or environmental factors., The methods described by
Yon Rends & Kunkel (1940) and Klaus (1940} for inducing sporulation of Alternaria
solani by cutting and mixing the culfure did not give satisfactory results in
inducing sporulation of A. zinniae in culture,

In some cases spores could be found on old, dry cultures which had been
subjected to physiological shock by low temperature or heat treatment, but the
nunbers of spores produced were so low that they were useful only for preparation
of single spore cultures, and definitely not for the production of infection

material.

SUHFACE WOUNDING IETHOD.

Studies were carried out to determine whether physiological shoeck by
wounding the surface mycelium of the fungus would stimulate spore production.

The method employed was based on a technique described for inducing sporulation

of A. solani an culture media by Imdwig, Richardson & Unwin (1962),
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The surface of 10-day-old cultures of A. zinmnise on PDA were scraped with the
end of a glass slide to remove the aerial mycelium, and washed under running tap
water for 12 hours. The plates were covered with cheesecloth to keep the media
in place during washing. Pollowing washing the plates were stacked on a tray in
an inverted, slanted position so that each plate was partially closed by the
bottom of the plate against which it leant. This arrangement appeared to provide
optimum humidity for spore production,

Moderate numbers of spores were produced at the centre and periphery of
culturesafter 48 hours. Spore suspensions were obtained by washing spores from
the culture surface with a fine Jet of water to a total volume of 10 ml. and
spore concentration determined using a haemocytometer. Maximum spore numbers of
20,000 spores per ml. were obtained from each culture by this method. The age of
colonies treated in this way hed no apprecisble effect on sporulation capacity.

Although this method did not allow the production of high spore numbers for
plent inoculation studies it showed that wounding of the surface mycelium was
an important factor in inducing the fungus to sporulate. The washing process
removed much of the pigment in the culture media of chromogenic cultures.

Thus it was concluded that the stimulation of spore production may have bes:
due to the removal of an "unidentified anti-sporulating factor" during thé washing
process, as suggested by Ludwig et al. {1962) for A. solani, or to a stimulation

of sporulation by the physiological shock of wounding the surfsce mycelium.

AGAR CIRCIZ METHOD,

A further method, incorporating the technique described above and the

ugse of a corkborer to provide small circles of agar end mycellum, was studied.
Cultures of 4, zinniae on PDA were scraped as described above. The cultures
were then cut with a 5 mm. corkborer to give a large number of agar circles which

were removed from the culture with a needle and placed, mycelial face upwards,
on the inside of a petri plate 1id., A circle of moist filter paper was placed in

the bottom, and the plates held at room temperature for 48 hours.
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Abundant sporulation cccurred around the periphery of each agar circle
and to a lesser extent on the surface mycelium.

The conidia,were readily removed with a fine jet of water and the spores
were collected in a test tube. The meximum spore concentration obtained by
this method from a single culture was 100,000 sporea/ml.

This agar circle method, althouph tedious, could be used to provide spore
numbers sufficient for positive identification of colonies of A. zinniee arising
from plated tissue and from seed plated to agar. The method also provided
sufficient spore numbers for conidial measurement studies of isclates grown under
different environmental conditions, and for plant inoculation studies,

It should be noted also that moderste spore numbers, up to 30,000 spores
per ml, were obtained by this method on cultures which had not been scraped prior
to corkboring., The scraping of the culbures removed the aerial mycelium which
tended to trap conidia produced on the agar circles and thus merkedly reduced the
numbér of conidia dislodged by washing with water.

The "ager clrcle"” method was used in all further studies to provide
positive identification of A. zinniee growing out on culture media from plated

tissue or seed.

PIATE 3, IHDUCING SPORUIATION OF A. ZINNIAE BY THE
AGAR CIRCIE METHOD.
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ULTRAVIOIET TIGHT METIOD.

Beveral workers have described the use of ultraviolet light for inducing
gporulation of diverse fungi in culture (Iilly & Barnett 1951, Diener 1952,

Ieach 1961, 19623, Leach, (1962, states that the region of the spectrum which
gtinmulates sporulation of many fungi has still to be defined clearly, although
the blue~ultraviolet region geems to be the most active in this phenomenocn,

Lilly & Bamett (1951) suggest that of the factorg affecting the resgponse to
ultraviolet light irradlatlon of spore production of many fungl in culture, lengtl
of exposure is of major importance. In addition, the age of culture couli slso
modify the results.

A single tube WL 30 fluorescent lemp was used for these studies. The
emission of the lamp showed a wavelength range of 3,000 to 4,500 g, with maximua
emiggion between 3,300 and 4,000 4, end a peak of 3,700 3.

Studies were carried out to determine whether ultraviolet light stimuleted
gpore production of A zinniae in culturz, end also to ascertain the optimum
conditions of treatment for maximum sporulation. Factors conaidered were:-

(a) Isngth of irradiation period.

(b) The effect of scraping the culture surface prior to exposure %o
ultraviolet light.

{c) The temperature of incubation of cultures following irrediation.

{d) The effect of age of cultures irradiated on subsequent conidial
production.

{e) The effect of continuous exposure and of cyclical exposure of
cultures to uliraviolet light for periods of up to 7 days.

(a) Length of Irradiation Period.

Ieolates used for this study were 16-day-old culturesz of A. zinniae on
FDA, The surface of each culture was scraped with the end of a glass slide to
remove all eerial mycelium. The pletes, with 1lids removed, were placed on a
rack 4 inches from the fluorescent tube and the gurface of the cultures
irradiated for periods ranging from 0.25 minutes up to 10 minutes. The plates

were stacked as in the surface wounding method, at room temperature. A velvety

layer of spores could be seen covering the agar surface within 36 hours. These



were waghed off with a fine Jjet of water, using s camelhair brush to help dis-
lodge the spores. The concentration of spores in a total volume of 10 ml. of
distilled water was determined using a haemocytouweter. The plates were then
restacked as before. Non-irradiated scraped cultures were used as conirols.
The results of spore concentration measurements obtained by irradiation of
20-day~o0ld cultures with ultraviolet light for periocds from 0.25 to 10 minutes

are presented in Table 4.

TABLE 4. SPORE CONCEHRTRATLIONS OBTAINED FROM IAREDIATIDCULTURES.
Exposure time - Spore concentration in thousends per nl.
minutes. {average of three colonies.)
0 (control) 18
0.25 22
0.5 272
1 386
2 262
3 247
4 212
5 182
10 178

These results indicate that irradiation of cultures by ultraviolet light
greatly stimulated sporulation of the fungus and that maximum spore numbersvere
produced following an irradiation period of 1 minute.

(b) The effect of wounding the surface mycelium of colonies prior to irradiation
on subgequent sporulation capacity of 4. Zinniee in culture.

Six plates of 10-day-old colonies of A. zinniee on FPDA were used for each
test. Three plates were scraped with the end of a glass slide prior to irradia-

tion and the remaining three plates were not scraped. Cultures were irradiated

for one minute end held at room temperature for 36 hours before spore concentratior
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was determined as previously described. Seraped snd unscraped cultures which
were not irrediated with ultraviolet light, but held at room temperature for
36 hours, were used as controls.

The results, an average of 3 plates per treatment, are recorded in Table 5.

TABLIE 5. LPECT OF SCRAPING OF CULTURES PRIOR TO ULTRAVIOLET
IRRADIATION,

Pretreatment Iength of exposure Spore concentration
to UV light. thousands per ml,

Nil Nil 6

Nil 1 minute 36

Scraped Nil 22

Scraped 1 minute 218

These results show the marked stimulstion of sporulation by ultraviolet

light treatment of scraped cultures compared to unscraped cultures.

(¢) BPEffect of temperature of incubation of cultureg following irradiation.

To determine whether the temperature of incubation following irradiation
affected the number of spores which developed, 10-day-o0ld cultures of the fungus
were scraped with a glass slide, exposed to ulitraviolet light for 1 minute and
incubated at various temperatures for 36 hours. Three colonieg on FDA were
incubated at each of 8 tempsratures, ranging from 10 to 50° C. Spore numbers
per culture were determined as before. Non-irradiated, scraped calitures were
incorporated as controls.

Results are presented in ‘Table 6.
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TABLE 6. EFFECT OF INCUBATION TRMPERATURE OY SPORE PRODUC TION..
Temperature Spore concentration {average of 3 colonies)
oG. thousands per ml,
Irradiated. Won-irradiated.
10 L 0
20 72 4
25 128 16
28 224 22
X 232 20
37 18 6
L0 12 0
50 2 o

From these results it is concluded that incubation temperature following
ultraviolet light irradiation is an important factor in determining spore
numbers produced. In this respect incubation temperatures of 28 to 31% appsar

to0 be the most beneficial,

(d,) Effect of culfure age on sporulation of colonies exposed to ultraviolet
light,

The cultures used in this experiment were grown on FDA and varied in age

from 5 to 36 days. The surface of each colony was scraped with the end of a
glass slide. The cultures were exposed to ultraviolet light for 1 minuie and
incubated at 28°C for 36 hours. Scraped, non-irrediated cultures were used as
controls.

Spore concentrations per colony were determined as before and the results
expressed as an average of three plates.

Results are recorded in Table 7.
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TABIE 7. EFRFECT OF AGE COF CULIURE ON SPORE PROCUCTION.
Age of culture. Spore concentration. Thousands per ml.
Days. 1 min, 7. No V.
5 18 g
7 61 16
10 130 29
14 124 32
21 92 30
36 88 31

From these resgults it was concluded that the maximum response to ultraviolet
light treatment could be obtained by the use of cultures which were between 10

and 14 days old.

(e) Bffect of continuous and cyclical exposure to ultraviolet light.

One set of colonies were exposed to ultraviolet light continuously for 7 days,
while another set was exposed to an alternate cycle of 12 hours ultraviolet light
and 12 hours derkness over a period of 7 days.

Scraped, b-day-old cultures on PDA were used for each test.

Under continuous exposure colonies were fairly uniform in colour and texture,
and zonation wes absent. Under cyclical exposure zornation of colonies was
pronounced. 7This zoning resulted from effects of alternating light and darkness
on young, actively growing peripheral mycelium. Those zones of mycelium which
hed been in a peripheral position dwring periods of irradiation showed heavier
gpore production than mycelium which was at the periphery during the dark period.

The results of spore production from colonies exposed to continuous or

alternating ultraviolet light for 7 days are presented in Table 8,
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TABIZ 8. EFFRCT OF CONTINUQUS AND GYCIICAL FXPOSURE TO ULIRAVIOQOLET
IIGHT.
Treatment Spore concentration {average of 3 plates).

Thousands per ml.

Ultraviclet light exposure
1 minute {control) 282

7 days continuous irradiation 186

7 days cyclicel exposure
12 hour cycles 109

The conclusion obtained from this experiment is that neither continucus
irradiation nor cyclical exposure of cultures, for up to 7 days, were as effect~
ive in stimulating sporuletion of A. zinniae as a 1 minute exposure. The
shorter exposure time is also far more convenient for treatment of & large number

of colonies.

CONCIUSICHN.
As a result of the various experiments conducted to determine the optimum
conditions for obtaining maximum sporulation of A, zimniae by ultraviolet light

treatment, the following conditions have been shown %o give maximum sporulation:-

Age of culture 10 to 14 days

Pretreatment Surface scraping of culture
Irradiation time 1 minute

lethod incubation Inverted overlaoping plates
Incubation temperature 28°C to 31°C.

Iength of incubation 36 hours.

Although aseptic conditions were not maintained during the scraplng,

irrsdistion and incubation processes, contamination was not found to interfere

with plant inoculstion or spore germination studies,
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The ultraviclet light method waa quick, reliable and simple to uge. It
gave greater spore numbers than could be obtained by previous methods. One other
major adventage of the wethod was that; if plates were restacked following spore
collection, several successive crops of conidia could be obtailned from each colony
at 1 to 2 day intervals until the medium beceme too dry.

Becaume of the success of the uge of ultraviolet light treatment in stimuls-
ting intense sporulation of A. zinniae on culture, the method was used throughout
these studies for the production of inoculum for plant inoculation and disease

cycle studies.
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6o PIGHENTATION.

Some isolates of A. zinniae produced by single spore ftransfers from
plant tissue subjected to high humidity produced pigments in culture media.
These pigments diffused into the medium and ranged from yellow to dark red in
colour. Subsequent isolations from chromogenic colonies often gave rise to
non-chromogenic cultures.

Pigmented colonies consistently produced lower numbera of spores than
unpigmented colonies. Freshly isolated chromogenic cultures showed higher growth
rate at 28°C but Gid not retain their viability in cultures as long as non-
chromogenic isolates.

Dimock & Osborn (1943) record that "A reddish pigment diffuses into the
medium as the culture sges" and the formation of this plgment was demonstrated
to be dependent on the presence of sugars in the culture medium,

Lilly & Bernett (1951) state that pigment production by a fungus is in part
determined by genetic factors and in part by the environment., Nutritional factors
mey also modify the production of pigments by fungi in culture.

In the present study some isolates showed intense pigment production when
passed through different hosts. ilhen spores from unpigmented isolates, obtained

from Zinnia elegans, were inoculated to plants of lettuce {Ilactuca sativa),

tomato (Iycopersicum esculentum), cornflower (Centaurea cysnuas), godetia

(Godetia prandifloras), hydrangea (Hydrangea macrophylla) and white clover

(Trifolium repens), reisolations of A. zinniase from diseased tissue of these

hosts invariably showéd intense pigment production in culture. Subsequsnt

colonies grown from such pigmented cultures were generally free from pigmentation.
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7. . LOMGEVITY IN CULIURE.

Studies were conducted to determine the length of time A. zinniae

could remain viable and glso retain its ability to sporulate on artificial media.

Neergaard (1945) states that only quite fresh isolates sporulate vigorously,
The capacity for sporulation is lowered markedly within a few months of isclation
and the fungus may completely lose its ability to produce spores as early as
3 or 4 montos from isolation. Isoletes appear to differ in the duration of
their virnlence (Neergaard loc. cit.)

The cultures of A. zinniae used in this study varied in g2ze from 12 to
1,820 deys. Colonies older than 32 days had been stored on slopes of PDA in
gealed tezt tubés. Plates of FDA were inoculated with a 5mm diameter inoculation
piece from the fringe of colonies of each of the 46 cultures used. 7Two plates
were uged per culture and the plates hzld at 28°C,

Colony diameter was recorded after 10 days. Sporulation capacity was
determined using the ultraviolet light method.

The results of growth rate and spore production for both chromogenic and
non-chromozenic cultures are presented in Table 9 and graphically in Pigures

3 and 4.



TABLE 9. GROWTEL RATE AND SPFORE PRODUCTION OF AGED CULTURES.
Age Date of Source of MNumber of Average colony  Average spore
days isolation igolate cultures . diameter production 1,000s/ml.
G NG o NO C NG
13 2B8.12.63 o - 2 92 a1 102 189
32 3.12.63 s 2 2 71 75 87 157
88 14,10.63 sC 2 2 69 77 52 127
150 13.8.63 sI 4 2 €8 75 28 41
177 17.7.63 sI 2 2 31 80 23 30
198 26.6.63 15 - 2 - 77 - 68
220 L.6.63 S1 - 2 - 77 - 81
2h2 3.5.63 i 2 2 8k 76 27 3
262 23.4.63 51 2 L 87 6l 52 L0
305 20,3.63 S1 1 2 76 55 18 50
347 642,63 143 2 1 81 38 7 L2
368 16.1.63 Sty 2 - B8l - 7 -
407 8.11.62 5iz) 2 2 0 18 0 8
1820  4.1.59 S 1 2 0 0.53% 0 0.20%
KEY: 2 One culture non viable, the other produced a coleny 53mm in

diameter after 10 days.

¢ = chromogenic culture

HC = non-chromogenic cultures

& = spores from field infected zinnla plants.
SI = spores from inoculated zinnia plants.

8¢ = spores from FDA culture.

¥C = wmycelium from FDA culture.
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These results indicate that there is a preat variation in growth rate
and spore production between isolates. However, they do concur with the
findings of Neergaard {1945) who noted that, in genmerel, growth rateand Bporu-
lation capacity of A zinniae fell off markedly in colonies stored on culture
media for more than nine months, After storage for more than 1 year cultural
viahility, as expresged by growth rate and spore production, was geverely impaired.
Chromogenic cultures maintained a higher prowth rate than non-chromogenic
cultures for up to 1 year on artificial media. Non-pigmented colonies on the other
hand, showed a greater capacity for spore production with increasing age in

culéure than pigmented colonies,

Viahility of colonies of A.zinniae, as determined by growth rate and
gporulation capacity, was severely depressed after nine months on culture media.
As a result, fresh isolations of the fungus from hosttissue were carried out at
3-monthly intervals throughout these studies to maintain colonies which expressed

high retes of both grovwth and sporulation on culture media.
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B. PIANT JINOCUILATION STUDIES,

1. PROOF OF PATHOGENICITY 'fO ZINNIA PIANTS.

Introduction.

To date there does not seem to be any published work which has proved
conclusively that A, zinniae is the causal agent of disease symptoms on all

parts of plants of Zinna elegans, viz., seedling cotyledons and stems, adult

plant roots, leaves, stems and blossoms, and seed.

To determine whether the fungus was capable of attacking and causing diseage
menifestation on all of these host organs, plant inoculation trials were
carried out.

Proof of pathogenicity was obtained using Koch's Postulstes.

The morphological characteristics and growth rate of isolates obtained from
field infected planta were compared to reisolations of the fungus from plants

artificially inoculsted with these isolates.

Materials and Methods.

The isolates of the fungus used were obtained from field diseased zimmia
plants by transfers of single spores to culture following high humidity treatmsnt
of diseased tissue to 289C for 48 hours (Method 1); or by direct plating of
tissue which had been surface sterilised in 0.1x mercuric chloride for 1 minute
(llethod 2)., All isolates were cultured on plates of FDA held at 28°c.

The following isolates were used:-

FLANT PART HOST VARIETY METHOD OF ISOLATION,
1. Roots Giant Dahlia Flowered 2
2. Beedling hypocotyl Giant Dahlia Flowered 1
3. Seedling cotyledon Fergian Carpet 1
4. Adult plant stem Iilliput (Rosebud) 2
5. Adult leaf Giant Dahlia Flowered 1
6. Blossom Giant Dahlia Flowered 1
7 Beedcoat Burpee Hybrids 1
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After 10 days prowth the morphological features and diameter of each isolate
was recorded. The ultraviolet light method was used to induce sporulation.
Spore concentration was determined by washing conidia from the culture surface
with sterile distilled water and recording the concentration of conidia in a
total volume of 30ml. using a haemocytometer. The suspension was diluted with
sterile distilled water to give & spore concentration from each isolate of
approximately 50,000 spores/ml.

The conidial suspensions from each of the seven original isclates were used
to inoculate different tissues of healthy zinnia plants, Four plaunts were
inoculated, and two plants used as controls for each ilsolate treatment.

The method of inoculation varied according to the host organ under study,

(a) BSeedling cotyledons, adult leaves and blossoms were atomised with the
gpore suspension to runoff point using a "Windex" sprayer. Control plants
were atomised with gterile distilled water.

{(b) Seedling hypocotyls were inoculated using a fine nozzle pipette to place
drops of spore suspension on the stem, care being taken %o ensure that the
tip of the pipeite did not scratch the tissve., Controls were inoculated
with drops of sterile distilled water.

{c) Stems of adult plants vwere inoculated by placing 1em. squares of ager and
mycelium in contact with the stems, about 1" above ground level, and sscur-
ing the inoculum with transparent adhesive tape. Controls were inoculated
with sgar squares from fresh plates of FDA.

(d) Roots of healthy plants were washed free of soil and dipped in the spore
suspension prior to planting in pots of sterilised soil. The roots of
healthy plants were dipped in sterile distilled water prior to transplante
ing as countrols.

v (e) Seedcoat inoculation was carried out by soaking 50 seeds in the spors
suspension in a 250 ml. flask. After 12 hours the seed was tipped oato

sterile blotting paper te dry. Wifty seeds were sosked in sierile distilled
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water for 12 hours as controls. Unfortunately a completely dilscase-free
aeedline was not available for seedcoat inoculation. The seedline used was
a line of veriety 0ld lexico which had given rise to only 0.5, diseased

geedlings on blotiers in seed acreening triels,

Pollowing inoculation, all plents and seeds were placed in a high
humidity cabinet for 48 hours and then removed to the glasshouse bench. Digease
rating was recorded on a scale O to 5, 10 days after inoculation (seven days for
inoculated seed). A description of manifesi symptoms was also recorded.

Diseased tissue was removed to the laboratory and the fungus reisolated to
plates of PDA by the same methods used for obitaining the original isolates, i.e.
high humidity trestment or direct plating.

Plates were held at 28°C for 410 days. GColony diemeter and morphology vere

recorded et 10 days.

RESULYS and DISCUSSION.

Results of the severity of attack by the fungus on inoculated plents, and

of colony diameter of isolates on culture media are recorded in Table 10
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TABIE 10. A COMPARISON OF DISEASE RATING ON INOCULATED PIANTS ZND
OF COIONY DIAMETER AFTER 10 DAYS ON CULTURE MEDIA.

Sourcé of Colony diam. Inoculum ~_Plant part inoculated |
original originsl conc. Root Seedlg. Seedlg. Adult Adult Blossom.Seed.
isolate. isolate. (1000s stem. leaf. stem. leaf
pér ml.)
ROOT 85 48 D.R. 2 5 5 4 5 5. &
C.D. 84 86 82 85 84 86 83

DoM; _053 ""107 "2.3 +Ou7 "'005 *107 "'103

SEEDLING 84 52 D.R.. 3 3 b 2 L 5 3
HYPOCOTYL.
¢.D. 82 83 82 80 84 83 87
DoMo "'1 .O 0 -1.0 "3;0 +1-0 o "#.O
EELERY
SEEDLING 87 50 D.R. 2 "2 5 4 5 5 3
COTYLEDON. .
: c.D. 85 86 82 89 86 83 85

D.M. ":0.1 +Oo9 "3-1 +3c9 +Oo9 ;201 "001

ADULT STEM. 84 49 D.R. 2 3 2 3 n 3 N
' ©.D. 82 82 8k 83 85 83 8l

DM, =1.3 =1.3  +0.7  =0.3 +1.7 =0.3 +0.7

ADULT IEAF. 83 48 DR, 3 3 5 3 5 5 3
c.D. 84 82 83 81 8 83 82
' D.M. +1.4 -0.6 +0.4 «1.6 +0.4 +0.4 ~0.6
BLOSSOM. 85 52 D.R. 3 5 5 4 5 5 4
B.D. 82 86 87 8 8 8 8.

D.Mo ""3.0 +1OO +200 "100 +1.0 O "1.0

SEEDCOAT. 81 46 D.R. 2 5 3 2 5 4 4
c.D. "80 80 83 82 81 82 84

D.Mo -1 07 "1 07 h J,“'jf.} +Oa3 "'006 +0.3 +203

‘ p
Digease rating. O = Nil, 1 = Trace, 2 = Slight,

KEY: D.R, =
3 = Moderate, 4 = Heavy, 5 = Very heavy.
C.D. = Colony diameter of reisolations on culture media in m.m.
D.M. = Difference from mean colony diameter for all plant parts

inoculated in m.m,
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These resulta show that all seven of the isolates used were pathogenic and
produced disease symptoms on reciprocally inoculated zinnia plant parts.
Similarly, the fungus was associated in every case with the disease, and in no
case was disease manifestation present from which the fungus could not be
reisolated.

Colony diameters of all isolates were very similar and varied by only 9 mm.
(80 to 89 mm.) after 10 days growth at 28°C. This variation is within the range
of cultural variability exhibited by different isolates of 4. zinniae throughout
these studies.

symptom expression on zinnias following artificial inoculation was
macroscopically identical with symptoms from which the original isolates of the
fungus had been obtained, 4 full description of symptom expression by A. zinniae
is given in a following section.

The cultural morphology of the 49 reisolates from inoculeted plant tissues
were macroscopically identical with the cultural characteristics of the original
isolates used for host inoculation. In all cases colonies were grey in colour
withk the fringe of the colony white. Jderisl mycelium production was sparse on
PDA, being cottony, white and 2-3mm high. Of the originel isclates used in this
study all were non-chromogenic in culture except the isolates from the seedcoat
and from the seedling hypocotyl. The latter both produced 2 yellow to orenge
pigment which diffused into the medium, often extending beyond the periphery of
the mycelium. Reisolations of these isolates from inoculated host plants were

also chromogenic in culture.

CONC LIISTOi,

From this study it is concluded that 4. zinniae is capasble of causing
disesse on ths roots, stems, cotyledons, adult leaves, blossoms and seedcoat of
inoculated zinniz plants. The fungus was recovered from diseased tissue of
inoculated plants and grown on culture media, producing morphological and physiclc

gical characteristics identical with those of the isolates with which the plant

inoculations were made.
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2. SFORE MEASURFMENT STUDIES AND DESCRIPTION OF CONIDIA.

4 further proof that A, zinnise is the causal agent of disease symptoms on

different organs of Zinuia elegans, conidial morphology and spore measurement

studies were carried out to ascertain the variability of conidia from iscolates
obtained from different tissues of the host.

Host tissue from field diseased planis was placed on gless slides in pefri
plates, the bottoms of which had been lined with moist filter paper. A1l pletes
were held at 28°C for 30 hours. Thig allowed the production of conidia which were
all of the same age and which had been produced under identical conditions of
temperature and humidity. Conidial morphology was studied under s microscope.

In nearly all cases conidia were borne singly on erect unbranching
conidiophores. Rarely, however, itwo conidia were produced on the same conidio-
phore, set in a shallow V. Catenulation of spores was seldom seen, but if tissue
was allowed to remain at 28°C for up to 10 days, the production of cenidia in chail:
of & to 8 vias occasionally observed. The varicus forms of conidial production

are illlustrated in Figure 5.



FIGURE 5 FORMS OF CONIDIAL PRODUCTION

S5INGLE CONIDIUM

ON CONIDIOPHORE

CATENULATE SPORES TWO

NON—CATENULATE SPORE
(RARE)

ON A SINGLE CONIDIOPHORE
(UNc oMmON)
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Conidia frowm all isolates were large, dark and cylindrical with a terminal
beak usually more than twice as long as the body of the spore. In all cases
conidia were golden brown in colour when young but became darkly pigmented with
age. The spore body was muriform, containing from 3 to 10 trensverse septa and
0 to 5 longitudinel septa. A scar at the base of the conidium could often be
chserved following abscission. The beak of the spore varied considsrably in

length, even between spores of the same isolate, and contained from O to 3

transverse septa.

N\
AN
Phote. G Delatour.
PLATE 4. Microphotozraph of conidia from naturally disessed cotyledons
subjected to high humidity treatment, showing spore

morphology.

Conidiophores were zrect, 1 to 10 septate and brown in colour. They were
invariably non~branching with one or more scars, ranging from & to 10 u in
dismeter and up to 100 u in length, On host tissue they were formed aingly or

in bunches. On agaf media they were usually formed singly, either as gide



branches on hyphae or as terminal bodies of the hyphae.

To determine whether spore dimensions varied greatly between isolates from
different host parts, 50 spores of each isolate were measured on g stage miciro-
meter. The range of conidial measurements obtained from different isolates were
compared both with each other end with similar spore measurements of A. zinniae
recorded by other worikers. Results sre presented in Table 11. An analysis of
the distribution of spore dimensions within each isolate is recorded in

Appendix III.

TLBIE 14, COMPARATIVE SPORE DIMENSIONS FROM DISBASED HOST TISSUE  (in microns).

Year. Author{s) Country. RANGE IN COWIDIAL LEASUREVENTS.
Total length. Besk length. Body lengih. Body widtl

1942 Pape Germany  75-253 N.R. ¥.R. 1427
1943 Dimock & Osborn  U.S.A. 170-210 K.R. N.R. 20-24
1945 TNeergaard Denmark = 39-208.5 6-159 19.5-90C 9-28.5
45-184.,5 5-123 30-81 10,5-27
1956 Dingley & Brien N.Z. 20-64 10-15 20-6l 6o 5m12
1960 Frota Italy H.R, 42238 36-95 12~-29
1961 UcDonald & Martens U.5.4.° 36.6-236.4  13.3-146.5  23.3-93.2 8-22
1963 Present study N.%.°
£roms -
Roots 1h4-255 9L~209 33-6h 10-23
Seedling hypocotyl 117-250 80-193 35=62 12m214
Seedling cotyledon 103-269 62207 Li=77 16-29
Adult leaf 123=450 55-377 39-85 12-20
Blossom 178-316 140-255 3362 1423
Beedcooat 163-350 116-295 39~70 12-23
KEY: N.R. = Not recorded. 8 - From artificial media.
- b - Prom natural material of Sunflower

(Helienthus annuus IL.)
Spore dimensions expressed to the
nearest whole number.

[¢]
H



5.,
In the present study the range of conidial dimensions for spores frem
disessed tissue subjected to high humidity for 30 hours at 28°C were within the

gseme general range for all iscolates, i.e, -

Body length 33-85u
Body width 10=-29u
Beak length 55=377u
Total length 1034500,

In general, gpore body length and width were the least variable dimensions
between isolates. Spore beak length varied over a wide range even hetwesn spores
of the same isolate. Becauas of this variability, conidial beak length was
considered to be a less reliable criterion for spore comparison than body length.

No direct conclusions can be drawn from & comparison of conidial dimensions
recorded in this study and similer measurements by other workers. This is bscause
maeny variables influence spore size and no other workérs appear to record the
precise condiiions under which spores were produced, nor the age or number of
conidia measured.

In particular, five factors influence the value of spore measuremsnts as o

diasgnostic critericn and as a method of gpecies differentiation.

1,  MEDIUM INFIUENCES.

Medium type greatly influences the length of the beak of the spore, but
does not appear to cause wide variation in the dimensions of the spore body.
On culture media such as FDA, ocatmeal agar and cornmeal agar, some of the spores
of A. zinniase may lose the characteristic beak. Coasiderable varlation in beak
length also occurred between isolstes of A. zinniae from different hoszt parts.

Thig effect has also been noted for spores of A. melongenae. (Rangaswami and

Sambendam 1960).

2. MATURTLY OF THE CONIDIA,

The age of the spores is of great importance in determining the value of
spore measurements. The spores of A, zinniae, whether formed on host tissue or

artificial media, are swbjsct to chenge in form and size due to secondary growth.
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ffhen first formed the spores are relatively thin, with only shallow constrictions
of the body wall at the septa. 4s the conidia mature beak length inmcreases; body
width increasees markedly, often to twice the originel; the number of transverse
septa increases; longitudinal septs become more pronounced and the oconstriction
of the body wall at the septa becomes deepar. The age of spores measured thus
markedly affects the range of conidial measurements obtained. Tne range of dimen.
tions of A. zinniae spores as reported by Dingley & Brien (1956) illustrete this
point. The range of variation of both body width and beal length recorded by
these workers is far smaller than those recorded in the preseant study end also by
oversgeas workers, i,e. beak length 10-15u compared with 55-377u, and body width
6.5=12u compared with 10-29u in the present study.

Infortunately no mention of the age of aspores measured is made by Dingley
& Brien (loc. eit). It is suggested that the conidia measured by the above work-
ers may have been immature, in that secondary growth had not occurred or was not

complete.

Je NUESZER O SPORES WMEASURED,

The number of spores measured mey affect the range of conidial dimensions
recorded, due to sampling variations. The number measured should be sufficient

to give a fully representative sample.

4, TRRORS IR HEASURENENT,

Elliott (1917) has stated that considerable variation in spore measurements
may oecur between workers, end cousiders that errors in measurement are important
in this respect. He conducted a survey of measurement of Alternaria spores by
11 mycologists on the same slide, Dimensions of a certein single conidium varied
from 19.2 to 24u X 7 to 10u, a variation of 8.5/ X 30,

In the present study the following dimensions were recorded 1in spore

measurements.
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A. Body width
B. Body length

: C. Beak length
D

D. Total length

gt
A

The point of transition between spore body and beak may vary marxedly within
the game crop of spores. In the present study the transition point was determined
by the terminal geptum of the spore body and by judgement of colour changes between

the darkly pigmented spore body and the lighter coloured beak.

A ENVIRONMENTAL CONDITIONS PREVAILING DURING CONLIDIAL DEVEIOFNENT.

Conditions guch as temperature, humidity, light intensity and substrate pH
markedly affect spore size. Hence spore size can be used to characterise species

only if environmental conditions are completely standardised (Williams 1959).

GONC IUSION.

Conidial morphology and measurements of spores produced under atandardised
conditions were similar for all isolates of A. zimmiae from different host parts.
This supports the conclusions of the previous experiment that A, zinniae is
capable of producing disease symptoms on different zimmia plant parts.

Hence 4., zinniae is considered to be pathogenic to all parts of zimnia

plants in all stages of development.
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Ca TAXONOMY AND MNOMENCILATURE COF ALTERNARIA ZINNTIAE,

1. TAIONOMY AND FEATURES OF THE GENUS ALTERNARIA,

The genus Altermaria belongs to the family Dematiacese, order Honillales of
the Pungi Tmperfecti. The delimitation of the genus has long given mycclogists
a number of problems regarding species identification and nomenclature.

Alternaria was first described in 1817 by Nees with A. fenuis as the only
species (Neergaard 1945). Since that time such a large number of other species
have been described that the genus may now be broken down into the following broad

divigions, as described by Neergaard in 1945.

ta Species forming chains of conidia with a short or relatively short

beak - e.z. A. tenuvis.

2. Species which never form chains of conidia, the gpores being sarciniform
without any beak, most often with a median major cross-wall accompanied by a

constriction, and usually described under Macrosporium, s.g. ld, sarcinula.

3. Species forming chains only rarely, the spores being provided with 2
long filiform beak; sometimes considered as Alternaria, sometimes as Macfosporium,

€.g. A. (1) solani, A. zinniae.

Friegs (Neergaard 1945) did not recognige the genus Alternaria in his Systema
Mycologicum of 1832. Henrce, according to the Internmational Rules of Botanical
Nomenclature the name is incorrect; and, besides, the original type specimen
(QL“EEHEEE) deseribed by Nees has not subsequently been identified. On the other
hend, the description given by Nees (Neergaard 1945) is sufficiently thprough 0
establish that the current concept of the genus Alternaria 1is in agreement with
this, the oldest description of the genus.

Macrosporium is the strictly correct name, being described by Fries in the

Systema (Weergeard 1945). Unfortunately this name has been consistently, but

erronecusly applied to species forming no chains of conidia (group 2 and partly

group 3 ahove. )
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Accordingly, Wiltshire (1933) suggests the relegation of the name

Macrosporium to the "nomina ambigua", and the use of the nomenclature Alternaria,

the older of the two names, for the genus,

Hembers of the genus Alternaria occur universally. Some gpecies are found
as saprobes on dying and dead plants and in the soil., Others are parasitic on
plants; e.g. A, sgolani, caugal agent of early blight of potatoes, and

A, disnthi, A. dauci and 4. zinniae, causal agents of blights on carnstion

(Dianthus spp), carrot {Daucus carota) and zinnia (Zinnia elegans) regpectively.

The general mycological features of the genus include -
1. Well developed, hyaline, sepiate mycelium.

2. Conidia produced on conidiophores which are not enclosed in any form
of fruiting body.

3. large, multicellular conidie with both trangverse and longitudinal
septa occurring typically. The conidia are usually borne in chains,
but not infrequently they are formed singly on the tips of the
hyphee which bear them (Alexopoulos 1962). Sporulation, as in all
Denteromycetes is strictly en asexual process.

L, Conidiophores indistinguishable from the somatic hyphae.
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2. TAZONOMY OF THE PATHOGEN.

The first record of the fungus causing leafspot of zinnies was by Rostrup
in 1902 in Denmark, Rostrup realised that he was dealing with 2 species not

rreviously described and recorded the causal agent as Macrogporium zinniae n. sp.

(Neergaard 1945).
Apparently Rostrup did not publish a description of this fungus. However,
in 1923 Gram & Rostrup (Neergamard 1945) recorded an attack on young zinnia plantg

which they deterinined to he due to ¥acrosporium caudatum, Cook & Ellis.

In 1934 specimens of an undescribed leafspot of Zinnia elegans were deposited

in the herbarium at Cornell University, New York, by Dearness (Dimock & Osborn 1943
These specimens had been collecied from Ontario, Canada, and the orgsnism assoclate

with the spots was tentatively referred to as altermaris solani (E1l & Mart,)

Jones & Grout, although no deteiled study of the disease or the pathogen was made
at that time.

The first controlled experiment on the pathogenicity of the Alternaria strain
involved was carried out in 1934 by Gubermsn (Dimock & Osborn 1943). Unfortunstely
no account of this work was ever published. During the yzars 1936-1940, a zinnie
disease epparently identical with that described in 1923 by Gram & Rostrup (Neer—
gaard 1945) was reported by Weber (1937) ané Neergaard (1937) in Denmark, end by
Beaumont & Stanilend {1939) in Englend. The latter authors described an attack
on zinnia seedlings by an Alternaria species, which they took to be identical with

Macrosporium caudatum, presumably at the suggestion of Gram & Rostrup's above

mentioned determination of a similar attack (Neergaard 1945).

In 1942 Pape observed in Germeny the developrent of an Alternaria disease
of zinnia (mainly Z. elegans and Z. haapesna). The causal agent responsible for
the disease did not appear to agree with the species previously recorded on the
same host by other workers. The fungus in question was accordingly regarded by

Pape as a new species and designated Alternaria zinniae n. sp.

Neergaard {1945) records that 4. zinnise is very closely related to 4. tomato

(Cke) and questions whether the former ought not to be classified under the latter.
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He states that "on the basis of the present description, no particular morphologi-
cal difference appears to be demonstrabls between the two species. S%ill, the
guestion of whether A, zinniae ought to be maintained as a species per se has to
ne left masettled until comparison can he made between indisputably identified
sporulating isolates of both species™. No further published work has heen
carried out on this point.

The ecarliest legitimate name must be adopted as the truz nowenclature of
fungl according to the International Code of Womenclature Art. II. (Edmunds &
Haason 19G0). Accordingly, the valid nomenclature for ithe fungus is considersd

to be Alternairia zinnise ,Pape,

A, zinniae Pape, named as suci, sppears to have been universally accepted as
the fungal species causing leafspot of zinnia, and no other record of confusion of

A. zinnies with M. caudatum, A. solsni or A. tomato has stubsaquent ozcurred in th
ot s 3}

literature.

According .to Neergaard (1945), reports of the fungus causing leafspot of
zinnia and designated as li. caundatun in 1923 by Gram & Rostrup (Neergaard 1945)
and in 1939 by Beaumont & Stenilsnd were "ne doubt" caused by 4. zinniae,
Similarly Neergaard {loc. cit.), on examination of Rostrup's herbarium material

in Coperhagen, came to the conclusion that the funges designated as 3. zinniae n.sp

was identical with A. zinniae Pape.
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CHAPTER II. THE DI SEASE.

A, THE DISTASE AND TTS EFFESCTS O THE EOST.

1. Geopraphical distribution of the disease.

The geographical distribution of Altermaria disease of zinnias can best be
vigualiged by considering published records of its occurrence, To date these are
all from souniries in tropical and temperate zones.

In the United States of America the disease has been recorded on ginnias in
at least 10 states, viz., California (Baker & Davis 1950), Colorado (Forsberg 1946}
Connecticut (Dimock & Osborn 1943}, Florida {VWeber 1925), New Jersey (Wescott 1950)
New York (Dimock & Osbomm 1943), Ohio {Ellett 1957), Oregon (Shaw 1958),
Pennslyvania {Wescott 1950), and South Carolins (Wescott loc. cit.).

There have been five reporis of the disease, on zinnias; from Cenade, viz.,
Britlsh Columbia {Jones 1948), New Brunswick (Orlob 1960), Nova Scotia (Conners
& Bavile 1952), Ontario {Creelman 1952, Kemp 1955).

In Zurope the disease has been recorded from Austria (Schmidt 1953), Denmark
{Neergaard 1937, De Tempe 1959), BEngland (Beaumont & Staniland 1939}, France
(Neergamrd 1945), Germany (Pape 1942), Holland (Meergaard 1945), Hungary (MNeergsard
1945), Italy and Sardinia {Feerpaard 1945, Prota 1960) and Yugoslavia (Kispatic
1951, Ferisic 1952).

The disease has been reported in Africa from Egypt (Assawah & Elarosi 19597,
Kenya (Nattrass 1948), Mauritius {Plant Pathology Division 1959), Northern
Rhodesia (Riley 1956), Nyasalend (Corbett 1962), Southern Rhodesia (Hopikins 15850,
Bates 1963), and Tenganyika (Wallace & Wallace 1948).

The only records in Asia and the Pacific area have been from India
(Kanjansoon & Mathur 1962), New Zealand (Dingley & Brien 1956), and Tasmenia
(Wade et al. 1959).

Records of the disease on hosts other then zinnia will be reviewed in the

section on Host Range.
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2. Depcription of the diseese and its effects on the host.

Alternaria disease {(Alternariosis) of zinnias is characteriged by its effects
ot both seedlings and adult plants. Descriptions of symptoms of the disease
have been made by a number of workers ovexr the past 25 years and these accounts six
a2 hign degree of uniformity (Pape 1942, Dimock & Osgborn 1943, Weergaard 1945,
Forsherg 1946, Baker & Davis 1950, Dingley & Brienm 1956, Prota 1960). Although
mast authors have described symptoms of leaf, stem and blogsom attack on adult
plants, few have fully described disease manifestation on seedlinzs or roots of

Zinnis elexans,

In Hew Zealand, all zinnia seed sown by commercial growers is imported,
mainly from U.S.4. and Surope. The mejority of this imported seed ig sown by
nurserymen and the seedlings raised as bedding plants for public sale. Since no
visual symptoms of disease can he observed by macroscopic examination of the ssed,
the first evidence that a particular seedline is diseased is symptom expression
on the developing seedlings.

Seed is sowa in boxes of sterilised soil under glass. The seedboxes are
watered liberslly and sown to give dense stands of seedlings, factors which no
doubt provide environmental conditions of high humidity within the seedboxes;
conducive to the develnpmnent and gpread of the diseass.

Some sesdlings rot completely and fail to emerge, while others bear dark
lesions on the cotyledons and stems and may damp-off after emergence. On
seedlings, the first evidence of the disecase is the presence of lesions on the
expanding cotyledons, which emerge in mbout 7 to 10 days. The seedcoat is
invafiably borne above soil level, adhering to the cotyledons. Cotyledonary
lesions are often evident when the teste falls to the ground. In some cases
the testa way remsin attached to one of the cotyledons for up to two weeks
after emergence and lesions may occasionally be seen growing oot from the seed-

coat into seedling leaf tissue.
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PLATE 5, COTYIFDONS SHOWING IESION ORIGINATING FROM 1HE
ADHERING SEEDCOAT,

Iesione on the cotyledons are dark brown to black in colour. Initially
they may be locslised and irregular in outline, but ofiten enlarpe to cover the
entire leaf surface. Older lesions may show & "targel board" effect involving
concentric ridging due to mesophyll collapse within the leaf. Diseased tissue
shrivels snd the cotyledons, if severely infected, collapse and die. The

cotyledonary phase of the disease is illustrated in Flate &.



PLATE 6. LESIONED COTYIEDONS PROM PLANTS ARISING FROM DISZASED SEED,
TEY DAYS FROM SCWING.

Iesiona due to secondary spread of the pathogen from initial cotyledonary

lesions generally appear from about 14 to 16 days after smergence.

Stem attack usually becomes evident at about the same time as secondary
lesions occur on the cotyledons. Stem lesiocns are manifest as watary necrotic
zones of decay at, or slightly above,ground level. In soms cases the leglons
may appear on the hypocotyl directly below the cotyledons., In only rere instances
is stem lesioning seen on seedlings which do not show cotyledon infection., The
soft, succulent tissue of the seedling hypocoiyl appesrs to be extremely sus-
ceptible to attack and in many ceses rotting may be sc severe as to completely
girdle the stems and cause plant collepse. Stem sttack is thus often manifest
as & posi-emergence damping-off, ‘fThe lesions are dark brown to bhlsck in colour,

with sunken centres, and are common on the stems of seedlings in infected

plantings.
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PHOTO. H. DRAKE.

PLATE 7. DISEASED SEEDLINGS SHOWING COTYLEDONARY LESIONS AND
STEM DECAY.

The roots of infected seedlings may remain healthy despite the presence of
both léaf and stem attack, but in some few cases plant wilting due to root decay
mgy occur. Wilted plants are easily pulled from the goil and the roots show
rotting and decay. Such rotted zones are easily broken off and the cortical
tissues may slough off completely. Root attack, however, is generally con-
sidered to be more important in adult plants.

As the seedlings develop, secondary spread of the pathogen becomes evident

as localised lesions on the expanding leaves. This lesioning gives the plants an

Gnsightly appearance, often rendering them unfit for sale.
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Photo. H. Drake.

PLATE 8. COMMERCIAL SEEDLINGS WITH LEAF IESIONING.

Seedlings are usually transplanted when about three weeks old. During
the transplanting process any seedlings showing disease symptoms are discarded.
Some plants which appear healthy at transplanting may subsequently show disease
manifestation. In some seedlings the pathogen has infected, but requires an
incubation phase of one to two days before disease symptoms appesr.

Plants are generally sold to the public when 5 to 6 weeks old. Many plants
are killed outright before sale due to leaf and/or stem attack while others

escape the seedling phase of the disease.

In adult plantings, which are invariably made outdoors, many plants show
severe development of the disease following wet, misty weather or heavy dews.
In some cases adult leaves may be so severely diseased that they wilt and die,
giving the plants a scorched appearance.

On leaves of adult plants the disease appears on both leaf surfaces as
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irregularly scattered, dark brown to black lesions, 0.5 to 1.5cm. in diameter.
On the upper leaf surface the lesions often show a characteristic whitish-grey

pateh approximately 1mm in diasmeter within the lesion.

PIATE 9. IESION ON A NATURALLY DISEASED IEAF (X6).

The lower, older leaves are the first to contract infection which, in
severe cases, may extend to the young foliage nearer the top of the plant.
Older lesions may develop a reddish margin and are dark brown with a

somewhat lighter coloured centre.
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Photo. H. Drake,

PLATE 10. IEAVES OF VARIETY PERSIAN CARPET SHOWING ADULT
IEAF-SPOT PHASE OF THE DISEASE.

Differentiation of margin and centre is lacking on the lower leaf surface.
On the upper leaf surface a "target board" effect may be evident, the lesions
showing concentric ridging due to mesophyll collapse. In severe attacks the
spots may become confluent and diseased leaves may wither completely. Dead
tissue is very fragile and disintegrates eagily. This gives diseased leaves a

very ragged appearance.



69.

PIATE 11, ADULT IEAF SHOWING FRAGMENTATION OF DISEASED
TISSUE.

Stems of adult plants may also be attacked, the lesions appearing as
black, elongate, longitudinal streaks. When numerous, such lesions may
coalesce. These lesions generally occur on the internodes of the stem and may
be superficial. Iarger lesions, which frequently girdle the stem, often
originate from the nodes, due either to growth of the fungus inwards from
infected leaves or to infection occurring directly in the leaf axils. Unlike
the internodal spots, the nodal lesions ordinarily do not remaein superficial,
and distal portions of affected stems may be killed by complete girdling at
the nodes. Stem tissues are often invaded by growth of the fungus from badly

infected leaves. Basal cankers are also common on the stems of plants in in-

fected beds. Affected plénts often wilt completely, even when the lesions do not

entirely girdle the stem. The root systems of some plants showing stem decay may

remain healthy.
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Roet infection, while the leest conspicuous, is perhaps the most serious
phase of the discase since it is not amenable to control by the measures that
might be employed to control infection on stems, foliage and blossoms (Dimock &
Osborn 1943).

*  Root attack is menifest by the outer tissues of affected roots becoming
dark grey to black in colour. These roots rot completely and the cortical
tisgues slough off, resulting in wilting and death of plants in severe cases.
Plants suffering from severe root attack are prons to collapse in high winds and
are easily pulled from the soil.

In some cases the severity of stem attack may be related to the amount of
root decay. Plants showing severe stem lesioning often have heavily diseased

roots. Conversely, plents with only light stem infection may often have

macrogcopically disease~free root systems.

PIATE 12, Plants showing varying amounts of stem and root attack. Plant
on l2ft severely diseased, with heavy stem decgy and-roots
almosgt completely rotted. Flant on right showing slight stem
legionifg and macroscoplcally digease-free root system.
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Root damage results in wilting due to reduced water absorbing capacity
by the plant. Plants with diseased root systems often partially recover at

night, but show severe wilting during hot weather.

Blossom lesions may become evident on the conspicuous ray florets. These
spots may be up to 1 cm. in diameter and are either circular, or occur as
longitudinal streaks. ILesions are dark brown in colour. Infected petals soon
darken and wither, causing the blossoms to become véry unsightly and rendering

them worthless as cut flowers or garden specimens.

PIATE 13. Diseased blossom, variety Giant Dahlia flowered, showing
lesions as longitudinal streaks on the ray florets.




CONCIIISION,

The symptoms of Alternsriosis on Zinnia elegans, as described in this

study, appear to be very sgimilar to those recorded by varlous overseas
workers. This indicates that fthere 1s a high degree of uniformity of
symplom expression of the disease in different countries. In New Zealand
the seedling phase of the disease appears to be of considerable importance.
In mosgt cases this aspect of the disease is not notfed as being of any
consequence in cther countries. Root attack, because it is not generally
noticed in outdoor plantings, is alsc not considered to be important
OVerseas. In New Zealend, however, this phase of the disesse can be gquite

serious, especially in beds plented with zinnias in successive seasons.

i2.



3.

B. THE  DLENASEH CYSIA,

I

r general, the following stages can be recognised in the developnent of
a plant disesse where a fungus is the causal agent;

1. Spore germination.

2. Penetration.

3 Infection of the host.

4 Incubation.

5. Menifestation.

o Exit from the hogt and secoadary spread,
7. Overwintering.

These stages collectively make up the "Disease Cycle" and are considered
as separate entities in this chapter although they may be integrated in the 1life

cycle of the pathogen,

1. Spore germination.

Spore germination 1s the initial stage in the development of fungal mycelium
from its spore. It differs from the growth of hyphae primarily in the ability of
a spore to utilise its stored reserves for metabolism (Gottlieb 1950). Germina-
tion of the spore may be considered the first step in the development of the
Disease Qycle. Those factors affecting spore germination are considered to be
of importance, since an understanding of them could indicate the environmental
conditions under which germination of the spore is most likely to occur. It is
generally considered that a singles fungel spore is cepable of germinating and
establishing a suceessful infection (Garrett 1960). Accordingly studies were
carried out fto determine the environmental conditions which affect the germina-
tion of individual conidia of A.zinniae,

A study of the literature on spore germination as it is affected by environ-

mental factors revealed that temperature and humidity were considered to be the

two most important factors invelved (Tomkins 1932, Hawker 1950, Lilly & Barnett
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1951, Cochrane 1960, Goos 1962). Accordingly studies were undertaken to
ascertain the effect of these factors on the germination of conidia of A. zinniae.
Two warisbles which have cauged considerable disparity in the results of
spore germination bestween workers are the criterion for measurement of spore
germination, and opinion as 4o when, in fact, a spore has begun to germinate.

Various criteria have been used to detemmine the effect of different
physiclogicel agents on germination. Of these the wost frequently used is the
final germination of the population., Other standards of measurensnt are the time
required for germination (the latent period of germination), the length and rate
of elongation of the serm tubes {Cochrane 1960), and the percsntage nunber of
spores germinated after some arbitrary time (Tomkins 1932).

Similarly, opinionsg differ as to when a spore wmay be considered to have
germinated. Yor some workers this 1s the moment when a swelling in the spore
vall appears (Gottlieb 1950, Hawker 1950); for others it is the time at which
the germ tube has parallel walls (Gottlieb 4950, Bollard 1950); while a third
group use the time when the germ tube length equals the width or length of the spo:
(Gottlieb 1950).

Tomkins (1932) considers that in any comparison of spores germinated undsr
conditions which differ in respect to one variable oanly (e.g. temperature,
moisture) in order to find the effect of the variable on germination, the latent
period and the rate of elongation are of most importance. Ue considers that only
by recording those two factors, along with the percentage of sporesgerminating
can the course of permination be fully described.

In the present study spores vere considered to have perminated when the
length of the germ tube equalled the widith of the spore body - approximately 20 u.
This criterion was chosen because it was noted in preliminary trials that at
temperature extremes, i.e. ahove 40°C and below 5°C, spores produced germ tubes
which elongated to sbout 5~10 u and then failed to coatinue growth.

HMeasurement of spore germination was determined by consldering the time for

germination of definite percentapes of spores as suggested by Bomner (1948), the
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average length of the germ tubes produced by the speres, the average growth rate
the germ tubes in relation to time and the total percentage germination of the
population.

lMorphologically, three distinct events characterise the process of spore

germination in the asexual spores of the higher fungi {Cochrans 1960),

1a Huclear division et some time dwring the process.
2, Imbibition causing spore swelling.
3. Germ tube appsarance.

Germ tube growth presumably follows the same course as mycelial grovith,
extension occurring only at the tip (Cochrane 1960).

In cases where the percentepge to be recorded did not coincide with an
observation period; the time required for the gexmination of a definite percentap

of gpores was extrapolated graphically.

{a) The effect of temperature on spore germination.

The effect of tempersture on germination was ascertained by observing and
counting the percentage germination at frequent intervals, In all cases 100
gspores per slide viere considered, three slides being used for each ftreatment.
Using this metied very little variation on different slides was noted in germ
tube development end germination percentage in relation to time.

To determine which substrate was best sulted for the germination of spores
of A. zinnise, seversgl different nutrient and non~nutrient subatrates were
compared. It was felt that laboratory studies would provide information of
practical velue only if they were conducted under conditions which were likely
4o occur in nature. Tomkins (1932) states that the percentage of spores that
germinate in eny given sample is largely determined by the nutrient solution.
Some spores do not germinate in water, some do so freely, while others behave
irregularly. ‘Thus Tomkins {4932) considers that nutrient soluttons should be
used for germination tests wherever posaible.

To try to obtain a suLstrate on which spore germination occurred in a
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manner similar to that occurring in the field the following types of substrate
were compared:-

1. Drops of tap water on glass slides.
2. Drops of sterile‘distilled water on glass slides.
3. Drops of sterile distilled water in hanging drop slides.

L. Squares of tissue (1cm) cut from the leaves of 6-week-old
zinnia plants and set out on glass slides.

5. Thin films of zinnia leaf agar on glass slides.

6., Thin films of PDA on glass slides.

All slides were placed in petri plates which had been lined with moistened
filter paper. All plates were held'ét 28°C for 2 hours prior to substrate
inoculation with spores. In each test thégiﬁoculum used was a suspension
(6000 spores/ml) containing spores produced froﬁ‘10~day—old cultures grown on
PDA.

_ g

Each substrate was inoculated with avdrop,of the spore suspension and the
plates held at 28°C.

Counts of percentage germination and observation of germ tube development

were made after 4 hours, three lots of 100 spores being observed for esach

substrate. The results are recorded in Table 12:

TABIE 12. COMPARISON OF SUBSTRATES FOR SPORE GERMINATION STUDIES.

Substrate % Germination Maximum no. Range in ILength Subgtrate
Average + SE. Germ Tubes Germ Tubes pH.
_per Spore. _ (Spore diameters)

Tap water

glagss slide 86.5+1.5 9 1-5 7.5
Sterile water L ‘

glags slide 80.0+1.1 g - 1-6 7.1
Sterile water ’

henging drop slide 82,0+0.6 5 1-5 w 7.1
Zinnia leaf :
tissue 87.3+1.7 10 1—7. 6.8-6.9
Zinnia leaf ‘

agar film 87.7+1.0 12 1-8 6.9

Germination criterion - when germ tube length equalled width of spore body.
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These results show that conidia of A, ziunise are cavable of germination
in sterile distilled water. This indicatesthat no external nutrients ere
necessary and viater as a substrate appears tc be quite satisfactory for spore
germination. All of the substrates studied gave similsr results as measured
by averapge germination percentage and germ tube development after 4 hours at 28°9C.
It thus appeared that the substrate that could be handled with the greatest
sase was the mogt desirable. The reasons for secepting or discarding various

substrates as suitable for spore gerwination studies are presented below.

1. Vater on glass slide.
Adventage - Ease of preparation,

Disadvantages - OCare is reguired in handling slides to prevent water
drops running together and altering spore position
on the glides, Need for water replenishment at
frequent intervals, egpecially at high temperatures,
due %o evaporation,

2. Wajer in hanging drop slide.

Dimadvantages - Time factor in preparation of large numbers of slides.
Difficulty in location of individual spores.
Conzregation of aspores in a mass at the bottom of the
drop. Problems of water replenishment following
evaroration at high tempersfures.

3., Zinnia leaf tissue
on glass slide,

Advaniage =~ Observations of germination closely avproximate
field conditions.

Disadvantazes ~ Opacity of leaf prevents easy location of spores
and germ ‘tube measurement. Germ tubes hard to
detect against leaf background.

L. Agar film on glass slide,

Advantages =~ FProvides a golid substrate. No problem of spore
movement, Provides a clear substrate, especially if
apar ig filtered before use.

The spore suspension forms a thin film on the agar
end the spores are left adhering to the agar when the
water evaporates.

Provides percentage germination figures similar to
those on zinnias leaf tissue.

In view of these factors, the method using an agar film on a glass slide

was considered to be the most practical.
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To determine vhether the pH of the azar medium would be a limiting factor
affecting germination, spores were placed on FDA and zinnia leaf agar filwms with
a TH range of pHE2 to pH10. The glass slides bearing inoculated agar films were
rlaced in petri plates lined with moistened filter paper and held at 28%C. after
6 hours, germination percentage countg for each pil value were made in each of

three rendom low power fields.

The reaults, expressed as an average percentage germination are recorded

in Table 13:
TABIE 13, SPORE GERIINATION ON AGAR FILNMS ON VARYING pH VAIUES.
pH of Agar. Percéntage Germination Soores 4after 6 hours at 28°C
Zimmila leaf Agar, - PDa,
2 12 5
3 22 11
L 27 18
5 84 93
6 96 96
7 96 96
8 97 92
9 96 97
10 95 26
Normal pH. Di 5.8

Zinnia leaf ager 6.8 to 6.9
These results indicate that at pH values betwesn 5 and 10 the hydrogen
ion concentration is not a limiting factor to germination of conidia of A, zinnial
That pH is not important in depressing spore germination in nature ig shown by
the fact that sterile distilled water a2llovied to lie on the surface of a zinnia
leaf for 24 hours had a pH 6.8 - 6.9, and rain water collected from the surface
of zinnia leaves in the field hed a pH ranging from 6.0 to 6.6. These figures

£all within the renge of pH values af which the spores of A, zinnize will readily

germinete.
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Of the  tvwio/substrates, FDA vias finally chosen for use in further studies
because of its ease of preparation end the ready availability of its components.

The method used to determine the effect of temperature on spore perminstion

of 4. zinniae iz detalled helow:

Clean glass slides (75 x 25mm) were placed in petrl plates lined with moistened
filter paper, Iiquid FD4, which had been filtered thfough e blotting~paper-
mache filfer twice, vwas placed on each slide. Approximately 3ml of PD4 was
placed on each slide and spread evenly over the surface with a sterile wive loop.
The regultent film wes allowed to solidify at room temperature. 4 series of petri
plates containing slides with agar films was placed in incubators at each of the
required temperatures for 1 hour prior to ilnoculation to allow the substrate
temperaturs to equilibrate with that of the incubator.

Spores of A, zimnise were produced on scraped 10-day-o0ld cultures on PDA.
The spores were weshed from the culture surface with distilled water and the
spore suspension thus obtained (approximately 4COC spores per ml) was held in a
refrizerator at 29C if not required iumediately.

The petri plates were removed from each lncubsator and the agar film on each
glide inoculated by running approximately 1ml of the zpore suspension along the
length of the film, using a sterile 00s nozzle dropper. This provided a uniform
leyer of sporess on the agar surface. The petri plates were then immediately
replaced in the incuhbator from which they had heen removed.

Relatively low concentrations of spores were used in these studies to over-
come any self~inhibition effect on germination, which may take place when spores
oceur together in large nombers. Dy this msthod it was hoped to obviate the
effects of toxins produced hy a mass of spores, which could reduce the geriina-
tion percentage and give a Talse plcturs of the poteatial of conidia for
gerirination.

It was unfortunately impossible to observe all temperature ssries concurrentl

. . . . . . _ T
due to limitetions of tiwme and incubator space. The study was therefore condicued

in three parts,
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1. BEffect of temperatures of =5, + 1, 5, 10, and 17°C on spore
germination.
2. Temperatures of 20, 22, 24, 2& and 28°C,
5, Temperatures of 30, 33, 35, 37, L0 and 45°C.

Obgervations were made at intervale of % hour during the sarly stages of
gerimination snd later at longer intervals as determinsd by spore germination
rate. With frequent ohservations it was a0t possible to uvse the sams slides
repzatedly because exposure to room temperature during the measuring process
would tend to alter the spore zermination rate. Conseguently a sset of slides was
prepared for incubation at each temperaturs and after each msasurewent the
particular szlide used wes digcarded.

A "Veeder" hend counter was used to record the number of spores gerwinated
in each of three random low power fields. One hundred spores wers obsgerved in
each Tfield and the nuwnber vivich had germinated was expressed as a percentage of
the total numher of spores observed. The trial at each temperature wes dis-
continusd when an average germinaticn of 95,2 or over was obltained.

Tne time talken to rgach 5, 50, 75 and 95;: germination was noted and these
times are recorded in Figure 6. Percentage pgermination figures at esach tempsre-
ture are presented in Appendix IV. The development of ths germ tubes as showm
by the maximum number of tubes produced per spore, and the maximrn length of the
germ tubes of spores incubated at each temperature is shown graphically in
Figure 7.

At tempsratures of 1°C and 45°C a number of spores initiated gerin tubes
which Tailed to elongate more than 5 — 10 u in Isngth. aAfter 48 hours incubation
at these temperatures slides were transferred to an incubator at 25°C. The
gera tuthes of spores which had been held at -’+50G failed to recommence growth,

The spores which had been incubated for £8 hours at 1°C and which had initisted
zerm tubes at this temperature showed rapid germ tube elongzation when subsequent-
ly placed at 28°C. Because the leangth of germ tubes produced at 1°C and 45°C on

as the width of the spore body they were not recordei

o

(=1

agar filmg were not as lon

in the germination perceniage. If the criterion of spore germination had heen
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that spores were consldered to have germinated when the sides of the germ tube
became parallel, a number of spores held at 1°C and 45°C would have been credited
as having germinated, viz., 7,  of gpores held at 1°C and &;i of spores at 45°C,
both after 12 hours.

From the resulis shown in Figure 6 the cardinal tempsratures for gpore
ggrmination of 4. zinnige on FDA films were below BDC, 28°C and sbove 40°C,

Pigure 6 shows that {emperatures shove the optimum of 28°C had a far graa
effect in depressing the germination of spores of A, zimniae than did corresponding
temperatures below 28%,

The time taken for 75% germination at 28°C was 2.3.hours and a further 3.2
houvrs were required for am additional 20. of the spores to germinate. This may
indicate that there is some antagonistic or inhibitory material produced by
germinated spores which retards the gerwination of others nearby. This trend was
consistent to all temperatures.

If it is conceded that leaf molsture is essentlal for germination of spores
in nature, wolsture must be present on the lsaf for longer periods when the
temperature is markedly higher or lower than the optimun of 28°% to allow
successful germination of large numbers of spores. FPresuming that 21l germinated
spores were capable of successfully establishing a disease relationship with the
host, the length of time that moisture remained on the leaves of zinnia plants
could have a marked effect on the number of infections, as evidsnced by spore
germination results in this study.

Germ tube nuwber and length increased with temperature of incubation from
500 up to 24=30°C and then progressively declined between 33 and LO°C as shown
in Figure 7.

Germ tubes were first produced from the basal cell of the conidium, but in
most cases this was followed by rapid production of germ tubzs from other cells
in the spore body. The hesak or "tail" of the conidium of A, zinniae is generally

considered to be sterile in that it does not produce germ tubes. In the pressn
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study some rare instances of germ tube production from the terminal cell of the
conidial heal were observed. The methods of germination of spores of A, zinuniae

are shown in Tigure 8.



FIGURE 8
METHODS OF GERMINATION OF SPORES OF A ZINNIAE ON PDA FILMS AT 28°C.
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(b) The effect of low temperature gforaze on spore germination capacity.

To determine the effect of low temperature storage on spore germination
capacity of A, zinnise, spores on films of FDA were stored in petri plates
lired with moist filter paper at constant temperatures of -59C and 1°¢. A
Turther set of slides was storsd in plates subjected to a 16 hour: & hour
altermating cycle at temperatures of —500 and 1°¢ regpectively. Every 24 hours
one slide from each of the three series vas removed to an incubator at 28°G for
12 hours. Spore germination counts were then made on 10C spores in sach of three
random low power fields.

Temperatures of storage of —500 and 19C inhibited spore germination, but
when slides were placed at 28°C for 12 hours many of the spores produced germ

tubes. The results of low temperature storagze of spores of A, sginnise on FDA

Films are recorded in Table ti4.

TABLE 14, EFFECT OF IOW TEPIRATURE STORAGE ON SPORE GERMINATION,
Storage Tempersiure. Alternating cycle
-59¢ 15 ~5°C:1°C,

No. days storage before
gpores oreduced no
germ tubes when placed
at 28°C for 12 hours. 26 38 8

CJonidia of A, zinniae showed quite long retention of spore germination
capacity under constant low temperaturs conditions. Alternate freezing and
thawling of spores severely reduced their longevity and tolerance to low
temperatures., This is in accordance with the findings of Cochrane {1960} who
noted this effect as a cammon factor affecting the tolerance of diverse fungi
to low temperatures.

Gottleib (41950) states that for many fungi the results of exposure to low
temperatures are rarely lethal by their direct actlon on chewical systems, for

. _ in vi
they merely reterd reactions. Under propsr conditions spores can remaill able
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for long periods. The lethal effects of wvery low temperatures cen be atvtributed
to the formation of ice cryatals in the cell or the membrane as the temperaturs
approaches the freezing point of water,

Spores frozen in water cr stored at low temperatures at high moisture
aontent are congidered to be more susceptible to low temperature injury than
are dry spores (Cochrane 1960)., This would indicate that low temperature in
itself is not damaging %o ths spores of many fungl provided that they are stored
in a dry conditfon. This is confirvmed in the present study of A. zinniae by the

ability of spores %o maintain their viability for up to & months when stored in

a dry condition on cheesecloth at 10°C. - (Page 7).
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(c) The effect of relative humidity on spore sermination,

The ability of spores of 4. zinnise fo germinate in simospheres of known

relative humidity was investigated.

Haterials and lethods,

Controlled relative humidity conditions within a small closed space were

produced with water-glycerine mixtures similar to those used by exler & Brombsache
{1951). The volumes of cach component (in a total volume of 100 ml, at 28°C)

used to obtain a required relative bumidity (i 1.} were calculated, and sre record

ed below:-

RH% GLYCKRINE (ml) DISTLLIZD WATER (ml)
5 b 5
15 o2 8
35 Sty 16
55 72 28
75 55 45
N 42 58
89 32 68
92 25 75
95 15 85
100 0 100

-~

Tach volume of 100 ml of glycerine and water was thoroughly mixed in a
250ml besker. Zach beaker was placed under & wire cage (6" x 6" x 5"} and dry
microscope slides arranged on the top of the casge. The cege was then coverad
with an 8" diameter glass belljar which was supported om a 12" x 9" plastic trsy.
The rim of coniact between belljar and tray was sealed with petroleum Jelly.

O s ] - I3 e
The whole apparatus was held at 28 C overnipht to allow equilibrium vapour

prezsure 4o be obtained within the closed vessel and to ensures temperaturs

equilibretion before introduction of spores.
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Spores were obfained from the surface of 10 day old cultures of A. zinniee
which had been scraped, irradiated with ultraviolet light for 1 minube, and
incubated in an inverted slanted pesition at room temperature for 48 hours.
These spores were transferred to the surface of the glass slides using a dry
camelhair brush. Spores viers also germinated on glass slides in distilled water
at 28°C as a control.,

Spore germination and germ tube developrent were recorded at 4 hour
intervals up to 24 hours, by removing one glasg slide from each humidity chamber
and counting the percentaype of spores gérminated in each of three random low
pover fields.

At first only germinetion percentage and germ tube length at the end of
eacn incubation period were measured. It was soon realised, however, that the
speed of pgermination and, to a lesser extent, the rate of germ tube growth were
more sensitive to reletive humidity than were the ultimate germination counts
ohtained., In obgervations at 24 hours hoth of thege properties were also
measured.

In tests at 100 R.H., fields relatively free from condensation were
selected. Cerm tube length was measured using a micrometer, 25 germ tubes being
chogen at randow for measurement.

A conidlum was considered to have germinated when the length of any one
germ tube exceeded the width of the spore hody.

Once a slide was removed from the belljar for measurewent of spore germine-

tion it was discarded.

Results and Discussion.

This experiment showed that germ tube produciion, germ tube growth and final
germination percentage of gpores of i. zinniae were all sensitive to relative
humidity. At all humidities up to and including 92;s germ tube lenzth was greatly
retarded, the number of germ tubes produced per spore restricted and the averasge

. . . o
percentage germination after 24 hours at 28°C severely reduced.
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The results of these studies are recorded in Table 15.

TABIE 15, EFYECYT OF RETATIVE HUMIDILY ON SPORE GERVINATION,

Spore germination and development after 24 hours at 28°C:

R.H.7e Average o Maximum Fo. germ llax. germ tube Time for 50/ spore
Germination., +tubes per spore. length {microns) Germination.

5 0 0 0 -
15 0 ] 8] -
35 0 0 0 -
55 0 0 0 -
75 0 0 o} -
84 14 1 90,20 Over 7 dayse.
89 12 2 ' 88.15 6.2 days
92 22 2 86.10 2.2 "
95 614 6 310.75 20 hours
100 81 7 548.40 16 hours
Control 98 g Over 600 2 hours

At relative humidities between 84 and 10C: the conidia remsined turgid and
germination proceeded normally, At lover humidities the conidia {especially ths
conidial beak) and the rudimentary gcerm tubes shrivelled rapidly. At humidities
of 754 or less germ tubes reached a certain length (up te 10 microns) snd then
stopped elongating and shrivelled. At humidities from 95 to 100 good germina-
tion occurred at 2800, although germination psrcentage aad germ tube prowth weve
less than comparable figures obtained by germinating spores of A, zimniae in
distilled water,

It should be emphasised that the results obtained in this experiment are
dependent on the criterion, necessarily arbitrary, adopted for considering when

gpores have "germinated"., In the present study the criterion uaed was that germ

tube length should equal or exceed spore body diameter,
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If the criterion had been that a spore was considered to have germinated
when the sides of the germ tube bezcame parallel, a small number of spores at

relative humidities below 84 would have been considered as having germinaied,

viz. at 5,5, -« 2 spores
15,. = L sporeg
35,5 - 6 spores
55/ - 5 stores
7h,- = 9 spores, compared to no gpores at any of these humidities

being recorded as having germinated by the criterion actually used in this study,
In the present study it was noted that rudiwentary germ tubes produced from

gpores held at relative humidities of 755 or less for 24 hours were incapable

of resumning growth when transferred Lo drops of distilied water snd held at 28°3.

Thus thege spores were considered not to have "perminated" since they produced on:

incipient germ Hubeg which quickly shrivelled and died. 3Similar results have bser

demongtrated for the germination of conidia of DBrysivhe graminilis D,C. by Famners

& Hozzain (1963).

The m=zthod of germination of spores in water vapour was simllar to that in

)

1,

fres water or on agar filmg, but the time required for the sawme stage of spor

germination to be rsached, even at 10075 relative humidity, was very much
increazed. ‘heae findings ave in general agreement with results reported by

Gottlieb {1950).

CONSIUSION,

Prom this study it appears that the level of atmospherie relative humidity
can be a limiting factor to both the rafte and extent of germination of cenidia of
A, zinniae in nature, in the absence of free moisture. Only when ithe relatlve
humidity is over 95;« could this factor be of any practical valus to the pathozen

through its stimulatory effect on spore germinatioi,
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2, TuNETIATION ARD THEEQTTION,

The term penstration i1s used tc deseribe the method by which a pathogen
enters host tigswve., In this sense 1t does not includs subsequent development
within the host {Flentje1959).

Brovn (1936) distinguishes several stages in parasitism, namely the pPre=
penetration stage, the actual penetration of the host, and the post~penetration
stage when the pathogen has gained entry into the host plant.

The pre-psnetration stare. Zven when the spores have besn deposited on a

sulitable host plant, successful infection is by no means assured. OConditicas
muat be sultable for geraination and, as shown in the preceding section, this
phage of the Digeasg CUycle is markedly influenced by environmental conditions.

Penetration involves the mechanism by which a pathogen enfers host tissue,
Some fungi are "wound parasites", that is, they enter only through a wound or
discontinuity in the surface of the host. Many fungli enter the host plant by
way of the stomatz or through lenticels or water porss (Brown 1936). Others
penetrate the epidermis directly through the uninjured cuticle.

Ffungl often have characteristic and rather elaborate mzans of penetration,
exhibiting an active response to stinuli (Brovn loc, cit.)

Post-penetration. Following penetration, the problem of fungal attacsk

pecomes one of actual establishment in host tissue (Eide 1955}= This stage of th
Disease Cycle has heen termed "infection",

Althoush variougly defined by different workers (Gaumann in Eide 1955),
Walker 1950),'in the present study the term "infection! has been used in the
sense prescrived by VWalker (1950),

According to Walker (loe. cit.) infection iz said to have occurred wher
the fungus becomes estahlished within the host following penetration ahd is
indepsndent of external food ressrves for ite continued development.

Because the two processes of penetration and infection are continuous it
ig often impossible to distinguish the point when penetration has been completed
and infection has begun, Accordingly, in the present siudy, it was not found

practical to try to distinguisn these two =tagzes because the rate at which both
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spore germination and penetraticn occurred was highly variable within the spore
zample ased.

Attempta were made to determine the method by which host penetration occurre
and also the effect of temperature on the duration and extent of the penetration

and infection processes.

{a) Method of Penetration.

To determine the method(s; of penetration involved in the Disease Cycls
of A. zinnige a large number of sgores were observed germinating on zimnia
leaves,

Waterials and methods,

Healthy 6 week old zinnia plants were inoculated with o spore suzpension
containing approximately 6,000 spores per ml, The plants were sprayed with the
suspension and held at 750F throughout the trial. At intervals of one howr a
plant was removaed from the temperature controlled cabinet and the legves remwoved
to the laboratory. The surface of the leaves was flocded with acid fuchsin
stain and each leaf allowed to drain on & slanted glass slide for 5 minutes.
Under the microscope, germ tubes were stained red and essily distinguished from
the underlying leaf tissue which remained dark green. The leaf surface was
examined under the low power objective of fthe microscope to locate penetrating

pore which were then examined uader higher powsr.
spores, h9

Observations and Discussicon.

In mast cases direct peneiration was seen to ozcur, although in some
instances penetration by a zemrm tube entering a stome was obssyved. In genersil
dlrect penetration appeared to be the characteristic method of entry of the
pathogen into hozt tissue.

Duringz germination of conidia several germ tubes developed from different
cells of the spore body and zpread in an apparsnily random pattern over she
leaf surface.

& number of conidis were seen to be penetrating directly through the



cuticle as soon as 4 hours after sporss were placed on the leaf. The tip of the
hypha produced an appresscrium which was part of the originel hypha with an
increaged diameter.

Direct production of a thin infection peg which penetrated the cuticle and
entersd an epidemmsal cell could occcasionally be seen. After passing through
the cuticle and the ocuter layer of the epidermal well the penetration process
of the pathogen was congldered to be complete.

Stomatal penetration was coccagionally observed, hypae forming a zlobose
gtructure within the stomatal cavity. This structure was conslderdd to be
elther an appressorium or a substomatal vesicle.

Pungal development continuved within the cells surrounding the infection
gite but the mechanism of further development of the pathogen was nct clear
uging the staining method employed.

Direct pegnetraftion has also been noted as characteristic of severszl other

Alternaria species including A. solani (Rands 1917), A. cucumerina {Jackson 1959}

T
S

and 4. longipes (Von Ramm 1962).

Direct penetration is repovbted as being a mechenlical process, the
appregsorium becoiring attached to the host surface and providing an esdhesive
disc agasinst which the infection hypha may push, exerting mechenical pressure
on the cubicle during penetration (¥olf & Volf 1947, Iilly & Barnett 1951,
Plentje1959, Dickinson 1960}

Penstration by fungal pathogens through stomata eppears to be a more
passive oprocess, often influenced by hydrotropic or chemotropic regponses.
Various stimulus mechanisms have been postulated to explain stematal pene-
tration —-- chemical substances diffusing from the stomata (Bald 1952); water

vapour gradients (Dickinson 194G) and stomatal guttation (Bald 1952, Yarwoci

CONC LUSIO!

From this study it is concluded that penstration of A. zinniae into zinnia
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leaves is most commonly a direct procsss, by which the hypha penetrates the

cuticle and establishes in the host tiszue, In some cases penetration through

stomata was observed.

Y o L . -
(b} Toe effect of temcerature on penetration snd infection.

Studies were carried out fo determine the influence of temperature on the
rate and degree of penetration and infection by spores of i, 2inniaé on zinnia
leaves, This trial was alse designed to determine whether invasion cecurred
more readily through the uoper or lower lesf surface. The method used wag

similar to that described by Dimock & Oghorn {(1943).

¥aterials and Methods.

Six week old zinnis plants, eazch bearing three pairs of folly expanded
leaves, were usged in this study. The lezves of the plants were maried for
inoculation by drawing (with a ‘ball-point' pen) three S5mm circles oz ths UIner

leaf surface of one les? of each peir and three circles on the lovier surface of

weir, Thus s tobtal of nine upper and nine lower surface

%
L

the other leasf of each
areas were marxed on esch tlant.

Criz drop of spore suspensilon vas placed with a 80s nozzle dvoprer on esach
marked srea. The inoculum concentration wes such that aspreximately 10 to 15
gpores were present in each drop of the suspension,

-

Immediately after inoculation each plant wass covered with a plasgtic bag, the
mouth of vhich was tied with string to maintain igh humidity. Seven plants
were wlaced in sach of six temperature controlled cabinets which were held at
temperatures frow 60 to 85°F =t 5° intervals.

At intervals one plant was taken from each temperature cabinet, the plastic
bag removed, and the leaves of the planits dried in front of an electrie fan.
This prevented further penstration. The planits were then pleaced on the glass-

house hench.

Dimpeclkk & Oshorn (1943\ atate that in their studies it was found that



R

wmless artificlally dried, molsture sufficient to permit spore germination,

penetration and infection may remein on the leaf surface for a number of hourg

after it appeafs to the eye to be quite dry.

If penetration and infection had ocecurred lesions would later develop.

These were recorded by direct counts affer a period of ten days from inoculation,

nine lesions on each of %the plant surfaces indicating 100. infection.

Besults and Discussion.

Results on this trial are recorded in Table 15.

TABIE 16, THy EFTECT OF TIREERATURE, IRAR SURFACE INCCULATED AND DURATION
OF EXFOSURE OF IIFECTICH OF ZINNLA IDAVES BY A, ZINNLARE,

Temp, OF Igaf Duration of Exposure (hours) Total Ho, lesions
+ 29F Surface 6 8 12 20 2& 3§ LB Per svrface  FPer temg,
60 Upper o ¢ 1+ & 3 3 5 16
30
Lower O 0 1 1 4y 5 ] 14 :
&5 Upper o1 2 & 2 5 6 20
" L6
Iouer 0O 1 3 3 4 7 8 26
70 Upper 02 &6 7 4 3 8 35
e
Iower T3 5 5 7T 9 9 39
75 Upper 4 2 /5 6 8 9 9 Lo .
¥
Iovier t2 4 3 9 9 9 b3
80 Upper ot 3 4 3 7 7 25
54
Tower oo & 5 7 7 5 29
a5 Upper ¢c ¢ 2 3 3 L L 16
Jh
Tovwer o 0 3 3 3 5 4 18

Total lesions on upper leaf surfaces - 152

Total lesions on lower leaf surfaces = 169



These resulis indicate that the optimum Yemperature for penetration and
- ] 2 ~1 s 0 7z oln - 1 . . £
infection is about 75 F (23.9°C). They also show that at temperatures between

=00 . . s . .

70 and 75T infection may occur within 6 - 8 hours. Congideration of all
temperatures tested suggests that between 60 and 857, waximum infection is not
reacted with a period of trzetment of less than 20 hours and asually not until
36 hours after inoculation,

It is interesting to note that the optimum temperature for infection in

] - 0—1 > 1 - 1 L Q L,/ 2 3

this study (75 F) is considerably lower than the 82 F which ig optimum for the
growth of the fungus on culture media (P.D.A.).

In gimilar studies Dimock & Oshorn (1943) reported that the optimum
temperature for infecticn of zinnia leaves by A. zinnias was "probably about

% 1® f L FR) : : - 3

70°F". They also state that invasion occurs more readily through the lower
surface of the leaf 4than through ths upper surface. In Dimock & Osborn's
experiment there was a 77 increase in the number of lesions develoving on the
lower suvrface compared to the number on the upper surface of the leaf, In ithe
present study a much smaller difference {+ 10,4) was observed in the number of
lesicns on the lower surface compared with the upper surface of the leaf.

The stomata on the lesves of Zinnia elerans are more numerous on the lower

gurface, Since 1% has already been gnowh that stomatal genetration does some-
times occur, thig incrsase in the number of lesions on the lower leaf surface in
the present study may be due to higher stomatal penstration on the lovier leaf
surface, IHowever, the low density of stomata on the upper leaf surface would

A

not appear to ke a limiting factor vo penetration and infection of 4. zinnise,

CONC IUSIOHN.
From this experiment it is concluded that the optimum temperature favcuring

.

penetration and infection of zimnia leaves by A. zinnise is approzimately 759 .

At this temperature the infection pericd may be as short as 6 = & hours.

Infection appeared to occur more readily through the lower surface of the

leaves but both leaf surfaces were susceptible %o attack,
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(c) The effect of leaf moisture on penetration and infection.

dn experiment was conducted to determine the length of time plant lzaves

must be continucusly wet for penetration and infeciion to oscur,

erials and Methods.

Healthy six leaf zinnis plents were gprayed with sn agueous suspension of
conidia of A, zinniae containing 12,000 spores per ml. A1l plants wers misted wii
a fine gpray of szsterile distilled water at one hour intervals. Uninoculated
plants were also atomised with distilled water as controls. A1l plants were held
in a thermostatically controllsd room at 757 (i 29@). High hunidity was
maintained in the room =% between 55 and 75, throughout the trial period by
placing flat trays of water in f£ront of the fan heater ussd for temperature
control and by standing the pets coniaining plants in gimilar trays containing
water on a heanch nearby.

At one hoor intervals three iroculated plants and one control plant were
removed from the trays, dried with oold air from an electric fan for 20 minutes
and removed to the glasshouse.

Disesse rating was recorded after 10 days from inoculation by counting the number

of lagicns which subssquently developed.

Results and Discussion.

Regults of thiz trial are recorded in Table 17.

TABIE 17. Effect of continuous leaf moisbure on the lengthﬂof the
- penetration and infection phases of the Disease Uycle,

Timez leaves wetl. Total nunber lea%ons on lsaves
{hours ) (10 days)
1 0
z ¢
3 0
b O
5 2
6 7
7 19
& 32
9 40
10 47
12 over 50

A11 coatrols were discase free,



These results indicate that at the optimum Stemperature for infection (757F)
at lzast 5 hours continuvous leaf moisture is neceszary before the pathogen is
aapable of infectlon.

As the period of coutinuous lea? moisture increased; the nuaber of lesions
which subsequently develored also inecreased. Vhen large numbers of lesiong
were present on o single leaf it became difficult to identify and count these

individually due to cealegcence of dead tissue over the leaf surfacs,

CORC TISTON,

Trom the results of this trial it 1s concludsd that at the optimum tempsra-
fure for infection (?50F} leaves of zinnie plants mast be continuwously wet for
a period of at least 5 hours before the fungus can infect host ftisswe o the
stege where it is no longer dependent on leaf surface moisiure for its further

deve lopment,
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3, INCUBATIORN,

The incubation period is defined as the interval hetween infection and the
appearance of symptoms of the disease (Walker 1950).

During the psriod of incubation the  pathogen proliferates and sgpreads in
the host tissue. These processes consist of biochemical and physiclogicel
reaztions insgide the tissues and cell proteplasta. They are often inconsplcuous
end difficult to follow (Kern 1956). Only at the end of the incubetion phase of
the Digeage Cyecle do morphologlcal alterations become vizible on the plant.

The visible symptoms of the disease are of ten unspecific and cannot give
mach information on the mechanisms of pathogen sction, Dxternal symptows on
the plant are the expression of death of cells o tissuss and the specific
reactions may already be over,

For many dissases the sequence of visible events 1s well knowmn, but about
the reasons and factors which determine this sequence of events, only scattered
information is availshle,

Tor the invading pathogen, the host plant represents a nutrient substrats
to feed on, The presence of sultable nufrients and the availahility of the
parasite to uiilise these under the given conditions are an important pre-
requisite for its growth and proliferation (Hern 1956).

During the incubation period the host plant may angwer the pathogen's
ection with defence reactions. In many cases, however, protoplasts become more

end more demaged, morphelogical alferations of cells and tissues becoms vigihle

and the pericd of manifest disease begins,

{a) Pathogen development durings the incubation period in host tissue.

Following penctration of either the upper or lower lsaf surface of zimnnia
plants the pathogen appsared to progress some distance from the infection site
prior to the appearance of menifest symptoms. To try to determine the sequence
of events during the incuobation phese of the Disease Cycle a whole leaf clear-

ing method similar to that described by Vhite & Baker (1954) and Shiptoa &

Brovn (1662) was used,



Ieaves of healthy zinmia plants were inoculated by spraying with a spore
suspension of A, zinniae containing 12,000 apores per ml., At one hour intervals
inoculated leaves were removed from a plant, cut into approximately + inch strips
and immersed in 10 - 15 ml. of alcoholic lactophenol cotton blue. {Iactophencl
cotton blue; 95, alcohel 1:2). The lactophenol cotton blue was preparst as

reported by Shipton & Browm (1962);

Fhenol 10 gm.
Glycerine 10 ml.
Iactic zcid 10 ml.
Aniline blue 0,02 gm.

Digtilled water 10 ml.

The golution, containing the leaf pieces, was brought to boiling point ard
simmered for 1 minute. Ieaves were allowed to vemain in the stain for 1-2 hours
at room tempezrature. They were then removed, rinsed in weter and placed in
chloral hydrate {5gn chleral hydrate + 2ml distilled water) for 30 minutes.

The pieces were then mounted on microscops slides in glycerine,

The ccecasional failure of the chloral hydrate o clear cells vizs remedied
by repeating the polling in aleohnlic lactophenol cotton blue and clearing again
in chloral hydrate.

Uaing this method it was possible to gain some information on the method of

development of the pathogen ia host tissue.

Observations and Discussion.

After penetration profuse mycelial growth permsated the leaf tissuve,
radiating inter- and intra-cellularly from the point of entry with 1ittle or
00 apparent linitetion by the cell walls. TUltimately there was a progressive
collepse of epidermal cells, beginning from the infectlion site.

After the host cells collapsed the pathogen grew quickly in  dead tisszue.
The epidermal cells szemzd to be particularly susceptible and were often attacksd
first. Tois was followed by the collapsa of nallissde cells, which in some
cases retained their integrity o some extent.

. 5 gy arly in
The mycelium of the pathogen sppearaed inter- and intra-cellalarly i



9.
cleared leaf tissue as light brown threads ramifying throughout the epidermal
and mesophyll regions of the host.

As soon as cell death anmmenced it becare more difficuli $o observe the

mycelium of the pathogen dve to the masking effect of dead proioplasis.

(b} The effect of temperature on the duration of the incubeticn pziiod.

Incubation is generally & rather extended process and consideralble
variation in its duration is frequent. ﬁitb the pathozen establisghed in the
host Tilssue temparature, rather fhan humidity, bhecowss the most important factor
affscting the length of the incuhation veriod. {Waggonsr 1960).

Observations viscre made of the coffect of temperature during The ilncubation

period on the minimun tiwe before inoculated plants developed macroscopic

symotomne,

Materials and llethods.

Healthy zinnla plants at the six leaf stage of development were inoculated

a

vith a coridial sugpesngion of 12,000 spores per ml, Plantsg were held at con-

trelled temperatures of 5C, 60, 70, 75, B0 and BEDF throughout the trial period.
Frequent observations of inoculated plents at each temperature were made. DBy
marking lesions with & 'ball-point' pen =2z soon as théy appeafed on the leaves
it was possible to determine when Turther lesions developed. Plants sprayed
with sterile disiilled water were also held at each tempersture as conirols.

The nunber of hours after inoculation when the first macroscopic lesions

becare visible was recorded.

Re=ults and Discusaion.

The results of this trial are recorded in Table 18.
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TARIE 18, Tength of Excosure of Inoculated Plants at Different
Temperatures before Macroscoplc lesicns becoms
Tigible on Ieasf Tisaue.

e
=

Temperature Hours Ixpogure Before
oF, Tirst Iezions Vigible.

50 approx, 120

£0 73

70 48

75 50

g0 T

85 106

From thezge regults 1t wes nossible to calculate the approximate lsngth of

-
the incubation phase of the disease cycle. In the previcus szection on pens-

)

(=

4 infection 1t was shown that these two processes were coupleted siver

tration a

the following pericds, dependent on tewpsrature:

502 i 20 hours

60° 7 12 v

70° F 6 - 8 hours
757 F 6-5 "
80" F g - 11
85° = 12 hours

£ 4

By subtracting thege #lmes from the shortest period required for dissase
manifestation at different {euperatufes the minimum length of the incubation
phase of the disease cyclé could be calculated. The length of the incubation
period in relation to temperature is shown in Figure 10, The broken lines
repregent the boundaries of observed minimum end maximum length of the incte
bation period and the solid line the spproximate period et which mazimum
expression of lesions was observed at various tenperatures.

AL the range of optimum temperature for infection (70 = 75°F) the minimum

length of the incubation period appeared tc be approximatsly 40 hours.
A w AT et n Ay o el P P ' .
At 7P F complete expression of sympioms occurred about 24 hours earlier

2 . I .
than at 60° ¥, while the incubation periocd lasted approximately 3 days when
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plents were held continuously at 5
During this ftrial it wes noted thet lesions produced on the younger, softer
B ¥ g8,
leaves near the growing apex were imvariably larger and visible sooner than

2 a

lesions on the more mature lsaves of inoculated plants. Thig may be attributed
to the greater case and earliness of penetration of germ tubes of the pathogen
through the fthinner cuticle of younger leaveg than of older leaves. Conversely
the effect may be due o a reduction in digtribution or amount of nutrienits in
clder leaves favouring the growth of +the pathogen in host tissue.

Az the length of time fromw lroculation increased there was a progressive
increase in both the size and number of lesions produced, over the temperaturs
range studied., A%t the optimum temperatures for Gisease development {70 %o 75°C)

all plants showed complete leaf collapse within 10 days. At temperatures sbove

80YF the size of lesions was greatly reduced.

CORC LIISIONS.

Alghough the growth and spread of A. zinniae in zinuia Jeaves is difficult

i die

f-tv

to follow, it is concluded that the pathogen progresses some distance from the
infection site before macroscopic symptonms appear. Mycelium of the pathogen is
both inter- and intra~cellular in host tissue, epidermal cells being especially
prone to early collanse,

At the range of optimum temperature for infection (70 to ?59?) the minimum
length of the incubastion period is epproximstely 40 hours and the length of time
before symptows appeared increased at tempsratures higher or lower than the
optimum.

As the length of time from incculation inereases there is a progressive
incfease in the gize and number of lesions produced.

s the most extended single step

1=

This atudy anows that the incubation phage
in the dewvelopment of the disease cycle, The length of incubation is sreatly
dependent on temperatoure and the size and nuwvber of lesions which subseguently

develon on leasves following incculatioh i closely related to both temperature

and time,
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MANTRESTATION.

The texrm manifestation refers to the expression of physiclogical disturtance

and is applied to evidence of the presence of a disease inducing agent {(Chester

1959)

Menifestation of digease on zimmia plants cavsed by A, zinmiae involves

spotting of lesf, stem and blosgom tissueg. The precise nature of this expres-

=

slon on dlffereut host orpanz has been described in detall in Part A of this

chepier (paze 61).



5.  TPRODUGTICN OF JHOCUITL,

Conglderation was given to the method of production of conidia of 4, zinniae.

Gonidia may be produced dvring the period of manifestation or at a later stase
& 3

and are formed singly et the tips of conidiopnores arising from dead host tissus

Wicrogcorlc examination of cleared infected host tlssue revealed the presence

r

of Iight brown intex- and intra-cellular hyphae within the host and brown septat
conidlovhores arising from the stomata. Spores of the fungus were often vigihle
fresh gpecimens of infected leaves when atmosrheric conditions favoured
gporulation.

The most active region Tor conidial produciion was at the site of originel

infection and the density of spore production on cther areas of a lesicn was
extremely variable.

When wlants were held coutinvously under high humidity conditiona at
favourshle temperatures of 70 to 80°P production of spores was seen to occur
within two deys of the first appearance of lesions, or approximately &4 to 5 days
from inoculetioil.

Poymal humidity cenditions encountered in the glasshouse were not high

encugh to support conidial production. If disessed plants were subjected to

e

high humidity, eilther by covering while wet with plastic beg or
horidity cabined, sporulation on lesions occurred within 36 hours, at normal

glagshouse temperatures of 50 to 80F.

During the swsmer wonihz, when 1t wes nscesegary to dang down the glazs-

AT

houge %o reduce the temperaturs, some secondary spread of A. zinplae wag noted

L) : ]

in zinnia plants stored on the glasshougs benches. Thig would indicafe that lhe

pathosen was capshles of sporulafion, dlssewination and of infecting healtny host

P
oy

or
=

tissue undsy such couditions. Thus 1t geens probab ty iz a

]

e that hizgh hamidi
pre-reguisite for the production of conidis from lesioned hozt tissue.

The sequence in the development and productlion of conidiz of 4, zinniae

ig pressuted in Pigure 11,

-
-



FIGURE . SEQUENCE OF CONIDIAL DEVELOPMENT,
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CAMERA LUCIDA DRAWING OF CONIDIA IN DIFFERENT STAGES OF DEVELOPMENT,
-6, PROGRESSIVE FORMATION OF A SINGLE CONIDIUM FROM THE APICAL

CELL OF A CONID{OPHORE,
7. CONIDIOPHORE FOLLOWING CONIDIAL ABSCISSION SHOWING TERMINAL

SCAR.



AU Die H05T AITD DISFERSAL OF INOCUIIRI,

Jnen the host plant becomes dlsepsed the csusal orzanism freguently produces
a crop of sporss which function as the secondavy inoculum and serve to initiste
secondary infections., DSecondary cycles way be repeated zeveral times during the
growing season end are the means whereby there is repid end widespresd buildup

of = particular dlsease during the relatively short period that host plants =re
avallable.

In general, the msthod of dissemination of secondary inoculun will be

important in determining the extent and range of inoculuw dispersal. The spread

)

WL
GE

ﬂz

of spores of a pathopen which is dependeni on water splash sifects, for ingitance,

will tend to bhe sirictly localised. VWindborne spores, on the other hand, may be
carried long distances snd hence gsecondary cycles may produce inoculum which ig
capable of causing infectlos to plants some distance from the originel sive of
inoculum production.

The various agents availabls for the dispersel of conidis of i, zimnizs

ineclude wind, rain, insects, wman snd culiural prectices. Field observetions on

L'

the pattern of spread of Aslternaris lsafspot had lead to the conclusion that the
lagt three of these agencies were unimportant in the dissemination of {he
pathozen. Thus wind and rain were considered in this study as the two major
fzetors which could be important in conidial dispersal. The study was conducted
in twe sectlons

) Iaboratery txial
) Vield trial.

{a) Ieboratory Trial.

LY

Observations were made on the effect of wind and water on the liberation
and spread of conidia of 4. zinnize.

-

Heterinls and llethods.

: . 0 \ . o
Zinnia leaves from infected plants were held at 2870 under high humidity
conditions for 48 hours. These leaves were then exawined under a binoccular

microscope and sporvlation wags shown to be hesvy. Ten of those lesves which were



showing heavy spore producticn from disease lesions were placed on an 8 % 8, 5enm
glags slide and gecured in position with adhesive taps. The slide was held in o
clamp, 4 inenss from 2 ’'Hosyaire',fan. DPots, each coataining 3 healthy zinnia
plants, were plsced © incheg from the glass slide and 13 inches from the fan s0
that plants and slide were in the direct path of the alr stream.

The trial was carvied out in six sections, the exposure time in all casss
being 10 minvtes,
l. Dry air from the fan waaz passed over the sporulating lesves on the glaas

glide. The lesves of the test plants wece dry.

[l

2. Dry air from the fan was passed over the sporulating leaves, the leaves of
the test plents being wet Auring the test pariond.

3. A fine mist spray of distilled water vas dirscted into the air stream from
the fan bhetween the fan and the glass slide bearing sporulating leaves. e
leaves of the test plants were dry,

Le As forx 3 except that the leaves of the test plants were misted with distilled
water prior to exposure,

5, Glater wiaz directed onto th: gporulating leaves and allowed o splash directly
onto the teat nlants. Mo alr movement from the fan was used. The lsavesz of
the test nlants were dry prior to treaiment.

6. As for 5 except that the leaves of the test plants were misted with distilled
vater orior to treatment.

Following exgosure 2ll plantg viere held in a moist chamber under high humid-
ity corditbns for 36 hours at 70°F and then removed to the glasshouse bench.
Digeage counts, as shown by the number of leaves which developed leslons, were
made 10 days after exposufe. Reisclations of the pathogen were alszo carried out.

+ ‘Kogyaire'! is the trade nawme of a domestic
gleatric fan manufactured in New Zesland,
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Resultso

The regults of this trial on the method of spore dissemination of A. zinuniae
are recordsd in Tehle 19.
TABLE 19, Iesion Development on Plants Subjected fo Different

Secondery Spread Treatmsnts, 10 days from
Treatwent.

Treatment, No, Plants Total No. Ho, Leavesg s Infection Digeass
Expogmed, Ieaves. Infected. Rating.

i 12 g2 G C C

2 i2 100 0 0 0

3 & 56 22 39.3 &

b4 ) 68 22 3204 N

5 12 108 57 69. 8 g

6 & 68 &2 91,1 10

Disease rating was calculated on a scale C-10; O indicating nil infection
and 10,90 = 100> infection, onz lesion per leafl being sufficient to record
that particular leaf as being diseased.

These results indicate thet air wovement slone (treatments 1 and 2} is of
no importance in the dissemination of spores of A, zianniss, Whether this is
hecause wind force is insufficisnt to digledze spores from thelr conidiophores
or becaugse the conidia sre too heavy or aerodynamiceally unsuited to airborne
dispersal was not ascertained.

1t azpesrs that the most important mechsnism of spread of conidia is by
direct splash effects of ralu or watering of plants, Wind blown watsr drops
containing svores may also he of some importance., Water appsars to be lmportent
not only in dissemination but, as indiceted by observations in this trial,
also aids in the mechanical removal of conidia from the conidiophores.

Direct splashing of water from sporulating leaves to nearby healthy leaves,

with or without the aid of wind, appsars to be the wmost important mechanlsm of

conidial dispersal.
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In the prssent trial no great variation was fownd betwsen the ampunt of
infection occuriing on plants which were dry during the exposurs pericd and

those which were atowmised with distilled wabter prior to exposure.

(b} Pield Trial.

Water drops running off the leaves of plants on which there wsre sporulat-

[ES

nz lesions were caught in z test tube and the ronoff water sxamined vader a
binagunlar microscope. Sporesz were found to e present in large numbers. This
observation would indicate that water movement is important in the spread of
A, zimnise and prompted the setiing up of a field trial to try to relate {ield
weather conditions of rainfall and wind speed with spore dispersel.

attempis were made to correlsie nuwabers of conldla found on zlass slides
stezared with Vaselire placed within a crop of diseased zinnia plantg, with

prevailing weather conditions.

Haterials and liethods.

The experimeintal area had not been used for growing zimnias for et least
15 years and poseibly never before. The area was in a sunny location with
fertile soil, 7The plants were transplanted into thiz area when & weelks old
e) into 4 rows of 30 plants, with 12" between plants and rows.

(four leaf stage
Glsss microscope slides 75 x 25ma were held with a spring clip, the ftop of

the latter beinz secured to a bamboo stake with a dreawing pin. 4 rubber band

sround the top of the c¢lip held the clip and slide in a vertical position. The

bemhoo steke was placed sc that the bottom of the slide was 6 inches above grou

level.

il



PLATE 14. Vaselined slide in position in 2 digeased zinnie crop,
showing apparatus used in field trial.

Six plides were placed in the crop et approximately 4 £4, intervals,
4% 48 hour intervals the slide from each clip was removed to the laboratory
and & forther series of clean slides inaerted in the clips in thelr place.
Sllides were examined microsgopically and counts of the numbers of conidis
preszent on each slide were made. The total numher of spores on all gix
slider was expressed ag an average.

The trial was ruva for 46 days, during which time efforts were made to
relats the average nurber of spores on the slides with weather records obtained
from Graselands DiviSion, D.3.I.R., spproximately oune mile from the site of the

experinznt,



Resulis.

In many cases spores vere Tound or slides in clumps containing as many as
20 or 30 sporss. Trhis would indicate that water contalning conidia had heen

denogited on the slide and tne water had subzequently evaporated.

fesults of this field twrial ave presented graphically in Fipure 12.

Figure 12 substantiates the findings of the previously described laboratozny
trial on the method of digsemination of conidia of 4. zinnise. Of the varioug

agencies which may cause conidial dispersal, water, in the form of rain drove may
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In all test pericds when rain fell, there was a sharp inereass in the numher
of conidia observed on the sglidses placed in the crop. ‘hen no rain fell during
the test period snd even when wind speed was as bich as 15 m.p.h. (e.g. test
period 17}, the number of cenidia on the slides was low. The occurrence of some
spores on slides following test periods with no rain but hich wind speeds may
have been due not fo wind diszemination of conidias but rather to leaves bearing
gpores being blown against the slides. This assumption was based ou &he Tact
that during test periods of heavy wind sveeds isolated smears in the vaseline,
with spores adhering, were ohzerved on the glides. Thus the contact of indecuced
leaves bearing spores with nearby healihy leaves during pesriods of hish winds
canriot bhe excluded as a possibility fov the spread of the pathogen In naturs,
Thig ig especizlly provbable in closely planted beds.

In mogt caseg, as the amount of iain which fell Juring a test period inclfeased

there was a corrssponding increase in the nomber of asporcs found on the slides,
irvespectlive of wind velocity,
Digcusgion.

Some confusion exists in the litersture as to the method of dissemination
of spores of ). zinniase throughout the growing season. Baker {(1956) for instance,

. - s L1 4 * H
states that isolation betwesn crops is necessary to control A. zinniae "becauss

ok

. L] . It
of the hazard of spores being blown to clean stock from infected crops”.
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Field observations, as
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but occurred in igolatesd plants within

ghowl to zct ag an efieotive

wossessed these nabtural stem

suspension {20,000 spores/ml. )

dropper and allowed to run down the

hunidlty conditions for L& h

plants developad heavy sten

well as the two trials outlined above,

apart from the blowing of

sten leagioning

VR

ent charscterigtic

ion of conidia of the pathogen is moszt
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WELE arang CcoNpa ik

sLOres
THANae.

opesrved on seedlinss whieh do not manifes

g would indicatbe that spores nay be carrled down the

infected cotylelons abhove.

gtem. This stem grooving did not

any one varigty of Zinnia elegang,

These grooves viere

Aanlt plants which

grooves were hielr leaves and a spore

o
—r

.} wes poured onto the mtem ap a fine unozzled

x using
grooveg, The plants were held under high

ours and then placed on the glaszhouse bench.

lesions around the grooves, tllustrating

carried down the stem in water droplets cen cause stem lesioning.

Prom obsgervations on the rrouth of infected seed in sterilised soil in ths
classhouse it was seen that when very hizh seeding rates were sown fo produce a
denze stand of sesedlings, a hich vrovortisn developed slem laslong, mainly at or
Jjust above cround lsvel. Some seedlingg, bowever, also showed stem decay some

distance from ground level,

nder snch conditions stem lazsioning may be observed

on some seedlincvs which do not show auy cotylsdonery decay. Such lesloning was
considered to be caused by vwaber drops containing gpores rimning off dliseased
cotyledong ente the stemz of nlante below, during overhsad watering.

tnder the lower sseding rates noxmally used, however, stem lesloning vas

rarely observed on plants no

viag alsc shovwn that

4 showing cotyledonary infection,

on a seedcoat from a diseasged see
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winich had fallen to the ground from a lesioned cotyledon, the vathogen may
gporulate under the high humidity conditions near the soil surface. Under
conditions of overheai watering widely used in nurscries spores may be splashed
onto the svems of developing seedlings.

Altbough no work was carried out to ascertain the lumportance of this method,

L

it 1s also possible that spores falling or being washed from infected leasves o

"
the soil surface may subseqguenily be splashed up onto the stem in associastion

with soil particles. Altermatively, spores on the soil surfact may germinate and

the resultant mycelium may invade stem tiszuves at pround level,

CONCIUSTONS.,

Since conidia of 4, zinniae are apparently not wind disseqinated, the

Sin onidi £ A, zinnd re apparently not wind dissewsinated, th
secondary sprend of spores by rain splesh effecls may be considered teo be strictl;

1

localised. ILong dlstance spread cof the gathogen to nsw areas could thug only

[
9]
o]
=
oF
i
]—l-
i
t—l
r
L.

the traungporiation of disessed rplants or sol
harvested fron diseased rlants.

Prom obaervations on the gpread of the diseasze in glasshouse sowings it is

concluded that several mechanlsms are avalilable for the spread of the pathogen:i-

1, Zplashing of spores from infected leaves to the leaves or stems of
plants,
2. iashing of spores from infected lesaves down the stem of the infected

plant.

3. vater spl spoves produced on diseszed testa tissues walch

the ground.

L. Poszibly through spores being washed to the zoil gurface and either
being splashed onto the stems of plants during watering, or infecting
the stemg by means of mycelium arising from spores which way have
gerninated on the moil surface.



7o LETTOD BY VETCH THR RATIEDCNW BLICITES SNIRORE,
Seedborne transinission of plant pethorens is axtremely important bscauze,

(i; the host and parasite are clogely assoclated, providiang waximum opportunity
I s } n . . - PR

for infection, (i1} =spresd over lon distances iz possible, and (iii} the Tungus

oted To a glven varilety stays with 1%, increasing the chance of

The fact that blossom lesioning with 4. zinniae invariably affects the

prominent ray florets to which the seed is attached; would indicate that the

iseased during

LD
o]

sezd can

{!}

Oy the period of seed development.

4. miunise iz aseociated with the geed of Zinnia elerans in two ways {pazxei?3

1. 4= surface horme gpores adhering to the ssedocat,

2. Az intermally borne vegetative wmycelium establisbed within the tiszsues
of the szeed.

The zinnia helongs to the Compositae and hag its flowers arranged in a close
head commosed of pistillate ray flowsrs and disc flowerg containing both pistil
and stamens.

From observgtions in the fleld, the mechanism by which the pathogen bocouwes
gseedborne 1g congldered to be ag follows -—-

The petals of the ray florets, being slichtly curved, act as molature traps,
conveyliy seores proiuced on lesioned {lorets downm ito the developing sced, and
providing the moisturs necessary for spore germination and penetration of the
sead which is in the sarly stages of development. It has been observed that
moigture may remain in The central poriion of the floverhead for long periods
after the lesaves end Tlorets of zinnia opleanis are apparently dry following rain.

ooy

This feature is especially pronounced when heavy dew or misty rain occurs during

-

the flowering period. Thug welt weather during flowering and seedsef may play

i<]

an important part in deterinining the amount of zeed vwhich is subsequently

The seed is closely associated with the florets, veing separated only by 2
ghort stal:z, This latter is often infected by the pathogen and shows typical

disease lesioning,



X
uq

The fact that the Junction between petal end seed is ruptured during
threshing, leaving a ragped end to the wajority of seeds, may provide a cone
venient area for the frapping of external spores on the ouiside of the zged coat
during the harvesting rrocess.

To obtain some information on the method of geed carrisge of i, zimniae
twe agpsciz of study were carried out.

1. The effect of flower age on susceptlbillty to floral atiack.

2. The effact of stage of ssed development on susceptibility to attani
and on the site of the pathosen associated with the seed.
1. The effect of Flower jirve on Suscevtinility to Pleral Attock by AL minalase.

Cn ginndia blozsoms the first sign of diassase vislble to the noked eve ig the
swarauces of minute dark legiong. Under favourable environmental conditions
thege can atpsar 42 hours after inoculation., They subssquently snlarge and
coalezce to form spreadiag brown to black legions. Ultimately the individual
florets collapss, malking the blossom unsightly. In wet weather the diseased

floverheads become watersoeked and provids an idzal substrate for such other

fungl as Alternaria tenuis and Botlyrtis clasrea.

Haterials and Hethods.

Joproxinately 85 nlants were usged in this study. The plants were allowed
to develoy in their natural form, no atbtempt being made to increase the number
of flowers produced on each plant by Ypinching beck”. This allowed the zroduc-
tion of ons fterminal flowerhead per vlant., The date of flower~bud burst was
recorded for each flower. This date was recorded as soon as the bud scales had
ated to expose the inflorescsnce. 4 wide range of varieties and bloom
colours were insluded in the trizl, allowing 2 progressive incresase in *tne ags

Fzl

of flovers as determined by the number of days from bud buvrst.

[T

411 plantavers incoculated with & spore susgension of 4. zinniaz, conteining

45,000 spores per ml., and held in a polythene humidity cabinet for 4 days. The

v oA At e oy . a
wlants wore then removed to the glasshouse bench, 4 diszase rating was obtained

Z R L] . N o
10 days after inoculation by counting the number of infected rey florets and



1ile,
expressing these as a percentage of the votal number of ray florets in the hs=ad,

Ui
=t

RESTLLB and DIBCELSL0MN.

A

s of inclidence of flowal attack by A. zimulae 10 days after

il
cr

he resuls

|

inoculation swve esented in Table 20,

ABIE 20, IR0 II0N OF ARYTEICTALLY THCOULATED 2IkTA 3I0050LS OF

DITPEREET LG5S,

Age in Ho. flowsrs Total no. Lo. infected ;- Infection. Stage of
days, Inoculated. Florets. Hlorets 10 days. Development.
Tnopen 2 21 2 2,2 Green bud,

1 1 30 3 10.0 Coloured bud.

5 1 73 i6 22.2

3] 2 K7 14 234 Half open bloom.
10 1 &8 5 10. 4

12 L 216 L1 19,0 Hature bloom.
1L 2 92 12 13.0

15 I 165G 20 13.5

i6 2 150 27 171

19 5 370G 105 27.9

20 2 100 37 20.6

22 5 388 121 31.2
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33 8 255 170 66.7
35 2 75 63 80.8

36 7 380 24 63,4
39 I 129 101 78,3

{(Continued overleaf



TARIE 20 (Continued).
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Seed from each group was studied to determine the incidence of ... zinniaz
associated with the zeed. Half of the sesd in each group was plated directly to

prune agar. The otier half was dusted with Pernesan * fo kill any zurfszcs borne

ceridia of the pathogen and then plated to prume acav.
211 wlates were incubated at 2870 for 3 deys and the number of colonies of
the sathozen ceveloping {ron the ssed was recorded.

ne seed were chtained by spraying healthy flowerheads

with distilled water, collecting sgeed alter 1l days and dividing it into the
akove four froups. 'Coutrol' seed in eachh sroup was btesbed for 4. simnise by the

same metheds as Tor seed ovtltained from inoculated Flowerheads.

™

Results and Digcussion.

Tesults of srowth of colondss from sesd are pressented in Table 24,

anIE 21, LIS O i S eIN
Groun. Jeed from Inogulated I!lowerhsads. Zeed from ‘coutrol! Ploverhesds.
Ho, seeds plated HNo. zecsds dusted  Ho. seeds plated Ho. seeds dusted
directly. and plated. Divectly. and Plated.

g 39 40 40 40
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L
=
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0
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N
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- by g
i =0
nrredient

+ Fernagan - an L.G.I. product containing as active
>

Tetramethyl thiuwrawm dlsulpghide 5C.

iy
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These resulls indicate that with seed plated difectly to prune agar, the

percentage of A.zinnise as determined by the number of colonies of the funpy

n

ariging from the seed ig locreasingly

seed maturity. This bigh recovery of vhe pathogen iz considered to be due to the

resence of hoth internally and externally borme inoculumn.
With inoculated secd uvhich had been dusted to kill all surface borhe inoculum
the percentage of i. zinniae associated with the seed was shown to decrease with
inerease in seed maturity. Fo detection of A. zinniae was recorded in conbrol
samplez of seed which had been dusted, and only a small percentage of the pathocen
vags recoversd from ‘control® geed nrlated directly to agar.

These results ghow that as seed maturss the percentarce of internal infection
of meed decreases and the total dlsease incldence increases due to the pressnce of
loose spores adhering to the seedcoat surface. Home seed infection was shom to
oocur even in mature seed, Thisg indicatea that, althouzh the stage of szeed develo
ment marciecly 1niluences the relative provortions of surface and internally carried

1

sesdpborne inoculum, the mechanical barrier presented by the seedcoat at maturity

4]

&3

is insufficient to completely prevent the pathogen penctrating and egtablishing in

t‘

Thus it ig concluded that as seed matures in the floverhead its suscepti-
bility to infection by .. zimilae ig rrestly decreased, but the amount of the
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pathozen assoclated with t
it appears that in ordfer to control seed attack by A. zinniae it 1ls essential to
prevent seed infection in the early stages of meturity and to control or prevent

seed contemination immediately prior to and during seed harvest.



8. SURVIVAL OF ALFSRNARTS SIS IK

Fundanental knowledge of the methods of survival of micro-—orsaniens in the

absence ol the host crogp 1s often the ey to eventnal development of plant discasme

control measvres., Ilauy methods awve available Tor the survival of funwal patiiorens
from one season to snother ~ in the soll, on plant Jebris, on alterpate hosts or
ny means of carriaze with the ssed.

sinee s, zinniae g seedborne, experiments were counducted to determine the

capacity for survival oi spores vrssent as loose conidia adhering to the ssed
surface and of mycelium borne internally in zinnia seed.

feceugze of the manner of digease development cbserved in zinnia crops grown
in the zawe area i slccessive seasons, the soll was alse suspected as being one
e

of the sowurces of primary infection. Investizations were therefore carried out

to determine the survival ability of conildia of i, zimnise wnder laboratory
conditions, whether asexual svores could survive betveen crops in the sclil, and

the ability of A, zinniae to survive as vegetative myeelium in the soll or in

crop debris.

(a) SURVIVAL A% THOCULTE ASSO:

studies were mode Lo deteriine the svrvival of loose spovss adhering to the ssed
surface anl of internal wyceliuw of 4. zianlee nregent within the se=d.

(1) Survival sz Surlace Borne Conidia.

The technigos used to determine fthe length of time loose spores of &, zimnize
could remain viahle on seed was essentially bhe same as that used by Bolley (Cole
and Joncn 1/Ju Tor debermining the presence of sgoves of the wheatbuat ovgsnism

(Tilletia foetida wnlly) and the flax wils funpus (Fuserium oxysporun f. lini

. SN = s ] . s . - P
Bolley, on seed of thelr respzctive hosts. ‘Thig method ccnsigted of washing

seed with digiilled water and centrifuying the vwash water {o azcelerate the

e



gedimentation of spores. In the present study, trials wilth aguscus spore
suspsnsions of 4. ginndge showed that centrifusing at 1,450 r.p.rn. for 10

N ]

minutes was sufflcient to deyosit over 857 of the conidie.

Hateriple and kizthode.

Metined 1. A two grem gampls from each of four nsturally inlected s=edlines of
Zinnda elsgans was used for each test. The seed was placed in a 100 wl, {lask «

-

25 ml. of sterile distilled water and shaken vigorously for 5 minutes. ‘The wash
water was deceanted into four hard glasg test tubes and centrifuged at 1,4
for 10 minutes., TLwat of the supernatent in sach tube was diszeagrded, =2ud the

gediment soured Into a test Lube, the totval volume belns made us fo 10 al, wi

uster. & drop of this concentrabte wos sxamined undsr a

microscone o0 confimi the presence of svores of A, zlnndiae. The spore suspensgion

was sprayed onte 10 healthy zinnla plants and these, along with

wlants which had been sprayed wiih gterile distilled water, were placed in 2

high hunidity cabinet in the glasshouse. After A8 hours the plants were removed
=] o

.

to the glasshouse bench, Diseage manifestation was recorded 10 days after

inoculation, the nuwber of lsaves showing lesiloning being counted., Reigolations

laoe I

o

were wade by removing diseased leasves to the laboratory, plecing them on slides

. G ad
olates lined with moist filter paper for 48 hours at 2870, transfervis

in petri o
gingle spores to slopes of FDA.
Tests were carvied out using thig meed washing methed for determining

conidial viahility at spproximately 3 week intervals.

-+

t0 maintain sufflcient plants
Accerdingly, a laboratory method

-

wies in sesd washings when

method used limlted the rigk of

ation when uging an impure source of sporss such as from the



goed gurfaee, The mebnod iuvolved placing the s ove suspension between the agar

and the glags bovtom of the petri nlate by lovertin

(A

L

Sleethn (1945). By tnis method the scores could be readily found and cbserved
througzh the bottom of the plate without being obscursd by mycelial or bacterial
contaminants, Munel often grew through the apar and could be isolated from the
agar aunrface,

Seed washings from each of the {our lines unler test were centrifuged and
resugpended in 5 wml. sterile distilled waiter. The resultant concentrate was
dirawnt into a capillary pipette and 0.1 ml. drops of the spore susgension placed
in esch petri nlate on the gsurfece of the prune sgzar used, 5 drops per vlate.

The entire agar disc was then inverted, wvsing a broad spatula. The raissed

rim at the edie of the plate wes trimned off go that the apgar surface could

adhere to the bottom of the plate wlthout entrarment of air.

ad at 249 0, 4As svon as colonles were wvisible they were examined throu;

]

botiom of the plate under a microscope. GColonies developing
of A. mimniae wewrs sasily ldenvified. Pure culfure transfers from the top
surface of the agoar could often be made by tzxing shallow agar pluss. The number
of spores wiich had perminated 12 hours sfier inoculation was determined “end
recorded ag a percenia’e. Usually 50 gzpores were observed per plate and an
average percentage figure of the spores which had germinated wsed as a measure
of viability of conidls from seed washings.

Viability tests on conidia assoclated with sach of the four sesdlings wnder

study were carried out at approximately 3 week intervala.

Results and DJiscussion.

Both of the methods emnloyed to determine the viability of conldlie rrom
seed washings proved effective., The method imvolving gpraying sced wasbings
on to healthy plants {Method 1) was used vhen possible and the laborasory methed

(iethod 2) used only in cases when insufficient plants were availshle for

olasshouse fests. Results of the tests are presentsd in lable 22, TFercentage
Firures arve vecorded to the nearest whole number.



TARIZE 22, SURVIVAL OF I00SH OONIDIL ADARRING 10 THEE SEFD SUIRACE
o e AL v T ST LS TS T Al rrn iy TR T A TT
CH IATORALLY PRGTED LIRS G ZINWlA BITGANS.

Date Seedline of 1962 seed used. Approx, age of seed. Msthod used fov
A B C D (months) Viebility fest.

27.2.63 100 100 92 og 16 i

L.3.63 100 08 a8 100 16.5 1
3,0.63 S o8 e 92 17.5 z
1.5.63 72 ai; an e8 18.5 4
21,5.63 4y 48O 4 62 ic 2
4l 6,53 34 55 51" 22 20 ]
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o

There dld not ssen To be any marked difference in results as recorded by

llethods 1 and 2. In cassg where Hethod 1 wag used, there was guite hizh

varialion in the perceataze of digsase sxpression betwesen successive testsa.
Thig was possibly due to uwafavourable femperatures in the glasshouse following

Q
0O
2
i3
cr
H
=)
=
&

inoculation, since n emperature viag made during each test.

Conclugion.
From thegs results it is concluded that conidia on the surface of ssed
can remain viable for up to 29 months from harvest, and are capable ol cawvging

infection and developmant of disezsze gymploms whea syrayed oanto hoaltly olewts

i the cshouge, This study thervefors inplicates loose gpores adharing lo the
seeld swiace of Livorted lines of Ziynia sleqang as a source of primary inoculus

Lt Zuring this trial wez there amy evidence of
a suore ldormancy ohsse or auay sizn of syceliun production assoclated with spores

of A. zinnlae adherine Lo the gzed zorfacs,

L}

(ii) Survival as mycelium within the szed.

In order io determine whether vsgetative mycelium of i, zinniae established
in seed tiszxue was croable of remaining viable over long pericds, further siudies
were carried out. The sare four naturally diseased seedlines used in part (i

[ ]

¥. These lines had yroduced varyl

seedlings ranging from 12,. to 25., ten days from sowing.

[

111l any conidia adhering to the seed surface, so that when seed was germinated

on moist blotters any diseased cotyledons present could have arisen only from

A

ryeeliwa of 4. zinniae within the seed.

Iateriasls and lMethods.

A semnle of 200 seeda from each line was placed in a 100 ml. beaker and
shaken with Ternasan dust for J minvtes to obiain complete sged coverase.
e volume of one seed of the varlety

A volune ol roximately e

med onto a tmr mezh goreen and ghaken

e e o e Mmool e
peing vesved was Used. Lle 2ol YAz cuen

ve excess cust. The s2ed was fevwinated on moist blotters in 2 Coperhogen
Zen



tank st 23

e Afber 7 days, 20 les

rming tap water for 6 hours and plated aseotically to prane arar. FPlates were
— - o i

incubated at 28°C for four days. Fungal colonies arising from plated tissue vers
- b =g, 1y and the agvar circles zo foreed incuhated on &3

cut out with: a 2. COTDorelr 2Nl nmhe agar CLrCcIifs S0 Iorme ineusaved oOn [#cd

underside of a petrd plate 11d for 40 hoursz at room tewmperaturs. Positive

colouleg of L, zinniaec waz made by refevence to spore characiers

proximately moathly intervals.

N

Results on the length of time A, zinviae can remain viable as vegetative

——.

myceliwm within the gseed are recorded in Table 23. 2esults are presented as

the number of successful veisolations obtained from 20 lesioned cotyledons plated.
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tede

the seed

in the present trial A, zinniae was shovn to be canable of surviving as
internsl myceliom in seed for over J years. This would indicate that storage
of zinnia seed for at lesst J years from harvest is of no vractical value in

eliminsting the danger of spread of viable inoculum by way of the seed.
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Pron tois trial it iz concluded that loose conidis adhering

#

coaet and vegeiative nycelium of A, zimmize within the seed are hoth of great

importance ag gsources of primary incculum for the infection of seedlings

from sead which is not wmore than iwoe yezars old. Althcough surface borune cosidis

Y . ol . v A T
have been showm to remein viable for aboud 2v ysars, interwal wyeslium of

-

A. zminnise has been demonstrated as belng capable of remaining viable and of

causing lggions oa geedlings arising fvom ssed abt lesst three years from harvest

(b)) SURIVATL TV DRIOD 5000 $IESUA.

i

€A )

Studiles vere conducted to determine the ability of 4. zinnlae to remsin
viable in diseased zinnia lesvesz stored under glasshouse conditions.

1 o,

¥aterials and lethods.

]

Ilesioned tissuez used in this experimsat were obtained from s neturslly

infected crop of wvariety Gient Dshlia Flowered on 25th Pebruary, 1963. The

2 to dry for 7 deys

i

leaves were spread out on a bench in the slzsshou

nlaczed in a cardboard box for storage. At intervals, thres leaves were rsmoved

£1
£

o

e
=

-k

to the laboratory and placed on slides in petri plates linsd with molsw
iry’) 7y - L] + 980.'1 =) - E] o d ,.9,;.'r 35
paper. Tne plates were held at 28°0. Bpore preductlon was observed arier JU

hours, snd single spores fransfsrred %o slopes of FDA to prove vishility,

Results and Digcussioil.

Nesults of observetions on rslative spore production affer high humidl

treatment of Giseased leaves for 30 hours at 289C ere rscorded in Tabls 2l.,



TABIR 24,

SURVIVAL OF A ZIHHTAS

Date of Test. Iength of Utorare. Peletlve Gpore Froduction,
in days.
25.2.62 ; 5
Yery Heavy SZporulation.
10.3.62 13 5
24.,3.62 27 5

il

Wide variation
numbers oroauced

in spovre
from

30462 6l 5 legiong on the same lesf.
17.5.62 24 5
L, 6,62 108 5
30,6.62 135 4

1, 7.62

29.7.62

&

P re pr
n different
on diffe

rent reglons of

leaves and
2l

the same leaf,

oduction variagbls

22.8.62 186 &

16.9.62 213 3

12.10.62 239 3 Soore production

moderate.

7.11.62 265 L

6o 1123 62 29){. 3

23.142,.62 311 2 Spore production sparsc
and very wvariable both

16,1.63 335 2 between leaves sid oa
differsat regions of ths

25.2.53 375 2 zoams leaf,

scontinusd.

a

elative Opore

arbitraxy scale C To

Tucubated at 20°C

1

e

Trofustio
bR

e

O

ire sente

N = Y

o

-

L

uidesr

Heavy
Very neavy.
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The fungus relainsd its viability for ot least 12 months in dried leaves of

dilgeaged zinmia plante. Conldia which weve proved viable on sloges of PDA were
of ten subcultured to FPDA plates and used Lo nrovide culiures for the preparation
of spore inoculuw for host raire pathogeniclty studies. No loss of pathogenicity
was observed during this trial, althowsh the nurbers of conidia vroduced

dealined mackedly over the test weriod.

Conclusion.
Tails experiment demenstrates the ability of A. zinniae to remain viable in
dried host tiszue feor al least 12 months. This period 1s congidereld to be
2

gufficisnt for gpores produced from such tissue to be of sowme imoriance as a

votential source of inociulwy

- B B )

ditlong where diegasged ziania lesoveg ove ollovied i
undler rlusss Ly inadequate care to sonivation and

(c)

Txperimsnts were carrisd out to deltermine whether A. zinniae could suvvive
ternnte hoste in the abgence of zinniz plants., SBeveral plant
speclds wers found in the Tigld to posssss lesions macrosconically identleal to
those produced by s, zinniag oa zinmiss. Hach isolate from such plants was

inoculated to zianias after a wure culture had been ohtainsd from gingle conidia.

Results zre recordszd 1n Table 25.



i r i - T _— 3 o - e P, -
Eost. Potanical YHame. Pathoreniciyy Conmeitts
-
O adiind

Aareraton Cerotln ColroLdssg 4 - 1

<._; "c_."

+ + Veakly opathogerie
to hoth Zinnia
end host, 1

SEGer Cal

Black Solapum nigram + + 0lder leaves
nightshade mors suzcepbible 1
Calenduls Cal=ndula officinslic * + “tPOﬂﬁlJ petio-
zenic to sinnis 1
Ginersria Hensolo croeniug + - 4
Cornflower Csuboures ovenLa + - Veakly pathow- 2
+ - asnieo,
ipdranses macrorvhylla + + Veelktly pathogenic
to zinnia 1
- . m . Lt}
igvtuce Tactuca goativs - - -

Linin Iupinus polypnyllos + 4+ weas 2

Maxigold Tareles erecia + + Strongly matho-
penle (o pimmis
Sunflower Helianthus annuug + + 1

Tomzto igorersicon esoulantun - -

ok 1 = fo . ziwsdas in culdural snd sgovs
2 = Igolstz not identieal to A, zingiace in cultural and
spore charneter.
A
o= ZPlent wounded ~wlor to inoculaltion.
+ = Inoculstion suceessiul.
~ = ZIncculation wsucesseful,
In view of the vestricted spread of conidia of 4. zinnias to relatively short
distances, and the inconsistency of association of wany host plants with areas of
P - ¥ : LR - L] , _— - — b LR oy
zinnias, the possibility that the mejoviity of theze specles My serve as & lernste



1290,

Lecauge the majority of the alternate hosts listed in Teble 25 are annuals,

-

they cannot be considered to be of importance as hosts on which 4, zinniae can

peremnnte in the absence of zimmiz plants. Some perennial species on the other
hand, (e.z. Hydrangea), may be of some importance as overwintering hosts of
A, zinnine if they are present in close proximity to areas consistently planied

in zinnias. The possibility also exigls however that flower-stalks of zome of

I(D
6l

the amnual species found to be naturally infected with . zinnise, (e.r.

ke

grzcts and Calendula officinalis), may survive throurh the winter in sheliered

sltuations in home gerdens. These hogte may provide a method hy which 4, zZinnize
can overyliunter, and wmay seive as a source of primary inoculum for infeciion of
speing.,  This ifg supported by the suveceazsiul

oy} .
L

relgolabion of A, zinnise from lesions on the stems snd old flowerhsads o

marizald ;lants (Tacetes evecta) in home gerdens in Falmerston Worth 2uring the

viion of [, zinoniae with such plants of 7. erecta throughout
the year

Conclusion.

Because of the localised spread of A, sinnise spores and the incongistent

L

association of demongtrated sugcentibles hoste with areas o
zinnias in the spring, the use of altermate hosts as an overwintering wechanisn

for 4., zimmiae ls considersd to be of minor Amportance.

{2} SUWWIvAL AS FREE CCNIDILA.

Ta nshure, comidia of pathogenic Tungi are subjected to a varlesy off sdvecse
conditiong which may result in death of the spores before they cen succesglOliy

aitack o suscertible host (Goos 1962). Hxperiments were accordingly carried out

Lo determine the lonsevity of conldie of L. zinpiae stored In a dvy state on g
non-nutritive substrats,
(1) Coridial survival was lovestizated on sterile plass coverslips. ne spores

te by exposure to ultraviole

1
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]
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=
)
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=
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]
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o
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1

light for 1 minute, Spores werz l[ransferred from the surface of

sterile coverslips in retrl plates veing 2 fine camelhalr brushb. The netri nlates

were placed under a bell-jar at roor teupersture. Tests on conidial vighility
micer guch condltlone vwere wadse 7 trangferring single spores to sloves

-

of rDa. which were incubated a2t 22°C.

o

Conidic gtorsd in a dry staote under relatively conslant humidisty, with

fluctuating conditions of light and temperaturs, remained viable for 33 days.

I PR . as . - . -

(31) Conidial survival was studied on sverile glass coverslips in petri plates
stored cuiside. Opores vere traasferred from a sporulating culturs 4o coverslips

by the wethod described above. The petri plates were placed ln sn exposed loca
tion cutdoors and an cmphy tin luverted over the top to prevent entry of rain-
T

water. Gpore viabillty wae defermined by vemoving a coverslip to the laboratory

sls spores to slopes of FD4,

Conidia gtored outeide under naiural conditions of humidity, lisht, end

{

temperature fluctustiong remained viable for 28 days but not 32 days.

(ii1) Comidial survival wag studied as in (ii) above, except that spores were

Placed on gterile coverslips at

sogether in clumps. Viebility
lantervals and transferreing drizd

Under such conditlons could
survivad 1059 days wut not 1809 dave.
(iv) Sporss of 4. sinniag were stored in a Jry coaditicn on stevrils cover-
sligs in zowrl vlates at roon temgervaburs. The plates weve placed oun the sill of
north window and Lin thils situsbion were expozed to Full sunlipght during pari of
the day. Tesbts of viabili{y weve meds at & doy lntervals by transfercing single
spores bo zlopes of T,

Under cgonidis retained thely viehility lTox
4% days.
(v} Yo determine whethsr conidia of i, zinnise present on a non-nuitritive

avge clumps could murvive longer periods thon conddia stored in
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132,
Tegt. SUOES
Dengliiv.
i. Tov
ii, I I {outdoors) 3 v 25
CRCE o PR S <3 il
i1ii. 7 loutdoors B z 185
iv. Tov, 7 {roowm teup) i ¥ LA
o T b, s J N i) T
V. Hign 5 L2670, i ¥ LEO +
. - o) - .
i, Iow ¢ (287z = L 136
F o= Floctvating, G Constant, L = Iow.
N 2 I - a R N 34 - .
From these resulbs if appsars thet tempoerature conditions are of great

importance in determining spore longevity. Iight intensity does not apresr to
affect survival to any great sxtent, but numidity fluctuations may have soms
effect.

Conidia of 1, zinuiae stored at low apore dengliy on coverslips at vouws

PR Y s oma -
temperature (test iv,) swvived k2. lonser than conidia storsd

external conditions of fluctuating cratuce, huanldity and lisht intensity
M R T L T - s p -
outdoors (test e Similarly, conidia storsd on coverglips st low zpore
3 r‘l”U“t r..‘_ . L s A . s - H
at 270 (test vi.) svevived nesxly L

= - s 1 A ! - = 3 . ;
anorg denzity beld outsides, (lest 11, ). These resulis indicate that low sennera-
tures have a rrooounced zffcel in decreasiin: svore longevity when conidia are
pregent at low srore densities in o dvy shate.

influencing spore
lowi gpore density at room temperature

bt (%

mdier similar

longevity onidia stored ab

. v . N A . PR o
and under ing humddity =nd lig est iv. ) sorvived 15 dayw

(34, longer than aspores from the same culiture stored cnditlong of

o,

1 - i - - .. . A
temperature and lignht, out held st coagtent humidivy {(test 1.).

oonidia of Gloeosporium musarum

9€2) reported thel

[}
P

In 1916 Dasteur {Goos

Cooke and a common pathogen of bananas, survived dessication for as long

liassee,

as ¢ months when the spores vere present in clumps. On the othsr hand, thin filme
of spores were quickly killed by drying, ITuo the pressnt study spore density was



gshovm to have a gfeat effect oa the suzvival ability of gpores of L, zinnize.

o
at 28 C, wnder conditions of fluctuaiing

Gpores stored at hi
humidity and low light intensity (test v.) remained viable at least 10 monthe
(32) dsys) longer then conidia stored under the same conditions but at low spore

hl . - : - 4
density {test vi.). Similarly, conidis stored in a;prece

+ e o= by
gt 1ii.,

e
o

the seme conditions bub wreseat at low Jensity (test ii.). This indicates itbet
lonsevity of gpores of 4. sinndasg is greatly incressed when they are agrrecete
nal senaratcd spores. This may

into clumps rether thon bein

te exrlained by spores in elumpg belng moire resistant to desslcation and sxternal

2. %

conditions of temperature and humidity than gpores which arve present in & thin

£1lm,

Conelugions.

Conidla of 4. zimnlae survived a non-nutritive substrase fov at least

15 menthe wmder conditions of high temperature {2a° ; and fluctvating homldity,
and when soores were present in an agsresated masg, Conldia stored under similer

-

P - k!
conditions in low gpore densities retained thelr wiability for only 4 months.

Thig effect is postulated as beingz due to greater resistance of spores in clums

to dessication of bound watsr within the protounlssm of the spore. Undsr condi-
tions of lower btempevrature, vhether in the laboratory or outside, sporss survived

a maximun of 1.6 monthe.

retaln their

of imgortooce as a sourcs of primary inoculuom foz

Following seazon.

objects outside is not considered to be of any

ich the pathozen my avervinter.




(e SUTITAL I T S0LL.

To As minniae could remain wigble in the
5oil in & 100 gram sample of soil was collected
Tvom an outside bed which had coatained a haavily dizeased crop of zinnlas of
variety Giant Dahlia Flowered, 12 months previously. The =oil was mized into =z

slurry widh sfterile digtilled water and painted oato the lesves

zinniz plants in the slasshouse. Plants were also painted wivh

]

agutonlaved s0il and gterile digtilled weter zz controls., after

i

high honidity cabinet plants were removed to the glasshouse bhsic

b =

1=ty
b

the =zoll was removed from ths leaves witl

de zivmiae werve produced from leslones by pizh humldity treatment
leaves in weivl olates lined with wolgt filter paper and held at
Single sooreg wers rerwoved bo Dlates of PDA vo confirm viability

sion wae made frowm srorves formed by cach lsolate from 'paluted'

of healthy

a slurry of

24 howrg in o

ch.  &fter 7 doys

ter and any
Conidia of

of dissased

28%3 for L& hrs

of the fuwmgus.

1te by exvogure teo ultraviolet 1ight.

& susnsi-

lzaves and

culturs of ., ziunise oripinelly cbtainsd from dizeazed zinpis leaves,
inozulated to healthy plants os a control. iegiong appesred on the leaves of

tlhong we

inocelated plants

The plants lates obiained from painted leaves

macrogoopically lden RIRY those produced on plants inceulad
i

of &, zinnise from the stock culiure. Cultural characteristics

morphology were algo identical,

Thig experirent proved the ability of Inoculum of i, ziunise

Te

1,

made to PDA,

[l

ny



Y . ] - 4
(i) Iyeeliun associnbed with soil carticles.

Hyphal i1zolation from goil varticless.

The techmnique of hyphal isolation from =oll was developed by larcup (1955
wino observed that when a soll svspension vas prepared, many of the fungal hyobas

1@ heavier soll perticles in the resicdus.

rerained in association with €

of the Fine suspended material from the regidue of a seompls of so0il poraliied
vigual examinstion of the residue for the presence of yiahoe or hyvhs
momesesn wihlch were then wemwvel and jrovey on alay,
heavily
fiigessged crop of sinalasg 12 wonbbhe proviously,
2e A smcle of gterilised soil Jated with
rmyeelium of . zinnlas 3 oV ntg for

artificial incculation of the soll 2 colony of 4, _zimiee was growm in sach of
our 5001, flasks of liguid ceovltuve of FDA at roon teupsrature. During ingu-

bation the flasks were ghaien continuously on & wmechanical shaker, This allowzd

the production of hollow spherical colonies of i, zinaiae which could readily

-

be removed Trom the madin and dried, Colonies produced in this way were free
W,

from gpores. “hen the colonies viere avproxiwately 3 cm, in diameter {(after
1L day's growth) they were removed from the flasgks ond a2llowed to dxy bet.sen
4 J of

o sheets of sterile blotting paper for 4 hoursg at room temperature. The

coloniss were then placed ln a waring blender with 50 nl. of digtilled water

and finely wacerated at 2,500 r.p.ot. Tor 10 wminutes, to preduce z slurcy of
d rye 2 s

. : . O T T . FI— o T
whtel was thovourhly wixed with 1 Ib, of slerlilizged moll and

et of gherils water. Iu both cases the soil

A

was alloves to settle and the aucernatent poured off. Iibre water vas added and

acain the supernatent poured off. This process was repeated mtil the liquid
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At umnce?® the microzscons, Ind

1
L a

finely pointed palr of forceps. ‘hese hyp!

conzsidered to be sinilar o thoge of A, zinniae

beeguent
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hyphioe recovered Trom goil pevticles snd plated to agar
three (ltermaria isolates were obbained of whiech two were later shovay to be

.l....

Ao, zinniae. These wwo isznlates proved pathogenic %o zinnias. The tvo succezs-

inoculated soll. o reigolations of .. zinniae from hyphal fragenents were
- P BT FRR v 1 ) -3 vy e ] ) S oF 1" A -
recorded from the sample 07 SOl L IR0 &Il OUvdonr ned WNLch liag cond zinad a
heavily digeased cropn of zinnias the srevious seagon.

row these rezolis 1% ls survival of L. zinnias by mzensg

a L

of veretatld

iMoo hanes a
augceptible hoat cron.
(ii.; lycelium associated with goil orpanic matler.

Bywhal isclation frow organic matfer in the soil.

The methed employed to determine whether 4. zinniae could survive
as vegetative mycelium asscveinted with organic matier in the soil was sssentlally
ths same as described sbove sxcept that the organic matter vias recovered Irom

o 4 '

the soll by shaking with water and removed the material wbich floated to the

A osgample of 2 gme of crumbed zoil was obiained from both ardi

ingeulated soil and from soil recovered from an area which had contalneG a

] )

discased crop of zinnla
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ach zampls vas

e g v et o]
LEUe Ieoovorad

r subcultured by

twen L !

myezlivm sgzoolated with mabser in the
gbegence of a gusceptible cron,

ahore

debriz buried in the =moil,

. L4 - i, B 4
wreslium wivhin

=
i

g may OV aIiiT

o

Zered by sohe WOIKers

the abzence of 2 sugcepltilbls
- P . - .
vag demoastrated that the

in the soll or on i

ard 1945, Porsbery 1946,

Bptate that ganltation by bumning crop

refuse and cleaning bels



iged to prevent carryover of the funcus

1 ‘30
cron to
le in

buried crop debrls for a sufficient lenzth of time for this wethod of overwinter-

ing to he inportant in providing primery inoculum for new seagon's icnfecition

zinnia plants.

Heavily digeaged leaves and atems were ccllected from a naturally

Lncased tilmpsue 1o peirl nlates buoried in 4

rv. The other jar wes nlacad oui-

£ + . . A
(&) Digessed tlgsue was recoversd Ifrom esch Jor and placed under

o - - . s
vere held atv 2070 for L8 hours. Single spores ariging {from dlgeased le
stems were rangferred to plates of 0 prove wviehility. Flates wer

0 - . 2 -
at 28°C and colony diameter recorded at 10 days,

{b) Tissue pieces conteining lssions were recovered from

- . . . N o I,
plated ascptically in prune agar. Tlates were held at 287°C. Dlawsber

o

to recover i prove Viebility of L. zimnlas

These tissue pleces were then thorourhly rinsed in sterlile distllled wmter

szue by both of the following
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be capable of zurviving for a2t least one year in dissased debris of zinania plants
buried in the soll. This method of overwintering, however, would be of no
importence where zinnias are grown in sterilised soil and where previouszly used

soil in nurseries is discarded,or re-sterilised before use.

P N n -
(iv) survival as free conidia in the soil.

The ability of spores of .., zinniae to survive for long periods on
aon-nutritive substrate has been described oreviously. On the basis of this work
and in view of the fact that fthe pathogen has been reported as overwintering in
the soil, "the usgual 2~3 year rotation being insufficient to contrel the disease!
(Paker & Davis 1950), studies were carzied out to determine the lonpevity of loose
conidia of A. zinniae buried in the soll. This trialwas carried out in two parts:

(a) TIn artificially inoculated soil in the laboratory, and

{b) In naturally infected soil from the field.

(a) Survival of conidia of i. zinnise in artificially inoculated soil.

Zauples off sterilizel and unsterilised soll wers infested with a spore
suspension containing 100,000 spores/ml. Sufficient water was then added to each
sample to bring the moil to its moisture eqguivalent. Incculsted soil samples
were stored in open Zlass jars at room ftempsrature in the laboratory. Tests to
assess the viability of spores from each sample were conducted at approximately

3 week intervals., The two methods uged for this purpose were:-

Plotation method.

this technique was essentially the same as described by Ledingham & Chimn (1955)

for the recovery of spores of Helninthosporium sativum from soil. This method

utilises surface tension phenomena and appears well suvited for the recovery of
large sized spores from soil.
. . 2
Approximately 5 gm. of soil from each sample was screened on a 1mm mesh
seive to remove large pieces of debris. Zach sample was placed in a test tube
end a surplus of sterile distilled water added. The soil and water were shaken

and 3 ml. glycerine added to each tube. The tubes were agitated vigorously for
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3 minutes and placed in a rack in & vertical position. .ifter 20 minutes most of
the s0il had settled to the bottom and an emulsion eollected at the surface.
Excess golil particles held in the emulsion wers settled out by addition of a =smell
amount of sodium chloride, The emulsion, approximately 3 ml, was pipetted off ané
placed in a sterile test tube and distilled water added to make the total volume
up to 10 ml. Z“he presence of spores in the solution was verified by microscopic
examinatici. In most cases psrcentage recovery of spores was very high.

The spore suspensions obtalned by the use of thig flotation method were
atomised onto the leaves of healthy zinnla plants in the glasshouse. Two plants
were sprayed with sterile distilled water as controls.

leaf Painting Iethod.

From each soil sample approximately 1 gm. was removed at 3 weekly intervals,
wetted to a semi~liquid consistency with sterila distilled water and brushed onto
the leaves of healthy zinnia plants. The leaves of two plants were painted with

a glurry of sterilised soll and water as conirols.

Two sets of plants were inoculated using each of these methods, held in a
high humidity cabinet in the glasshouse for 48 hours and then removed to the
glasshouge bench. Seven days after ilmoculation the leaves of the plants which
had been painted with soll were sprayed with a fine Jet of water to remove

adhering particles. Jounts of the number of leaves which had develooped lesions
were made 10 days after inovculation. 3Reilsolations were made by removing diseased
leaves to the laboratory end subjecting thewm to high humidity conditions for 48

o] . . s .
hours at 26 C. The resulbant spores viere proved viable by transferring single

spores to szloped o PDa.

Some initial difficulty was experienced in determining the number of
infected leaves of plants inoculated with spores obtained by the flotation
method because the burning effect of the glycerine on the leaves tended to mask

symptom expression by the fungus. By reducing the amount of glycerine used in
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the flotation process from 3 ml., to 1 ml. leaf burning was markedly reduced.
The use of the soil painting method, while it gave wreasonable results, was
discontinued during the winter when the supply of plants was inadequate.
Results of inoculation expsriments to determine the longevity of loose

conidia of 4. zinniae buried in the soil are presented in Table 27,



1.

TaBLE 27. IORGEVILTY OF I00ZEL SFOTFS OF 4. ZIRNIAD Ti7 AgTIVICTALLY
INOCUTATED SOLL,

Date of Iength of Storage, .o Infection at 10 days.  Infection at 10 days.
test. in days. isthod 1. ilethod 2.
Ster. soil. Unster.soil, Ster. scil. Unster.soll,

28.2.63 0 100 100 92 90
2.3.63 2 100 100 83 76
7.3.63 7 96 1 n 52
21.3,63 21 8¢ 87 76 76
10,463 4 100 100 80 Bl
7.5.63 68 Bl 87 8l 88
27.5.63 88 90 85 76 81
12,6, 63 10k 87 &1 MR R
5.7.63 127 82 82 IR MR
24.7.63 146 76 80 KR HR
16.8.63 169 20 96 NR R
12.9.63 196 9l 96 VR HR
27.10.63 2 9 86 LR ¥R
3.12.63 278 L6 38 MR R
7.1, 64 313 53 50 iR NR
29.1,6h 335 42 55 IR HR
26.2. 64 363 Py bdy R KR
6alis 641 372 bz LO 32 6
27 . 4. 64 393 46 49 31 39
20.6.64 L7 19 16 22 27
29,6, 64 456 L 9 5 7
a7 46 471 2 0 0 5
23.7.6k4 480 0 ) 0 0

Ster. = BSterilised. nster. = Unsterilised. NR = ¥ot recorded.
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These results show that loose conidia are capable of surviving in both
sterilised and non-sterilised soil for periods more than sufficient to allow
tTheir persistance in a visble condivion bstlvieen successive crops. 4t no stags
during this trial was there any evidence of sgpore germination in the soil, nor
was there any sign of mycellunm wirleh may have arisen from the gérmination of

conidia in the soii.

The vercentvage intection of plants lnoculated with spores recovered from
the =0ll varied quite considerably between tests. This variation may have been
due to unfavourable tsmpersture during disease development in the glasshouse.
Results from counts of infected leaves produced by atomising spores recovered

by the flotation method onto disease-free vlants tended to be more mniform

between tests than the results obtained by the soil painting method.

Conidia of A, zlunlas lnoculated to both sterilised and non-sterilised
samples of soll were shown to retain their viability for at least 15 months.
Thus loose conidia in the soil must be considered to be an important source of
primary incculum for the infection of a new season's crop. It is postulated
that the methods by which conidia of 4, zinniae in the soil come into contact

with plants in & new season's crop could be by,

1. Infection of seedlings during seed zerminstion,

=

g during cultivatio

2. fThroving of soil containing spores onto the plzn
in the crop to control weeds.

3. Splashing of soil onto planis during a heavy rain.

(b} Survival of conidia of A. zlunize in naturally infected soll.

Studies were carried oui to determine the ability of loose conidia to survive
in the so0il. Samples vere obtained from each of 5 locations in which zinnias hacd
been planted, %he length of time since the snil hed contained zinnlas varied frot
14 months in the case of an ouldoor bed, to two weeks for soil from a nursery box
from which seedlings had just besn transplanted.

All samples were seived through a 1 ma® mesh to remove large debris. Tests

to assess the viability of spores present in each soil sample were made by the twic
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methods described in (a). Vhere the flotation method was used, 3 additional
plants per sample were sprayed with sterile dlstilled water as controls. ‘Vhere
the soil painting method was ewployed the leaves of 3 plants per sample were
painted with a slurry of autoclaved soll and water as controls.

Counts of the number of leaves showing lesioning were made 10 days after
inoculation., Reiscolations were made by removing diseased leaves and placing them
wnder high humidity conditions at 28°C for 48 hours. Single spores were then

transferred to slopse of PDA to prove viability.

The results of infection counts obtained on lesves 10 days after inoculation
are recorded in Table 28.

ALBLE 28, SUSVIVAL OF WRES CCHIDLA ¥ JLATURALLY IRFESWED SUIL.
Source of Approx., time Plotation MNethod. Painting llethod.
Sample. since zinnias Io. lsaves o Infection. No. leaves ,. infection
Tresent. Tinoculated. Inoculated.
Pianthas.
Seedling boxes 0.5 32 28.2 30 10,0
Glagshouse pots 1 28 28.53 22 15.6
Outdcor bed 2 26 26.9 b 8.8
Qutdoor bed 3 30 23.3 36 22,2
Outdoor bed 12 3 2.4 22 12.5
Qutdoor bed 14 32 3.k 35 20.6

The results show that conidia of A, zinnise can remain viable in the soil
for at least 14 months in the absence of a susceptible host crop.

Accordingly it is concluded that overwingering of A. zinnlae as loose conidic
| in the soll is important as a potentlal source of priwary inoculum for the

infection of a new season's crop.

The results of methods of survival of L. zinniae considered in this study

are su-marised asg follows:-
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dethod oi Survival, Survival - in montha, Importance as a source of
primary inoculum.

1.  loose conidia on sesd z9 H.ghn
2. TVegeistive riycelium 36+ High

in geed.
3. Vegetative uycelium in

dried host tissue. 12+ Low
L, Overwintering on alternate

hosts 12+ Loy
5. ¥ree conidia, low density

(outdoors} 1 Hil
6. Free conidia, low density

(indoors) 1=l Nil
7. Tree conidia, high density

{outdoors) € Nil
8. PFree conidia, high density

(indoors) 15 iow
9. Nycelium in soil particles 3 Kil
10. Kycelium in soil organic

matter 3 il
11. Crop debrls in soil

C . . .

{(outdoors) 2 il
12, Crop debris in s=oil

(indoors) 13 Nil in sterilised.

soil.

13. lLoose conidia in goil

(Gutéoor plantings. ) 15 High

Prom this suwiary 4t can be seen that the most important methods of over-
wintering of 4. ginnise and hence the most likely sources of primary inoculum
for the infection of a new season's crop are seedborne inoculum and free conidia
in the soil.

fhis is in asreement with the work of Baker & Davis (1950) who consider that
primary inoculum arises from infected seed sown in the field and from a "soil

carryover',

These survival studies have focussed attention on two major stuhstrates for

Perpetuation of £. zinniae in the absence of a susceptlble hogl crop: the seed
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and the soil, Incculum of the fungus, present as conidia in the soill in owtdoor
plantings, could conceivably be eliminnted azg a source of priwery inoculun by use
of a suitable votation or by soll sterilisation.

Seedborme inoculuin on the other hand, because 1t i1s not eliminated by storage
of the seged for at least thres ysavrs, can only be conitrolled by bthe use of an

appropriate seed treatment desimed to eradicate the pathogen and yetnot severely

affect seed fermination capacity.
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9. SOME  OfiER WACTORS VHICH MAY INFIUENCE THE DISEASE CYCIE.

(a)  PREDISFOSITION,

The age of plants and the conditions wunder which they grow wmay aifect their
sugsceplibility to disease. This environmentally conditioned susceptibility is
termed predispogition. ifccording to Yarvood {1959; predisposition is 'the tendenc
of nongenetic conditions, acting before infection, to aifect the suzsceptibility
of plants to dissase.'

Invirontent affects disease through its direct effect on the pathogen,
throush its efiect on the suzcepstibllity of ihe host and through its efifect on
the interaction of hosgt and pathogen. The first category is excluded from pre-
disposition by definition, %he second category is the subject matier of predis-
position, and the third is soumetimes difficult to separate from the second.
(Yarwood loc. cit,

Two factors, plant age ond wilting effects, were considered to determine
their effects in predisposing zinnia plants to infection by JA. zZinnise.

Yarvood {loc. cit.) states that -

'Experimentally, predisposition can be clearly demonstrated only by

exposing otherwise similar healthy plants to contrasiing conditions,
then placing them all in the same environment, and inoculating them
or subjecting them to a disease~inducing environment. If the experi-

mental preinoculation treatments cause differences in disesse,
predisposition may be said to have occurred’'.

(i) Plant .pe Predisposition.

Plante vwere inoculated at 1, 2, &4, &, 8, 10 and 16 weeks from soving.
Grougs of 3 plante were used at each age. ALl inoculated plants were susceptible
to attack, leaf tissue being especially susceptible. Stem atfacx was of ten nore
neried in juvenile plants up to & weeks of age. Adult plants (over 8 weeks 0ld)
showed smome reduced stem susceptibility to attack by 4, zinnise, but floral

infection increased with flower age.

Zinnia plants were susceptibls to infection by the pathozen at all stages
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of growih Irom the seedling stage through to full meturity. If any generaliga-
tiors can be made they would be that stems of rlanbs appeared to be predisposed
to increased susceptinility as seedlings and to decreased suscepbibility with
raturity, and that {loral infectlion appeared to become more severe with increas-
ing flower age.

Overall, however, it seems that age is not a major factor affecting the

predisposition of zinaia plants to increased or decreased susceptibility to

attack by 4. zinuias.

(ii.) wilting Predisposition.

Changes in cell turgor are related to host vigour. Reduced turgor could
result from reduced water content of tissues, from high osmotic pressure of
external golutions, from prior infection, or from other causes {(Yarwood 1959;.

Permanent wilting is the term used fto describe the wilting of plants wnder
conditions when water in the soil is not available for normal plant funcilons
(Subramanian & Saraswathi~Devi 1952;.

dinnia plants in a state of permanent wilt were incculated with a soore
suspension of 4., zinniae {16,000 spores per mil.). #“ully turpid plants of the same
age vere also inoculated with thz same spore suspension as controls. A4All plants
were placed in a moist atwmosphere for 48 hours aifer which the wilted plants
were supplied with water., Diseasze ratingzs taken 7 days after inoculation showed

that the plants inoculated in a state of permanent wilt were much more heavily

infected by the pathosen than the controls. Ten dasys after lnoculation the test
plants had completely collapsed due to the disease. Control plants on the other
hand, while extensively diseased were still alive.

From this experlment it would appear that the major effect of willing is to

increase the susceplibility of zinnia tissue to attack by the pathogen.

(b)  INOCUIIL POTENTIAL,

. a . £Y . . = F e {«
Inoculation experiments with some diseases have shown that the percentage of
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vigibly diseased plants déclines with decreasing concentration of viable units
in the incculum. vhen the concentration of wnits falls below a certain critical
level none of the inoculated plantes may subsequently develop disease symptoms,

Garrett (1959) defines inoculum potential as the energy of growth of a
pathogen avaeilable for infection of & host at the surface of the host organ to
be infected.

Experiments were conducted to determine the critical level of inoculum
potential for A. zinniae and to determine the racidity and extent of disease
manifesgtation at different inoculum levels,

Materials ancé lfethocds.

& ]

4 spore sugpension containing 1 x 107 spores per ml. was serially diluted
to obtain concentrations of spores down to 1 spore per ml.

Uniform sete of 10 zimnis plants were thea inoculated with the original
guspension »nd with ench of the dilutions made from 1i%.

Disease rating wos recorded 10 days after inoculation.

Results and Digcussion.

Plants inoculated at the higher levels (1 x 106 dovn to 1 x 104) were the
Tirst to »roduce disease symptoms. The level of inoculum load appeared to
influence the length of the Disease Cycle, as evidenced by earlier manifestation
and a higher number of lesions produced on plants inoculated with spore suspen-
sions ranging from concenirations of 1 x 104 to 1 x 106 spores/ml. than with
lower inoculum levels.

Relative disease incidence was recorded on a scale 0 to 4 and the results

are presented in Table 29.
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LADLs 29, LEOCU L POELTIAL and ils BIVESTS on DISZASE ILWTRSMATTON,
Conc, guoves per ml. Lxpt, 1. _ Expt., 2.
Diseage rating. Disease rating,
1 x 10° L I
1 x 105 L 3
1 x 10* 3 4
1 x 103 1 2
1 x 10° 0 1
1 x40 0 0
1 x 100 ] G
4 = Very Heavy. 3 = Heavy. 2 = Moderate.
1 = Iow. 0 = Iio disecase manifestation.

jo infection was obtained in one experiment with inoculum concentrations
of 102 spores per ml, or lower. In the other experiment 4 lesions were found on
the plants inoculated with a concentration of 107 spores per ml, after 10 days.

At the maximonm concentration of 106 spores per ml, 97.5;. of the leaves of
inoculated plants developed at least one lesion.

Several workers have Tound that inoculun level influences the rapidity snd
severity of digease development but that the actual level of inoculum capable of
causing infection is influenced by the particular environmentzl conditions during
the test veriod (Cole and Couch 1958 , Garrett 1959, Gooding & Lacas 1959).

This wag also demonstrated in the present study in that variation in the prevail-
ing conditions during each of the two expeviments caused a marked variation not
only in disease severity but also in the relative level of inoculum capable of
causing infection.

Conclusion.

This experiment demonstrates the effect of the level of inoculum on the
gpeed and severity of disease developinent. Inoculum concentrations as low as
100 spores per ml. were found to be sufficient for disease infection, thus
indicating that even relatively low inoculum levels are capable of iultiating

a further cycle of the dissase.
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(¢} VARIETAL SUSCEPTIRILITY.

Although no detailed experimentation wes carried out to determine whether

some varieties of Zinnia elegans were more susceptible or resistant to attack by

A, zinniae than others, some general observations were made during this study.

Le

It cogs not appear that any one variety shows any marked resistance to aitack
by the pethozen.

Some groviers are of the opinlon that the variety Iilliput is wmore resistant
to leafspof than are the larger flovered variesties. In the present study no
conglstent evidence was obzerved to supvort this.

A1l zincia varieties were susceptible to attack by . zinniag both in the

seedling and adult phases of growih. If any generalization can be made, it is

that the larger flowersd forms of Zinnia elerans such as Giant Dahlia, Giant

Cactus and Californisn @&ilants may be mors susceptible to blossom infeection than
the smaller flowered verieties such as Lilliput, Thumbellina and Linearis.
vhether this is a result of smaller floral area, o reduced total leaf surface
for infection, or to varietal variation in floral susceptibility was not

determined.

C. HOST RANMGEE STUDIRS.

Although Alternaria zinniae has a wide recorded host range, few workers have

conducted formal studies aimed specifically at determining the extent to which the
pathogen can infzet uarelated plant sveciecs. Leecordingly, in the present study,
considerable attention was devoted to this topic.

eersaard (1845) conducted infection experiments on discase free seedlings
of 22 gpecles raised aseptically in tegt tubes, using an inoculum agar squares of
approximately 0.5 c¢n from actively growing colonies. Le observed that the fungus
"geems to have a vreference for the Jompositae,” and listed the following hosts
as being susceptible:-

Bregsica cleracea i Lammuth orangerosa L

Galli 55 ) IMeT e T - - N N .
stephis chinensis Heeg. Wicotina affinis 7. ioore.
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Capiscun lobatun L. Nicotlnia senderae Hoxt,
Daucus cavota i Senecio cruentus 0.
Godetin grendiflors Lindl, Solanum melongena L.
lactuca sativa L. Triticum aestivum L.
fycopersicun ezculentum :7ill, Zinnia elerens Jacq.

In the same account Neergaard also recorded that in the course of germina-
tion tests of commercial seedlines, 4, zinniag was found causing "spontaneous
attacks" on seeds of the following species:-

Callistephis chinenis ilses. Helianthus dehilis Hutt.

Chrysanthemnum carinatum zchousb, Papaver alpinum L.

Cosmos bipinnatus Cav.

It would appear that in some cases lieergaard failed to couplete the requirements
for Xoch's Postulates normally recofnised as being concludive proof of pathozenic—
ity. There avpears to be no mention of relsolation of the pathogzen “rom his
infection experiments conducted on seedlings raised aseptically in test tubes, wnor

in many caseg of initial isolation to azar from seed obhsgerved in the course of

germination tests to be infected with k. ziluniae. The only hosts frow which
Heerraard states that ne obtained lsolates of the pathogen were from seeds of

Callisterhis clinensis Hees. (Hun;avy)

Chrysanthewm carinatum Schousb. (Dsnaari}

Chrysanthemus sp. (Italy;

Cosmos bipinnatus Cev. {(Denmari)

Papaver alpinuia L (Holland)

senecio cruentus In (Denmavk)

Zimmia elegans Jacq. (3 isolates; Holland, Italy, Hungary.)

Conseguently it would appear that HNeergaard based his determination of
the taxonomic position of the fungus pathogenic to different hosts on the basis
of symptom expression and, more important, on the morphology and dimensions of

3 H = 2 s . P
spores produced from inoculated plant tissue. To add further doubt as to whether
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the fungus observed vy Heergaard on different hosts was in fact ., zimniae, no
mention is made of the age of the conldia measured, or of the environmental
conditions during their development.

Since his original publicatlon in 1945 Heerpgaard has recorded 4. zinniae

as attacking the following host plsnts:-

Centaurea cysnus L. {1947)

Gentiana acaulis L. {1949)

Gerbera jamigonii Hook. (1S47)

Tmpatieng holstia Engler & ars. (1645)

Regeds odorata L. (1947}

Taretes erccta L. (1944

The hosgt range of .. zinulaoe has since been cnlarged as follows:-

Ageratun conyzoldes L (Agarﬁal o Dhave 1959}

Helianthus amnuus L. (Hattrass 1948, licDonald & lartens 1963)

Impatiens sp. (Herrison 1959)

lmterials and lethods.

In the present investigation studies relative to the host range of
de zinnlae were carried out in tvo ways:
I. Artifieclal inoculation.

ITI. Hatural field infection.

I. Artificial Inoculation.

Host range studies were conducted on seedlings and/or adult plants. Zeed-
lings were ralsed in seedboxes and later transplanted to 6" clay pots, 3 nlants ve
pot. The age of incculated plants varied with the grovith rate of the species
undsr stody. Sdult plants of the fasgter sroving annwal gpecies could be obtnined
within four v.seiks of sowlneg, but some of the perennial species, especially if

grovn froin cuttings ox tubers, redulred up to eight weeks to obtein plants suit-

able for inmoculation. Plants were kept soft and succulent in an endeavour to

Predisposs them to infection.



A range of speclies were incculated wnder glasshouse conditions with a
spore suspension prepared from 10 day old cultures obtained initially fron
naturally infected adult zinnia nplauts. Sporulation of cultures was induced by
ultraviolet light tweatment. In each case inoculum concentration was deterained
using a haesmocytouweter and varied with the sporulating capacity of the isolate
used. The concentration of conidia ranged from 10,000 to 136,000 spores per ml.

In each inoculation experiment a minimue of threse plants of the test
species were inoculated and & further two plants used as controls, Two potted
zinnia plante were also inoculated during each test to eliminate the possibility
of a negative result being caused by the inoculum not being visble, or the
environsental conditlons at, or subsequent to lnoculation not being conducive to
infection and disease development. Inoculation of zinnia plants was also
important in determining whether or not the inoculuin used in each test was
pathogenic to zinnia.

Two methods of inoculation were used. In the majority of cases small
drops of the spore suspension were placed on test plants using s fine nozzled
pipette (Jiethod 1), Otherwise a Vindex sprayer was used to mist plants tc
runoff point with the spore suspension {Zethod 2}. Some of the vlants species
inoculated had a waxy or shiny cuticle which tended to repel water. Iu such
cases a wetting agent * brushed onto the leaves prior to inoculatlon was Tound

40 aid adherance of sgores to the leaf surface.

<

it no stage in these studies was plant tissue wounded before ilnoculatlon.

&

Oare was tacen to snsure that the nomzle of the pipette did not touch or scratch
the tisszue surface during inoculation by iethod 1.

4 special procedure vas adopted for the inoculation of Brassica oleracea L.

as far as possibls without injury, the outermost 2 - A4 lsaves of the head were
pulled azide and the imoculum placed on the inner leaves which had previously

been covered by several layers of leaves. .fter inoculation the outside leaves

were carefully replaced so thal the inoculum was located in a moisture saturated

+ Iipasol 2L 0.5 ¢m/pint of sterile &istilled water.



atmosphere ond adequately protected against drying.

Following inoculation, plants viere placed for 45 hours in a cabinet where
the humidity was maintained at approximately 100/, and then removed to the glass~
house bhench. Ten days afiter inoculation the perceatage infection and symptom
type were reborded, and reisolations made to PDA, At the same time a disease
rating was made, based on the perceniage of leaves infected from the total number
of leaves inoculated in each test species, a comparative scale O to 10 beinpg used.
Relsolation of the fungus from lesions pressat on infected test plants was made
ls gpore isolation to D4, and the colony diametsr recorded after 10 days
C. Cultursl characlters of the isﬁlate obtained from inoculated
test plants were cormmared with thoze of the original isolates of 4. zinniae used
for incculatlon. Conidla from diseased tissue of £ach plant held at 28°C for
LE hours viere placed in 2 drop of Shear's mounting fluid on a glass slide and
the rim of the coverslip sezaled with clear nail varnish to make a permanent slide.
Conidia were microgconically weasured using a stage micrometer, The range of
conidial dimensions of thirty spores per isolate were recorded. Range in spore
body length was used to compare isolates since the beak length of spores of
4, zinniae varies greally even within The same isolate.

The isolate obbtained from test plants was induced to sporulate by the
ultraviolet light method snd the resultant spore suspension inoculated to two
zinnia plants, the total aumber of leaves per plant ranging from eigzht to twelve.
Ten days after inoculation the diseage rating was recorded and the fungus
reisolated toFDA. Colony diameter was vecorded after 10 days incubation at 2800,
and spore dimensions measured under the microscope.

Thug for each test specles the cagacity of 4. zinniae %o produce disease

ymptoms on Clfferent hosts was wroved by -

i

[

1. Tulfiiment of the requireuents of Loch's Positulates.

2. Comparison of colony grovth of isolates from inoculated test plants

553
and growth rate of relsolatioans from inoculated zinuia plants.
3. Comparison of the range in spore body length of lsolates from host

plants and also from zinnia olants inoculated with the isolate
recovered flrom host plants.



Sywmptom expression of 4. zinniae on different host species is 1llustrated in

Plate 15 and 16 (Page 172) and in Appendix V.

II. Natural Pield Infection.

Throughout thls study isolations were made from lsaves of plant apecies
chserved in the field to exhibit lsesioning superficially similar to those
expressed by zimiia plants naturally infeected with &, ziimiae. Plant speciss

in this sroup were:-

Arerotum conyzoides 1. IIydrangea opuloides iocii.
calenduls officinalig L. Seneclo cruentus i
Callistevhls chinensis Wees. Solanun nigram X.
Helianthus annuus L. Tagetes ervecta L.

Uiseased tissue from the above species was subjected to high humidity at
2800 for 36 hours and isolation to PD4 made by single spores. Colony diameter
vas recorded after 10 days crowth at 28°C, Spores from naturally infected plent
tissue held at 28°C for 48 hours were mounted on permanent slides and conidial
dimensiong recorded using a microscope stage micrometer, 30 spores beling
measured per isolate.

Sporulation of the isolates from naturally infected plent specles was inducec
using ultraviolet light and the resultant spore suspension inoculated to {a; the
same plant species, and (b) zimnia plants, under glasshouse conditions.

Disease rating and symptom type were rzcorded 10 days after inoculation.
Reisolation from the inoculated ylant species and from zinnla leaves was carried

r cultural characters, zrowth
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out. Tne resultant isolates were co-
5 = : ! e A L) L) l‘)of‘! 4 *

te and colony diamever after 10 days incubation at 286 C. Range of conidiel

Gimensions of the igeolate from inoculated plant species and from inoculated

zinnia plants viere also compared.

Results and Discussion,

I, Artificial Inoculation.

ny . N R . .
The rezults of host range inoculation experiments are presented in Table 30.



ARTTRIOTAL TWCOULAATON  of DIFFERENT PIalNT SF@CIES in HOST RANGE SIUDIES,

Reisolation to Zinnia.

Common namne. Botauical name Zecord of “ethod of Plant Inoc. Disease Inoc. Disease
Pathogenlcity. inoc. part, COIC. rating. Conc. rating.
Ameratuan A. conyzoldes L.  Agarwal & Bhave 1 AL.B 10 2 L6 g
1959 Al 1L 5 32 10
Aster (chinn)  Callistephis Heerzaard 2 AL.B 46 é 32 10
chinensis HNees, 1945
Bean {mung) Fhaseolus - 4 SC 136 7 60 10
aureus Roxbo,
Black FMizhi- Solanum nigrum L. - 2 AL 36 b L8 g
shade,
Cabbage Brassica oleracea L. FNeergaard
1945 1 ) SO 1 36 9
Calendula G, officinalis L. - 1 AT B. he 7 38 10
AL, B, 66 5 56 10
Garrot Daucus carota L, Hesrgaard 1945 1 AL 363 2 82 10
Carrot (wild) Daucus carota L. - 1 A BIET 1 76 10
Camation Dianthus - 1 AL T 6L o 7L T0
caryoophyilus I.
Chrysanthemun O, indicum L. - 1 ako. 3t 5 TiL 10
Chiryeantneginme  Cuocarinatun Heerzaeid 1945 1 Al 5 he 5 T b3 —
(anuuall Schousb. AL, 4l A 38 O
Cineraria Geneclo cruentusl. keeriaard 1945 2 AL ne 5 34 9
Schreier 1952
Soral lovsy Jentaurea Ileersaard 1948 2 AL i 5 16 10
cyanus L.

XY el



ABIE 30 (Gtd.)

Redsolation to Zinnia.

Cowmon name. Botanical Name. Record of Hethod of Plant Inoc. Disease  Inoc. Diseage
Pathogsnicity Inoc. part. Conc. rating. Conc. rating.
Cosinos C. bipinnatus Cav. Hesrgaard 1945 1 AL 130 L 1C5 10
Cowprass Trifolium pratense L. - q AL W 3 52 9
Cucumber Cucumis sativus I. - 1 ALL8 h2 7 B0 10
Dianthuos D, plumarius L. - 9 AL 56 C - -
Godetia G, prandiflora Lindl Neergsard 1945 1 AL Fate 3 L6 10
1 i1 1), 3 35 10
Gypsophila G. paniculata L. - 1 AL 365 2 160 7
86 - 10
Hydrengea H.opuloides Koch - 1 AL he 3 54 10
1 AL 36 3 I 10
Heergoard 1945
Iettuce Ianctuca Sativa L, Baker & Davis 18952 1 AL 14 5 50 10
Iinaria L, purpurea L (3il1) - g AL 56 3 2k 10
Lobelia L, erinug L. - 1 AL 28 0 - -
Jucerne Ledicaro sativa L - 1 AL I 1 38 10
Lopin {Rugssll) Tusinus polyrhyllus
Iaindl - 2 AL 90! o} Ly 10
Hdwards 1957
Harisold (african) Tavetes erecta L Heergaard 1956 ] AL 32 6 a2 9
De Tempe 19567
larigold (French) Taretes patula L - 1 AL 56 8 L 10
iicrolaena Hicrolaena sp. . Br. - 1 AL 56 0 - -

*6GL



TARLE 30 (Ctd. )

Reisolation to Zinnia.

Common name Botanical Hame. Record of Yethod of Plant Inoc. Disease Inoc. Disease

Pathogenicity Inoc. part. Cone. rating. Conc. Rating.
Hignonette Reseda odorata L Neergaard 1943 1 AL.B 36 3 76 10

on seeds

Onion Allium cepa L - 1 AL 4.85¢ 1 36 g
AL 6857 0 - -
AL 354 0 - =
Pea (garden) Pigum sativun L - 2 AL 90 5 k2 9
Pea (everlasting) Inthyrus latifolivg L - 1 AL LAy 1 i 10
Fea (muest) Lathyrous odoratus L - 1 al LT 2 84 10
Phlox P. drucwondii  Hook - 1 AL 66 0 - -
Popoy (Iceland) Papaver nudicaule L - | AL 56 b 38 10
Potato Solanum buberosum L - 1 AL oy 0 - -
Subterrancan clover Prifoliun subterraneum - 1 ak 130 2 56 9
Suciling ¢lover Trifolium dubium Jibth - 1 AL 1303 2 48 10
Hellanthus HcDonald & lertens Al 52 7 32 19
Sunf lower ammuug L 1663 2 &0 LE 8 32 10
Tobacco HWlicotinia tabacun L, 2 Al 36 8 6L, 10
Tobacco INlcotinia rustica L 1 AL 66 3 26 9
Towato Iycopersicon lieergaard 1945 1 AL 12, 5 28 10
esculentum ¥ill AL 16 5 L0 10




Panli 30 (Ctd.

Reisolsation to Zinni

Common name., Botanical name. Record of liethod of Plant Inoc., Disease Inoc Disease
Pathogenicity inoc, part, CoIC., rating. cone. rating,
Yiheat Triticun asstivum L Heergaard 1945 1 AL Aoy 1 60 10
E 361 1 17 8
2 AL LEYE 2 63 10
white clover Trifolium repensg L 1 AL 1457 3 10 3
1 AL 32% 5 GO 9
Zinnia (Iilliput) 7. elegans Jacq. Fapa 1943 1 AL Gl 10 18 10
Heergaard 1945 AL 52 10 L 10
Pape 1943 AL 1 g 2h 10
Zinnia (Giant Dahlia} Z. elegans Jacq. Neergaard 1945 2 AL 54 10 26 10
Zinnia (014 Mexzico) Z. haapeana Regel i 1 AL L5 g 27 10
AL 52 7 47 10
Zinnia Z. pauciflora L 1 &G 36 8 52 10
Zinnia (creeping) Sanvitalia procumbens lam, 1 AL 53 6 [ 10
KaY: Disease Rating.
? - gbilnﬁgc?lgn » 6 = 50 -394 inf?ctiml W = Vetting agent used.
- 9/ Anfection 7 = 60-69. AL = Adult plant leaf.
2 - 10 - 19‘9-4 8 - 70 - 79 1 \ .
v f‘ S = Seedling
3 = 20 - 297 g = 80 - 89,. " =
l, = 30 -39 . Z 90 106“ . B = Blossom
5 = 40 - 495 " e E = EHar or spikelet.
Inoc. conc. = Inoculstion concentration

in 1,000's, per ml.

# Infection is based on the ,. of total leaves showing lesioning at 10 days. One lesion per leaf being
congidered sufficient to regard that perticular leaf as being diseased.



LR,

The disease rating recorded for each specieg often showed variation, dependent on
ineoculum concentration and temperature and humldity conditions during each test,
In all cases the isolate from the plant species inoculated with Ai. zinniae proved

extremely pathogenic to Zinnis elersns, diseazse rating on zinnia ranging from 7

10.

Symptom type is recorded in Table 39. Ieslion colour renged from black to
brovn. The presence of concentric circles in the lesion area due to mesophyll
collapse was not evident in all cases, hubt with some species (e.g. carrot,
cosmos, wheat) leaf shape was such that large cifcular lesiona could not
develop. It was observed that often only the larger circular lesions showed
the pronowmced “target spot' effect so characteristic of soms Alternaria diseases.

iesion shape, size and outline were variable. The presence of leaf abnormalil

due to malformation or colour changes was most marked on plants of iAgeratum

conyzoides L., Reseda odorata L., Dianthus caryophyllus L., Figum sativum L.,

and Nicofina sop.



163,

TaBIE 31. DRISATIPTION of SUIPTOM iYPH on ARTIFICIALLY ILOSULATED PLANTS.
Plant sp. inoc. Iesion iax. diam Isaf Concen- Isaf lesiox
with A,zlonize, colour. lesions at Outline. yellowing. tric pucicer— shape.,

10 days. ringing. ing.

(in cm. )

Ageratum B. 1.5 E + + + R
Aster G.B. 1.5 B + + - R
Bsan G.B. 1.0 L - - - R
Black Wightshade D.Br 1.5 i 4 + - I
Gabbare . 8.5 i + i + - R
Calendula I8y, 1.0 B + + - I
Carrot B.5r Q. 4 D + - - I
Carrot (wild) B.Br. 1.0 hoy - - - R
Carnation B.Bx 0.4 E + - + R
Chrysanth. (perr.) B. 0.9 B - + + I
Chrysanth. (ann.,]  G.5r. 0.8 B - R - I
Clneraria e e 0.7 B - + - R
Corni lower G, 1.4 E - + - R
Cogzinos Bro 1.0 b - - + I
Cowmgrass G.Br 1.5 B - - + i
Cucumber G.B. 0.5 B +3 + - x
Godetia 1z 1.0 B + - - I
Gypsophila G.Br. Q.4 E + + - R
Hydrangea Br.p 2.0 D - + + I
Lettuce IBr. 1.0 B + + + I
iinaria B 0.1 a + - - R
Licerne G, Br Q.3 i) + - - R
Lupin Br 1.0 5 - + - EAY
Marigold (ifrican) B 1.5 B + + - R&l
Liarigold (French) B 0.8 D - - - L
Hignonette e 1.2 B +hE - + I

(Continued next page.)



TARIH 34 (Cta. )
4

Plant sp. inoc. Iesion ILiax,., diam Ieaf Concen- Ieaf lesion
with A.zinnise. colour, lesions at Outline. yellow- itric pucker- shape.
10 days. ing. ringing. ing.
(in cm, )
Onion ifx. 3.0 D - - - I
Fea, parden Ga.B. 2,5 B +3 + + I
TPea, everlasting 3.8r C.1 D - - - R
Pea, sweet I8r, c.5 B - - - I
Poppy Br 1.0 E - + - I&R
Subterranean G.Br 1.8 E - - + I
clover
Suckling clover B 0.5 E + - - I
Sunf lower G.Br 1.5 E - + + Bl
Tobacco )
(¥. tabacum B.Br. 2.5 % + + - R
Tobacco . Selr, 1.0 E + + - R
(. rTustice)
Tomato - . 0.7 B - + - I
iheat G, 0.6 D +3 - - I
Wwhite Slover G.Br. 1.5 i - - - I
Zinnia elegans G.or. 2,0 B - + - R&:TI
Zimnia pauciflora .. 2.0 B - + - R&I
Zinnia creeping . B, 0.9 L - + - B&L
LEY: fegion colour = G, = Grey + = TFresent.
Br. = Brown - = dbgent.
B. = Black K.R., = Lot recorded.
P, = Purple
L. = Light
Qutline ~ &, = Entire
. = Diffuse
Iegion shape - R, = Regular
I. = Lrregular
IZR = Irregular and Negular,
Ieaf yellowing ~ M = Presence of leaf yellowing

but only around wmargin of
lesion,
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With most of the plant species studisd, inoculated cotyledons and lesveg
were susceptible to attack, but the plants, if left on the glasshouse bench
following inoculation, often ternded to ‘yrow througn' the disease. In some cages
newly developed leaves were entirely firze from attsck. This could indicate that
condltions were unsultable for spore dispersal from infected wlant parts to young
lesves, JAlternatively, environmental condltions in the glasshouse may have been
favourable for spore dissemination but unfavourable for expression of ths digease
onn leaves developed after inoculation.

In 21l cases culiural characteristics of the isolate cbtained from inocculated
test plants appsared identical with those of the original isolates of A. zimniae
used for inoculation.

Comparison of the range in spore body length of isolates from different test
plant spzcies end from ths test plant isolate reisolated from inoculated zinnia
plants are recorded in Table 32. Colony diameter at 10 days (in wm.} of
isolates grovm on PDA at 289C are also presented. In most cases the isolate from
inoculated test plants and the subsequent isolate from zinnia showed a close

similarity in both growth rate and range of conidial dimensions



SPORE DILZEEI0NS and COIDFY DI

VLTI
CRREA NS

ASTIVICTALLY IHOCULATHND PLakTH.

of IZ0LATES from

IS0IAYTE ¥

PO

IS0TATE

rOiF HOST SPECIEZES TO

Z2IHET A,

Colony diam. Range of Body-

from FOA -

length from

from Poo -

Colony diam. Range of body-length
from 30 spores msas'd.

10 days. 30 gpores 10 days.
measured.
ageratun 75 45.1-75.85 8o 53.5~79.95
aster 8L 45,1-69.7 85 k1, 0-63.55
san 84 3, 05~61,5 g2 57.4~88.15
Black Nightshade 60 45.1-69.7 87 53.3-77.9
Cabbagpe 78 1.0-77.9 g2 49.2-77.9
Calendulia 80 41,0-63,55 79 57.4-86.1
Garrot 80 36.9~55.35 86 61.5-100.5
Carrot {wild) 81 38.95-75.05 a2 36.9-71.75
Carnation 80 49.2-71.75 84 45.1-69,
Chrysanthemn 86 36.5-63.55 86 55.3-77.9
(perermial)
Jhieysan thenum 35 45.1-65.5 &l 47.15~71.75
{annual;

Cineraria 77 38.95-47.15 79 30.75-63.55
Coruf lower ac 38.95~75.85 83 32,8-43,05 (10 spores onl
Cosmos 85 51.25-69.7 85 38.95-71.75
Covigrass 63 36.9-63.55 83 L5.1=71.75
Cucuuber 81 26.65-59.45 62 47.15-88.15
Godetia 8L 49.2=71.75 85 61.5-75.85
Gypsophi.la &3 36.9-57.5 86 55.35-71.75
Hydrangea 83 38.95-63.55 B4 55.35-82.0
Lettuce &1 59.2-71.75 83 L49.2-61.75
Iinaria 80 £9,2-65.6 86 L7.15=-69.7
Lucerne 8z 38.95-77.9 8z L5.1-75.85
Tupin 79 61.5-77.9 82 41.0-69.7
Marigold (African)B3 41.0-75.85 84 L7.15-75.85
Yarigold (French) 85 L3.05-£9.7 86 51.25~75.85

[ R 3 i
(Continued next page)



TABIE 32 {Ctd. )

IS0LAME from HOSE SPLCILEE 1O
ZINNILA.

I500ATE from LNOCULALED

T AT TV TRt gHL T T
PO YTA L oSS LG .

Colony dism. Range of Body— Colony diam. Range of body-length

from FDA -  length from from FDi& ~  from 30 spores
10 days. 30 spores 10 days. measured.
meagured.

Id gnonette 86 47.15-77.9 o 61.5-88.15
Oninon H 51.25-67.65 84 32,8-77.9
Pea (Garden) 78 34.25-75.65 80 49.2-82.0
Pea (iverlasting) 80 41.0-67.65 8o 36,9-73.8
Fea (Sweet) 79 47.15-71.75 83 45.1-69.7
Poppy 83 51.8-75.85 82 38.95=71.75
Subterronean Clover 83 45,1-65,6 85 51.25=77.9
Suckling Clover 83 53.3-63.55 69+ 41.0-75,85
Sunf lower Tht I1.6-53.3 82 51.25-75.85
Tobacco(. tabscum) 82 51.25~71.75 83 55.35-69.45
Tobacco(. rustica) T4 47.15~63.55 81 L9.,2-75.85
Tomate 79 36.9-53.55 g2 L1, 0-61.5
wheat 83 61.5-73.6 83 55.3-88.15
white Clover G 34,25-65.55 77 .0-69,7

&0 11,C-63.55 60 41.0-71.75
Zinnia {elegans) 86 LA,0-65.6 85 45.1-63.55
Zinnia {(pauciflora) 80 49,2-69. 85 69.7-92.25
Zinnia (creeping) 85 51.25-77.9 81 L5.1-63.55

Contaminated with bacteria.



Although 4. zilualae was proved rathosenic to more then 20 previously
recoréed host specleg by artificial inoculation, it 1s important 4o note that
the majority of these are probably of academic interest only., Because of the
mechanism of spread of ithe fungus by rain splash over short disbtances, it is
unlikely that i. gimniae could establish and incite an important disease on soms

of thege hogis. This is because many of these plant species would not be grovm

in close association with zinnias (e.gz. Allium cepa L., Gucumis sativug I.,

Daucug carots L, Medicago sativa L, Phaseolus aureus Roxbg.). It is possible

that some of the host species recorded, especially cultivated land weed species
groving as volunteers in zinnis plantings, could be of some importance as
alternate hogts of the fumgus in the off-geason. Hosts in this category could

include Iathyrus latifoliug L, Solanum nigrum L, Trifolium dubium 3ibth,

T. pratense L, T, repeng L, T. subterraneum L. This is substantiated in part

by the fact that A. zinniae was successfully reisolated from naturally infected

leaf lesions on Solanum nizrum plsants growing in a discasged zinnia crop.

glaszhouse inoculation of plant species, using hizh

124

The conditions of
inoculun concentrations, and the mailntenance of high humidity for 45 hours
follovwing inoculation, may tend to be more favourable to infection by the lTungus

than natural conditions of lower inoculum conceatration and fluctuating humidity

experienced in the field.

II. Hatural Mield Infection.

Regults of natural field infection studies are presented in Tables 33 and
3}, The detection of disease syuptoms caused by 4. zinnjae infection under
natural conditions is more conclusive proof of the ability of the fungus to
infect a particular host than the results of glasshouse inoculation experiments.
Hatural infection indicates that under suitable environmental conditions and in
the presence of viable inoculum certain hosts may show diseage sywpboms In ths
field. The oaly plant species previously unrecorded as hosts of 1. zlnniae which
were found naturally infected in the field were:-

Hydrangea opuloides Xoch and Solenum nigrum L.




TABLIE 33, COIONY DIAWETER, SPQNs DIMENSIONS anda DISEAZE RATIHG of ISOLATES
OBTAINED from PLELD TFECTION STUDLIS.

FIANT SPECIBS. DLANT PART SISTRICT OF ISCLATTON RO WATUR' L. GLASSHOUSE STUPLES.
ATEACKETD. ORIGTH. TWFECTED TISSULR. Inoculation to fost Specles. Inoculation to zinnia plar
3. L. 1. 2. 3. 4. 1. 2. 3. h.

Ageratum i Palnergton N. 79 %6.9-65.5 34 2 82 1,0-~69.7 24 9 81  31.95-75.8¢

L i o a2 R L5 L 80 R 537 10 80 26.65~6G,7
aster L Palmerston M. &3 45.2-75.85 28 5 81 55.35-75,85H L3 10 82  45.1-69,7
Blaciz Wijhtshade L Palmerston L. 82 45.1-69.7 %2 T 80 1.0-71.75 L6 10 g2 36,9-71.75
Calendula L Palmerston il. 81 36.9-75.85 26 6 81 5h1.0-69,95 36 10 80 47.15-63.5¢F
Cineraria L Wellington 79 L9.2-65.6 L2 L 80 L45.1-75.85 38 9 82 L11,0-77.9
Hydrangea i Tover Fubst 83 36.9-69.7 36 5 8O 43.05-71.75 h2 10 82 41.0-863.585
Iarigold L Falmerston M. &3 1, 0=-71.75 26 7 82 41,0-75.85 2k 10 8L 49.2-71.75

B " 1lington 80 WR 18 & 80 NR 20 5 83 NE
Sunf lower L Palmerston M. &1 31.25-71.75 26 6 78 L41,0=63.55 42 10 8% 36.9-69.7
Zimmia L Auclkland 8L 36.9~75.85 52 10 B85 43.05-65,6

L Christchurceh 36 38.95-77.9 66 10 86 36.9-85.6

L Lover Hutt Bk 49.2-69.7 18 10 83 AW1.0-63.55

L Palmerstoa N. 853 M,.0-71.75 83 10 82 A45.1-77.9

L Quesnstowm 78 43,05-77.9 4y 10 81 51.25-6%.7

L Te Kulti 83 49.1-69.7 28 9 8k hg.2-65.5

B Te Lulti B2 HR 36 10 8L L9.2-71.75

s\

LEY: 1 % Inoculation concentration; 2 = Disease rating; 3 = Colony diameter. (PDA 10 days 2808); 4 = Range in spore body
length.
L, = Ieaf; B = Blossom; HNR = ot recorded.
NB. In all cases, culfural characteristics (excluding pigment production) of the isolate from naturally infected

plant spp. proved identical with those of the fungus subgequently reisolated from inoculated zinnis plants

°Lar.



TABIE 34. SP

ahE Ty Py T -
0L DEESIIPUION of AL ALNNTLAE

PHOLT FLAES R0
SIEID AL ARTIRICTAL TRF=0CTT0N.

SYUPRDG WER O HALURAL PIBID SYHPION TYPS on SANE SPP,
PLANT SPaCIRS. IIE0TED PLAES, INOCULAYED UKDER ARTIW, GO
1 2 3 L 5 6 7 1 2 3 4 5 6 7
Ageratum ~B. 0.7 I + + + I B 1.5 I + + + R
Agter g.=B, 1.2 E + + =~ R 3-B. 2.0 B + + - 1
Black Kightshade B. 1.3 B + + = R&l B 1.8 B + + - I
Calendula B.. 1.8 B +#H o+ = I B-Br. 2.5 & + + - I
Cineraria B-G., 2.2 E + + si. R G-B. 1.2 2 - + - R
Hydrangea B-T. 2.3 D - sl, + I B-F. 2.8 D - o+ + i
Liarigold B. C.6 I # + - R B 0.L B + - = RA&T
Sunf lovexr B. 2.7 = sl. + &l1. R. B.. 1.2 B =i + + R
Zinnia (Aucikland, =B, 2.2 3 - + = R&L. G-B., 1.8 3 - + - RaAI
(Christehurch)G-B. 1.6 & - + = R2L B 2,2 T - + - R
(Iover Hutt) G-B., 1.8 Z - g§l. ~ R GEB 2.0F - + - R
(Palm, ¥th.;, @B, 2,3 B - + - BRI G-B 1.6 E = + = R
(fueenstovn) G-3. 2.2 E sl. + = R G-B. 1,9 II - 4+ - R
(Te Huiti) G-B, 2.0 E - + =~ R &B. 09 B - + -~ R
EEY: 1 = Iesion Colour, G = Grey. Br. = 3Brown
B = Black. P, = Purple.
2, = Haximun lesion diameter in com.
3. = Outline. E = Intire. D, = Diverse.
4. = Ieaf yellowing.
5., = Conecentric ringing of lesion area.
6., = Ieaf distortion and puckering.
7. = Legion shape. 2 = Regular. I = Irregular.

%I = Presence of hoth regular and

irregular lesions.

Present. ~ = JAbsent.

]

4l = Present but resiricted to margin of lesion only.



411 the other naturally infected host species (Table 33} are wnrecorded

as hosts of A, ginnlae in Wew Zealand (apart from Zinnia elegans:, although the

pathogenicity of the fungus to some of these species has been reported overseas.

Concluaion.

Vhile it iz lmportant to record that A. zinniae was proved pathogenic to
42 out of 47 test plant species inoculated artifiecially, these resultsare felt
to be of academic interest only. &he ability of a funzus to induce natursl
infection in the field is congildercd to be more conclusive proof of its
pathogenicity than the results of artificial inoculations.

On ihe basis of

1. Successiul reisclation of 4, zinniae from lesions produced on host
plants undexr field condiiions,

Z. Comparison of cultural characteristics of isolates frow naturglly
infected plants,

3. Reisolation of isolates from naturally infected plants inoculated to
zinnias.

4. Comparative growth rate measurements of isolates from naturelly infected
host species and isolates from inoculated zinnias, and

5. Comparison of spore characters and dimensions; the following plant
species are conclnded to be new hosts {for A. zinnise :-

Hydranzea opuloides iloch.

Solenum nigrum L.

On the basis of field infection studies the follewin: plant species, whils
they have been previously recorded as bhosts of the pathopen overseas, are pregent-

ed ag new host recocds for 4. zinilae 1n Few Zealand: -

Asgeratun conyzoldes L Senecio cruentus L
Callisteihis chinensis ilegs Tagetes erecta L
L iy

y

Calendula offiginalis 1L

Eelisnthus annuus L
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PIATE 15 - Artificially inoculated plants of tobacco
(Nicotinia tabacum L.) 10 days after inoculation.

PLATE 16. Conidial production from the stem of an
inoculated plant of red Clover
(Trifolium pratense L.)
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DETRCTION ATD CONTROL O ALTERNARTA ZITNNIAR ASS00IATNI
IEITY.I_ ’JLHtJ_"‘Q :j.u..aj

IHNTRODUCTION,

Digeases may be seedborne in two ways, namely, (i) the pathogen may be

present as free inoculum superficislly contaminsting the seed surface; and
(ii)} the pathogen may be established as vecetetive mycelium with the testa or

etbryo tiszsues of the seed.

¥nowledze of the nature of aszociation hetween the pathogen and seed is basic
to any study in which the objectives are the detectlion of the pathozen in seedlines
or disease control by way of geed treatment.

4s far az control is concerned, if the patnogen is present only as free
surface inoculum, dusting the seed with an appropriate fungicidal dressing would
probably be effective in its contrel. In the case of true seed infeotion,
however, methods of geed treatmznt to produce intermal disinfection of the seed
mugt be employed.

A review of literature on the control of A. zinnlae assoclated with zinnia
seed reveals wide variestion in the methods used. This is probably due to lociz of
specific knowledpge of the nature of the association betwsen pathozen and sead.
Many vorksrs (Neersasrd 1945, Dimock & Osborn 1943, Fape 1542 , Forshery 1546,
Baker & Vavis 1950, iistatic 1951, Scehmmidt 1953, Prota 1660 and ireitlow

have all reported the rothozen zs being seedborne, but few have reporfed the

[

location of inoculws borne with the seed. Forsberg (1946), Deaumont et al. {1958
Frota (1960) and iveitlow {1961} state that the fungus is carvried on the surface
of the secdcoat as external spores. Dimock & Osborn {1943}, Pape {1942), Beker &
Davis (1950), arc the only workers who clesrly state the pathogen iz borne with
the seed 2s external sporss and also gg mycelium within the seed. In most other
published woriks, hovever, the autbors have either overlooked or been loathe to

make any direct statements on the nature of the agsociation between pathogen and

seed; {(Kispatic 1951, Schmidt 1953, Zdwards 1957, De Tempe 1959 and llcDonald &

ogt of these workers have readily conceded that the pathogen is

seedborme.



This wmcertainby as to the type of association between pathogen snd seed
continues to exist despite the use of chsmical and physical methods by many

vorkers ito control the pathogen by seed breatment. Soms vorkers have hased

I8

control methods on the hypothesls that ths funcus is borne exclugively on the

-

1

seed surisce, asz evidenced by thelr expeviments with surface sierilants. Others

%
i

o

have rejoried the presence of intermal as well ag external inoculum and according-
1y have bazed control on internal geed disinfection wethods.

Secauze of this confusion it wos felt that before any attempts were made at
contrelling the digease by sesd tresatment, studiss should be undsrtaxen to deter-

mine -

a. hether both contamination and infection occur in zinnia geed imported

to New Fealand.

b. whether, 1f intermal and external inceulum occurs, such inoculum is
viable and carpable of giving rise to diseased seedlings.

c. The relative iumportance of the two sites of inoculum.

dle DETECTTON OF SEEDBORNE IMOCUILL.

I. a, Determination of presence of surface bhome spores.

To determine the presgence of conidia borne as loose inoculun on the geed
surface, 2 grams {approximately 200 seeds) of each of 5 lines of naturally
diseased zinnla geed were placed in a 2501, flask and shaken vigorously with
25ml. of sterile distilled water for 3 minutes. The vater was poured from each
flask into 4 hard glass tubes which were centrifuged at 1,450 r,o.m. for 10 mins.
The supernatent in each tube was dlscarded and the sludge placed on 2 glide and
examined microscorically Tor the spores of .i, zinniae.

Spores of 4. zinniae were detected in abundance in the seed viashing sludze,
at a strength of up to &,000 spores per ml, Conidia viere deeply plgmented and
in most cases the fterminal beak was elther absent or broken. Thus it 1s con-
cluded that conidia of .. zinulae may be borme as loose inoculum on the surface

of zinnis seed.
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DETECTION AND CONTROL OF ALTERNARIA ZINNIAE ASSOCIATED
WITH ZINNIA SEED.

INTRODUCTION.

Diseases may be seedborne in two ways, namely, (i) the pathogen may be
present as free inoculum superficially contaminating the seed surface; and
(ii) the pathogen may be established as vegetative mycelium with the testa or
embryo tissues of the seed.

Knowledge of the nature of association between the pathogen and seed is basic
to any study in which the objectives are the detection of the pathogen in seedlines.
or disease control by way of seed treatment.

As far as control is concerned, if the pathogen is present only as free
surface inoculum, dusting the seed with an appropriate fungicidal dressing would
probably be effective in its control. In the case of true seed infection,
however, methods of seed treatment to produce internal disginfection of the seed
must be employed.

A review of literature on the control of A. zinniae associated with zinnia
seed reveals wide variation in the methods used. This is probably due to lack of
specific knowledge of the nature of the association between pathogen and seed.
Many workers (Neergaard 1945, Dimock & Osborn 1943, Pape 1942 , Forsberg 1946,
Baker & Davis 1950, Kispatic 1951, Schmidt 1953, Prota 1960 and Kreitlow 1961)
have all reported the pathogen as being seedborne, but few have reported the
location of inoculum borne with the seed. Forsberg (1946), Beaumont et al. (1958)
Prota (1960) and Kreitlow (1961) state that the fungus is carried on the surface
of the seedcoat as external spores. Dimock & Osborn (1943), Pape (1942), Baker &
Davis (1950), are the only workers who clearly state the pathogen is borne with
the seed as external spores and also as mycelium within the seed. In most other
published works, however, the authors have either overlooked or been loathe to
make any direct statements on the nature of the association between pathogen and

seed; (Kispatic 1951, Schmidt 1953, Edwards 1957, De Tempe 1959 and McDonald &

Martens 1963), Most of these workers have readily conceded that the pathogen is

seedborne.
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This uncertainty as to the type of asgociation belween pathoren and gead
continues to exist despite the ves of chemical and physical methods by wany

viorkers Lo coutrol the pathogen by se

-

Lo

& trestinent. Some vorkers have based

control methods on the bypotnesis thalt the Ffungus isg borne exclugively on the

L

geed sur

b

‘nee, ag evidenced by thelr experiments with surface sterlilants, Others
have raported the presence of Intermal as well as extermal inoculum and according-
ly have baged control on intermal seed disinfectlion wmethods.

LZecause of this confusion 1t was felt that before any atterpts were made at
controlling the diszcagze by seed treatment, studies should be undertaken to deter-

mine =

a. hether boibh contamination and infectlon occur in zinnia seed imported
to New Zealand.

b. ‘Vhether, if internal and external inoculum occurs, such incculum is
viable and capables of giving rise to digeased seedlings.

¢, The relative importance of the two sites of inoculum.

s DETRCTTON CF SEEDBORIE THOCUIILL,

I, a. Determination of presence of surface borne spores.

To determine the presence of conidia horne as loose inoculuan on ithe seed
surface, 2 grams (approximately 20C seeds) of each of 5 lines of naturally
diseagsed ziunla secd were placed in a 25Cwl, flask and shaken vigorously with
2hal, of gterlile digtilled water for 3 minuotes. The water was poured from each
flask into 4 hard gslass tubes which were centrifuged at 1,450 r.p.m. for 10 mins.
The supsrnatent in each tube was dlscarded and the sludge placed on 2 slide and
examined microscopically for the spores of i. zinniae.

Spores of 4. zinniae were detscted in abundance in the seed washing sludge,
at a strencth of up to 6,000 spores per ml, Conidia were deeply pigmented and
in most cases the terminal beak was either abgent or broken. Thus it is con-
¢luded that conidia of .. zinniae may be borne as loose inoculum on the surface

of zinnla seed.



175.

b. Determination of the presence of deepseated inoculum.

To determine whether the pathogen was present within the testa and embryo
tissues, seed dissection was carried out. Attempts to remove the embryo from
the seedcoat by soaking seed in 5% NaOH for 24 hours and subsequent extraction
of the embryo by gently rubbing the seed between the fingers proved successful.

Many of the separated embryos showed discolouration. Iesions present on
the radicle and cotyledons of the embryo ranged from black to dark brown in

'
colour and were often slightly;shrunken in appearance. Some of these lesions
covered the entire embryo surface while in other cases the lesioned area was

confined to one or both cotyledons only.

PIATE 17. Iesioned embryos obtained by dissection of
naturally diseased zinnia seed.



Ky

176,

regent in the lesions on diseazed

i
i

To determine whether fungal myceliuvm was

embryos, a tlssue clearing procedure similar to that described by Simmonds (1946)

was used. The embryos were allowed fo remain in an excess of water overnisht to
leach out most of the ialH, The water was lren drained off and 95, alcohol

added. 4 sample (20} of the lesioned embryos were placed in a watch-glass, ths
excesg alcohol Gralned off and clovs oil added. After 2 hours the embryo lesion:
were examined for fungal wyreelium, Some difficulty was experienced in distinguis
ing fungal hyphae frow seed tlssue. Septate mycelium was obseirved in some of the
lesioned areas nut details of the assoclation betwsen funpal tissuve and the almost
trangparent host cells could not be determined., This embryo clearing method,
hovever, did allow positive identification of the presence of ssptate mycelium in

the lesioned arcas of embryos dissected from ungerminated seed.

IT1. DETERITHATION O VIABTLITY OF IROCUIML ASSCCLATED JITH SID,

(a) As Zxternal Spores.

A spraying technique was used to determine whether loose conidia on the

nora

N
A

1]

seedcoat of naturally diseased lines of gilnnia seed were in fact viable., 4
suspension was prepared by washing loose spores from the surface of 3 gramz of =

]

natorally dissogsed line of zinnda seed by the method described 1n Ia. The spore
concentration wasg determined using a haemocytometer (3,200 spores per ml.). The
spoie guspension waz atomlscd onto the leaveg of 10 healthy zimnia planfs, Two
lants viere atomised with sterile distilled veter as controls, ‘the
plants wers held at glogshouse temperature under high humidity for LB hours and
then removed from the liah humidity chember Lo the glasshouse bench. & count of
the number of leaveg that Jeveloped syuptoms was taken at 10 days, One lssion
per leaf was considersd sufficlent to indicate infection. Helgolatlons from

lesioned tissues was made by subjecting leaves to high humidity in the laboratory

for 48 hours and transferring single spores fto szlopes of T,
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Of the ten plants (76 leavss) inoculated with the seed washing spore suspen-
sion, 89.5,5 (68 leaves, had developed disease syupbtors 10 days from incculation.
Control plants were entirely diszcase free at 10 days. Successful reisclations of
the pathozen from lesions on leaves of inoculated plants were identical with
cultural characteristics of isolated of 4, zinniae from naturally diseased zinnia
plants, in all cases.

These results are not surprising when it is considered that the conidia of
some imperfect fungl may survive for very long periods. The resulbts of the presen
expsriment concur with those described previously (page 118) where loose conidia

of A. zinniae were found to retain their viability on the surface of zinnia seed

for up to 30 months from harvest.

Nyow these results 16 is concluded that the loose swpoires adhering to the
surface of naturally dlseased lines of zilnnla seed imported into Wew Zealand are
viable and capable of causing the development of disease gymptoms when inoculated

. Rl

ongo the leaves of digease free plants.

b, 4s Internal iyceliun.

A plating technlques was uged to deternine whether the lesions showm by seed
dissection to be pregent within the smbryo contrined viable incculum. The use of
the NaOH soaking method (41.b) to separate the embryos from the ssedcoats was
successful, but the chemical was unfortunately lethal to the funpus preseat in
embryo tissues. .ccordingly, manual dissection of the seed by peeling off the
testa with a gharp scalpel was used,although this procedure was much less
convenient,

Following dissection the separated embryos and testas were washed in ruaning
water for 15 minutes prior to drying between two shests of sterile blotting
paper and plating to prune agar. UYhe plastes were incubated av 289C for L days.

Fungal colonies arising from plated tissue were cub with a corkborer and the agar
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cireles examined for spore production and identification after incubation at room
temperature for 48 hours.

Resulis of gzeed tissue plating are pressnted in Table 35.

TABLE 35, . RECOVERY OF CRRYDE AT TEOTAS 0BTATITED
PROL LaTliDd 10 PRONG AGAR.
ITuher Hunber of fungal Lumber ylelding AL zinanias
plated. colonies. A. zinnilae,
Embryos 192 32 16 8.3
Testas 158 53 14 8.¢

In both cases the wmajority of plated tissue pleces not yielding 4. sinniae
were either devold of mycelium or yielded .. tenuis (embryos 2.1y, testas 1k.6
or Penicillivi app.

‘These results prove that ftrue seed infection may ceccur, the pathogen being

successfully established within tissues of both the testa and embryo of the ssed.

c. Determination of whether lines carryving surface inoculum only can produce
diseased seedlings.

T+ has previously been confirmed that mycelium present in lesions on the
embryos of ungerminated seed are capable of growith when such tlasue is plated to
pgar. It remained to determine whether losse inoculum on the seed was capable of

crminstion, and hence of producing dises

1G]
1]

)

infecting seedling tissue durin

[l

X

plante.

the sszed uzed was 1563 =zeedline of variety Glant Dahlia Flowered which on
sovwing had yislded 0.5,. dissased seedlings. teed from this line was divided into
six paris and a random lettering system used to allocats the treatment received

by each poxtion and to eliwzinate blas in recording results.

Seczd was contaminated with spores of 4. zinniae in the following ways:-
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1. Glass beads (2mm dlameter) were mwoistened and rolled over the surface
of culbures of A, zinniae on PDA which had been induced to sporulate

uder ultravioclet light. The beads with their adhering spores were

then shaken for 3 minutes with dry seed in a flegk.

2. & 5ml. portion of spore suspension (52,000 speres/ml.)} was poured onto
dry seed in a 250 ml. flask, The seed was sheken for 1 minute and tipped

-

out onto blotters to dry for 48 hours.

0
4}
)
2]
-
i

3. 50 ml. of spore suspension (52,000 spores/ml} was poured onto Ary

Ty

o]
2
F}

a 250 ml, flask. 'The seed was alloved to soak in this suspension

12 hourg and then tipped out onto bloitters to dry for 4B hours.

ke A gpore suspeasion (60,000 spores/ml.) was atomised onto dry seed spread

-

out thinly on blotters. The sced was sllowed to dry for 4B hours,

5. Slightly wmolstened seed wes shaken with ften heavily sporulsating dlseased
ziunia lgaves in a 250 ml, flask for 3 minutes and the zeed allowed to

dry for 48 hours, on bhlotting paper.

Untreated seed was used as a control.
The secd in each sample was weighed to allow calculation of the approximate
number of seeds vresent, and sown in boxes of sterilised soil in the glasshouse.
The number of seedlings produclng cotyledonary lesions wag recorded at 10 days
Iesioned cotylsdons were removed to the laboratory snd placed under high hunidity
at 28°C for 48 hours. Reisolations were made from single spores to slopes of FDi.
Percentage germination figures from 200 sseds per freatment were obtained
vy the folded towel msthod. Germination counts for untreatsd seed viere also

recorded.,

The effect of the above treatments in induecing disease in seedlings and on

seed cermination are presented ln Table 36.
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TABLE 35, 1
Treatment Seed velght Aorox. no. . lesioned o Cotyl. Germination ;o
i'e thod., rens, Heeds sov, Cotrledons. Teslons. 3 days 7 days.
intreated, b3k 385 2 0.6 76 82
1 7.46 660 22 Loik 77 80
2 6,01 530 51 12.3 71 78
3 7.08 625 S5k 1.8 68 77
b 4. Bl LOG 21 5.25 Th 80
5 6.13 540 25 5.6 70 82

These results show that the percentage of diseasef cotyledons arising from
seed which had been surface contaminated with conidia is much higher in all
treatments than the percentage of cotyledonary lesioning prolduced from matreated
seed.

A completely disease free line could not be used for thls sxperiment since
all linss oi seed screened (25 lines in 1962, 101 lines in 1963} showed soue

disease syuaptom uevelogment. Hovever, thiz line of variety Glant Dshlia Flowered

ol

wiileb had ylelded C.5;0 4. zinaine fron sereening frials, was the lowest diseased

=1y

elt that the higher number of dissassd seedlings

o

seedline avallanle, and it is

following treataent could not bave arisen from tihis small amount of inocunlum,

HFrom thiis experiment it is concluded that loose conidia cen act as inoculum
for the develozuent of the disease on sesdlings ariging from contaminated seed. Th
mechanigm of seedling infection possibly involves the germination of spores on
the surface of the testa and penetration into the seedling during seed germina-

4

tion and/or the washing of spores adhering to the seedcoat onto the cotyledons
before the testa fzlls to the ground following germination. This would be greatly

aided by overhead watering during the first few days of seedling growth. Epore

germination on the seedcoat and penetration of myecelium through the testa and
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intc the cotyledon tissue may also ocour.

d. Determination of the DNelative Importance of Surface and Deepseated Inoculum
Associated with Zinnia Heed.

Results of previous experiments have shown that the fungus is capable of =eed
carriage (a2} on the seed surface, and
() within the testa and embryo.
It was felt desirable to deterwmine the relative importance of each method
of trangference of inoculum with zlinnla seed.
Thils exmpsriaent was corried out weing 20 zinnia seedlines which on zovwing

. b . e ae e " . BN - = - ] H .. f kS R N e
had produced vawying percentases of dlseamsd sesdlinrs {8 to 25,.) 10 days from

eowing. It we2e reasoned that 1f each line wag Tirst dusted and then sowm, any
e 2

digeased geedlings appearing must have become infected by means of inoculum deep
the seed. Iy subtracting the number of diseased sesdlings in sowings of the duste
sample from the number of digeased secdlings in sowings of untreated seed of each

line the extent to which seed contamination was present could be deteriwined.,

Seed was counted out in lots of 200 (800 seeds per linej. 4n initial 20C
seeds were assegsed ror fermination nercentaze by the folded towel method at
2500, and a further 200 unireated seeds per line were sown in sterilised soil in
the glasshouse.

The treatment uzed to remove surface borne inoculum from the seed involved
dusting the seed with thiwram.

A sample of 400 seeds from each line was placed in a 100 ml, beaker and
shaken with Ternasan” dust for 3 winutes to cbtaln complete ssed coverags. A
volume of dust approximately eaual to the volume of one seed of Ghe variety being
dusted was used. Yhe seed was then tisped onto a tmm mesh screen and shaken to

remove excess Gust. eed vasx cerminated by the foldsd towsl method Yo assess the

effect of the dusbting on zeed viability and a further 200 dusted sseds from each
lins sowvn in sbeelliged soil,

= .n I.3.I. product containing as active ingredient
Tetrewethyl thiuram disulohide 5C,..
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In thizg sxperiment sowing trials only were carried out o msasure the disease
percentare because this method 1s a reflection of the results a grower would
ohtain,

ceedlings emerred from unireated and dusted samples of each line were
examined for cotyledonary lesioning ften days after sowinz., The number of dizeased
cotyledons present was recorded,

To deterimine whether the fungus was viable in scedling lssions ariging from
"mireated" and "Iusted" ssed, approxiwately 75 diseased cotyledons from cach
treatment were removed te the laboratory. These were washed for 4 hours in
running tap water and bisected medianally. One half of each cotyledon was plated
to prune agar and the other half given high humidity treatment., Plates were
incubated at 28°C for 4. days. Tungal colonles ariging from plated tissue vers
cut with a corkborer and the aczer circlss examined for gporulalleon and identifica-

i

tion after incubation at room tsmperature for 48 hours. Tlissue plecss given
hish humidity treatioent vere examined for spore production after 2 days incubation

e D,
at 2870,

Results of diseage incldence from sowing trials are rscorded in Table 37.
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DABIN 37. DETERSTIATICH of the WIdWIVE LIPORWLCE of SURFACE and DEEP-SEATED
THOCULLE: ASLCCLATED WITH ZIN9ii4 SEFDILIINS.
Germination percentage Ho.dlseased cotyl. Redtn.in Inportance
Seedline. (7 days). (10 days) lesions due  Contamtn.
Untreated Dusted. Untreated Dugted. dusting. Infection.
Blegons pumila 76 71 16 3 13 13/3
Iilliput pastel 87 85 10 7 3 3/7
mixed
Fantasy mixed 73 73 12 7 5 5/7
(D Lundnosa 57 56 9 6 3 5/6
Purple Brince G2 79 16 12 W L%
leteor TN 7L 7 20 0 20 20/0
GIF Criunzon (&1 78 11 7 L L/7
monarch
Persian Garpet 92 g2 12 3 9 9/3
GC® Dark Jewels 66 87 14 9 5 5/¢
California Giants 93 88 18 9 9 9/9
1i1liput Golden 86 67 10 6 b L4/6
semg
GDP Golden State 86 80 19 6 13 13/6
CDI* Royal Purple 30 77 16 14 2 2/1k
1i1liput Black Ruby86 86 21 5 16 16/5
Persian Carpet 92 g2 3 C 8 8/0
GUF Eldorado 85 77 14 N 10 10/
Li 1liput Fompom 82 80 12 0 12 12/0
GIF Finest iixed 88 87 9 1 8 &/
Elegans pumila dvf'.59 59 10 Yy 6 6/L.
Supsr Giants 71 74 2l 8 16 16/6
Rk Feid ¥ Giant Dahlia Flovisred.

Gliant Cactus

iy

" lowered.
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The use of the figures 13/3 to indicate the relative importance of inoculunm
associated with seedline 1 in Table 37 (Elegans pumila) is interpreted following
sowing trials by the following:~

1. Percentage disecased sesdlings produced frow untreated ssed = 1343 = 16,

2, Percentage of digeased se=dlings produced as a result of surface inceulum
= ‘1 5‘/«.

3. Fercentage of diseased seedlings produced as a result of desp-seated
inoculun = 3;.

Thus the relative importaonce of contaminatica and infection of this seedline

ed 13/3.

Uﬂ"

L3 ey 2 - .
1s desgisna

The number of plated lesions, and those lesions given high humidity treat-

i1

LABIE 38,  RECOVERY OF i, ATNLAE ¥R0I DISTASED COTYIEDONG ARTGING FROE
UNRENTD 01D DUSTED SEED.

Seed Treatment. XKo. cotyl. Ho. plated cotyl. Ho, high 7.H. cotyl.
plated. yielding 4, zmimmiae. yielding i, zinniae.
No. P No. o
Untreated 73 52 71.2 37 50.7
Dusted 75 4 58.7 18 24,0

By ths method described in this experiment it is possivle to determine the
relative importance of surface and internal inoculum aszociated with any seedline,
The results froa the use of this method can yield important information on vhether

£

the dusting of seed is likely to he eiTective as a control method because of the

predoninanee of zurface inoculum, or whethsr internal sesd disinfection is

necegsary to control high levels of deepseatsd inoculum.

The experiments in this sectlon have showmt
(a) '"he presence and viability of both surface and internal inocculum

associated with zliunia seed,
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Al r = mz o )
(b} That conidia borne on the seed surface can cause the vroduction of
diseased seedlin s,
(¢) fThe use of a method to determine the relative importance of internal

and external inoculum of .. zinnliae associated with naturally infected seedlinez

of Zinnia elegans.

B SBED JOREENTRG IRTALS.

Before any experiments were carried out to determine the.efficiency of
gifferent seed treatments in the control of incculum of 4., zinnise assoclated with
zimia seed, seed gscreening trials were conducted to develop a rapid reliable and
practical method for the detection of the pathogen in seedlines. “hese studiss
were required to dstermine the extent to whlcia the pathogen is being annwually

lew Zaaland.

bt

introdueced withn seed of Ainuia elecans imporited fo

The folloving methods wvere investigated to determine their suitability for
geed scresuing studiest-

[

Visual exzamination of the seed.

—r
L]

2. Centrifuye technique,

3. Gerwminatvion of seed on blotihers.

L. Flating sszed to agar media.

5. Ultraviolet lizbt irvadiation of zesd.
£. bowing seed in sterilised soil.

7« Brbryo examination tecihmigue.

1. Visual examination of seed.

Visual sxemination of zimnia seed of ten revealed & percentage of the sseds
bearing dark brovn spots externally. These spots may be up fo tmm. in diameter
and occur at rendon over the seed surface rather than being corsistently
associated with a particular area of the seedcoat. The spots may extend into
the testa although often such a szed produces a normal seedling. To determine

1 were aggoclated with these spots, plating trials were carvisd out.

v

whether fun
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Surface gpots vere dissected from the testa of a seedline of variety Giant
Dahlia Flowered using a fine scalpel. Tissue pleces were placed in a wmuslin bag
and washed vigorously in running tap water for 6 hours, then dried on sterile
blotting paper for 15 minutes and plated to prune agar. Plates wers incubated

o . P . C s
at 28 C for 5 days. Fungal colonies arising from pla cut out with

w3
o
o
iy
[
o
c"\
i
=
(U]
a
H
1)

a S5mm. coriborer and the agar clreles nlaced inside a petri plate lid. After
H 1 n - PRI [ - I ER ) U A 3, . = - fry - o -
48 hnours imcubation at room teupsrsbture the vims of the agar cireles were examined

for spore wnroducilion,

Ho one fungus was conelstently reisclated from the 100 sesd gpots plated to
agar, cultures of swvecise of Alternaria, Fenieillum, 2hizopus and Botrytis were

obtained,

The numbers of fuwgal colonies identified from 100 seed spots plated to

L=

culiure are recorded helow:-

Alternaria zinniae e

e tenuis iz -

Peniclllium spp 5

Rhizopus spp L

Botrytis spp 1

Others 2
Total - 32

These resulis are not unlixe those obtained by Gloyer (1931), who

Torown spots on the distal and basal portions of ths seed” of Callistephis

chinensie Weesg to artificial wmsdia., Gloyer was also wnable to obtain consistent
reisolations of one predominsnt fuagus froa such spots.

g

t ims concluded that while visval examination of seed

[0

In the present study
way give soie indication of the pressnce of sesdborne pathogens, this criterion
is not of great value in determining the presence or absence of i, zinniae

agsoclated with zinnia seed.
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2, ©Centrifuse technigqus.

Inivial studieg revealed that conidia adhzrias to the sced were almost
impossiblz to detect consistently by microscopic examination. Accordingly, the
centrifuge technique was employed to determing their presence and to gauge
apnroximate soore load on individual seedlines,

“he method used vas the same as described in Section 4. part I (a) of this
chapter. '"he number of sporez for a knowvn amount of seed {the svore load) was
determined microscopically with a hasmocytometer. This techiiigus revealed that
ih 20 seedlines studied by this method, surface borne inoculum of 4, zinniese was
Present to a greater or lesser extent in all seedlines, with spore loads up to

5,000 per ml.

A modification of the centrifuge technique which reduced ths time requirsd
in processing seed washinps, was alsc studied. 4 large guantity of =zeed could be
tested for surface borne spores by this method, which conslsted of shaking the

seed vivorously in a flask conteining sterile distilled water and filtering the

resultant solution through filfer peper on a Buciner funnel under suction. fThe

L

¢}

sporeg viere collected on the TYilter paper, which coula then be exanined micioscopl
aally under a LOX Binocular microscope for identification of spores and for spore

per Wil area.

counts

The centrifure method, while useful -for scresning large numbers of seedlines,
provided only a relative estimate of suriace borne spores. The method could only
be used to grade seedlines into c¢lasses of high, modsrate or low amounts of seed
contamination. ‘fhe major objection to the vse of this method of ascreening seed-
lines was that it did not give any incdication of internally bomme inoculum. The
absence of spores as ghown by the centrifuge method, while 1t may indicate the
absence of surface borne inoculum, in no way ensufes that the particular sesedline
wmder study is free from the pathogen. Where spores are detected in seed washings
by the centrifuge method there is still no evidence of the viability or

pathogenicity of such spores. Vor this method to be of use in detectiny discased
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seedlines in screening experiments it would thus be necessary to supplement the
centrifuge technique with a pathogenicity test such as the spraying of seed washiz
onto healthy zinnia plants end reisolation of ths pathogen from subsequent diseas:t
lesions. Thus this method was congidered lmpractical for use a2z 2 sersenin
especially since it only gives an index of seed contamination and further fests
would bé reculred to test for the presence of ilnteinally bomme vegetbative myceiiu

ol the pethoren in zinnls sesd.

7|

3., Blotter est.

L

The method of placing untreated szeeds on woilst blotiers and incubating them
at a gpecified temperature has long been used as a recognised technique in 3eed

Health 'Yesting, .Iter ilncubating the seeds for a prescribed period, the pathogen:

-

sre identified on the basis of disease syptoms on the geedlings or microgcopic
exatination of individual seeds. ihen the blotter teat is used Lo obtain repro-
gucible results the incubation temperature, time, and intensity of lighting wust
be standardlsed.

in the present study zimnia seed was germinated on moist blotters in bakelite
trays (200 seeds per line}. 4ll trays were held at 25°C in o Copenhagen seed

germinator for 10 days wndsr natural diurnal light variation. ofter 1

o
pa]

ayE

L

counts were made of the number of seedlings which had developed diseases lesions
ihere there was some doubt as to the pathozen causing lesiouning on a particular
seedling, ositive identification wes wmade under a binocular microscope.
Germluation countve of the number of normal ssedlings were made at 3 and 7
daye frow placing seed on blotisrs.
ithe blotter metlod pave consistently good results, its main dizadvantage

being the amount of zerwinator space required for each sauwple and, as & result,

mn

the relatively low nuinbers of seedg which could conveniently be used for each fest
The navantages of the method were that it recorded pathogenicity of the
funpus and the regulis could be interpreted quantltatively.

"he results obtainsd using the blotler test on 20 test samples of zinnia

b
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sged indicated that the method save dlgesaze ratines similar to those obgerved in

i
[

Zlasshouse gowings in sterilised solil.

4o Agar Plating.

!

The agar plating wmethod 1z uged widely for detection of fungal pathogens.
Gurface disinfected or witrested sseds are placed on any of a variety of agar

media. The patiiogens grow from the seeds and are identified by their colony

charvacteristics. Ilialt agar end o4 are most commonly used. “hree plating methode

viere uged in the present study:-

[

{a) Ulster technique - involving direct plating of seed to 2;¢ malt agar.

{(b) Direct plating of seed to prune agar.

{c) Surface sterilisation of seed in 0.1y mercuric chloride for 2 minutes
followed by washing seed in sterlle distilled water and plating to EDA.

Hethods {a2) and (b) proved to be very successful except that it was found

diffioult to distinguish between colonies of .. zinniae and &, tenuls. Jonsequent-

1y the agar civcle method was used to give pogitive identification of colonies
arising from plated seed afber the plates had been incubated at 28°C for & days,

tethod (¢, wvas satisfactory, but althouch coloniez of 4. zimniae arising
from the seed occuried in weuy cases, it was felt that méthods (a) and (b,
which did not lnvolve surface gterilisation of seed, gave a more complete plcture
of the total diseage status of a particular seedline.

The agar plating wethod is of limited use when large numbeis of seedlines

are being screencd for dlsease incldence since 1t requires specialised equipment

(it

and trainins, ‘L'he difficulty of testing a representative sample of a bulk of
seed, using the small number of seeds to which this method is limited, may also

reduce the wsefulness of the method.

5. Ultraviolet lipght Irradiation of Seed.

Ultraviolet light irradiation of seed to stimulate sporulation of 4. zinniae
from the seedcoat, and subsequent microscopic examination for spores vas

investigated as a screening method.

The ultraviolet source used was a single tube WIS0 fluorescent lawp.
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Two materials, pyrex glass and cellophane, wsre used as UV transmission

media.

=
o

The lids of petri plates which containedé 100 seeds per test were lined with

-

i
molst filter paper to maintain high humidity.

Letal screw bands were covered with cellophane, the latter belng secured with
gr test were placed on the cello-

trangparent adhesive tane. Oans hundrsd seeds

[
i

phane and a vetri pnlate 1id lined with moist filter paper placed over the rim of
the screw band to maintain bhish humdidity.

The seads in each type of contalner were placed on a wire suppoit 30 cm. from
the UV lamp and drradilated through the pyrex or cellophane bases.

For each UV {ransmission mediwz the following variables were considered to

ascertain their effect on vpromotion of sporulation of ., zinniae from the seed.

(a} Pretreatment of seed: 1} No soaking.
i

£

1) Soaking for 12 hours in tap water at room
temperature.

(iii) Soaking for 24 hours in tap water at room

temerature.

(b) Duration of UV irradiation for periods ranging from 1 §o 48 hours.

(¢) TIight and dark during the 48 hours incubation period following irradiatiom.

A mazda Reflector 150V Floodlight 30 lamp proviged light and also held the tempera
ture of the nlates at 25-28°¢ throughout the incubation period. For treatments
reouiring dark folowing irrediation the vlates wers wrapped in aluminium foil and

onditiong ag nlates subjected to light during incubation.

o
O
—
a1
E
=
(7]
0]
b}
<i-
a
e
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The geed used wag from & line of vearisty Giant Dahlia Plowered which had
developet approximately 15,5 diseased seedlings {from sowing trials in the glass-
nouse.

The rezults of this trial are shovn in Table 39, fipures representing the

percentage infection as vecordsd by microscopic examination of 100 seeds per test.
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Taels 39, THS BIWECT of ULMRAVIOLAY LLEHT in SUILULAYTG SPORULAYICH
OF a. ZINNLAR frowm the GERICOAT of DILESEALE
ZiTHLaA 8RED.

Presoank Duration exposed to Ultraviolat Iight - (hours)

hours, D 1 12 24 36 48
L D L D L D L D L D L D L D L D
0 I Q 0 0 0 o G G O 1 0 - - - - 1 C
0 ¥ O O O O o G - O - - 3 - - - ] 0
i2 FD 1 0 5 I V4 L 14 18 & 5 5 L 3 5
12 c o C 5 2 1c 2 i 7 & 2 3 3 1 - 2 3
2L D 1 O 0 2 5 6 7 5 T 3 8 7 5 2 10 5
24 G 4 1 o 0 5 1 7 G & 1 3 3 5 L 8 8

UV transwission throuzh bottom of pyrex petrl plate.

£
E
g
n

$ = UV transmission throuzh cellophane.
L = TIisht during incubation period.
D = Dark during incubation petriod.

- = HNo% recordsd.

The resullts in Table 39 indicate that:

1. The exposure of seed to UV lisbht could be used as a2 screening method
for lines of zimuia seed imported to New Zealrnd.

2. The procedure tfor optimum expression of the pathogen as shown by spors
production from the seedcoat consisted of (i} Presoaking sesd for 12 hours,
(ii) UV irradistion for 3-6 hours, and (iii} Incubation of seed under contin-
uous 1lizht for 48 hours.

3. Soaking of seed arpeared to be an essentlal prerequisite to irradiation.

%. Ilong durations of UV exposure of seed (up %o 48 hours) appeared to have
no greater stimulatory effect on sporulation than shorter periods of 3 - & hours.

5. In many cases the wyrex petri plate gave superior results to the use of

cellophane az a transmission medium for UV irradiation.
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6. Tone wminimum period for maximum expiression of sporulation from the seed

would be agproximately 66 hours; i.e. 12 hours soaking, 6 hours UV irradiation
and 48 hours ilicubation.
Although the use of UV irradiation of sesd is effective where specialised

equipment ls availabls, i1t is inclined to prove tedious where large numbers of

seedlines are to be sereened, Its use may be warranted when a quick result on ©

disease incidence of 4. zinniae associated with a small number of seedlines is

required,

6. Growing Feeds in Sterile Soil.

By sowing seed in sterilised soll 1% is possible to record the incldence of
seedborme disease associlated with seedlines by a direct count of the number of
geedlings which develop symptoms. The procedure found to be most sultable in
thege studies vwas essentially the saine as the indexing meihod described hy
Baker & Davis (1950).

Seed waam sowvm thickly in sterilised soil (et least 200 seeds per 8" x 6"
seedbox} and covered thinly with sterilised soil. The soil in each box was kept
very wel for 10 days in the glasshouse by holding the boxes in trays of water.
1f the pathogen was present 1t was wmanilfest by cotyledonary lssioning on sesd~
linge and to a lesser extent by lesiong girdling the gtems at or above goil level
The digeage rating or incildence for a psrilcular seecdline was recorded by counts
of the nurbsr of diseased seedlings. This gave a relisble method for determining
the amouns of disease in particular seedlines, but lnvariably gave an exaggerated

figure wless data was taken before secondary infection occurred (usually t4-16

days from sowing).

. ambryo Ixamination.
7 Ty

developed for detersining the presence of looss zuus

The ewmbryo method was
of barley and wheat (Simnonds 1946, ussell 1950, Russell & Popp 1951,
Zeeds are softened with sodium hydroxide to remove the embryos, which are

then cleared in chloral hyérate or lactophenol,and examnined wicroscopically
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for the pressnce of fimgal hyphae. The hyphae are more clearly disbinguished

o

from s=ed tigsue by staining with cotton blue (inderson & Ieach 1961).

The embryo examination method az described in Section 4, part I (b) of this
cnapber was found te be exirewely time consuming and tedlous when used as a seed
screenins tecmigue. Cleared embryos, vhen examined microscopleoally, often showed
the pr gancc of ssptate mycelium in some lssioned areas, but this examination

gave no positive identificatlion of the fungus concerned. Hence the use of this

mathod wvas not considered suitable for scrsening fests on zinnia seedlines.

Swmary of technigque siudied Lor sultability as methods of screening seed-

lines of 4imnia elegans for A. zinniae,

\dvantages. Digadvantages.
1. Vigual examina-
tion of =eed. Spzed. Results unreliable.
2. OCentrifuge Speed. o indication of fuagal viability
technigue Allowd large ammownt of or pathogenicity . Detects con-
seed to be screened in tamination only.

eaoh test,

3. Blotter test, Dztects pressnce, via-
bility and poathogenicity Time and space consuaning., lepiessn
tative geed saasling pronlen,

L, agar plating. Deztects pregence, and Fo indication of patlo”eu*city
viabllity Problem of representative zeeld
sampling, Reguires speclizl

eguipnsnt and technical conpetenc:

5. VUliraviolet Speed. o Indication of viability or
irradiation of ULetecis presence of pathorenicity,
sead. pathopen, bicroscopt examination tims con-

suming,

6. Bowing seed in Results close to field Mime and gpace conawning.
sterile goil verforrance.

e
Detects presedce, viavil-
ity and pathogenicity.

7. lsmbryo melhod. Horne Time conguaing.
Froblem of representavive ssed
sanpling.
o indication of wiability or
pathopenicl ty.

From & study of the methods as cutlined sbove it sppeared that the blotter

method and sowing seed in sterilised soil, although they required longer for the
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completion of a test, gave a move complete result of disease incidence than any
of the other methods. .iccordingly fthese two methods were used for screening lines
of zinnia seed imported to lMew Zealand in 1962 and 1963. DBoth methods were used
to test each seedline, resulis from the blotter method being taken after 7 days an
results from the sowing method after 10 days.

In 1962, 25 seedlines were screensd {or Lhe presence of A. zimilac. In 1963
101 seedlines were tested.

In both years no seedline vias found to be completely Gisesase free and the
the Clsecse, as recorded b the nuwber of seedlings which develoned
synptods, rapged ln 19562 from 0.5 to 21.5,4 and in 1963 from 0.5 to 16,5 Figures
for diseame incidence on esch geedline fegited are recorded in Sopendix VI,

1

xperivents would indiecate that, in order to

("

Tne resulis of seed screening e
prevent 4. zinnlae Pron being introduced with the seed, all zinnla lines imported
to Mew Zezland should be treated with an appropriate control treatment. On this
bagls further work was carvied out to determine the effsctiveness of various seed
treatments to eradicate h, ziarlas carried with ziunia seed.

In overseas liferature on the comirol of 4, zinniese agseciated with zinnia
seed it is not uncomnon to find workers using sesdlines in thelr experiments which
are up to 1CC,. infected with the pathogzen. In comparison, in the present screen-
ing trials, the highest disease luncidence vecorded was 21,5, This could indicate
that thsre is 8 marked reduction in the amount of wiable ineculum on or in ths
geed betwsen harvest in the country of origin and sowing in New Zealsnd.

Seed imporited to Wew Zealand from the United Ltates of America is borvested
in Qctober and shipped to Hew Zealsnd in Hovember - December. .4t this ssape i

iz too late to be uged by most cowercial reowers for the curcent

is a reeult the sesd remains in stovere untll the following Cotover when 1t is
sold as 'new season's' ssed. In veality csuch seed is at least 12 moaths old

giilce horvest. Hence whe relavively low incidence of i, zlmmlae assoclated with

'new seazon's' sesd in Ilew Zealand, cowparsd with the high percentage of whe
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vathogen rucorded ag being present in sesdlines overseas oe dug to a loss

of viability of seedboime inoculum over the first 12 months sinece harvest. 1% ig

postulated that thig reduction in disgease incidence in zinpia seed lines by the ti
they are sown in Few Zezland iz due to a rapld loss of viability of many conidia
of the pathogen pregent on the sesdcoat. That the funrus doss not die out con-
pletely is shovm hy the fact that in 'new season's' geed for sowing in lew Zealand

some spores on the seedcoat and mycelium established in the tissues of

d

T
I 262

cr

have been shown to retain their viability for as long as 2 and 3 years from

harvest regpectively. This iz bome out by Jackas (1963) who has deronstrated

-1

that A. zinaiae shows a for greater cdecline in viability up to one yenr from

harvest than coes the germination percentape of the seed, anc the patuosen diesw

o

out completely in geed gtored for 5 years from harvest.
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el

G,  SONTROL Of SulippOniy LNOOULUL,

In the npresent study it has been conclugively proven that Sléemeris zinunias

may be assoclated with zinnia seed imported to Few Zealand not only a2z conidia
borne externally on the seedcoat but also as mycelium established within the testa
and embryo. Yet there is-the claim by Beaumont, Uleary & Bant {(1958) that complete
control of fthe disease in seedlines knovm to carry the pathogen can be effected
simply by dusting ths seed with Thiram (T.:.7.D.;. 'Thiz can only be explained by

agsuming that the seedlines used 1n their experiments were contawminated, but not

infected with 4. zinniae. Ifeergeard (1945}, Kispatic (1951} and Dz Tewpe (1959)
all record incomplefe control follewing surface sterilization and it is concluded
thiat in these cases both seed contamination and infection viere involved,

In view of the fact that imported zinnia seedlines are consistently infected
(as well ag conteminated) i% was decided to investigate the effectiveness under

Few Zealand conditions of those methods of seed treatment which could possibly be

lethal to vegetative mycelium established within the seed.

I, BVEIOLL 13Ta013,

Fhysical wethods of zeed ireatient have been widely used, prilmarily to kill

0

B - . - _ - 5 . e . R I .
pathogens deep in the seed (Lienzon et zl. 1961). 'these wethods include hol-viater

L

1

and waltor-soalk treatwments, and ultraviolet, infra-red, X-ray and other Xinds of

irradiatica. Dry heat hag also bzen usged., Only the hot-water and water-soax
1

treatments have been shown to be practical, .iccordingly these two methods were

studied ag possible trecatuents for the control of 4. zlaniae in zinnia seed.

FOTw alien Tl L g,

The most prowising approach to zininla geed disinfection seemed to be that
described by Baker (1956, where effective control resulted from hot-water ftreat-
ment at 125°F for 3G minutes, without causing any grest reduction in the germina-

tion capacity of the treated seed. However, Fesumont, Cleary & Bank {1958} report

that in their experiensce this treatmsnt gave only moderate control and had =
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4,

severely depressing sf'fect on germination. Frota (1960) studied not—water
— i o . . .
treatment of zinnia seed at 51 to 52°C for 30 minuvtes and showed that in his

experiments thermal treatment reduced percentage ianfection by only 28 and
suppressed germination by 32,457, Az virtually all zinnia geed available in Few

Zealend is imported from the Horthern Bemigphere and at the time of sowing is

approximately 12 months old, it was thought that even 1f Baxer's method did prove

effecilve in liew dgaland it would possibly reduce the germination capacity of the
seed to a level vinlch would rendser the method unacceptable fto commercial nursery-

men. acsordiugly, invegtigatlons vere undsiviaien to determine

£

1. hether taker's recommendatlion of hot—water treatmsnt cf seed at 12573
for 30 minutes eliminated the pathozen, and

2. ine extent to which this treatment reduced the fermination capacity of

Thiz work was carcied out ag two trials, one conducted in the laboratory and

the other within a commercial nursery.

WATARTALS and 1LETHODS.

A. ILaboratory Trial,

For this work 32 lines of seed which hed given rise to infected sesdlings
wvhen sovmn were used. The weights of seed vsged for each line varied,with the

varietal size of the seed, as follows:-

L om, for large seeded varlstles. fiant “ablia {lowsre Lient vactus
flowe ad, uLanLE of California.
3 sm. Tor medliun seseded varietles. Cupid, Pergian Carpet, Lilliput,
Thumbellina
1 gim. for small geeded varletlies Linearisg., fnowflake.
Lot

e seed from each line was placed on a sguare of muslin 3" x 5", the
corners of which were gatherzd together and secured with a rubber band to form
a bag. Different coloured bands allowed easy identification. The bags were

vlaced in a wire mesh cage 7% x 5" x 4" and the cage immersed in 2 bath contain-

ing water held at 125°% (51.6°C) for 30 minutes. Intreppad air wag expelled from
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the bags by prodaing with a zlass rod. 4 thermostatically controlled temperature
vnit waz vsed to keep the water at 125 iQ.ioF and alse to allow continuous
circulation of the water in the bath, Aifter 30 minutes Immersion the cage was
removeéd from the hot water and plungzed into water which had been cooled with ice
to 8°C. Each bag was imeaded with the fingers to enswe comnplste penetration of
the cold water through the seed mass and so prevent any further action by the

hot water on the seed. The bags were removed to cold running water (%ap) for
10 mdnutes and the seed then apread out between two shests of sterile hlotting
paper for 24 hours at room hempesrature to dry.

To determine the effect of the hot water treatmsnt on germination, tests
were carried out on sach seedline both before and after treatment by the folded
towel methed at 25°C, interim and final counts being wmede at 3 fo 7 days
respectively.

To deterivine the effectivencss of hot water treatment in contrelling ihe
pathogen, a sample of each treated seedline was germinated on moist blobting
,

paper in gplastic trays in = Copenhagen tank and the percentage of seedlingss which

develooed cotyledonary lesioning recorded. 2Jesults wers taken at 10 days.

- L]

B, Ceomeercial Hursery Trial.

Thig trial was conducted in a comnercial nursery in Palmerston Horth during
October and Fovember 1963, using two lines of zinnia seed (CGiant Dahlia Flowered
and 1illiput each of which, in preliminary tests, was found to give apuroximatel]
12,. infected seedlingg within 10 days from sowing., 4 1 ounce sample of each line
vias hot-water treated at 1250F for 30 minutes, following the procedure previously
described. DBoxes of treated and untreatsd seed of each line viere sovn by the
nurseryman, set out wder glass for 8 days and then transferred to open frames
until ready for transplanting., Care was taken to keep all boxes well separated
to prevent the possibility of secondary spread of the pathogen beimeen treated
and untrsated seedlings. At 10 days from sowing the percentege emevgence in

each box was recorded. ‘“ransplanting of sesedlings from each of the four series
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/a8 carried out 22 days from sowing, the plants being pricked out into 18" x 12"
boxes at the rate of 80 seedlings per box., The number of pleats which developed
lesioning were recorded at frequent intervals from 9 days after sowinz. One lesios
per plent was congidered sufficient to record that plant as being disessed,

The germination capacity of each seedlins both before and af

was determined using the folded towel method,

RESULLS oand DIE0USSIOH,

A. leboratory Trial.

Data on the effect of Daker's nof-water treatment method on seed germination
and dizease incidence are presented in Table 40. Table 41 records the range in
germination percentage produced from seedline samples hefore and after hot-water
treatment.

The resulis of germination tegts before and after hot-water treatment are
shown gravhically in Figure 13.

aa Sffect of hot-water treatment on seed germination.

Although no absolute conclusions could be made on the permination reduction
likely to cecur following hot-water treatment, the following trends were revealsd:

1. Initially high germinating lines (over 85, gave a germination percent-
aze in the range 45 to 77i following hot-vater freatment.

2. There was no relaiionghip betwesn interim and final germination percent-
ageg of wntreated sesd and the germination percentages obtained foll
ing hot=water treatment. That is, seedlines with a low interim and
nigh finel germination initially did not rive lewer germination
peresntages [ollowing hot-water treativent vhen high vitality lines
which showed hi.h interin and final germination counts.

dstinated viyour initial germ, ,- Geria, ;o after hot-water

of line based on ) days 7 days. treatusnt,

interin count J_Gays {_Gays.
Hirh &7 o1 27 L5
Towe a0 96 5L 77
Iioderate 8 21 5C 57
High 66 71 2e 4l
Tow 55 71 2L 5%
iow 59 70 33 69
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PABLE 40, WFECT of HOT-ATER T4 55

and DLSRA

Variety. Initial Germ. ;- Cotyledonary Germn. after HJI. j: Cotyledonary
T isgioning at 3 davs. 7 days. lesioning at
3 davs. 7 days. 10 days 10 days
on Dlotiers. on Blotters.

GCF Cherrytime 80 96 11 54 Th 0.5
California Giante 86 96 7 51 56 1.0
Super Gilants 86 Sl g 31 45 .5
1111iput Hearlet

gen 86 oL L 39 55 0
GIF I'olar Bear a3 ol. 3.5 L 53 ¥
Cupid &1 c3 7 25 71 2.0
GIR Scarlet {lame 82 G 16 50 57 2.5
SOF Darl Jewals &7 99 7 27 45 0
&P Oricle &7 o1 13 L8 62 L5
Lilliput B3lack

Ruby 78 50 12 52 70 2.0
Thumbellina 758 g0 7 50 71 2.5

+ idlliput S0 Q¢ 15 34 49 3.5

Californian Gient 81 89 12 31 46 2.5
GOF Charrytime 83 86 8.5 49 61 1.5
Persian Carpst 63 85 5 48 77 0
Iilliput 52 82 565 36 47 1.5
Iilliput Purple 7C 82 5.5 3 e 0.5

Gem
IF Polax Dear 68 78 7.5 L5 £0 4.6
Red Riding Hood 69 77 3 34 Ly o
GCF Blaze 70 76 b 18 37 4.0
Thumbe 11ina 70 78 P2 2 45 2.5
Fantasy 25 71 11 24 59 5.0

+ Super Giants 56 71 18 P Ll 2.5

linsaris Oranre 51 7C & 33 49 1.5

+ GCF Darl Jevels 59 56 16 25 38 5.2
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iBIL KO (Cid.

Luitial cermn, ;. CotyledonaryGesrem.after HJT. .+ Cotyledonacy

Variety o iegloning at 3 days. 7 days. Iesioning at
3 days. T deys. 10 days 10 daya
on Bloltsrs, on Blotters.
Iinearis Dwf.orznve 58 Gz 6 12 19 1
GIUF Gold Ledal 51 62 12 17 28 L. C
bybrias
Creeping Zinnia 20 54 1 10 18 0
GCF ¥loradale 37 51 6 12 18 1.5
Scarlet
Rlegansg wvumila L3 NG 18 5 13 3.5
Ii1lliput Valencia 18 L0 7 8 15 1.G
Perennial snowflake 26 33 2 1 12 0]
KEY: GIE = Giant Dahlia ¥loviered

GO = Giant Cactus ¥lowered.

+ denotes 1962 seed. 411 other lines 1963 useed.

TABIA 41, RANGE IN GERMWINATION BERCENTAGE PRODUCED FROID SuaDLINE i FLUNE
BAFORE AND AFTER HOT-WATER TWSATHELT,

Garmination § Germination
before H.%i.T, after L../.40.
90 ~ 96 b5 - Tk
e - &6 9hE -~ 77 +
76 - 78 37 - 49
62 - (6 12 - 38
51 = 5k 13 - 19
LG - 55 13 - 15
33 iz -

+ True ranpe is 9-77.. but excluding the gerwination reduction
. SN . s !
from one semple (B2,. ~ 9,5 the range is 450 - 77,

RW0AD O 1EE MNUELSR OF SoTlos I 840K GERINATICN GROUP,

p L

Total number of Av. CGernm'n Totel number of  fv. Germ'n in
Range in  Bamples 1n sach in each grp. samples in each eazch group.
Germ'n ;> Range of Germ'n range of Serm'n,

oo (Untred, seed) o {(H.u.T.seed).
20-100 12 892.5 - -
40-89 ) S4.8 - -
70 - 79 7 Tl 1 & 73.C
60 ~ 69 ) €3,3 3 61.0
50 - 58 2 52.5 6 55,2
LO - 43 2 Ly, O 9 48.6
30 - 39 1 35.0 Z 37.5
20 - 2% - - 9 26.0
16 - 12 - - 6 16.0

el 2] - 4 o N



& rogsibls o prealed “ccnrat61” the cermination reduction due
to not-wvater LLwthEnb atb 12) T for 30 minutes, excent that the
u o] i

the 32 lines treated. In one line only

The resson Tor the erratic results of hot-winter treatment on germination
raduction may be variations in seed moisture content prior to treatmen

was reported by Gloyer (1931) to explain inconsistent
germination TQSUlLU folloving hot-vater treatment of seed of
Callistephis chilnensis.

_I‘_‘

L, Seedlines with an initial rermination of 90 -~ 95,5 showed a far smaller
range of hot-vater {reatment effect on pgermination then Gid lines of

lower initial sermination of 30 = &0,u.

b. Affect of hob-waber Treatmsnt on Disecase Incldence.

1. There was no apparent relationship between percentage germination and
the disgeage incidence in seedlings either before or after hol-water
treatment. deedlines giving rise to seedlings vilth a high disease
incidence were not necessarily low germinating lineg and vica versa,
This indicated that the presence of the pathogen had no depressing
affect on seed germination percentage.

2, Initially diseased seedlines may still give rige to lesloned ssedlings
following hot-water treatment. Uhese lesions were macroscopically
identical with those pumduced on seedlings arising from untircated seed.

3., Hot-water treatment did not allow plete control of i. zinndlas In seed
lines in winleh the pathopen ves invernall;., This viee shovm by

[0

dong of seedlings arising from
~bed that the 7 lines wihich wesre
i
L

the sresence of lesions on ih
hot~water treated seed. It is

venderad diseage free by hot-ua reatinent wvere lines in which
patiiofen viag “chrnalib : iated with the seed, or present in the
outer tiggues of the te only. Tz the remaining 25 lines

lesious vere found to be vrezent in the embryo of the seed prior to
not-viater treatment. this lesioniag can be easlily demonstrated by
zzed diszection.

i

0
C
[

e

2'.1

-

=
=

m
o
| aihs T U o

B. Commercial Ijursery “riasl.
o

(a} RAffect of hot-water treatment on seed cermination.

from treatzsd asnd untreated patmoles of each

( D

[t

The werwminstion results obtaine

line are compared in Table 42,

TARLT 2. BERECE of HOTSATET CMRTNAW T on 3EED GURETNATICH.
Seedline. Gerﬂinntion n:rcentage of seed.
Murgery gowing (10 cwu Folded Towel Method (7 days)
Untreated. maea ted. Zeduction ..  Untrested., ‘Treafted. Reductioan | .
Glant Dahlia
T lovwersd a9 52 .6 1 6l 34,9
ii1liput 94 52 42,9 97 62 36.1

sverage reduction due to hot-water breatment Giant Dahlia Plowicred 42,30
I 1lliput 34,00
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Theze results zhow that treated samples sovm under commercial condi tions

gave an average reduction in emergence of 42,3, compared with umbreated gamples,
This wag a somevhat greater reduction than had been recovded in samples tested fo
germination by the folded towel method in the lahoratory. 3By the folied towel
method the average reduction in zevmlnation following hot-water treztment was only
34, in each line. This discrepancy may have arisen from the dry zoil conditions

wder which the samples were sowm in The norsery.

(b) Effect of hot-vater trecafment on disease incldence.

Recults of disease incidence as recorded by counts of the nuwber of seedlin-:

showing foliage lesioning are presented in Table 43, and gravhically
Trangplanting losses are also recovded in Yeble 43,
3 oo : 7 A o4

‘hese results show the cronouvnced builld-up of disease In sgedlings Fronm

for the zporulation and

the pathosen, In hou-vzter trested samples dissame incldencs
anovied only o slow inecrease snd treaved seedlines shovied markedly less diseased
plants 40 days drom gowing conpared to uaireated seedlines. Thus hot-vater

treatment alloved the vioduction of a .reater uumber of galsable plants when

compared with the ssme number of seedlings arizing from untreated seed.

[=

LSOO IUBI0;

There apnears to be no absolute relatlonship between initial germination
vercentases of seedlinssz and lbhe germination cepacity of sesd following hot-water
treatment. It is only possible to give tentative fizures on the probable geriming-

Lo ke

tion reduction likely to occuy from hot-water treatment of zinnia seed.

In order for growers o treat seed Dy the hot-water method (125 7 30 ming.

and obtsin ssed with a {inal germinstion of A4C.L or wmore, the germination percen-
tage of the untreated line should be 70 -~ 80, To obtain a mermination following

treatment of over 50 the initial gsruination should be over 85,

Woile the hot-water treatment gs advocated by DBaker (1956) =511l allows

o
=~
@

many lines to produce lesioned seedlings on germination following treatient,



PERCENTAGE PIMNFECTED SEEDLINGS

FIGURE 14. DISEASE INCIDENCE [N SEEDLINGS ARISING

FROM HWT AND NOM-HW.T SEED.

30 .= COMMERCIAL _NURSERY TRIAL.
X  GIANT DAHLIA NON HOTWATER TREATED SEED
o HOT WATER TREATED SEED x
® LiLLMYUT NON HOTWATER TREATED SEED
+ HOT WATER TREATED SEED
25
20
[}
uf
L=
ra
L4
-
o
w b 4
Is Z
[ o}
[
o]
5
(o)
L5
L)
o |
5 10 s 20 25 3o as 40

DAYS FROM SOWING
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DAL 43, DimARG TUCTOSGE in CCITIERCT TR 3 on EFPICIENCY
OF HOD-LARR oL (H...%.
Deedline, Doye from  Humber of Jiseased Seedlings. TIercentage Infection.
Soviing. mon Haooa.d HBeia 3 ion Ii..i.7, Haiie ¥

FHant Dahlia

Hlowered.

1i1lipu

9

28
38
72
15k

TRANSPLARTED

14 2.2
16 3.0
19 5.8

23 12.3
80 Seedlings per b
6 3.0

5 G.6

19 19.5
28 26.5

=
)

2.2

“O

10
20

38

121

182

4 0.5
b 0.6
L 1.1

9 2.1

TRAFSPLAVTED 80 Seedlings per boX.

2 1.0
3 2.9
11 4.0

D

—
L
i

16 3.0

2h 12,6




PABIS 43 (Ctd. )

) [¥L I L DA e T n
e TR AR ST Lald T80

O"D.L{:‘.i_'ﬂ ST NN L 4,
Yo.boxes. HNo.seed- o.boxes lo.seed- Trans-— v Logs.
deedline. lings lings. planting
10 days. ] loss
Flant Dahlie Hon.ITHT 1,250 e 726 530 + 2.k

O
[
[

(0N

4
i H 0w 3 65 G 7.5 594 5
Lilliput Hom HGT 5 1,850 16 1,440 410 22,2

" HT 300 9 720 318 10.0

LR

+ = 1 box of 300 seedlings from original sowing discarded duz to
disecase.

method may be of use ig allowing srowers to produce more saleable plants from

heavily diseassd lines., The sffect of hob-~uater trzabuent In suppressing the

initial buildup of the dlseass appears nost important in the carly stapges of
aal

plant growth (the sirst 15 days from sowing). This msthod may overcome ithe

need for an intensive spray program during the first two weeks of growbth when

the seedlincs are becowing established. Thereafter spraying may be employed to

kesp the digeasge to low levels until the plants are sold at 6 = 7 weeks.

h

Since ginnia seesd is relatively ilnexpensive, the need for growers o 50w

=n

a pgreater number of seeds o offzet a germination reduction follovilng hot-water
treatment is more than compensated for by the ability of hot-water treatment to

keep 4., zinnise at a lower level than is poszible with unireated seesd. not-watsr

treatment thus allows the production of a greater number of healthy plonts for sal
In the lizht of previous experiments which bhad proved the presence or lezions
on the embryo of ungersinated seeds it was thought that while these leslons would

not be eradicated by thermal treatment this treatmsnt wmay be capable of killing

T

Thug in a study of methods aimed at controlling 4. zinnise by internal sse
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diginfection it is postulated that the appesrance of lasioned cotyladous on
seedlings arising from treated sced doss not necessarily prove the inadequacy of
the treatuent.

the mucecess ovr failure of a particulsr seed control

-

presence or absencs of legloned seedlingsg arisin

A

P e A (T menri mon £ L . wnm b ey

frow trested seed (Neerraard (1945), Daker {1956}, De Teupe (1959}, Deaumont et
et - S At [ IRTI R . ; . ;

al (1958} and Proia {1960). Thiz assumtion that the pregsnce of cotyledonary

Attempts o reigolate the pathogzen from such lesions by high humidity treatment

or by plating of lesloned tissue must be made o determine whether the funsus is

ive prowth from the lssioned svea.

Accordingly studies were undertacen to test the validity of making numerical
cowlts of lesioned seedlings srovn from hot=viater treated ssed as a method of
accuravely determining diseazes incidence.

Unfortunately only 10 of the 32 lines used to gt the effect of hot-vatezr

treatmént on seed permination and diseass incidence in the pre vious erxperiment

vere available in sufficient quantity to be lncorvporated in thig study.

Wl

countad out Tor gson of 10 lines of zinmia sesd

seeds per line were hot-vebsr trezated at 12599 for 30 minutes. The seeds wers

then placed on moist blotiers in bekelite trays and zerminated In a Jopsnhagen

- -0 - e . . .
Tank at 2570, o hundred untreated sseds were also germinated in the seme

manner, az counirols. After 7 days incubation those cotylsdons in each line show-

—

ing lesioning were removed. The lesioned coiyledons from uatrsated and treated

4

samples of each sesdline were cut medianally, ensuring that the lesion was bilses

[ad
]

ed in the vrocegs. This allowed a cut surface across the lesion whiclh conld sid

to zporulate snd also to act as a ready point of sxit of

the fungus for srowth into culture nedia when cotyledons were plated to agar.



The bisected cobyledons were pleced in wuslin bags and the toine secured with

1 R - R 1
I

pass were wasned visorously in tan water

runber vaids. The

-

opensd and spread out on blotting o for 1 hoor to allow the tissue pieces fo

dry. sali the total number of tissue pileces from each sample were plated asepti-

-

cally %o wrune arar and lucubated at 287C for 5 days. 'The remainder ware placed

[ 8

on slides in petedl plates lined with molst £1lter papsr and incubated at 28°¢ for

& cdays. Jmy funpgal crowih in celture arising from plated tissue vas cut with a
corikborer aiwi slaced on the inside of the 1id of a petri plate. Sporulation if
pregent vas ohgerved wunder a LOY bincecueley wmicrosgcope after 48 hours incubation,
ihe tlssue pleces subJected to hish humidity vwere exemined after 4 days for
sporulation under ths binocular microscops.

Spores produced from both plated tissue and from tissus subjected to high
homidity weve placed on FPDA slopes o determine viability.

The experiment was repeabed on a further line of zinnia seed (Glant Dahlia
Plowerad ulxed) using exactly the same method but a2 larger cuvantlty of seed {15cm

A

r approxinately 1,600 seeds;.

A

o

o e

Teab s and ULooUsoIOi,

]

Jesulig of fue incidence of &. sinplae produced from lesioned couyledons

hot~aaber treated and wairvesied ssed ave presented irn Yablé W, (Page 206).

Tnese resulies show bhe marded reauctlon in digease incldence effected by
hot-water treatment 2t 125°% for 30 minutes.

This reduction iz shovm in Peble 44 () by the lover successful reisolatiom
of the pathoren from lesions ariging from hot-water treated seed and nlated to
azar, compared to lesions from mirsated mced. In this sxperiment the reduction
averaged 84.7, (31,35 to &.8,~). In & of the 10 linss treated, atbtempts Lo
reisclate the fungus frow lzsioned cotyledons by plating was unsueceszsful. It
ig asgumed therefore that althouch hok-water treated seed of guch lineg gave rise

to lesioned gzeedlings the fungus in the lesicned area wag incapasble of growuth

or sporulation,
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The reauction in ability of the funzus to sn
hot-viater trested sesd were subJected to high humidity was 87.0,.. (13.1,5 o 1.7.0),
0f the 10 lines studied in Teble 4 (&), the 5 lines which showed no growth on
culture algo showed an inzsbility to produce spores when lesloned tissue was
placed under high humidity conditions. In addition, of the rewaining 4 lines

which produced fungal growth from legioned tizsue on agar, 2 were incapable of

spore production wider hizsh huwmidity.

one line of seed, bub greater seed numbers, than uged for each of the 0 lineg
previougly studied. The effect of hot-water treatment at 125YF for 30 wminutes on

- ]

both perminetion end digesase incldence in this line are zummerised belou:-

jan
s
o

- . L - : . . . SR N
1. erwmination raduetlon W hot-walter treatment ('8,-9‘,--4 to 45,0

was 4G e

ticn in the viablliity of the funrus from lesioned cotyledons
slated gar was 51,0 (411,54 o 9.7,4)

AR (8] BC_cI‘ HEE D, - 1 Lo s f v

3. Tleduction in sporulation capacity by the fuague from lesioned

) .

Laal

cotyladons subjected to hiph huwidity was 77.5,- (8.0 to 1.



TABLE 41 4, TWPRGT  OF ROT=-vATER  TREATSGNT  OF  E8ED OW  VIABELILY OF  A5E  BACCGE! Il COUYIMDONARY  LESKONS
OH  SESDLLNGS,

seedline U R a1 HOW=-/aiiR  TRLATID 25D,
¢+ legioning Ho. Sotyl, Iio. Showilng [ Recovery s lesloning Mo.0otyl. To. Zhowing v Recover
7 days 25°0.  TFlated. Ao mimmloc. 4. zinniae, 7 days. Flatsd. L. zinniae. 4. minnda
Tilliput Pompom . 16 L0, . 12 - -
Giant Dahlia ¥1. Hixed . 22 . . 18 - -

r1

G DLV, Bxguisite
G. 0.7, Foler Bear
California Giants
Cherry {ling

Cupld Kixed

*C.F. Dark Jeviels
Lineayis Dwarf

18 - -
a 1 11.1
g -
3¢ 5 77

n
.
.
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VAN RV
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i

Thumbelina Mixed . A, . 1 14,3
ATDRAGE 1. AVIERAGE 5L.8
wider o, Showing r Racovery o, Cotyl.under ¥o. showing o HECOvery
A. Zinnlas, se zinsiasa, e T.i. A. zinnise. Jde Blymiag.
LiiYiput TorPom g 2 15.6 10 - -
Flant Dahlia 1. Lixed (i 3 - 12 - -
G hxguisite 10 7 10,0 10 - -
re D . Polar law 12 1 &3 9 - -
California Glanis 10 2 20,0 9 - -
Cherrytime 21 i 4.8 35 1 2.5
Cupid Iiixed L 1 25.0 3 - -
... Dark Jevels 19 i 2.0 7 1 4.3
Iinearis Duart L 1 25.0 ] - -
Thumbe 1ina ixed 3 1 12.5 & - -
AVERAGE 1301 Average 1.7

= 1962 seed. ALl other linez 1963 sesd.

Dzhlie Flovered.

& 5
'::1
2
H
c
]
o

L F. = Glant Cactus Flowered,

[t ter]
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0T of of the
Pl
peedline Glant Dahlia lowersd. 16 gm., wntrzebed: 15 »m. treaied.
Gern. . Lo.Cotyl., Fo.snowing .o d.sinnlas. Germ.,e MNo.cotyl. lio.showing i
3d.  fd. ointsd. A, =inuias 3d, 7d. plated. sJ.ginnlae  A.zioniae
g7 &o 121 1 1.6 RO LG 152 9 5.7
Mo.covyl. Ho.zotyl.
high R,H. high M.H.
75 6 8.0 110 2 1.8

CONG INRI0NS.

it appears {that under WHew Zealand conditions, hot-vater treatment ag advocat-
ed by Baker {1956) is not a comnlete control for A, zimniae internally borne In
zinnia seed. The method does, however,effectively reduce the number of cotyledoi-
ary lesions in which the fwizus is viable and capable of sporulation. In tuis
respect it orobably has a favourable effcect in increasing the length of time frow

ey -

sowing before secondary spread becomes important ia seedboxes under commercial

conditions.

This experivent sugports the theory ithat the nuwoer of lesioned cotyledons

ariging {rom the ermination of the treated ssed is no direct Indication of the
succegs or failure of hol-water treatment in seed disinfectlon.

a

Because ol the abllity of hot—water treatment at 1250F for 30 minutes
control i, zirmiae assoclated with zimnla seed in £ of the 11 lines tested ahove,
& short corollary wsxpsriuent to txy to relate disease control to the relative
importance oo psurface and deepseatsd inoculum present with the seed was carried ou

The wethod employed was identical to that described in a previous experiment
{page 181). Two lots of 20C seeds were sown for sach line.

Results are presented in ‘able 45,
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LABLE 45, RELATIVE IHFORTAIUE of SUSMACE and TDREP-SRATED IIIGCUINH
ASSOCIATED with SEEDLINES ED in HOT-VATER TREATLENT
BXPERTIRAIT,

Seedline, “ Infection i Infectlon Reduction Relative Fartial (P) ox
1n Untreat~ in Dusted in Infection Iiportance Complete (U
ed Sesdline. Seedline due to dust~ of surfacs contrel obiain

ing. & deep-seated ed after nob-
ingenlun, vater treatmt,

Tilliput wvompom

mixed 3.5 0.0 3.5 3.5/ C

Giant Dahlias

Plowered md. 8.0 1.0 7.0 7/ ¢

G.DJP. - Baguisite 3.5 0.5 3.0 3/0.5 ¢

¢.D.F. ~ Polaw 3ear 5.5 5.0 0.5 0.5/5 P

Californiz Gisnt 7.0 1.5 5.5 5.5/4.5 c

lixed
Chereytims 8.c by G Lo LfL P
Cupid imixed 3.5 0.5 3,0 3/0.5 o

1

(,CWP, Dari Jewels b5

Linearis Dwf.Orange 6.0

Thumbe Lina mixed 3.5
Giant Dahlia 15.6

P lowered

- Wl
a L
[an] \n

0.5/3
10.4/5.2

d
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{.11;‘

f1

e

b3

o from this sxperlient ls ftoo gparse for safe ilnterpretation, but as

it steands 1t indicates thut hot-viater treatoent effecis complete control in gome

seedlines a2nd only partlal control in others, depeadent on the amount of deepszated

L

ipoculam, Heedlines in this experimsnt which contained low levels of internal

]

. - - g - ; s B
inoculum were rendered discase firse by therwmal treatment at 126 F for 30 minutes.
In seedlines with internal inocualum present at higher levels hot-water treatment

was only partially effective in disease control.

Although no direct experimentation viag oarried out o determine the reascn

for the elffectiveness of Raker's hot—water treatirent recommendation in contrpll-
ing the pathogen in seedlines with low infection and yet not zontroliling tihs
4,

vathozen in lines with highsr levels of frue szed infectlon, the following

hypotheses are offered as a posgibls cxplanation.

at 1257F Jor 30 minutes in completely controlling i, milase in gomz geedlinesg

and uot in others is due to the urecise location of the vegetative wycellum in the
seed, Lines with myceliuvm of M, zimmiae rsstricted to the testa tissues would

be more amznable to complete control by thermal treatment than lines whsre bhe
pathoren iz vpresent as mycellunt deep in the embryo.

In this experiment it 1s mostulated that in lines shown to be infected with
relatively high legvels of internal mycelium the inoculum ig present within both
the testa and the embryo, In lines with low levels of infection, however, the
pathogen may be restricted to the testa tlssues of the seed only, and at this
site the pathosen would be move readlly accessible to hol-water.

Variations in the depth of seed infection by i. zinmiae may possibly cccur
az a result as ons or hoth of the following:-

1, Buitability of environmental conditions for infectlon.

Invironmental conditions in the standing crop durlngy the pesriod of dsvelop-

ment when true infection of the seed could occur lg lwmportant in determining the

- : P P~ L 3 L )
to infect fbe seed. Condiltlons of high molefure and

numidity within the {loverhead of ziimia rplants, cowmbined with & suitable

:ostulated that the reagon for the eiffectiveness of hot-water trzatuent
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temperatore, would probably be required before seéd infection could oceur,
The presence of water (whether causad by heavy dews or rain} Iying within the
compact flinwerhead would act as a subsirate for spore gevmination and may have an
effect in softening ths ouber cpat of the sesd and allowis
Tain prior to harvest could also coarry inoculum from infectsd flovusrs into close
conttact with the seed surfeace,

In gesd groviug aveas wWhzre environnenial conditions are unfavouraile for

==
.t
u_-

e pathagren to peneirate the seedeccat it is sugpested that seed infection would
be of minor lmportonece, 2nd thet any infectlon which Gid occur under such condi-
tiong would be regiricted to the testa tissues. In areas vhere conditions are
favourahle for gezd infescetion the pathogen ig postulaied as belng capable of

penetrating: the ssedcoat and sgtoblishing ag vepetative mycelium within both the

[a

testa and the embryo of the seed. ihug it is possible that in ssed from arcas

)

vhere environmental conditions were unfavourasble for seed infection the pathogen
could be more aumenaible to control by Lhermal treatment than in seed from areas
vihere environmeintal conditions had besen favourashle for seed infeelblon.

2. Physicel barrier of the seedcoat.

In crops where viable inoculum is anot present in sufficlient guantity io be

capable of seed infection until lats in the growing season when the geed is at

the 'near mature! stage of development, it is concelvable that the hordened szed-

coat wmay provide a physlcal barrier to penetratlon by the pathozen. Undur suct

condiftions mainly surface contanination would occur. If tids phvaical hacelor ig

+

hat ony liaited emountz of mycelial peuetration

o

1% iz wostulated

o

of the seed which could ocenr, under zuitnble enviromasntal conditliong for gpore
cermination and infecilon, would be conflned fo The outer tlssues of The testba,
Aueh ilpoculwn in the tosta viould be readily aceessible to thermal treatwment.
Conversely, under condliions when enviromsent was Tavourable for seed in-
fection, when viable inoculun wes present and where the seedcoat was stlll sofl

and hences providing no barrisr to penetration by the pathogen, bigh levels of
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infection of both testa and embryo way occur. Under these clrcuustances a sesd-
ne presencs of high internal inoculum in a seed dusting trial and
yet hot-wabter treatment wmay effect only o partial conbrol.

It should be emphasised that this hypothesis has been usmed 0 explain the
regults in this particular experiment only. It 1s 1ot consgidered that it would

be applicable in all circusstances,

The results to date show the ability of hot-water treatment at 125°F for

30 minutes to afford absolute control of the pathogen in some seedlines but aob

n

in otners. It is concluded thal the regulie of $thig present study support Baker

(1956; clad for couplsie coatrol of ., zinonise by hot-water treatment at 12550
for 30 winutes, but only in gecdlines whewre ssed lnfectlon iz of low incidence.

fowe seedlines may contsln deswnsesied inoculdunm up fo 15, Hince

L") e
arz nobt rendered Jloease Tree by Dalker’s wot-water itreatmuent recommendation,

-

further studies were carrisd out o try bo find an absolute control Tor sesdborns
infection by z. zinniae in seedlineg where internal inoculum is present at high
levels.

ature relationship required to kill the

Studies of the wminimme tilme: e
ia @eed by thermal {treatment.

ie
pathogen agsccialed with zi

inn
nrn

In order to determine the minlmum time of hot-water treatment of =esd require

to effect absolube control of the pathogen in seedlines where 2 high level of
inoculum is present within the seed, experiments were carried out with two lines
of zimnlia seed. These two lines had bsen showm by dusting and sowing cuper]

using the method outlined wreviously (page 181) to be 10 - 12,. digeased. +he

first line {Gisznt Cactus Flowered iiixed; was ghown by sowing trials te produce

Falm
T

12,: diseased seedlings 10 days from gowing., CF this 12,4, 5,0 vias shown to we due

to the presence of internal iaocculum. In the second seed line (Giant Dehlia

Flowewed) 5.5, i the total disease inclisnce attributable to internally

o

-
A
rl’\

1. e miTe i on ' the dloivw termerat d
Determination of the winimum tenperature Tequired te kill the fingus in seed

mlon 1n not water for 30 we . -
I ror 50 ming, ang the effact of thie +
seed gerimiuation. vie wenperetur
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VATEREALS apd IETHODE:
The above 4wo linesg of zimnlz seed were used in each tveat-

ment regoired 5 gm. of each variety. Tempsratures ol fron 1253}'
to 151DF. at 1% intervals. Immersion tline was constont ad 30 minntesa,
treatrent at each tenpsrature seeds Drow sach sampls were plated o prune asor
(10 seeds pev plate) and inecubated atb 20% for 5 dayes. The remainder ol the seed
fwom the  Glant Jactug FPlowered line only was placsd on wmoilst blott in Copen-
hacgen enlis and incubated at 2500 for 7 days, #he digeased cotyledons arising
from geraination of treated sesd on blotters were removed and cut longitudinally
through the lesionsd area. Half of each cotyledon was washed for 6 hours in
ruming 4ap vater, plated to prune agar snd incubated at 28°C for 5 days. ‘The
remainder vies riven high hwaidlty treatient at 2800. for 4 days., Identificetion
of fungsl srowth was carried out vnder a binocular umleroscops by ldentification
of the sporss Tormed in; culture or on host tissue.

The germination percentvage both lines was determined by the folded towel
uzthod before and after tresatiment.
BRSULRE,

Data on perminatlon percentage and Gisease incidence in seed sanples follow
ing treatment are presented in Table LE.

ed by lmierslion in hot

nt of the fungus was found
zedlings pgrown from treatsd
. =z ]Ovn (n Oy L LI DU . o - L e e e
ure is &P (2,270, hisher than the tsmperature ireatwmsnt
¢ (1950} and Baker (1956, as an absolute control.
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TROTORECE in BEEDIOTAA

AU from 12513197 for 30 LIINA,

___Plated seed (100 sesds per treatment).
Mo.fungal o, 4.z,
srowths Hd. zolonies, Y-
38 8 27,4
12579 30m. 3k 36 15 2 13,3
126°F 30m. 26 35 i5 4 26.7
12799 3Ca. 25 32 21 2 9.7
128°F 30m. 15 20 16 2 12,5
129F 30m. 10 15 32 0 ¢
130°F 30m, 8 1 26 0 0
13197 30m. 4 7 30 O 0
SEED on BIDTIHR: (200 seads per treptment. )
Tewp. °F, jlesions No,plated Ho.funpal Ho.d.z. YA.2. No.High Ho.fungal Fo.
% cosyls. growths 5d. colon- R, 3 geoaths Sem.e Sed.
ies, cobyls. Ld, ool
Untreated 17.4 5C 2 e 5.0 50 17 5 16
125 9.3 26 23 3 11.5 25 10 Z Z.C
128 8.6 18 0 i 6,0 18 41 2 1.1
127 7.3 15 G 1 ta7 15 G 1 6.7
128 &7 ! & 1 2.5 10 L g 10.0
125 Co 8 5 G 0 & 4 0 C
130 7.5 C 5 O 0 10 6 0 O
151 5.0 G 5 c 0 & 2 O 0
GLAD DANLLA PLOVERAD LI Plated seed.
Temp, “I Cerm. - o, sesds jlo, fungal Hou ez, /- A, minnize.
33d. 74. olated. seowthsa. Colonies.
Untrzated 3] ge 250 108 3L 13.6
125 S 51 252 78 11 bl
126 3 L3 250 9 8 3,2
127 32 g 256 a1 b 1.6
128 a2k 32 253 77 5 1.9
129 21 28 260 59 0 0
130 16 24 250 62 0 0
134 8 15 253 50 0 0




21 6-

2, Determination of the minimum time of hot-water treatinent at 129°F requived
to kill the fungus in sesd and the ) sreatment at minimum time and

temuarature on sesd MASTN N ination.

lall and AT,

Tne zesdline used in this experiment wos the seme line of (Hant Cactus

[a¥)

Plovered. Mixed uged in Paxrt 4. Samples of 5 sm, of seed were placsd in each of

fad

13 muslin bags and the ftop of eech bhag was locsely tied., The bags were ilmnersed

in hot water at 12S°F for periods ranging from 10 to 30 minutes. They were then

removed to rumning tap water for 10 minutes and the seed pleeed on sterile blotter
for 48 hours to dry. dpproximately 250 seeds were plated to prune agor and ths

* ) o = = 2
lates incubated at 28°C for 4 days. Untreated seced was also nlated to prune
agar for comparative purposes. The fungsl growihg avising from the seed vere cutb

with a corkborer and incubated Tor 45 hours at room bermperature bsfcre nositive

ideavivicailon by srore chacacteristics wog made.  Seed from cach treatinent was
-D 3 - — - =
el § by the folded fowel msthod at 25 C, counts being made at 3 and 7 daye.

AL of ‘l"

s UIRED to CORIROL A, ZINNIAN in
and SELE '

ILATTON PERSR Tl -rn

-

I

Pime of Immersion Vo, seeds  No.seeds with lo.seeds /o dezZinnize,
at 129OF in ming., Germin'n . plated. Fungal Growth with A,
3 day T dey zinniae.
intreated 81y 89 260 69 39 15.0
12598, 30 min., &1 67 250 45 14 5.6
10 35 43 o7 Le 9 3.5
12 21 L3 261 25 é 2.3
14 22 29 266 18 6 2.3
16 25 27 218 11 & 1.0
18 17 23 256 27 3 1.2
20 5 21 254 15 2 0.8
22 14 18 285 22 i O.4
2k 13 16 27k 23 0 0.0
26 10 1 2L6 15 ¢ 0.0
28 & 8 294 26 O .G
30 5 7 263 18 G 0.0

P
COUCInsl
s piniioieelivieb

te Lt lg concluded that lwemersion of seed in hot-water at
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O . . . A N . .
1297F for 24 minutes is sufficisnt for cowplete control of i, zinnigse in lines
containing a high proportion of deepseated inoculuin.  These conditions differ

u]
s a3 — - 2 L .
from thoge recommended Ly Baker (1936; by 4 F and & minutes. Unforbunatsly she

germination of the ssed wndsr these conditions iz so low (& reduction of 82 in

b o : [ = A - I f
the gam:le uged 1 vhle experiment) that the use of this msthod for absolute
control of {he fun;us is not considered practicsl,

Tests hoave shoun the inefTectiveness of Seker's recomnended hot-viater hresat-

mant of 125Dy Zor 50 winutes as an absolute cantrol of .., zinniae in zinnia seed,

and also the szevere reduction in the perwination of geed exposed to the mindmum

fempesraturs:  Glme combpinatlon reguired %o kill the fungus in sead (129GF, 24 min,
accordingly, vork was carried out to determine the effect of coubining Baker':

method with & soakin water prior to irsgatmsnt. It wae thought

that this pre-sosking : the susgcéntibility of the fungus to thermal

treatmant,
3, Effect of soaking sesd prior to hob-water treatment ss a posaible wstbitod
of controlling A, ginniac internally boime in zinnia seed.

Jensen 1888 (lundkur 19L9; working on the control of looge wmui of wheal anus-

ed by Ustilaro tritici, found that 1f dorment wyceliuvm in the seed wag induced oo

serminate Lt became vulnerabls to the avplication of heat, by which neans 1t could

it vias sinnia zeed orior to hof-water
traatoent at i259F Zor 30 wmliuuvtes as a poszible control of ilnternally borae

In this trial 5 =a. of sach of two sesdlines was ustd for each treatument.

feed vas soaked in an open 250 wml, Srlenueyer flask in 100 nl, distilled watex

o

at 2do O, Tor periods varyiag from 1 to 1 hours. ‘the seed vias then tipped from



the flagks into a wire wesh strainer (imm mesh; and allowed to drain for
; P tesan ! - i E =
10 minute ~TBeT Darsiing in a DY sguare of cheesecloth, each sample was placed
4 . A . e O - .
in & thermustatically controllsd water bath at 12577, After 30 minttes the bags
&

removed from each bag and placed on sterile blotting paper Lo dry for 6 hours.
To reduce the risk of aerial contamination a further sheet of sterile blotting
raper covered the szeed during the drying procsss.

after drying, 200 geeds weve removed from each sample for a germina

edg were plated aseptically to prune agzar (20 seeds per plate) and iacubated ot
P Lo P .= N T q ] 1.4 & i . 1
256 Tor b days. Unvreated secd and seszd subjected to hot-vater treatmsut st 1
for 30 minutez but not pre-svaked, were ueed as controls., Tungal ; provivis oriclinad

lng from geeds wecre cub with a corihorer ancé the agar cirelss incubated on the

pottonm of & getri pilate 1id st roow leuperature for 48 hours. Tdentificalbion of
fungi present was carried out under a binocular microscope by reference to spore

charactoristics.

T
_)..,_JJE,I_’.L)

= Zeed goaked in 100 ml. distillegd
water 100 zeecds per treatment
Dlated to prune agssr.
Treatiment. Germination ,. . o, with fungal io.eclonies . 4. zminoedac.
3 day. | day. srowen b daya. A, zinnisze.
Untrested 71 72 75 13 13,0
0.7, only 32 =7 28 3 3.0
o1, H.OLT, 492 2k, 2k & )
P2, H.u.4. 16 20 39 5 5.6
Pl., E.. 21 27 38 3 3.0
Eb, Duw 21 £ i z 2.0
PG 16 z 38 p 2.0

tes pre~zoak of 1 hour Guratlon.
ies. iz beged oo the total nwiber of seeds gplated.
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1. vwiater,

o

- Towlel Tungol growih, Yo colot*&s he Zimnlae,
GEY. H0.880s 5 davs. Ae Zinniae.
risted,
tn L,l“’-‘ nted e o1 &1 102 Lt 16,
ta X
Hewo Ly Oﬁl:‘}" e o :“6 52 11 Z;.,

5

(% 71 550 50 71
5% &5 292 55

€065 20 31
58 &5 237 28
L3 52 5ol 57
t]‘
9

ool cof = funl - hanpoiuo

u

»

5

26
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"

i Lt cof onbt

DISOUBEI0N,

As with the hot~water treatment slone, the germination percentage veduction

in both lines of seed was variable and dependent on initial germination. Thet is,
the seedline with the higher initizl germination was by

pre~soaking and hot~vater treatment then the lower germinating line.

variability visg orobably duc to the elfect of the hot-vwater ftreatmeni rather

Diseage dncidence ag suovwn by the percentare recovery of the mathoren from
treated zeed nlated o prine arar showed sone rsduction with increased length of
pre-goail per.od.  Sven a reriold of 12 houvrg and subseguent hob-watez
1 1

treatment, bDowever, the painosen was 2till capable of growih from the seed into
culture nmzdis,
LU”‘L I@;

Phe uge of & ssed soak prior to hot-water treatmsunt redvuced the digeass

incidence compared to hot-vabter trsatmsnt alone, but the method did not allow

complete control. .t wre-gosking periods of 12 hours the germination of the
seed vas so adversely affected that the use of the method would be congidersd

imoractical on & cowmerclal scale.



did not sive corplete succe

‘_-

in Hew Zesland ls at leagt

for hob-vater treatment of zinnis aseed ot

2

ag a eomplete control of seedborne

D

succegsful on a commsrcial seale in tre

b

thod

jec]

study, h indicated that the

i
e =

WETELD,
ss vihen used on zinnla seed in T

¢ months old when sovn, and because of

the cermination capacity of the seed is greatly reduced by hot-waber treatment.
Thiz would tend to make the use of the hot-water treatment unaccepltable to many
commercial nurserynen,

Resuliz Iin the present giudy indlcated that treziment of geed In water at
125%F for 30 minutes jave absolute contvol of A, zinnlae in some sesdlines but

control by

deep within the se

shernel treatment

gk embryo.

being dug o Lhe precise looe-

Lhe gesdooat tlgasues would be more amenabls to complsie
than lines where The pathogen was oresent as myceliu
fuedlines containing bicsh levels of sesd infectiom

were not reindersd dizsaze reconmendation.
in such lines tThe nindimun hot-water trestmant
of 1290F 2L wminutes was found to be necessary to control desp—seated lnoculum
of 4, zinuise, 4t such & tine ratio, however, germination per-
centape was so adversely sffectzd ss to make the use of thie treatment of 1
practical waln

The use of hot-mater treatimsnt of zinnla seed at 1259F for 20 minutss,
although not successful as an absclube control of 4. zinnilae, was shown Io be

rery effective in reducing
plantings and hence may be
conirol bthe diseasse in the

initisl bhulld-up of the di




PLATE 18, Fartilally gerwlneted seedlings ~ seedcoat removed from cotyledous.
Iegions already present on develoning cotyledons.

19, bt of temperature of bLotewabter trembment on viability of
d 3 L . N 5
oivie looculum ()O min, lmmession)

[
4
1

Untrested 12?1?.
Rothom: 12501?0 196%. ;
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L,

Because the wethod of Baker (1958) of hot-water treatment of seed had nob si-
absolute control in all seedlines of ZJimniz elesans under ew Zealond conditions,
an alternative method was sought which would inactivate the pathoren without wadul
reducing gernmination of the seed.

Tyner (1952} and 4rny (1957) have both demeribed tests in which both looss
gmut o barley and vheat were sucessfully controlled by soaiin ziven weipht of
seed in a Known guantlty of water. 4bis work is of special interest wvecause the
inciting fungil, Usuilago nuda Jens. =nd Ul triticl Fers. respectively, are borne
within the seed and vefore not eazily inasctivated. ecause of the simplicity
and succeass of water—-sosking in control of these cereal diseases this method was
investigated as a possible alternative to hot-water treatment for the control of
Se zimmige internally borne in zinnia seed,

HATERTALS and LETHGDE.

Seed used in this study wes a naturclly infected line of Gignt Dahlia 2lowsie
with a final germination 2t 7 days of 8G. The ralative importance of suuifnoe s
deep~sealed inoculum in this seedline wsag detvermined using the method v
deseribsd (page 161}, G tne 15,. digease incldsnce shown by cotylsdon lesionilay
10 days frow sowing, D.0,s was due

A vavio by welcht of one port seed to 10 parts Gistilled water was used in
the sosuing treatment. Usually (azorox. 550 seeds; and 50 mls. of
vieter yere placed in open 250 ml, Nrlenmeyer flsska and held at 26% for pericas
of trestment rensing from 1 fto 132 hours ollowing sach soaking freatment seedls
wers renoved from the and allowed to Srain for 5 minutes on a 1 mm. mesh
soreen betore being dried on gterile blotting saver at room temgsrature for 40 hre
The liguid frow the flagk in each casge wag poured into a 100 ml. mesguring
cylinder to wecord the arount of water abgorbed by the seed Quring the soaiiing
DI0CEeSss.

Dztermination of disease lncidernce in seed following the above treatments
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was carried out in two ways, as followg:-

de  Fwvom each treatment aprroximately 250 meeds vere transferred ameptically to
plates of prune agar {20 seeds per olate) and incubated at 28°C for 4 days. 'The
number of fungal snd bacterial colonles arising from plated sesd were rscovded,
and portions of the fungal colonies cut oul with a 5 ma. corkborer. These latter

o= b -

vere transferred to the underside of o petvl dish 1id snd iancuvbzved 2% room
temperature for 48 hours, at which time identification of the colonies was made on

-1

the basgis of conidial characieristic

ix]

-

B approziesmtely 125 seeds from each {tresbuent were sown in steriliszed soil frow
the zlasshouse. Iesloned cotyledons frow seedlinrs vere rvemoved 1h days after
gouing. ‘Yhege were washed [or £ hours Ln mnmmiog fTap water in the laboratory,

dried bhetween two sheets of sterile blotting pager for € hours and plated asepti-

felery

cally to prune a2gar, 11 plates vere lucubated at 2070

“h

or 5 days. Zungal
eolonies arising from thoe lesioned tilssue were cut out with a 5 mm. corkborer andg

i

CJ
i

the aper discs incubated 1n a petrl h at room temperature for 4 hours,

ks

rdentification of the funpl present wag wade by refersnce to spore characteristics.

The effect of the various pericds of soaking on permination capacity of ths

sesd wag determined by the folded towel method at 259C.

Wiies were also mede of the effgct the steep liguid and its cowmponents had

Ent
L i)

ey

-

" . PR N wa 4 = y oL Jd- ey T 5 P
in inhibiting spore germination. The seed goak liquid (25 nl.; was stean dlgtllled
snd the distillate (15 wl.) and the non-volatile fraction (10 ml.) each made up

to 25 ml, with gsterile distilled water. “he spores used in these zbudies were

. Zinniase which had been ilnduced

rewoved from the surface of & 10 day culture o

to sporulate under ultraviolet 1i

4 camslhailr brush was used for transferring sporves. Conldla wswve placed 1n
the substrate on the strface of a »lass slide and incubated at 2070, Germinatlon

couinbs were mnle at 2, 4, 6, 0, 9 and 2C hourg. Jomparlgon of percentaye [eraina-
tion in all cases wag made arainst spores moonted in distllled smter end incubavted

b [

a2t the same tewrerature. Delfermination of secmination psrceentiage, germ tube lenct



and maxiswe nuaser of ceri tubes

E'n
i
&

vers congldered Lo heve _ernluoaled whe:

efTaot of gogkins breatignts on gsesd

.

permination

e Dor sach gubstrate. [pores

1 germ sube beczime psrallel

wed directly to agar, and the

[

recorded in Table 48 and

vraphically in Vicuve 15.

TABIE L0, DLW THOLZN O dn 8555
Fiui%D to BRULL &

Duration ‘iater Germination Inumbér

of water Absorbed Fercentage.
soalc, by sesd. 3 days. 7 days.
k)
(il )

plated.

Humber  dumber e

seeds A.zlonlae.  4.zlnuise,
with

Bactl.

erowth.

Untreated - 76 21¢]
8 hours. 15 76 79

(A 20 70 T4

—
(o
o
3
‘o
o)
|
5=

[
(W%
]
—
-]
L

24 "

Wl

50 40 15,5
4 28 10.9

71 16 73

7 21 8.l
T8 22 5.6

72 15 5.k

O~
pall}
LN M
-
a
Mo

-

-]

o
(o]
L
&

+ = TFirsi evidence of foul odour at 36 hours.

++ = Surface scum present on steep liquid.

The water soak method as applied to the control of i. szinniae.in piunla seed

did not eliminate vhe pathogen after soaking periods

greatly reduce disease incldence. This wes shown by a reduction of 4, 21

up Lo 132 hours, but did

from vlated seed frow 15.54 in the wntreated line to 1.Z2x after a water soaik of
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FIGURE {5 EFFECT OF THE WATER SOAK METHOD ON SEED GERMINATION AND DISEASE
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o

60 hours. The soaking method 41d not acrsar o depress the incidence of molde

such as Fenpieillium spp and lauecor asgsociated with the seed. “he method, houever,

gifect op the prosence of saprophytic fungi such as slternaria

Fenuis on the seed. 4 goaking ceriod of 132 hours reduced the incidence of

A. tenuis in plated seed o L.l compared with 13.2,5 in the unlreated sesdline.
Some workers (axny and Ieben 1954, ana Leben, Scott and Ay 1956, have

propegel the theory that bacterial sctlon is regpousible, at least in part, for

the control cf seedhorme dizcasses,

T
=

4a1 3. P DR R e - . [ R
the efiectiveness 0fF 4the water soak meithod 1

in the pressent study ithere vag & warked increase in the nuimber of bacterial colon-

ies assoclated with plated seszd following treatwent. .6 a goaking period of 48 hre

che bacterisl colonles growing from plated sinnls seed lucrsesed from 18.4 to 3C.0

per 100 seeds. In this respect these resulis may sgupoort the above theory. It iz
cherefore sugrested thst as a resuld of goaxing seed in water there is an increase

in the bacterial population, which wopulation in some wamer mway inactivate

fa
Vi

in this study a waier sosk period of &0 to G4 hours agpesred Ho be Lhe wnost
effertive in causing veductlon of dizesase. urther, a2t these periods of
the serainsvion capacity of the geed was not severely reduced. This was shoun by

" PP ~ - - . . Z e A P - -
a pgrosntayre recnction of .. zmianize from 2.3 (1) 5 %0 12,05 and a gecvwminstion

J.

; 2 9 = e oY e L s o3 R (S . I
reduetion of only 37.5,: (60 to 5Gus at 2 soaking geriod of 5C hours, compared to

unsreasted seed.

fmd

The rercentage of L, =zimilae estoned cotyledonz arising frowm

tireated seed viere vlated to prune agar are presented in Table 50



TADIE 50.

Hours Humber Forbér  Nubher iumber Turber pe

Treatment Sceds sovm. dmerpged  Iesioned Cotyledons  showing S zlinise,
Cotyledons Plated. A.zionias,

Tntreated 150 127 38 72 32 i b

8 10k 70 20 INe 1 35,0
12 116 73 18 5 14 30,4
15 149 8l 23 12 10 23,84

Lor
[0
o
9]
~t
o

-
e
J
]
Qi
o~
]
.
£

[
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e water—-zoak nethod did not allow abgolute control of

o

lag in ginunila geed was shown by the abllity of the fungus to grow out from

lesions on seedling cotyledons srlsing from treated sesd, woen such lesions were

plated to agar. As the regults of direct plating of seed have alieady show, =

soaking period of €0 hours appears to give the mozt marked reductlon in discase

incildenc This is showt 1o Table 50 by only an B.1jc recovery of the funrsus fro
legioned cotylsdons arising from sesl soaked in water for 50 hours. Compared

with the bl reisolation success obtained from lesioned cotyle

ure after 60 hours soa<ine represents a redustion in

euncesssful reizsolation of the funzus of 51,8u Thus the water-soak trealnsnt

a marked effect in reducing fungsl viasbllifty in lssioned cotyledons arising frouw
treated sead.
The inhibitory effect of the steep liouid and itg components on spore
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erninagtion are recoxdsd in Tahle 51,

of Tan—e0AL 1L SALASUTONE on
R G
de = averaspe germination poroentage obltalned by incubsetbing sporss in the stsen
licuid, dis lluhC, and non volatile fractions at 28°C.

Substrate. dours incubation,
. - Z & 6 & g 20
whole seed sosk - : <

1iquid 2.3 124 20,3 28.7 31.0 35.3

Digtillate only 2.7 22.7 24,0 30.3 32.0 45.7

Fon volatile fractions
only 11,3 69.0 82,3 90.% 95, C R,
Distilled water
(COI{TROL} 553 80.7 95.0  96.3 e 17,2,
: : o e Lt - - [ 3 P - .
Germination ¥ figures ure the average of fthree randon
couats of 1CG0 gpores. Hedle = llot recorded.
B, - spore percentase serminatlon snd verm tube development at 8 hours
A S S L -
incubation in the gteep liquid and fracticns at 207C,
Substirate Haximum Germ llaximian length Range 1n Germ
~ Tubes por of Geru Tu es + Tubz number
fmoire., cer Sunore.

Seed sosk liguid 28,7 3 L 1 -2

(oH 7.5,
Diztillate 30.3 5 2.9 T3

(tE 6.8
Yon Volatile

. Lo o &
fraction (n19.5) 90, 3 7 12 1 - &

Diﬁtilled.water
ou. YO L 96,3 13 14 & -
(rH 6.8)

e
o

+ = Kawimum cerm tube length is compared with maximum spore
body widbth.

Thegse resulis show that zome cowmponent of the steep liquia =
in the volatile fraciion following stearm digtillstion hasg a marked inhibiltory
effect on store germination., Inis inbibitor not only cepresses the rate of spore

da

germination by approximately 705 at & hours compared to spore germinstion in



228,

distilled water, vut also decresases the of zerm fubes nproduced

pEr suore.

El
H

y vielznt of one pert seed to ten pert

A

f

of distilled water at 2070 for periods of 60 hours or wore is e¢ffective in rsducine
Clsease incidence to low levels. In this respect it lsg at least as effective as

previous ly descrilbed. The watler-socak msthod also has the

i

the hot=water msliod

acvantages of not being =2s severe as not water treatiment in reducing ssed germing-

2

1

tion capacity, and of beiny exbrewmely sinple to vse. It should be emphasglized,

however, that the water-soak msthod was not fouwd fo be eifective as an absolube

control of .. zinnise assoclated with seed of Zinnia elsgsus as internal mycelium,



- Iai T LTy
Lo, OHALMICALL ILaWnliDE,

-

Decauvse of the ineffectiveness of the physical mst

disinfection studied, soms chemical methods wers cxzamined to ded

effect in controlling A. zinniee in zinnia seed.

Chemical methods are the most commonly used techniques of treatiing seeds o

control internally and externally Lorne nat

cldal groverties, and may he applied as
HUEADE IR
Zinee 4. zianlae has been demongiroted to be internally as well as externally

asgoclated with zinnis seed {page 174) the applicaticn of chemical dusts to the

se6d vas considsred to be unlikely fo control seedborne inoculum of the pathopen.

although surface seed dressings may be effective in Li1lling conidla of the

pathopen adhering to the seed surlace 1t was vt that wyceliun within the sead

vould not be controllsd by such treatment. This viabls internal mycellom would
gtill allow seed infected with A, zinniase to act as initlal focl for the bulldup

Overseas eyperimentation has showe some coafusion regarding the efliciencsy o

surface seed dressings in controlling sesdborne inoculum of 4, zisnidae.

et 21, (1958) report success in the co 1 of scedborme 4. zinnise by dushing
- o PR . - . . E o
geed with sither 5Cs Thiram or Jeresen. Such s were GenoantTe

B L , b T L oy e a [ R
ed by bzaumonl et al, {loc. cit.; to eifect complete contrel of .. ziuaciag,

+ = Ueresan ls the trade name of sn organic nmercuty seed dressing which
conntained 1.5, mercury
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liaterials ond Fethods,

=

The seedline used ves a line of wvariety

cernination of 8Z2,., Frelimlrazry exsseiments shoved that thig line conseined hoth

surface end infernal inoculun of 4. zinniae, the relative ilwroritance of sach

[ i T am T o . ) . - o
zouree being §/15 (see wethod pare 181) Troree 1 oz. lots of zeed were nged;  one
.{., - b} 4, 1, n

vith Termasan, ohe was dveted with Cerosan, and the third lot wasz

ALl three seedlots were sounm by a commercial nurssryman under glags on the

{)

same day and the szeedboxes were kept separate doring the trial period to wvrevent

‘_. &

1.

tne pathozen between treatments,

= o el

any secondary spread of
Tne nunber of gsedlings emerping were racorded 7 days affer gowing and the
rerminetion of the wavesatzad sad dusted vortions of ths zeedline waz also agsezsed
vy the folded tvowel method in the laborator f. Counts of the number of dlsease
from each lot of geed were made at Frequent lntervals, Tusuby-
one days after sowing, 100 lesioned lsaves from each freaturent were wremoved ho ths

laboratory. The leaves were washed 1n running tap weter for & hours and then

Ligected sthrough the lesioned arsa. One half of each leslon waz plated to pruns

agar sud the otner nalf held vnder bipgh hunidity conditlons aw 267, Plated eud
bigh hwamidity treated tissue vas exswined uader a blnocular microgcore ailer 4 daye
or evidence of spore producticn and subsequent ldentification of the galfhopen by
sporz charcacieristics, Viabllity of sgorszs woim Geiteruined by wmonocconidial bransfe:

slooes of FD.,

The vesults of seged serminatlon, counts of the number of seedlings showing
lesloning snd the aumber of cotyledons from which the pathogen was pogitively

identified by zpore cheracteristics and colony growth are rescorded in Tables 52 and
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TATTOr Germination percentape,
7 daya after Furssry Sowlng. Folded tovel msthod 7 dove,
Untreated 76 o2
Feragarn duzsved 71 75
Ceresan sugted 7C 78
Gerwivation figures enleulated from counts of seedlings in the nursery are
baged oo 1 oz. = 2,300 sseds.
QEEoTANE 1
Lo. energed L, trangplanted Trangplanting
1 days. 9 Gays. loss i

Unteeatad 19C0 1,680 11.6
Pernasan dusled 1,70 1,600 10,1
Ceresan dusied 1,750 1,600 8.6
DISEASE TDICITENCE,
D g Humber diseaged seedlings. Percentaos digeased seedlings.
Days from : = —— T X
(,;"r in Hon~ Fernagen Ceresan Hon- Ternasan Ueressn
Jowing . - - N I
= £ dusved. duzthed. rugted, dusted. gugted. custed.

6 22 12 16 1.2 0.7 G.¢

8 L 24 2a 1.6 Pody 1.2

G Transplantced,

10 5 16 16 1.7 1.1 1.0
15 62 30 28 3.7 1.9 1.8

17 71 2L 34 L.z 2.1 2.1
2k 102 &l 10 e 5.3 8.5
31 271 2046 248 22.1 12,0 15,5
34 527 330 380 3.4 20,6 23.8
30 86 196 592 51.3 34.0 37.0
11 |, 074 734 78l £3.7 05.6 L9.0
Reduction in number of diseased ssedlings bf__f seed dusting:-
Fernazan - 28.l:, Ceresar 23, 1.
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and OUSTED S0,
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ROIT 1

. jo s. Sinniae from lesious ;2 4. Zinnize from
) sleted to sear, Iesionsg beld under
nirh hoaidify.
Unitrsated seed 12 61
£ Pl
67 &3
o
63 57
The rezults of &ihils nursery trial indicated thot dusting zinnia seed with
gltbher Pernssan or Jersssn coused no aspreclable depreasion in seed germination
covand b v Tl onn wedlings =] Tt = eaDlE Tovit e S o
SOLACLGY o i LHDET 0L gE€eda s wWoleh acve lOR invo zaLrgaole Dilants. L0113
indicated that the uss of these chemicals as surface seed dressings did not ceuse
any srest increase iun the producition of almormal sesdlings or retard the germinm-

The use of the chemical dusts uveed in thiz trisl on a seedline vwiich was

hoth surface and internal inocu

cerrying

g wnieh developed.

the nurber of dizecazed seedlin

i

ffect in reducing

™ere avpearsd to be very 1litile diff
FIR R, L. R A .- d. = . S g s A T P NN T [
ne two chiewilcals ussd. Althougn the dusting of seed was noted as beling sxbrenel;

effective in reducing dhe nuuber of fungl, 1w plating trisls, wh

te be awface boiile and saprophyel

these dugts were imeffective in controlling internal incculum of A. zinniae
aggoclated with the seed.

In &ll cascs the gercentare recovery of A. aluniag from lzsioned lsaves,
whether by plating or bnigh hunidity treatueent, wvas nirh, Copidis frowm such
lezsgions were wproved vwiable on PDA,

The results of thie trial support the claims {Veerpaard 1845, Hispatic 1951,
De Tempe 195¢) for incomplete control of szedborne inoculum of 4, zinnlas associst
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Beaumont et 2. (1955) and 1% is su sted that the swuccess obtained by these

viorkers in controlling A, zi:

may have been due to b

utge of lines of sesd which were carvrying surfsce conidiz of the pathogen but were
not infected with 4. sinnias, 1t would not seewm liliely that such outstanding
sbecsss could have been obtained by Beaumont et al. (loc. cit.) by dusting the seed

surface if the sesClines ussd had contained mycelium of the pathogen established

An spproximste reduction of 25+ in ths number of dlsessed seedlings was

—

recorded in seedlingzs from custed sezd compared to undusted seed., This reduction
is thought %o be due to whe lethal effect of the chemical dusts on conidls of

4. zinniae adhering to the seed surface. Accordingly, in ssedliness wihich are not
infected with the pathogen, but only contaminated with surface borne srpores, dusiin

Yew 4ealand carry intemmal as well as surface inoculum of 4. zinnias, it 1a coao-

=2id the use of surfsce seed dressings is oot eff'zctive in the complete
control of geedborns inpculua of the pathogen.
SR

N -
:

emical ig applied by goaking seeds in a solubion
icide for a prescribed time have been widely used in controlling seed-
horne pathogens. BHy the use of this techmique, in the present study, it was hopsd
that the fungicide would penetrate into the geed and prove Iethal fo inceulum of

Ao zinnlae within the seced tizsues.

Of those chemicels vhiclh have bheen used in the control of variocus sesdhorie

i—"

cation,

ilsgases, mercurlc chloride and sodium hypochlorite viers chossn for invest

the fmgicldel activiiy of mercuric chloride in weall solution is well noun

in the field of plant disessss, where 1t has long been used as & gensral



Socnebacteriug michicaneinge (w wiithy Jensen in homato gesd.
2

algo been rewerted by various workers with varying succezs (Fo W5, Sehmidt

1953, Besunont =% al.1958),

Cn this basis 1t wes decided to study the effect of immersing naturally diseas
ed zinnia sced in a golubtion of 0.1,w mercuric chlowvide for vavyianp veriocds of time
to determine whether thig chemical wns efifective in controlling ., zinniae within
the seed. Az & corollery cxperiment the effect of ths chemical on seed germination

capacity wos alzo investicate

-:
]
L2

23 ussd in this experimesnt was 2 naturslly dlseased line of wariety

The

..r:
(J

th

Giant Dshliz Flowerad., Trom geed sowing trials this ssedline wes showm to Lz

dizeasad to the extent of 18z, 5 of imoculum being borne with the sszcd
weelium and the remaining 13;: as loose conidia on the sced surface (mzthod pere

To determine what proportion of

the testa sad how such was

dissection and plating trials were conducited. TFrom 200 manually dissected sseds

tap water for 4 hours and plated

ariging Trom glatad
ghova that of the 5

the incculoun wag presens

[ [l =
wurface inoculum 130

=)
o
o]
3]
o
£
-
[ S

noculum teste 3,
embryo 2. 5.,
[ . A e h g 4
iovtal diseape incidence - 184
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sgads ) wers Used

gsquare of muslin sand the
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Lrmersed 1n a O, 1,y solution of

. F . by P
o & hours. Tollowing eac

for 10 m

was coversd

Fad
L

The dried zecd frow each treatosnt was tested

o puune azar (10 ineubated at 28 € for 5

by B | o 1 = e . H

Tongs from bthe ssed vwere cut out withh a

agay clreles incubated ilnelde o petri disb 1id at room tempsrature for 48 hours.
Tdentificetion vwas mede by refervence to gpore ucrpbology. OSonldls of 4, zinniss

of meed Trom

Zesoults of disease ineidence of . plated
to ager and of the ereion seed germination are
presented in Jppendlxz VIT and srepbically in Wigurs 16.

These vsmults shoy that there ls a rapid initisl decresse in dizease lucldenc
for pericds of up B0 2 winubes, & arop frowm 10,50 t0 D.o

dence wWag

14
r
o
=
™o
o
O
—
Tm
R
=
=
s
1
o
jad
%]
v
-
i
C
b
b
Ll
[}
]
o
s
[
b}
1=+
=
]
J'-Jl
[
]
2
n
o
o
o]
L_.l.

4t periods of soaliing

showit., From 15 to Z4 mivutes ilmmersion iTlue o fuzt



PERCENTAGE GERMINATION

PERCENTAGE DISEASE

INCIDENCE

FIGURE 16 EFFECT OF MERCURIC CHLORIDE OM SEED GERMINATION AND DISEASE INCIDENCE
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incldence Trow 3.0.0 to 2.05 was Teco:

no further disease vedanction with
immersion perlod of 100 minvtes After 360 minutes treatment the path 13 ne
Ll =l el T ; i S LTS DU MLAULEs LreawEy Lne Datoossn could no
bhe rgcoversd from treated seed plated to agar even when a repeat test was carvied

out.

Thus there were 3 ilmmersion perilods showing maximmm sffeciiveness in

diseage incidence of 4, zinniae asseciated with zinnla seed {Figure 16):
te A4 mayinum drop after 2 minutes (u’
2. A progrsssive decline at pericds from 14 to 2L winutes ().
3. A finel reduction at soaking weriods from 180 to 360 minutes (G}.

4 1
[}

. The maxilmuan reduction at 2

the amount of incculum calculated previovsly as belne present ag loose conldla
carried un the seedccat. Thus scaklioe secd lor 2 winutes in Colpx mercuric chloride

has proved lethal o zurface norne iLucculusn,

2. The progressive Geclinge in diseape incidence at pezriods of ilmmersion renging
P A 2] cedly Yy pamrsearn J,ulz{_'\ 3 . £ +h funeal it vl
from 14 o &4 winutes poesgibly represents the death of the fungal mycelium within

the btesta tissues, the longer treatwsnt being required to kill inoculun deep

3., The final drop in recovery of the pathogzen from sged nlated to agar occursg &%

. . : - - I ra TN ] . . K i g L] g4 K K
treatment psriods vanging from 180 to 350 minutes and lg teken to indlcate the

r'.
=
h
@]

lsthal effect of mercuric chloxids on myoelium of 4. ginniae present in the tis

of the embrvo,

Tests on geed germination capacity following incressed periods of immersion

viability from 87.¢ in witreated sead to (7,0 in sesd of ter

m thiz point on however, germinatlon capaclly remained
remarizably consiont with incressed geed Lumersion time up fo 120 wminutes., Seyond
this time zerulnavion fell rapidly o very low flgursg a2t a



CoieTusicng.

Frow the regudts of this expsriment it wes concluded that soaking ssed in
0.1 meveurde chloride for preriods up to 100 winuites wasg not effechive as an
abzolute control of A, ziunlae ianternally bhorne in zloniz geed. At 180 minuse
treatient seed gernlnation was markedly wveduced. Ab the immsrsion period of
360 wminntes required for absolute control of the pathogen, ssed germination
fizures were reduced (o non-praciical levels,

It appeared that long limersion periods were nzcessary bo allow penetration

L1 IR i,

of the chemical into the seed, and that wereuric chloride had a more adverse cffect

on seed viabllity then it 4id on fungal mycellum within the embryo.

Frowm the resulis in this study i% avpears that in szedlines carrving surface
o sy o o

nd teste borne incculum only, mercurlc chloride treatment at strength 1 in 1,000

for 25 minutes would prove adeguate Tor coutrol of the pathoger without adversely
affecting seed germination,

The differential in

deep within the embryo.

Sozliuiise internally borne in zinnla seed.
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time in the control of both sxternally and internally how inoculun of

Iaberials and Iethods,

L'-l -
L sattys

1 - e L AT - . L ] -- e e
e ssedline Lgsd was a line oV varistby
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suiviing trials had bsen shown Lo vive risze fo apvroxiumately 174 of dizzased gesd-
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Tvio hundred sesds weve serminated by the Toldsd tovuel wmethod av 2570, The
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remainder were plated directly fto prune agar and the plates held at 2870 for L doy

Zermination percentapes were recordsd at 7 dave.
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Tungal colonies arising from nlated zeed were cut wid
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cireles allowed to incubabe ap 26 0 for 48 hours, and pesitive identd

the petoosen made by reference to spore characteristics.
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raonteally in Flgsure 17.

Care recolded Lo Appendix VIIL
These rezults indicate that irrersion of seed in sodlun hypochlorite zolufilon
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FIGUREL |17. EFFECT OF SODIUM HYPOCHLORIDE IMMERSION ON SEED GERMINATION
CAPACITY AND DISEASE [MCIDENCE,
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detrimental to seed germination capacliy.
Sonclusions.

The results of this study on the e

-

saed woalt showed that the use of this chemical reduced diseass lncidesnce o low

levels (O.ﬁ - 1.Qﬁ). Hovwever the effesct of the

srination capacity of the seed was very severc

~1ally borne inocculusn of 4, aiaplae

i

recomendation Tor conii

. - 3o, KT s ey e R T .
pactericeidal effect, several sntiblotlcs possess the property of venctrating
N ) s Ph * a

into seed tissues. Thiz olfers the possibility of their

intarnal pathogens in seed.
Ong notable ingtance of the uge of
hy Delklker { 997r in the control of Ascochvta pisi interns

by the use of seed goaks contalning the antibiotics Rimoc

(produced by the micro-orpganisms Strepbomyces rimosus an

ssefulness in combhatin

antibiotice has been the success obbtalned

11y beorne in pea seed,

idin and Finaricin

s
L

2, natalens

FE P JR Pl PR o = .
Dekker {1995, states that "so fer aboat 100 antibiolt

igs have been found Sosdh

i, e N .;--J. B P, oD . o e A= T I =z
are towic to plant parvasltez. Only oneg sebliblotic, bowever, hag been adopted In

practice, viz, streptouyeln, whleh, with or without the a

ddition of seome terramyoel
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i,
iz usad anainet of pear and agple trees in the
i :—.‘:‘a tha "
Io the prssent study attempts were wade 4o
strepiouyein {svoduced b Strevtonyces crissug,; could be used to control internally

borne wmyceelivsn of A. zimmlae in zirnis szed.

Stesvhtoryeln aulphate povder {740 mﬁq/ﬁw. vias prepaved into a stock soluticn
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stock solution was diluted to give a range of concentrations from 4,000 ppm. down

wag & vedustion of urowin even at 1 ppm, with comnlais inhibition of growth at

S00C pom, (Table 5Lj.

oA on COLOIY ML)

Conc. Strephomycin Colony Jlamster .. zinniae
2%

Sulvhate. 10 days, 28°C (v
T Me
C 8i.
37
1 (i
-
5 72
10 £6
iy -~
._).._‘:u C}é’
S0 63
o fa o
?D OCJ
100 58
ERSY e
Pl oo
ZCG 52
500 39
750 26
1,000 g
2,000 0
4,000 G
In order to debsriaine the sffeciivenszee of girepltomycin in controlling
imle seed, further studies vwesre carrled oui,
ch had opreviously been shown to be both con-
khogen to ths extent of 7y d 125 respectively,
wes tested.,  Seed was plsced in solutions of siwewbomycin sulphate {50szm.sced Der

100 ml solubion) atl concentrations from 5C pom to 4,000 zpm and held at 28°%¢
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Althoug

of the antiblotic in reducing
e

malerial wewe wocs then oabwelghed by bhe

the ume of streptomvelin saolultions as a

seed rerminstlon copaciiy.
s=ed =soek ig concludsd to ba of no pracileal uge in the control of &, zinnlae

0 zinnis gged lineg infected with the pathogen,
Py L )
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not-wnter trastient mehnod wihich had been advocated ag Leing effec
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Yew Seslsnd conditlons. The nors marged devreszion in seed permingd

viider Mew Jealsnd conditions than those recorded overseas wngs concluoded o he due.

bo the fact that all seed sown comrerelally in Hew Zealand is
at lzast one year old from harvest, snd ig more resdily damsced by hot water bhan

fa freshly harvegted szeed.
e visfer-goak methold and the use of nercuric chloride and sediun hypoculori s
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teen treot re found to reduce disgease lacidence of . zlimias to low

g pap g, . PR S P SO B
depression In geed viabilidy.

levels (0.5 ~ 1.5:) bus

The uge of surface zead dreesings and Thoe uss

to Jow level withoutd

EEps

the geed treatizals connletely eliminsted 4. mlmniag

Lustlon redugtion.
seed embryo o zinela wisg in all cssss more

mreelian of

none of bhe

- howsver that alihouch no control msthod wasg TOULL
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{a) Taboratory Fotato Dextrose Agar

Lgar 12 z.
Peeled sliced gpotatoes 200 g.
Dextrose 10 g.
Yater (distilled) 1,000 ml.

Preparation: The rotztoes were bolled gently for an hour in 500 ml.
of viater, after which the licuid was severated by straining through
cheesecloth, Agar was melted in 500 ml. of water and added to the filtrate.
Dextrose was added and the total volume adjusted to 1,000 ml. Approximate
oH 5.0,

Sterilisation: Unless othervise stated all medla were sterilised in an
autoclave at 15 p.s.i. for 20 wins, iLimedistely after preparation.

{b} TFotato Dextrose fLper (Difco or Oxoid)

Fotato infuxion 200 .
Bacto Dextro=se 20 g.
Bacto Aper 15 g,

Freparation: 39 grams of Lhe above mixbure were suspended in 1,000 ml.
of distilled water and boiled to dissolve the medlum. Arvroxdmate pl 5.7.

(¢) Cornmeal Lpgar

L

iLpar 17 .
Cornmeal 20 g.
liater (distilled) 1,0C0 ml.

Ireperation: is for 1{a). Aprroximate pH 5.4,

(d) Czapck-Dox Agar

ey 15.00 G
ﬁaﬁoz 2.00 g.
32§04/ 1.G0 g.
LBSOQ.?HEO 0.50 g.
KC1 ’ C.50 g.
Fe3(, JY4.0 G.01 g.
Sucrose 20.00 g.
Yater (distilled) 1,000 ml,

freporation: The nutrients vere dissolved in 5C0 ml. of hot water
and mixed with the agar which had been dissolved in 500 ml. of watber.
ipproximate ph 6.6.

(e} Hutriemt Agar.

Oxoid nutrient agar 28 g.
vater (distilled) 1,000 nml.

frepsration: The above were boiled in a steam bath to dlssolve
the agar. Avproximete pH 6.7.



(f) Sebourand Lpar (laltoss)

Sabourznd Agar 70 g.

vVater {distilled) 1,000 mi.
Freparation: as for 1{e). 4vproximate pl 5.5.
(g) Tomato Juice Agar

Cxoid tomate juice zgar 52 z.

dater (distilled) 1,0G0 ml,
Freparation: 4s for 1(e). approximate pH 5.6.
(h) V8 Juice agar.

V8 juice (comuercial) 150 ml.

Lgar 16 g.

vater (distilled) 850 ml.

Freparation: as for L{e).

(4)

talt Agar

#nlt extract (Difco) 20
AEED .25
vater (Gistilled) 1,000

Ireparation: 4s for 1l(e).

(3)

Dextrose Apgar.

Agar 15
Beel extract )
Tryptose 10
Dexirose 10
Hace 5
vater (distilled) 2,000

Freparation:
(k)

Prune ifgar.

Frune infusion
Bacto-agar

= A
e

Frepsration: 24 grams of this mixture
r EX

disvilled water and boiled to dissolve the
(1) vater igar.

hLgar i2

Vater {éistilled) 1,000

Frepsration:

(m) GCatmeal Lgar
Oatmeal 20
Agar 12

Lrproximate pH

48 for 1{e). Arvproximate pll

agar dissolved in hot water.

Avvroximate pH 4.3,

28
gt
ml.

o
LN
.
L
=
ml.

6.8.

g
g

yere suspended in 1,000

medium. Lrproximate

g[IlO
mnl.

Anproximate pH

(.

FE

ml.

h 5.5,

L{'o'?-



Yater (distilled)

reparation: xs Tor 1{a).

Lyl

(n) liycological Feplome igsr. {(Oxoid)

1,600 ml.

Arproximate pH 6.3,

yecological pentone preparation 50 g.

Agar

[}

Jater (distilled)
Freparation: 4is for 1{e).
(a) ‘ryptone-Glucose-feast Ixtract

Teast extract
Uryptone

Glucose

Lgar

vater (distilled)

Frepsration: 45 for 1(e}.

15 gu

1,000 ml.
Approximate pH 5.0.

Lgar (TYGE)

2.5 Z.
5 g
1 g.

12.5 g.

1,000 ml.

Approximate pil 6.2.

(p) Glucose-lactose-Ihosphate Agar (GLTA)

: T extract
Lactose
Glucese
Peptone
T:_' -"l"’_'.\ .
s.a?i-J_(ll 121{20

Viefer (distIlled)

o3 I3

i
[0l

Preparation: 4s for 1{e).
{(a) Soil Agar
Autoclaved lozin soil
Agar
water (distilled)

as for 1(al).

iiethod of preparation as cn page 1&.

2.  HATURAL EDTA
%, ELAWT SHTRACT LEDIA

iethod of preparation as on page 18.
(2} Zisnia blossom igar.

Zinnia blozson

ipar

Uater (distilled)

Approximate pH 6.6,

e
&
e
Lo

IR

OHHO
oy

-

1,

Lpprodiuate pH 6.l

Lo g.
b z.

1,000 ml.

hyproximate pl 6.2,

450 g.
12 g.
1,000 rl.



(b)

(c)

(&)

(e)

(£)

Zinniz leaf igar.

Zinnia leaves

A Lar

Vater (distilled)
Approximate il 6.9.
Zinnpis seed Agar.

Zimria seed

~Ear

“ater (distilled)
Apnroximate pH 6.7.
Tobacco leaf fgar.

Tobacco leaves

Apar

dater (distilled)
Lpprovimate TH 6.4,
Harigold lezl fgar.

Ilarigold leaves

Agar

Vater (fistilled)
Approximate pH 6.1,
Tometo leafl Agar.

Yomato leaves

Agar

Jater (distilled)
Avvroxiuate pH 5.7.

g

Lettuce leafl igar.

Lettuce leaves
Lger
dater (distilled)

Approxipate ph 6.5.

450
12
1,000

=)

P
12
1,000

450
12
1,000

450
12
1,000

450
iz
1,000

L50
12
1,000

-

Ee

ml.

go

ml.

gu

ml,

-

o

ml.

go

mle.

ml.



AP TT

Cll

Total length

63.6-174.3
80.2-215.32
106.6-229.6

Lab, FDA
Gxeid FDA
Difco FDA
Irune npgar
liater agar 147.6-278.8
dutriént agar no spornlation.
Czapek-Dox agar 75.9-160.1
Iiycol.pertone agar

71.8-18k4.5
Sabourand agar 45.1-127.1
Cormmeal agar 123.0-229.6
Goil zzar 116.9-305.5

nelt agar 114.8-145.86
Catueal ager 133.0-258.3

Tomato juice 2g5er30,0-143.5
TYGE agar 71.6-139.4

V8 juice eger  69.7-106.6
Dextroze ager  no spervlsation.
G.L.7’. agar no srorulation.

2. FEATORAL REDIA

Zinndia blossom ager
Ziwpie leafl ager
“innis seed ager
Tobzscco lsaf asar
Tomato leal agor
Letituce leaf ager

—I'—"fi'_‘)C)

NeRWNSRN el ]

»

I—-J\NCN

§
[ad AS ST el (Y
RSN A R G el |V

AT AN A G O
AT H I B
1

~IANA AR AN O

B, VLAY wiTRACT pEDTA

Zinmia blossom apar 63,6151
Zinnia leaf agar 574139,
Zinniz seed agar 61.5-205

Tobacco leaf agar no sporulati

morigold leaf sxar  55.4-135.3
Tomato leal zgar 77.9-231.7
Lettuce leail agsr  59.5-149,6

Conidial Dimensions in microns
.Body Length

£
,__I
7

[

.

45.1-82.0
b3 ,0-65.6
18.b-57.4
20.8-61.5
31.8-51.5
35h.9-61.5

a

30,8-51.3
28.7-51.3
22.8-55.4
n.

28.7-h7.2
22.6-55.4
Z0.8-45,1

98.4-229,6
28.7-102.5

36.9-139.4
10.3-77.9
65.6-16%.0
55.4-250.1
35.4.-86.1
73.8-188.6
16.4b.82.0
43,1984

36.9-145.,5
41,0-194.7
16.4-92.3
20.5-151,7
18.5-157.9
3.2-96.4

52 - 8""96 L "'i'
22 06"‘106 L] 6
26.7-161.9

18.5-96.4
36.9-176.3
28.7-102.5

Body width

16.4-24 .6
12.:.3-20.5
16 42k 6

1 bzl 6
14.4~18.5

16.4.22.6
16.4-28.7
1, b5 .0
12,%-18.5
14 4287
16.5-26.7
16.4.26.7
14.4-%2,8
16 428 ,7

16.4-70,7
12.3-24 .6
5.,2-20.5
10.5-20.5
§.2-16.4
10.2-2 .6



SISYEIBUTICE OF CORIDIAL STiEnsIors WITHIH

BOUY LENGEH

Hange Origin of Isolate

in picrons Hoot Ster Cotyledon 3Seed coat sdult Lesl Blossom
20-30 - - - - - -
71-h0 e 2 - 2 2 11
4150 23 12 - 17 11 2l
51-60 20 26 17 16 23 1h
61~70 5 10 24 14 11 b
71-80 - - g 1 2 -
8190 - - - = 1 -
TOTAL LERGTH

Renge Crigin of Ilsclate

in microns Root shen Cotyledon Seed coat Adult Leaf Blossom
80-100 - - - - - -
101120 - 2 2 - - -
121-150 - 6 2 - - -
141-160 1 6 5 - 2 -
161-180 6 5 7 1 2 2
161-200 7 10 1 2 2 3
201-220 19 T 10 5 & 3
221-240 1l 5 5 3 9 1z
241-260 6 1 L 14 17 18
261-280 - 1 1 8 3 &
261300 - - - 7 2 5
501320 - - - 5 P 1
321-340 - - - b ) -
3h41-360 - - - 3 el -
361380 - - - - - -



PERCENTAGE GEARIBATTIUN #CR

AETELNDIZ I

I
ot

SOxES OF 4.

SIMHT

L7y ATy Ty oEiTiEhRe M
fa Ny D_!_." EsriRy ey

i PERATURYS

Ol VLATIVER

e ELRAYURE CC.

HUURS -5 3 51 10 17 20 Vza 1ok 126 28] %0F 33| 351 371 4o
0.5 0.31 1 L 2
1.0 7 111 {1k s 211 20 5
1.5 2 S 132 (4o |48 51 L6] 17 6
2.0 1 26 |37 V45 (52 | 55 |63 591 37) 19 5
2.5 1 41 4 4L § 50 [ sk j 64 |66 [ 81] 731 591 271 31
%.0 2l 4t 5 S3 |58 |63 71 172 |8t 82) 691 6| 3 2
2.5 Ll11§ 29 60 [ 64 172 176 1727 188 84} 75| 4g| ko 7
4.0 5(12% 1 1175 879 181 [86 [89¢1 8 7291 mn| L& g
h,5 627y 48 70 176 173 81 |87 tgof 89 81 mr|[ 48| um
5.0 7ik21 52 SO 177 175 106 [ 90 oy o1l 8& 69} R6]| 12
5.5 7541 58 81 e 182 |89 too lozi ot 90| 281 wr| 22
6.0 6161t 61 82 182 187 190 |96 96§ 92t 781 nrR{ 26
6.5 21691 UR 85 |8 HR | 92 oh | 81| HR| ER
7.0 5171 68 g8 18 |83 |46 951 851 661 ®R
75 71751 70 91 193 192 8| 701 22
8.0 8166 | 77 ol | 97 9% i 91 771 36
9.5 WRiz2 | 81 g7 g7 1 811 47
10.0 LR{721 83 83| 52
10.5 HRI75 | 87 B& 1 1R
11.0 uR177 1 89 90 | IR
12.0 WR|81| 89 92 [ 71
13.0 RISk 90 6 | 74
1k, iriéol o6 IR
17.0 15187 77
15.0 ilnlgz HR
20.0 HR1{96 IR
25.0 HR 59
5.0 27
%5.0 31
60.0 Lz
85.0 46
183.0 73
205.0 80

Germination criterion - when leagth of gernm tube squalled spore body widih.
fach figure represents an zverage of counts of 3 x 100 spores to the neavest
whole nunber.,

HR = Not recorded.




APPENDIX V.

SYMPTOM EXPRESSION OF A. ZINNIAE ON DIFFERENT
HOST SPECIES.

|

Artificially inoculated Iettuce (Ilactuca sativa L.)




Artificially inoculated Cineraria (Senecio cruentus L.)

Artificially inoculated Tomato (Iycopersicum esculentum Mill)
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Lilliput (Canary Gem)
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SRELCS G pnRCURTC CHIOHIDE Trodid

LFFunsIE VIT

SELZALS THOIDEHOR

TioimlE1CH 1 SEED GIRREL TN~ o b
TIhE IH AT CoiaGD AT WO, YISLOTHG %% A, 1o
LTRUTES AN CLATED | GROLTHS A ETEITeR
0. (untreated) &9 200 74 37 15.5
0.5 36 200 ho 28 1.0
1 85 200 be 26 15.0
2 £1 200 18 11 S.5
5 &0 200 16 g b,5
4 78 200 15 11 5.5
5 76 200 18 9 L.s5
6 75 200 16 10 5.0
7 72 200 17 8 L,0
8 70 200 27 11 5.5
9 69 200 15 12 6.0
10 67 200 25 11 55
11 66 200 19 il 5.5
12 57 200 10 12 - 6.0
13 Gl 200 29 12 5.0
1k Gl 2C0 17 9 4.5
15 52 2C0 20 10 5.0
16 63 200 29 7 2.5
17 65 200 27 8 L0
18 60 200 29 Vi Z.5
19 63 200 22 10 5.0
20 &2 200 13 7 545
21 65 200 16 5 2,5
22 oL 200 20 5 2.5
23 66 200 17 z 1.0
2L 66 200 18 Y 2.0
25 6L 200 13 3 1.5
26 50 200 19 % 1.5
27 66 200 23 i 2.0
23 67 200 28 3 1.5
29 65 200 11 4 .0
30 61 200 12 b 2.0
35 68 220 21 % 1.4
4o 66 2hz 23 L 1.6
45 63 221 27 5 2.0
50 66 225 19 5 2.0
55 66 220 21 5 2.0
60 68 210 17 3 1.2
S0 6l 121 12 3 2.5
120 67 114 15 3 2.6
150 L3 142 ? 2 1.4
180 21 119 5 2 1.8
240 17 116 & 1 0.9
360 6 127 7 0 0.0
360(reneat) 8 200 9 0 0.0
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