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1. 

INTRODUCTION. 

The ornamental zinnia (Zinnia elegans Jacg.), is one of the most popular 

of the late summer and autumn flowering annuals. The species originated in 

Mexico as a simple-headed flower type, and was later introduced to North .America 

and Europe where new types were quickly created offering great variation in 

plant form and shades of blooms. In New Zealand the zinnia is particularly 

popular, being in great demand as a bedding plant for use in home gardens and 

public parks. Seedlings are raised commercially by nurserymen from seed 

imported mainly from Europe and North America. 

There have been widespread reports throughout New Zealand in recent years 

of severe losses in zinnia 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 maintenance of 

high humidity within boxes by overhead watering seem to be conducive to rapid 

build-up and spread of the disease. Attacks have frequently been so severe as 

to render complete aowings unsaleable. 

The only foliage disease of zinnias recorded in New Zealand is Alternaria 

leaf spot caused by the fungus ALTER.l~ARIA ZLNNIAE PAPE (Dingley and Brien 1956). 

In this report the authors describe symptoms on the foliage and stems of adult 

plants, and state some of the morphological andp~ysiological properties of the 

casual organ:tsm. No mention is made of symptoms having been found in this 

country on seedlings, although they state the disease has been reported overseas 

as being seed.borne, and causing a seedling blight as well as leaf spot symptoms 

on adult plants. 

Disease ou·tbreaks in seedling zinnia sowings have been frequently 

experienced by New Zealand nurserymen using sterilised soil, in seed imported 

fr!Ml countries where Alternaria leafapot 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 isolations from infected cotyledons and seedlings showing 

post-emergence damping off due to stem lesioning, consistently yielded a species c 
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Alternaria identical in all respects to Alternaria sinniae isolated from 

foliage lesions of adult plants. Mature plants inoculated with Alternaria 

isolates from naturally diseased seedlings produced leafspot symptoms identical 

with those commonly observed in field plantings of zinnias, and caused by 

Alternaria zinniae. Observations and preliminary experimentation thus 

warranted the hYPothesis that in New Zealand there is one Alternaria species 

pathogenic to zinnias and capable of causing infection of both seedlings and 

adult plants, the primary infection arising from the use of imported seed carry­

ing viable inoculum of the fungus. 

Alternaria zinniae was first reported from Denmark in 1902 by Rostrup 

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

In spite of the wide distribution of the disease and frequent reports of severe 

losses there have been very few detailed studies of the disease and casual 

organism. The most notable of these are papers by Pape ( 1942), Dimock and 

Osborn (1943), Neergaard (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 causal organism may overwinter, and in particular, the 

precise mode of association between pathogen and 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 is imported, and the absence of any inveatigational 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 morphological 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 nature of the disease. 

5. To develop a practical method whereby seed may be screened for the 

presence of viable inoculum. 
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6. To determine the health status of zinnia seed imported to New Zealand 

during 1963 and 1964. 

7. To investigate the possibility of controlling Alternaria leafspot 

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



MAirER!.AIS .AND METHODS. 

The materials and methods used in each experiment are described in detail 

in the appropriate sections. Techniques and materials used in several sections 

are described here and media components outlined in Appendix I. 

1. LABORATORY TEJ.HNIQUES. 

MEDIA PREPARATION. 

1. Artificial media. 

Stocks of potato dextrose agar (PD.A), prune agar, ~nd water agar were 

prepared in two litre quantities, autoclaved, and stored in 250ml. flasks 

(approximately 150ml per flask) stoppered with cotton wooil. These media were 

prepared from Ox0id and Difeo preparations dissolved 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 extraBt 

added to 2.4% water agar. The flasks were stoppered with cotton wool and 

stored at 10° C until required. 

3. Natural media. 

Plant tissue was fumigated with chloropicrin and transferred ase~tically 

to sterile petri plates. 1.2% water agar was poured into each plate over the 

plant 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 leas 

severe sterilant, having less effect on organic plant components tmn 

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

sterilisation, thus reducing the risk of contamination. 



5. 

POURING OF PLATES. 

The fungus was cultured in the laboratory in petri plates 9.5cm in 

diameter. 15 to 20ml of medium was used in each plate, allowing approximately 

nine plates to be obtained from the 150ml of media stored in each flask. The 

pouring process was carried out under normal conditions of asepsis. This involvec 

flaming the neck of the flask and lifting the lid of the plate directly over the 

bottom during pouring, to reduce the chance of aerial spores contaminating the 

media. 

:METHOD OF INOCULATION OF MEDIA. 

Initial difficulty was experienced in finding a suitable inoculation 

material for culture studies. Single spores and mycelial fragments proved 

unreliable and 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 5mm diameter corkborer. The disc was transferred to the plate to be inoculated 

using a flamed needle, and placed upside down in the centre of the plate so that 

the fungal mycelium was in direct contact with the agar surface. 

:ME.ASURElvlENT OF OOI.ONY 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 necessary 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 5mm was subtracted 

from the total to account for the diameter 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 uniform spores for inoculation experiments. The 

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

was neo.essary -
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1. To determine the conditions under which mass spore production could be made 

to occur artifically. 

2. For the identification of the fungus growing from plated tissue and seed. 

3. For production of adequate numbers of spores 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 .Alternaria solani Ell. and Mart.). However, a modification of a 

method for inducing sporulation of .A. solani (Iildwig, Richardson & Unwin 1962) 

gave fairly 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, 

using a 5mm corkborer, to provide 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 lid. .A circle of filter paper was placed on the bottom 

of the plate, moistened, and the lid replaced. The agar circles were held for 

48 hours at room temperature to allow full production of spores along their 

periphery and also to a 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 

test tube. 

This "agar circle" method, though tedious, provided spore numbers 

sufficient for positive identification of A. zinniae 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 and 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 

light for one minute. They were then 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. TBis arrangement appeared to provide optimum 

humidity conditions for sporulation. The plates were incubated at 28oC in the 

laboratory. .A velvety layer of spores could be seen covering the agar surf ace 

within 36 hours. These were washed off using a washbottle jet. A fine camelhair 

brush was also used to ensure dislodgement of all spores present. The plates 

were then:restacked as before. This method had the advantage over the "agar 

circle11 method in that several successive crops of spores could be harvested at 

one to two day intervals until the medium became too dry. Although aseptic 

conditions were not maintained in this process contamination was not found to 

interfere with inoculation or spore germination studies. 

When not required for inmediate use the spores in suspension were 

collected on filter paper by suction through a Buchner funnel, air dried and 

stored in closed petri plates at lOoC. 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 a:>ncentration measurements only were required. It was not 

used if the resultant spore suspension was required for plant inoculation as 

detergents appeared to reduce spore germination and viability, and to have a 

delaying effect on disease manifestation in inoculated plants. 

In all spore studies concentrations were expressed as spores/ml. The 

original suspensions were centrifuged at 1500 rpm for 10 minu~es and the spores 

resuspended in 10ml of water to obtain comparable measurements in all cases. 

The concentrations obtained by the UV method were up to 350,000 spores/ml 

from each plate. 

METHODS OF ISOLATION OF TEE FUNGUS FROM HOST TISSUES • 

.A. !:!2lati2!! from s:e9res. 

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 when the lid was replaced. The plate containing the tissue was 

held at 28°0 for 48 hours, and the tissue examined under a SOX binocular microscoJ 

Sporulation was invariably evident, but if the spores were not completely 

developed the petri plate was replaced in the incubator for a further 12 hours. 

In most cases an incubation period of 48 hours was sufficient to allow the full 

development of spores. Isolates of the fungus were then obtained by removing a 

single spore from the tissue surface,using a flamed needle, and placing it in 

the centre of a plate or test tube slope of' FDA. Spores growing in regions 

relativezy free from other contaminants were chosen for isolation. In some 

instances (e.g. diseased stem or root tissue) it was necessary to cut the 

lesioned area medianally before incubijtion. This induced the fungus to sporulate 

along the cut surface, 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 host tissue 

and lessened the risk of dislodging contaminants along with the spore. 

B. ISOLATION .AS MYCELIU::M • 

.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 surface sterilant to kill contaminants present on the tiss 

before plating. .An immersion period of 1 min. wa"s found to he sufficient for thi 

purpose. In some cases severe washing of tissue pieces in running tap water for 

6 hours was used to remove surface-borne contaminants. 

Small pie«es of tissue about lmm2, cut from the junction of healthy 

and diseased tissue on the periphery of the lesion, were used for plating to agar 

Tissue from this area was used in an endeavour to obtain isolation pieces in 

which the fungus 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 square and 

the corners of th 1· 
emus in drawn together and secured with a rubber band. 



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 laid 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 

pieces by aerial spores. When dry, the tissue pie~es were transferred aseptical~ 

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 incuba~ed at 

28°0 for 3 days and reisolation of the fungus growing out of the tissue to fresh 

plates of PDA was then employed to obtain the fungus in pure culture. 

This tissue plating technique was used in cases where the fungus was 

loathe to sporulate directly on host material subjected to high humidity. In all 

other cases, where sporulation readily occurred directly from host tissue, 

isolation by single spore inoculation of plates was used, since this method was 

less tedious and gave quicker results. The tissue plating method was especially 

useful for the isolation of the pathogen from infected root tissues and from debri1 

of infected plants which had been buried in the soil for several months. 

Unless specifically stated, the fungus was isolated from host tissue by 

means of single spores. 

2. ZINNIA PRODUCTION IN TEE GLASSHOUSE. 

The soil used for all seed sewings in the glasshouse was steam 

sterilised and contained loam, peat and washed sand in the ratio 2:1:1, plus 

l½ oz. superphosphate and¾ oz. ground limestone per bushel. Seedboxes 

1211 x 911 x 311 were filled with this soil to within 111 of the top and the bos:es 

placed in open flat trays containing water to moisten the soil prior to sowing. 

Soil was considered to be suitably wet when patting the surface with the hand 

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 ana 
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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 abow:: ¾'' 

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 

sunlight. Approximately 200 to 250 seeds were sown per box. 

The seed germinated in about three days depending on temperature, and no 

further watering was carried out until full emergence had occurred (7 to 10 days). 

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 

surface. 

Plants were pricked out when li to 2" high into a transplanting soil 

mixture containing loam, peat and sand (7: 3: 2), 1 oz lime/bushel and 4oz/bushel 

of a basic fertiliser mixture containing 2 parts superphosphate, 2 parts dried 

blood and 1 part sulphate of potash. In most cases transplanting was directly 

into pots. This operation was carried out allowing as much soil as possible to 

adhere to the roots. 

When they were beginning to bud the plants were pinched back to allow the 

development of more leaves and flowers per plant. 

Overwatering was avoided at all stages of growth to allow maximum 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 M.ANAGEM]lNT .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 dayo Misting 

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

a certain extent. On very hot days (over 85° F glasshouse temperature) it was 



found necessary to pour water on the floor and bench surfaces to maintain 

temperatures cool enough for plant growth. 

11. 

In the winter, thermostatically controlled electric heaters mounted below 

the benches enabled the temperature to be kept above 55° F and allowed plant 

growth throughout the winter months. 

The main insect pests present on the plants in sufficient numbers to 

require control measures were white butterfly larvae, aphids and red spider mite. 

These were controlled by Derris dust, Lindane dusts and Azobenzene •1Fumi te 11 smokes 

respectively. Aphids were by far the most troublesome and during the summer and 

autumn 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 fungal disease of any consequence was Botrytis cinerea Pers. ex Fr. 

This was controlled by burning a ''Fumite" bomb in the glasshouse when outbreaks 

occurred. No special measures for the control of A. zinniae were employed except 

care to prevent direct watering of leaves and the removal of any infected plant 

tissue. Generally the removal of the cotyledons of all plants during trans­

planting was sufficient to keep the disease at a low level. 

After use all boxes and pots were soaked in cold water for 24 hours and 

then scrubbed to remove adhering soil. They were then soaked in a l:fo formalin 

solution for 24 hours prior to stacking and subsequent reuse. 

+ "Nexa": The trade name of an I.O.I. product 
containing lindane as its basic 
ingredient. 
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4. PLANT INOOULATION TroBN!SUES. 

The following inoculation 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 lea1:es 

using a fine nozzled dropper. 

flower inoculation experiments. 

sterile distilled water. 

This method also proved successful in stem and 

All controls were inoculated with drops of 

2. Plant parts were atomised to run~off point with a spore suspension 

by use of a "Windex" sprayer of the plunger type. Controls were sprayed with 

sterile distilled water. 

3. Mycelium on blocks of agar approximately ¼" square were placed, 

mycelial side downwards, on the surface of leaves and stems. Controls were 

inoculated with clean agar squares. 

All plants were then placed in a glass-walled inoculation cabinet 

for 48 hours following inoculation. There was no critical control of temperature 

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 100~ 

as possible by spraying the plants and the interior of the inoculation cabinet 

with a fine spray of tap water at frequent intervals during the day. The 

closing down of the house and the use of electric heaters at night maintained 

the temperature at or above 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 

symptoms, 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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T.ABIE 1. COMPARISON OF METHODS OF ARTIFIOI.AL INOOULATION OF · PLANTS. 

-
i::I ~r~ 

ro I (I) • +> Ill . 0 

~ 0 Q) . 
0 '- (I) 8 '1-1 I'll •r-1 +> i::: I'll +> I'll (G rl •r-1 •r-1 ~ ·,~<t (I) 

~ 
.. rl e 8 ::, I'll l'IJ 0 . 0 ::, 0 +> Q) (I) a <l) ::s 

Source of inoculum 
(.) 0 0 a ~ I> bO O'J 0 ,... i::: (G •r-1 t i:: •r-1 (.) 

~ 
(I) +> • § •r-1 . r-i 0 

e a (.) I'll I'll (I) •r-1 

~ a +> +> • • "H 0 ·r-1 +> 
~ § 0 0 i::: i:.r +> al (.) i::: i:: •rl Ci-i 0 rl ro r-1 r-i (I) 0 

.8 • Pt Pt rl r-i . • "H tQ 
0 al (G 0 Ci-i i:: •r-1 +> 0 . . +> +> M '+-i•r-l ~ ;j .:1 0 0 ~ ~ i£ ~ :a::; z 

Spores from FDA culture 1 64 61 2 48 41 87.6 -0.7 + 

Spores from washed leaves 
previously subjected to 
high humidity 48hrs. 28°0. 1 60 6 2 38 32 84.2 -4.1 + 

Spores from PDA culture 2 64 6 2 27 24 88.9 +0 .6 + 

Spores from PDA culture 2 64 6 2 39 I 33 84.6 -3.7 + 

Mycelium on squares of agar 
from 10 day culture from 
PD.A. 3 - 6 2 41 37 90.2 +1. 7 + 

Mycelium on squares of agar 
from 10 day culture from 
PD.A. 3 - 8 2 18 17 94.4 +6.1 + 
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This experiment demonstrated that there was no appreciable difference 

in the percenta~e 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 conditions. 

In plant inoculation experiments requiring critical 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 

thermostat was used. Humidity was kept at levels ranging from 75% to 90% by 

placing shallow trays 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. 1lET'rlOD AND ASSESSMENT OF ZINNI.A SEED GERMINATION. 

The ultimate aim of testing for germination was to gain 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 emergence and development from the 

seed embryo of those essential structilres which are indicative of their ability 

to produce normal plants under favourable conditions. 11 (Li thgow. 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. Seedlings free of 4ecay, with normally developed and attached 
cotyledons and roots. 

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

~~ seedlings, 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 «eveloped at the end of the test as a result of slow germination 

due to low vigour. 

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 count. 

3. Unhealed cracks or breaks on the hypocotyl or roots, that extended into ti 

conducting tissue. 

4. Roots or leaves which were injured to such an extent that the injury 

prevented their normal functioning. 

5. Seedlings miich, at the end of the germination period, showed practi­

cal]J' 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 roots. 

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

8. Seedlings developed abnormally owing to seedborne disease, provided 

that there was no evidence that infection took place from a neighbouring 

infegted seed or seedling. 

I.eboratory germination of zinnia seed was carried out by the "folded 

towel" technique as described by the International Seed Testing Association. 

The germination temperatu~e was 25°0, and interim and final counts were made 

3 days and 7 days respectively after the commencement of the test. 

Two blotters, each with 100 seeds, were used for each sample tested. 

Folded blotting paper was used as the substrate, the seed being spread 

suffi~iently to prevent the seedlings from coming into contact before they were 

counted and removed. The folded blotters were enclosed in moistened 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 plastic 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 :Manawatu, by using a 25°0 incubator with a glass door as a germination cabinet. 



In all cases the average number of normal seedlings obtained 

from each of two lots of 100 seeds was recorded as the "germination 

percentage". 

16. 



0 H A P T E R I. 

T H E F U N G U S. 



Introduction. 

The morphological and physiological characteristics of A. zinniae isolated 

from naturalfy 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 media 

studied allowed reliable and prolific production of conidia which could be used 

for plant inoculation and disease cycle studies. 

Inoculation studies were undertaken to determine whether A zinniae 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 does not seem to be any work to date proving the pathogenicity of 

A. zinniae to all these host organs. Proof of pathogenicity was determined 

using Koch's Postulates and supplemented by spore measurement studies. 

The taxonomy and nomenclature of the fungus causing Alternariosis of 

zinnia were also considered. 

A. ARTIFICIAL MEDI.A STUD!!§. 

1. INFIDENOE OF MEDIA TYPE ON CULTURAL FEATURES .AND OONIDLAL PRODUCTION 
OF A. ZINNIAE EAP,E. -

Species of the genus Alternaria usually grow well on artificial media. 

A. zinniae is no exception, but there are reported instances where difficulty 

has been experienced in inducing sporulation of the fungus on culture media 

(Dimock & Osborn 194-3 1 :McDonald & Martens 1963). Dimock & Osborn report that 

"Sporulation has been very poor on all culture media tested, including potato­

extract agar, EDA, bean agar, oatmeal agar, pea agar, cornmeal agar and water 

agar. 11 Neergaard (1945) also notes the difficulty of maintaining sporulation 

of isolates of A. zin..~iae after several weeks growth on artificial media. 

Accordingly, studies were undertaken to determine which media were most 

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

A total of 18 autoclaved media, 6 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 altering the composition of natural 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 unfortunately not available in New Zealand. 

Snyder & Hansen (1947a, 1947b) outlined the various methods of using natural 

host material as media for fungal culture. 

Details of the preparation of the 31 different media used in these studies 

are recorded in Appendix 1. 

(a) .Artificial media. 

All artificial media were prepared in 250 ml lots sometime before they 

were needed and stored in flasks in the refrigerator. When required they were 

heated in a steam bath until liquefied. Before pouring into petri plates the 

media was cooled in a water bath at 45-50° C. 

(b) Natural media. 

The advantages obtained from the use of natural media may be due to 

small amounts of essential vitamins and growth substances present in the natural 

plant material used. 

Natural media were prepared from plant material, which was suspended in 

1.2% water agar. Pieces of plant tissue were placed in a dessicator containing 

2 ml. of chloropicrin for 24 hours. The material was then transferred to 

sterile petri plates and covered with 1.2% water agar. The agar was allowed 

to solidify and the p:).ates stacked in an inoculation cabinet for 10 days at 

room temperature. Thia allowea dissipation of any chloropicrin vapour from 

the plates and also allowed time for the diffusion of any organic material or 

growth substances from the surface of the plant tissue into the agar. 

(o) Plant extract media. 

Natural plant material was placed in a Waring blender and finely 

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

resultant slurry was filtered through two layers of cheesecloth to remove 
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most of the fibrous material and then put through blotting-paper-mache filter,in 

a Buchner funne~. fhe total volume was then increased to 200 ml. using sterile 

distilled water. The suspension was filtered aseptically through a Seitz-Werner 

filter to remove any fibrous material and also any bacterial and fungal con­

taminants. 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. \Vhen required the flasks were heated in a steam-bath to 

liquefy the agar and the medium held at 45-50° C. in a waterbath ready for use. 

Petri plates were labelled with a random number corresponding to each 

medium type. .Approximately 20 ml. of medium was poured into each of 5 plates 

and allowed to solidfy at room i\emperature. Each plate was inoculated with a 

5mm circle of the fungus obtained from the periphery of a 10 day old culture 

of A. zinniae grO"wn on PDA. 

Following inoculation the p:J,ates were incubated at 28° O • .Average measure­

ments of colony diameter were recorded for each media after 10 days. Results of 

cultural characteristics and conidial production were also recorded. Experiments 

were repeated until uniform results were obtained. 

Average colony diameter and description of colony characteristics 

are presented in Table 2. 
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T.ABIE 2. 

TYPE OF 

MORPHOI.OG-IOAL CHARACT:ERISTIOS OF 10 D.AY OID CUL'.l'URES OF 
A. ZINNIAE ON DIFFERENT MEDIUM TYPES. 

COI.O?lY GOI.ONY COLOURATION MYCEIIUM COI.ONY COLONY .AERI.AL pH 
MEDIUM. DIAMETER I.Dwer Uppersurt'ace DENSITY SHAPE OUTLINE MYCEIIUM 

surface 

Centre fringe 
A. ARTIFICIAL AUTOCLAVED MEDI.A. 

Difeo P.D • .A. 78 B DG. w 4 R E 4 .5. 

Oxoid P.D.A. 84. B-Br. DG w 3 R E 4 5. 

I.ab. P.D • .A. 86 B DG. w 4 R E 4 5. 

Prw:leagar 79 Br. Br. w 3 R D 2 5.: 
Water agar 80 w w w 1 R D 0 4.S 

Nutrient agar 71 w w w 3 R D 5 6. l 

Ozapek-Dox agar. 82 B G-GR w 4 R E 3 6.E 
M'yoological 

peptone agar. 45 Br. G-GR w 4 R D 2 5.t 
Sabouraud agar. 43 B G-GR w 5 R E 2 5.5 
Oommeal agar 74. B DG w 4 R E 1 5.4 
Soil agar. 82 w w w 2 R D 0 6.2 

Malt agfitr 48 B B w 4 R E 4 5.9 
Oatmeal agar 86 Br. Br. w 3 R E 2 6.3 

Tomato-juice agar 64 B G-GB. w 3 R E 4 5.6 
T.G.Y.E. agar 62 B G-GR w 3 I D 3 6 .. 2 

VB-juice agar 71 B m m 5 R E 5 4.3 

Dextrose agar 84 I.Br. m w 2 R E 2 6.8 
G.L .. P.A .. 34 B G w 5 R E 5 6.1 

(Continued over) 
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TA.BIB 2 {contd.} 

Type of COLONY COLONY COLOURATION MYCEliIUM COLONY C:OLONY .AERIAL 
MEDIUM. DIAMETER lower Uppersurface DENSITY SHAPE OUTLINE MYCELIUM 

Surface 

B., NATURAL MEDIA. 

Zinnia blossom agar 84 

Zinnia leaf agar 87 

Zinnia seed agar 46 

Tobacco leaf agar 71 

Tomato leaf agar 76 

Lettuce leaf agar 77 

C. PUNT EXTRACT MEDI.A. 

Zinnia blossom agar 83 

Zinnia leaf agar 84 

Zinnia seed agar 68 

Tobacco leaf agar 65 

Marigold leaf agar 84, 

Tomato leaf agar 47 

Lettuce leaf agar 88 

KEY ( Table 2) 

C:OLONY COLOURATION: 

MYCEliIAL DENSITY: 

COLONY SHAPE: 

COLONY OUTliINE: 

.AERIAL MYCEliIUM PRODUCTION: 

B 

w 

B 

B 

B 

B 

B 

B 

w 

B 

B 

w 

G 

Oen tre Fringe 

G-GR w 1 I. D 1 

w w 1 I D 1 

DG w 2 I E 3 

G w 2 R E 3 

IG w 3 I E 4 

G w 3 R E 2 

G-GR w 2 R D 2 

G-GR w 1 R D 2 

w \Y 1 R D 2 

G w 3 R E 4 

DG IG 2 R E 2 

w w 2 R E 3 

G w 2 R E 2 

B = black, Br. = brown, G = grey 
GR = greenish tinge, D = dark,L = light 

Represented on a scale 1 to 5, where the 
mycelium density on Difeo P.D.A. = 4. 

R = regular, I = irregular. 

E = entire, D = diverse. 

Represented on a scale 1 to 5, where the 
aerial mycelium production on Difeo 
P.D • .A. = 4. 

pH. 

6.6 

6.9 

6.6 

6 .. 4 

6,2 

5.3 

6.4 



The colour of colonies on most media was grey. The fringes of all colonies 

were lighter coloured than the centres of the cultures., and were often white. 

Some media supported abund.an:t :f'luf'fy white aerial m.voelium whereas others tended 

to favour m.voelial growth below the surface of the substrate. 

Most colonies were 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 contamination was present in natural media, which tended to 

decrease colony size on some of the media prepared from plant tissue treated with 

chloropicrin. As a result, colony diameter measurements recorded on these media 

are probably less than that which would occur if full growth-rate potential could 

be expressed in the absence of contaminants. 

Results of the relative oonidial production of colonies of A. zinniae on 

each medium type were recorded by counting the average number of spores in each 

of three random fields under a binocular microscope (X 40) for each of three 

different areas on each colony - centre, mid-region and fringe. The total a:pore 

production on each medium was determined by washing the culture surface, after 

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. 

Results of oonidial production on each medium type are recorded in 

Table 3. 
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TABIE 3. CONIDI.AL l?RODOOTION OF A. ZINNI.AEON DIFFERENT 

MEDIUM TYPES. 

TYPE OF 100.ATION .AERIAL OR AVERAGE NO. OF OONIDIA TOTAL OONIDIAL 
MEDIUI'li of CONIDIA SURFACE 0 M F PRODUCTION 1000/n 

MYOEU:UM 

A. ARTIFICIAL AUTOOLAVED MEDIA. 

Difeo P.D.A. 0v A 63 38 46 9 

Osoid :FDA 0v .A 15 12 20 6 

lab. l?.D.A. C A 62 0 0 6 

Prime agar C s 16 3 0 4-

Water agar 0 s 10 0 0 4-

Nutrient agar Nil Nil 0 0 0 0 

Ozapek-Dox agar C A 4-8 7 5 4-

Mycological 
peptone agar 0v A 52 61 76 6 

Sabouraud agar M A 32 200+ 20 22 

Cornmeal agar 0v A 6 11 2 2 

Soil agar C s 15 2 0 2 

Malt agar F A 0 0 14, 2 

Oatmeal agar 0v s 12 9 4 4-

Tomato juice agar C A 60 19 0 8 

T,G.Y.E. agar C.M .. A 200+ 4-2 0 20 

VB-juice agar C A 16 17 0 6 

Dextrose agar Nil Nil 0 0 0 0 

G. L.P. agar Nil Nil 0 0 0 0 

(Continued over.) 
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TABIE .2 {Contd .. 2 
TIPE OF IOOATION ABRIAL OR AVER.ABE NO. OF OONIDIA 'roTAL CONIDIAL 
MEDIUM OF CONIDI.A SURF ACE 0 M: F PRODUCTION 1000/ml. 

MYOELIUM 

B. NATURAL MEDI~ 

Zinnia blossom agar 0v s 161 113 10 36 

Zinnia leaf agar 0v s 200+ 161 17 48 

Zinnia seed agar 0v S+A 112 183 li-2 28 

Tobacco leaf agar 0v S+.A 200+ 110 200+ 48 

Tomato leaf agar 0v s 200+ 200+ 23 40 

Lettuce leaf agar 0v S+A 130 200+ 200+ 60 

c. PLANT EXTRACT MEDIA. 

Zinnia blossom agar 0v s 18 200+ 30 18 

Zinnia leaf agar 0v s 37 200+ 57 16 

Zinnia seed agar 0v s 118 16 45 12 

Tobacco leaf agar Nil Nil 0 0 0 0 

Marigold leaf agar C A 37 3 0 4 

Tobacco leaf agar 0 .A 16 0 0 2 

Lettuce leaf agar C s 23 2 0 2 

LOCATION OF CONIDIA. 0v = overall 
C = centre 
M = mid-region 
F = fringe 

Total conidial production was dependent on the total colony area, 

mycelial density, and the relative density of conidia over the culture surface. 

To determine whether medium 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 spore body length, body width, beak length and 

total length are recorded in Appendix: II. The body length of spores of 

A. zinniae produced in each medium ty:pe is recorded graphically in Figure I. 



FIGURE 1. BODY IENGTH OF CONIDIA OF A. ZINNlAE 

FROM DIFFERENT MEDIA. 
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FIGURE 1 (oontd.) 

c. PLANT EX.TRAUT MEDIA. 
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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 PDA 

Natural Media 

Plant extract media 

Iab. PDA 

Czapek-Dox agar 

Oatmeal agar 

Soil agar 

Dextrose agar 

Zinnia blossom agar 

Zinnia leaf agar 

Zinnia blossom agar 

Zinnia leaf agar 

1farigold leaf agar 

Lettuce leaf agar 

25. 

Colonies on all of the media studied were non-chromogenic, except on 

Lab. FDA where one of the five non-pigmented inoculation pieces gave rise to a 

chromogenic culture. 

Moderate numbers of spores of the fungus were produced on colonies 

grown 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. zinniae or for the production of conidia 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 I.ab. PDA was found to be of 

most value. This medium also has the advantage of being readily available, 

inexpensive and simple to prepare. 

Spore measurements varied oonsiderably with tµe media on which they were 

produced. Spore bocy length was most consistent between medium types on plant 

extract media, but varied quite considerabfy on different autoclaved and natural 

media. 

'.I.be· 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. 

Q.Q!!QIDSIONS. 

The results of this experiment show that !:,_zinniae is capable of growth on 

a wide range of artificial, natural and plant extract media. Oatmeal, dextrose 

and potato-dextrose agars appear to be the moat convenient for laboratory stucy 

of the fungus in culture. 

For spore production on culture media, Sabouraud and TG'YE 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 cases, however, (23 of the medi, 

studies), conidial production was so low that these media could not be used for 

the production of spores for plant inoculation or disease cycle studied. 



PLATE 1. 

PLATE 2. 

27. 

Two cul-tures of A. Zinniae on PDJL 

I.eft - reverse side of culture after 8 days at 28°0. 

Right - obverse aide of culture after 10 days 
at 28°c. 

Microphotograph of surface of culture of A. zinniae on 
PD,l showing sparsity of conidial production. 
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2. EFF:EXJTS OF TEMPERATURE ON THE GROWTH OF A. ZINNI.AE IN CULTURE. 

Studies were undertaken to determine the effect of temperaoure 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 isolatea of A. zinniae, one from field infected leaves and the other 

from naturally infected blossoms, were used to ino~ulate 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, 40, 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. 
I 

The differences in colony diameter after incubation fur 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 PD.A were O, 28 and 45°0. 

The fungus grew well over a range of temperature from 25 to 30 ° 0~ 

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, aense, fluffy, aerial mycelium, 

and tended to be lighter in cell.our (white to light grey). Cultures arising from 

inoculated plates incubated at temperatures above the optimum possessed a vecy 

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° O, aerial mycelium production and fringe 

diameter were decreased and the intensity of mycelium pigmentation increased 

from light grey to black. 

Conidia were produced in low numbers on the surface of colonies grown at 

temperatures ranging from 20°0 to 33°0, with most spores being present on cultures 

at temperatures between 26 and 30° O. Conidial production at all temperatures 

was relative1y poor, maximum concentrations of only 6,000 spores per ml being 

obtained at 28°0 and less than 2,000 spores per ml at 20 and 33°0. 

The optimum temperature for growth of A. zinniae in culture has been recorded 

by various workers. Neergaard (1945) suggests an optimum of 27°0 on standard 

nutrient agar. Dimock & Osborn (1943) state 27°0 on PDA, and Kispatic (1951) 

suggests that the optimum temperature for growth and sporulation of the fungus 

on malt agar and malt-peptone agar is 11about 25°0 11 • The results by these authors 

are in reasonable agreement with those obtained in the present study. 

The temperature required by the isolates for mycelial growth may be made the 

subject of taxonomic considerations, as it may imp1y a differentiation of physio­

logical races within the individual species or variety (Neergaard 1945). No such 

races were distinguishable on the basis of different temperature optimums in 

culture between the isolates of A. zinniae studied here. 

CONCWSION. 

On the basis of this study it was concluded that the optimum temperature for 

growth of A. zinniae in the laboratory was 28oC. This temperature was according1y 

used for incubation of the fungus on culture media. 

The temperature range allowing sporulation was narrower than the range for 

growth. A small temperature increase above the optimum for growth had a greater 

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

temperature below the optimum. 



3. THE EFFECT OF LIGHT ON COLONIES. 

To determine whether light had an effect on conidial production of A. zinnia, 

in culture, colonies of the fungus were subjected 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 periods of time. Short periods of 

exposure to ulili'Sviolet light are known to promote intense sporulation in some 

fungi ( leach 1962). Similarly, artificially induced alternating cycles of 12 hou: 

light and 12 hours dark have been used to induce spore production of some fungi oi 

culture media. (Lilly & 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° O incubator following each daily 

treatment. Oonidial production was determined by washing spores from the culture 

surface with a fine jet of water and determining the concentration of the result­

ant spore suspension using a 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 conidial 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 culture was also studied. Five-day-old cultures were 

placed under a single tube "daylight" fluorescent lamp for 12 hours and then 

placed in a closed drawer in the dark for 12 hours. 

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

alternating cycles of 12 hours light and dark for periods of up to 7 days. 

Diener (1952) and leach ( 1961) have described the use of ultraviolet light 

for inducing the sporulation of diverse fungi in culture. 
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Cultures of A. zinniae. with lids removed were placed 411 from a V{L30 ultra­

violet light tube (peak radiation 3700 i) for periods of exposure as low as 

one minute, and then the cultures were held at 28° 0 for 36 hours. 

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

The effect of ul~aviolet light in inducing sporulation of A. zinniae and the 

effect of various culture treatments prior to irradiation with ultraviolet light 

are discussed in a later section (page 35 ). 
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4. THE EB'FJOC:T OF REFRIGERATION ON COIONIES. 

In order to study the effect of low temperature treatment on the viability 

of A. zinniae in culture, two 10-day-old. colonies were placed at each of three 

temperatures ( -8, O, and 5°0) in refrigerators. At 10 day intervals a 5mm circle 

of agar and mycelium v1as removed from cultures held at each temperature and 

placed in the centre of a fresh plate of PD.A. These plates were placed in an 

incubator at 28° C, and average colony diameter recorded after 10 days. 

The fungus proved very resistant to low temperatures, being capable of growth 

at 28°0 following up to 90 days storage at -8° o. .At temperatures of O and 5° O 

A. zinniae showed mycelial growth at 28° C following periods of storage of up to 

120 days and over 312 days respectively. Tests on cultural viability following 

storage at 5° C were discontinued after approximately 10 months (312 days) at the 

end of which time the fungus was still capable of growth when incubated at 28° o. 

Storage of colonies at temperatures from -8° to 00 C stopped the growth of 

the fungus but failed to induce any morphological changes in the cultural 

charaoteriatica of subsequent colonies arising from inoculated plates incubated 

at 28° C. Once the colonies were returned to favourable temperatures normal 

growth resumed. Colonies stored at 5° C produced dense white aerial mycelium 

after several days, but colonies obtained by inoculating 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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F.AO,TORS IltFIDENCING SPORULATION IN CUL...rrtJRE. 

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 plant inoculation and disease cycle studies, and for the identifica­

tion of the fungus growing out from plated tissue and seed. 

Failure to sporulate in culture is a major problem in the study of any 

fungal pathogens. This is particularly true in the identification of seedborne 

fungi where the difficulty of identifying non-sporulating colonies on culture 

media is a major obstacle to 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 a wide range of media, 

spore concentrations were insufficient for plant inoculation or disease cycle 

studies. 

From 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 

Von Ran~s & Kunkel ( 1940) and Klaus ( 194-0) for inducing sporulation of .Alternaria 

solani by cutting and mixing the culture 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 

numbers 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. 

SURF.ACE WOUNDING METBOD. 

Studies were carried out to determine whether physiological shock 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 on culture media by Ludwig, Richardson & Unwin (1962). 
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The surface of 10-day-old cultures of A. zinniae 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. Following 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 had no appreciable effect on sporulation capacity. 

Although this method did not allow the production of high spore numbers for 

plant 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 been 

due to the removal of an "unidentified anti-sporulating factor" during the 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 surface mycelium. 

AGAR CIRO IE METHOD. 

A further method, incorporating the technique described above and the 

use of a corkborer to provide small circles of agar and mycelium, was studied. 

Cultures of A. zinniae on PDA were scraped as described above. The cultures 

were then cut with a 5 nm. 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 lid. A circle of moist filter paper was placed in 

the bottom, and the plates held at room temperature for 48 hours. 



Abundant sporulation occurred around the periphery of each agar circle 

and to a lesser extent on the surface mycelium. 
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The conidia~were readily removed with a fine jet of water and the spores 

were collected in a test tube. The maximum spore concentration obtained by 

this method from a single culture was :l;00,000 spores/ml. 

This agar circle method, although tedious, cou1i be used to provide spore 

numbers sufficient for positive identification of colonies of A. zinniae arising 

from plated tissue and from seed plated to agar. The method also provided 

sufficient spore numbers for conidial measurement studies of isolates grown under 

different environmental conditions, and for plant inoculation studies. 

It should be noted also that moderate 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 cultures removed the aerial mycelium which 

tended to trap oonidia produced on the agar circles and thus marked],y reduced the 

number of conidia dislodged by washing with water. 

The "agar circle" method was used in all further studies to provide 

positive identification of A. zinniae growing out on culture media from plated 

tissue or seed. 

PLATE ). INDUCING SPORULATION OF A. ZINI\TIAE BY TEE 
AG.AR CIRO IE MET.HOD. 
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ULTRAVIOLET LIGHT IdETIDD. 

Several workers have described the use of ultraviolet light for inducing 

sporulation of diverse fungi in culture (Lilly & Barnett 1951, Diener 1952, 

leach 1961, 1962). leach, (196~, states that the region of the spectrum which 

stimulates aporulation of many fungi has still to be defined clearly, although 

the blue-ultraviolet region seems to be the most active in this phenomenon. 

Lilly & Barnett (1951) suggest that of the factors affecting the re19J?Onse to 

ultraviolet light irradiation of spore production of many fungi in culture, le..1'lgtl' 

of exposure is of major importance. In addition, the age of culture could. also 

modify the results. 

A single tube VIL 30 fluorescent lamp was used for these studies. The 

emission of the lamp showed a wavelength range of 3,000 to 4,500 i, with maximum 

O 0. 
emission between 3,300 and 4,000 A, and a peak of 3,700 A. 

Studies were carried out to determine whether ultraviolet light stimulated 

spore production of A zinniae in culture, and also to ascertain the optimum 

conditions of treatment for maximum sporulation. Factors considered were:-

(a) umgth of irradiation period. 

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

(c) The temperature of incubation of cultures following irradiation. 

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

(e) The effect of continuous exposure and of cyclical exposure of 
cuHures to ultraviolet light for periods of up to 7 days. 

(a) length of Irradiation Period. 

Isolates used for this study were 1Q.-day-old. cultures of A. zinniae on 

PDA. The surface of each culture was scraped with the end of a glass slide to 

remove all aerial mycelium. The plates, with lids removed, were placed on a 

rack 4 inches from the fluorescent tube and the surface 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 pours. These 
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were washed off with a fine jet of water, using a 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 haemocytometer. The plates were then 

restacked as before. Non-irradiated scraped cultures were used as controls. 

The results of spore concentration measurements obtained by irradiation of 

20-day-old cultures with ultraviolet light for periods from 0.25 to 10 minutes 

are presented in Table 4. 

T.ABIE 4. SPORE CONOENTRA.TIONS OBT.AINED FROM IRlUi')J:.aTEDCULTURES. 

Exposure time 
minutes. 

0 (control) 

0.25 

0 .. 5 

1 

2 

3 

4 

5 

10 

Spore concentration in thousands per ml. 
(average of three colonies.) 

18 

224 

272 

386 

262 

247 

212 

182 

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 w~elium of colonies prior to irradiation 
on subsequent sporulation capacitX of A. zinniae in culture. 

Six plates of 10-day-old colonies of A. zinniae on FDA were used for each 

test.. Three plates were scraped with the end of a gla..ss slide prior to irradia­

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

for one minute and held at room temperature for 36 hours before spore concentratioi 
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was determined as previously described. Scraped and unscraped cultures which 

were not irradiated 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. 

TABIE 5. 

Pretreatment 

Nil 

Nil 

Scraped 

Scraped 

E.t!'FECT OF SORA.PING OF CULTURES PRIOR TO ULTRAVIOIET 
IRRADIATION. 

Length of exposure 
to UV light. 

Nil 

l minute 

Nil 

1 minute 

Spore concentration 
thousands per ml. 

6 

36 

22 

218 

These results show the marked stimulation of sporulation by ultraviolet 

light treatment of scraped cultures compared to unscraped cultures. 

(c) Effect£! temEerature of incubation.of cultures following__irra~iation. 

To determL~e whether the temperature of incubation following irradiation 

affected the number of spores which developed, 10-day-old cultures of the fungus 

were scraped with a glass slide, exposed to ultraviolet light for 1 minute and 

incubated at various temperatures for 36 hours. Three colonies on PDA were 

incubated at each of 8 temperatures, ranging from 10 to 50° o. Spore numbers 

per culture were determined as before. Non-irradiated, scraped cultures were 

incorporated as controls. 

Results are presented in Table 6. 



TABIE 6. 

Temperature 
oe. 

10 

20 

25 

28 

31 

37 

40 

50 

--

EFFIDT OF INOUB.ATION TEMPERATURE ON SPORE PRODUCTION11 

Spore concentration (average of 3 colonies) 
thousands per mu.. 

Irradiated. Non-irradiated. 

4 0 

72 4 

128 16 

224 22 

232 20 

18 6 

12 0 

2 0 
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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°c appear 

to be the most beneficial. 

(d.) Effect of cul~ure age_~n sporulation of colonies exposed to ultraviolet 
light. 

The cultures used in this experiment were grovm on PDA 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 minute and 

0 incubated at 28 0 for 36 hours. Scraped, non-irradiated 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. EFFECT OF AGE OF CULTIJRE O~OF.E PRODUCTION • 

.Age of culture. Spore concentration. Thousand.a per ml. 
Days. 1 min. UV. No...!JY.. 

B 18 9 

7 61 16 

10 130 29 

14 134 32 

21 92 30 

36 88 31 

From these results 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) Effect of continuous and cyclical exoosure to ultraviolet light. 

One set of colonies were exposed to ultraviolet light con~inuously for 7 days, 

while another set was exposed to an alternate cycle of 12 hours ultraviolet light 

and. 12 hours darkness over a period of 7 days. 

Scraped, 5-day-old cultures on PDA were used for each teat. 

Under continuous exposure colonies were fairly uniform in colour and texture, 

and zonation was absent. Under cyclical exposure zonation of colonies was 

pronounced. This zoning resulted from effects of alternating light and darkness 

on young, actively growing peripheral mycelium. Those zones of mycelium which 

had been in a peripheral position d~ring periods of irradiation showed heavier 

spore 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. 



TABLE 8. EFFECT OF CONTINUOUS .AND CYCLICAL EXPOSURE TO ULTRAVIOLET 

Treatment 

Ultraviolet light exposure 
1 minute (control) 

7 days continuous irradiation 

7 days cyclical exposure 
12 hour cycles 

LIGHT. --

Spore concentration (average of 3 plates). 
Thousands per ml. 

282 

186 

109 

4-0. 

The conclusion obtained from this experiment is that neither continuous 

irradiation nor cyclical exposure of cultures, for up to 7 days, were as effect­

ive in stimulating sporulation of A. zinniae as a 1 minute exposure. The 

shorter exposure time is also far mo~oonvenient for treatment of a large number 

of colonies. 

CONCWSION. 

As a result of the various experiments conducted to determine the optimum 

conditions for obtaining maximum sporulation of A. zinnia~ by ultraviolet light 

treatment, the following conditions have been ~ho~n to giv;e maximum sporulation:-

Age of culture 

Pre treatment 

Irradiation time 

Method incubation 

Incubation temperature 

length of incubation 

10 to 14 days 

Surface scraping of culture 

1 minute 

Inverted overlapping plates 

28°0 to 31°0. 

36 hours. 

Although aseptic conditions were not maintained during the scraping, 

irradiation and incubation processes, contamination was not found to interfere 

with plant inoculation or spore germination studies. 



The ultraviolet light method was quick, reliable and simple to use. It 

gave greater spore numbers than could be obtained by previous methods. One other 

major advantage of the method was that, if plates were restacked following spore 

collection, several successive crops of conidia could be obtained from each colony 

at 1 to 2 day intervals until the medium became too dry. 

Because of the success of the use of ultraviolet light treatment in stimula­

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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6. PIGMENTATION. 

Some isolates of A. zinniae produced by single spore transfers 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 numbers of spores than 

unpigmented colonies. Freshly isolated chromogenic cultures showed higher growth 

rate at 28°c but did 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 ages" and the formation of this pigment was demonstrated 

to be dependent on the presence of sugars in the culture medium. 

Lilly & Barnett (1951) state that pigment production by a fungus is in part 

determined by genetic factors and in part by the environment. Nutritional factors 

may 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. When spores from unpigmented isolates, obtained 

from Zinnia elegans, were inoculated to plants of lettuce (Iectuca sativa), 

tomato (Ifcopersicum esculentum), cornflower (Centaurea cxanus), godetia 

(Godetia grandif'lora), hydrangea (Hzdrangea macrophylla) and white clover 

(Trifolium repens), reisolations of Ae zinniae from diseased tissue of these 

hosts invariably showdd intense pigment production in culture. Subsequent 

colonies grown from such pigmented cultures were generally free from pigmentation. 
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IONGEVI TY IN OUL'l'URE. 

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

could remain viable and also retain its ability to sporulate on artificial mediae 

Neergaard (1945) states that only quite fresh isolates sporulate vigorously. 

The capacity for sporulation is lowered markedly within a few months of isolation 

and the fungus may completely lose its ability to produce spores as early as 

3 or 4 months from isolation. Isolates appear to differ in the duration of 

their virulence (Neergaard loc. cit.) 

cultures of A. zinniae used in this study varied in age from 13 to 

1,820 Colonies older than 32 days had been stored on slopes of PDA 

test tubes. Plates of PDA were inoculated with a 5mm diameter inoculation 

piece from the fringe of colonies of each of the 46 cultures used. Two plates 

were used per culture and the plates held at 28°0. 

Colony diameter was recorded after 10 days. S:porulation capacity was 

determined using the ultraviolet light method. 

The results of growth rate and spore production for both chromogenic and 

non-chromogenic cultures are presented in Table 9 and graphically in Figures 

3 and 4.. 



9:E.Q!'TH RATE AND SPORE PRODUOTIO:tl OF AGED CUilrURES. 

Age Date of Source of Number of .Average colony .Average spore 
days isolation isolate cultures diameter production 1,000s/ml. 

0 ND 0 NO 0 NC 

13 28.12. 63 1,10 2 92 84 102 189 

32 9 .12. 63 SI 2 2 71 75 87 157 

88 14.1 o. 63 00 2 2 69 77 52 127 

150 13.8. 63 SI 1 2 68 75 28 41 

177 17.7.63 SI 2 2 81 80 23 30 

198 26.6.63 MJ 2 77 68 

220 4. 6.63 SI 2 77 81 

252 3 .5. 63 SF 2 2 84 76 27 34 

262 23.4. 63 SI 2 4 87 64 32 40 

305 20,3.63 SI 1 2 76 55 18 50 

347 6.2.63 J,U 2 1 81 38 7 42 

368 16.1.63 SF 2 84 7 

407 8.11.62 SF 2 2 0 18 0 8 

1820 4.1.59 SF 1 2 0 0.53a 0 0.208 

--- --
fil: 8 Ona culture non viable, the other produced a colony 53mm in 

diameter after 10 days. 

a = chromogenic culture 

NC= non-chromogenic cultures 

SF = spores from field infected zinnia plants. 

SI = spores from inoculated zinnia plants. 

SC = spores from PDA culture. 

y,.o = mycelium from PDA culture. 
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These results indicate that there is a great variation in growth rate 

and spore production between isolates. However, they do concur with the 

findings of Neergaard (194-5) who noted that, in genera:!., growth rat~and sporu­

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 

viability, as expressed by growth rate and spore production, was severely impaired. 

Ohromogenic cultures maintained a higher growth rate than non-chromogenic 

cultures for up to 1 year on artificial media. Non-pigmented colonies on the otheI 

hand, showed a greater capacity for spore production with increasing age in 

culture than pigmented colonies. 

Via~ility of colonies of A.zinniae, as determined by growth rate and 

sporulation 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 rates of both growth and sporulation on culture media. 
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B. PLANT INOCULATION STUDIES. 

1. PROOF OF P.ATHOGENIGITY TO ZillliI.A PU.NTS. 

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 disease 

manifestation on all of these host organs, plant inoculation trials were 

carried out. 

Proof of pathogenicity was obtained using Koch's Postulates. 

The morphological characteristics and growth rate of isolates obtained from 

field infected plants were compared to reisolations of the fungus from plants 

artificially inoculated with these isolates. 

Materials and Methods. 

The isolates of the fungus used were obtained from field diseased zinnia 

plants by transfers of single spores to culture following high humidity treatment 

of diseased tissue to 28°0 f'or 48 hours (Method 1); or by direct plating of 

tissue which had been surface sterilised in 0.17b mercuric chloride for 1 minute 

(Method 2). All isolates were cultured on plates of PDA held at 28°0. 

The following isolates were used:-

PLANT PAct?.T HOST VARIETY 

1. Roots Giant Dahlia Flowered 
2. Seedl~ng hypocotyl Giant Dahlia Fµ>wered 
3. Seedling cotyledon Persian Carpet 
4. .Adult plant stem Lilliput (Rosebud) 
5. .Adult leaf Giant Dahlia Flowered 
6. Blossom Giant Dahlia Flowered 
7 Seedcoat Burpee Hybrids 

ME'YrlOD OF ISOLATION. 

2 
1 
1 
2 
1 
1 
1 
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After 10 days growth 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 

wit~ 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 a spore concentration from each isolate of 

approximately 50,000 spores/ml. 

The conidial suspensions from each of the seven original isolates were used 

to inoculate different tissues of healthy zinnia plants. Four plants were 

inoculated, and two plants used as controls for each isolate treatment. 

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

(a) Seedling co~yledons, adult leaves and blossoms were atomised with the 

spore suspension to runoff point using a "Windex11 sprayer. Control plants 

were atomised with sterile distilled water. 

(b) Seedling hypocotyls were inoculated using a fine nozzle pipette to place 

drops of spore suspension on the stem, care being taken to ensure that the 

tip of the pipette did not scratch the tissue. Controls were inoculated 

with drops of sterile distilled water. 

(c) Stems of adult plants v;ere inoculated by placing 1cm. squares of agar and 

mycelium in contact with the stems, about 111 above ground level, and secur­

ing the inoculum with transparent adhesive tape. Controls were inoculated 

with agar squares from fresh plates of PDA. 

(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 transplant­

ing as controls. 

y (e) Seedcoat inoculation was carried out by soaking 50 seeds in the spore 

suspension in a 250 ml. flask. After 12 hours the seed was tipped onto 

sterile blotting paper to dry. Fifty seeds were soaked in sterile distilled 



48. 

water for 12 hours as controls. Unfortunately a completely disease-free 

seedline was not available for seedcoat inoculation. The seedline used was 

a line of variety Old Mexico which had given rise to only 0.5j~ diseased 

seedlings on blotters in seed screening trials. 

,allowing inoculation, all plants and seeds were placed in a high 

humidity cabinet for 48 hours and then removed to the glasshouse bench. Disease 

rating was recorded on a scale O to 5, 10 days after inoculation (seven days for 

inoculated seed). A description of manifest 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 obtaining the original isolates, i.e. 

high humidity treatment or direct plating. 

Plates were held at 28°0 for 10 days. Colony diameter and morphology were 

recorded at 10 days. 

RESULTS and DISCUSSION. 

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

of colony diameter of isolates on culture media are recorded in Table 10 
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These results show that all seven of the isolates used were pathogenic and 

produced disease symptoms on reciprocally inoculated zinnia plant parts. 

Similar].;y, 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°0. This variation is within the range 

of cultural variability exhibited by different isolates of A. zinniae throughout 

these studies. 

Symptom expression on zinnias following artificial inoculation was 

macroscopically identical witp symptoms from which the original isolates of the 

fungus had been obtained. A full description of symptom expression by A. zinniae 

ia given in a following section. 

The cultural morphology of the 49 reiaolates from inoculated plant tissues 

were macroscopical].;y identical with the cultural characteristics of the original 

isolates used for host inoculation. In all cases colonies were grey in colour 

with the fringe of the colony white. Aerial mycelium production was sparse on 

PDA, being cottony, white and 2-3mm high. Of the original isolates 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 a yellow to orange 

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 IDSION. 

From this study it is concluded that A. zinniae is capable of causing 

disease on the roots, stems, cotyledons, adult leaves, blossoms and seedcoat of 

inoculated zinnia plants. The fungus was recovered from diseased tissue of 

inoculated plants and grovin on culture media, producing morphological and physiolc 

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

inoculations were made. 
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2. SPORE MEASUREMENT STUDIES AND DESCRIPTION OF CONIDI.A. 

A further p~oof that A. zinniae is the causal agent of disease symptoms on 

different organs of Zinnia elegens, conidial morphology and spore measurement 

studies were carried out to ascertain the variability of conidia from isolates 

obtained from different tissues of the host. 

Host tissue from field diseased plants was placed on glass slides in petri 

plates, the bottoms of which had been lined with moist filter paper • .All plates 

were held at 28°0 for 30 hours. ~is allowed the production of conidia which were 

all of the same age and which had been produced under identical conditions of 

temperature and humidity. Oonidial morphology was studied under a microscope. 

In nearly all cases conidia were borne singly on erect unbranching 

conidiophores. Rarely, however, two 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 rew~in at 28°0 for up to 10 days, the production of conidia in chai1 

of 4 to 8 was occasionally observed. The various forms of conidial production 

are illustrated in Figure 5. 



FIGURE 5 FORMS OF CON! PJAl.. PROO Uc I ION 

CATENULATE SPORES 

(RARE) 

~INGLE CONIDIUM 

ON CONIDIOPHORE 

TWO NON-CATENULAT! SPORE 

ON A SI NG LE CON fDIOPHORE 

(UNCOMMON) 
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Oonidia 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 transverse septa and 

0 to 5 longitudinal septa. A scar at the base of the conidium could often be 

observed following abscission. The beak of the spore varied considerably in 

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

transverse septa. 

PLATE 4.:. 

Photo. G. Deletour. 

Microphotograph of conidia from naturally diseased cotyledons 
subjected to high humidity treatment, showing spore 
morphology. 

Conidiophores were erect, 1 to 10 septate and brown in colour. They were 

invariably non-branching with one or more scars, ranging from 4 to 10 u in 

diameter and up to 100 u in length. On host tissue they were formed singly or 

in bunches. On agar media they were usually formed singly, either as side 
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branches on hyphae or as terminal bodies of the hyphae. 

To determine whether spore dimensions varied greatly between isolates 

different host parts, 50 spores of each isolate were measured on a stage micro­

meter. '.I.be range of conidial measurements obtained from different isolates were 

compared both with each other and with similar spore measurements of A. zinniae 

recorded by o~ber workers. Results are presented in Table 11. An analysis 

the distribution of spore dimensions within each isolate is recorded in 

Appendix III. 

TABIE 11. COMl?.ARATIVE SPORE DIMENSIONS FROM DISEASED HOST TISSUR ~ ( in microns). 

Year. Author(s) Country. RAl"lGE IN GONIDIAL MEASUREMENTS. 

1942 

194-3 

194-5 

1956 

1960 

1961 

1963 

Total length. Beak length. Body length. Body widtl 

Pape Germany 75-253 N.R. N.R. 14-27 

Dimock & Osborn u.s 170-210 N.R. N.R. 20-24 

Neergaard Denmark: 39-208.58 6-159 19.5-90 9-28.5 

4-5-184.5 5-123 30-81 10.5-27 

Dingley & Brien N.Z. 20-64 10-15 20-64 6 .. 5-12 

Prota Italy N.R. 42-238 36-95 12-29 

b McDonald & Martens U.S.A. 36.6-236.4 13.3-14-6.5 23.3-93.2 8-22 

Present study N.z.c 
from.:-
Roots 

Seedling hypocotyl 

Seedling cotyledon 

.Adult leaf 

Blossom 

Seed.coat 

N.R. = Not recorded. 

144-255 94-209 33-64 10-23 

117-250 80-193 35-62 12-21 

103-269 62-207 41-77 16-29 

123-450 55-377 39-85 12-20 

178-316 14-0-255 33-62 14-23 

163-350 116-295 39-70 12-23 

a= From artificial media. 
b = From natural material of Sunflower 

(Helianthus annuus L.) 
c = Spore dimensions expressed to the 

nearest whole number. 
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In the present study the range of conidial dimensions for spores from 

diseased tissue subjected to high humidity for 30 hours at 28°0 were within the 

same general range for isolates, i.e. -

Body length 
Body width 
Beak length 

Total length 

33-85u 
10-29u 
55-377u 

103-450u. 

In general, spore body length and width were the least variable dimensions 

between isolates. Spore beak length varied over a wide range even between spores 

of the same isolate. Because 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 a comparison of conidial 

recorded in this study and similar measurements by other workers. This is because 

many variables influence spore size and no other workers appear to record the 

precise conditions under which spores were produced, nor the age or number of 

conidia measured. 

In particular, five factors influence the value of spore measurements as a 

diagnostic criterion and as a method of species differentiation. 

1., MEDIUM INF ilJENCES. 

M.edium 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, oatmeal agar and cornmeal agar, some of the spores 

of A. zinniae may lose the characteristic beak. Considerable variation in beak 

length also occurred between isolates of A. zinniae from different host 

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

Sambandam 1960). 

2. MATURITY OF TEE 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 subject to change in form and size due to secondary 
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When first formed the spores are relativezy thin, with only shallow constrictions 

of the body wall at the septa. As the conidia mature beak length increases; body 

width increases markedly, often to twice the original; the number of transverse 

septa increases; longitudinal septa become more pronounced and the constriction 

of the body wall at the septa becomes deeper. The age of spores measured thus 

markedzy affects the range of conidial measurements obtained. The range of dimen­

tions of A. zi:n_~iae spores as reported by Dingley & Brien (1956) illustrate this 

point. The range of variation of both body width and beak length recorded by 

these workers is far smaller than those recorded in the present study and also by 

overseas 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. 

Unfortunatezy no mention of the age of spores measured is made by Dingley 

& Brien (loc. cit). 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. 

NL1\11BER OF SPORES MEASURED. 

The number of spores measured may affect the range of conidial dimensions 

recorded, due to sampling variations. The number measured should be sufficient 

to give a fully representative sample. 

4-. ERRORS IN MEASUREMENT. 

Elliott (1917) has stated that considerable variation in spore measurements 

may occur between workers, and considers that errors in measurement are important 

in this respect. He conducted a survey of measurement of Altemaria spores by 

11 mycologists on the same slide. Dimensions of a certain single conidium varied 

from1 19.2 to 21u X 7 to 10u, a variation of 8.5;:i X 307~. 

In the present study the following dimensions were recorded in spore 

measurements. 
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A. Body width 
C 

B. Body length 

c. Beak length 
b 

D. Total length 

B 

The point of' transition between spore body and beak may Ye.ry markedly within 

the same crop of spores. In the present study the transition point was detenuined 

by the terminal septum of the spore body and by judgement of colour changes between 

the darkly pigmented spore body and the lighter coloured beak. 

!h._ ENVIROI\llilENTAL CONDITIONS PREITAILilllG DURING CONIDIAL DEVEIDPMENT. 

Conditions such 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). 

CONG IDSION. 

Oonidial morphology and measurements of spores produced under standardised 

conditions were similar for all isolates of A. zinniae from different host parts. 

This supports the conclusions of the previous experiment that A. zinniae is 

capable of producing disease symptoms on different zinnia plant parts. 

Hence A. zinniae is considered to be pathogenic to all parts of zinnia 

plants in all stages of development. 



c. TAXONOMY AND NO:MENGLA!l:ORE OF .ALTERN.ARI.A ZINNIAE. 

1. TAXONOMY AND FEATURES OF THE GENUS ALTERl.'f.ARIA. 

The genus AlternaE:_! belongs to the family Dematiaceae, order Moniliales of 

the ¥ungi Imperfecti. The delimitation of the genus has long given mycologists 

a number of problems regarding species identification and nomenclature. 

Alternaria was first aescribed in 1817 by Nees with A. tenuis as the only 

species (Neergaard 1945). Since that time such a large number of other 

have been described that the genus may now be broken down into the following broad 

divisions, as described by Neergaard in 1945. 

1. Species forming chains of conidia with a short or relatively short 

beak - e.g. A. tenuis~ 

2. Species which never form chains of conidia, the spores being 

without any beak, most often with a median major cross-wall accompanied by a 

constriction, and usually described under Macrosporium, e.g. M. sarcinula. 

Species forming chains only rarely, the spores being provided 

long filiform beak; sometimes considered as Alternari~, sometimes as 

e.g. A. (M) solani, A. zinniae. 

a 

Fries (Neergaard 1945) did not recognise the genus Alternaria in his Systems 

Mycologicum of 1832. Hence, according to the International Rules of Botanical 

Nomenclature the name is incorrect; and, besides, the original type specimen 

(A. tenuis) desaribed by Nees has not subsequently been identified. On the other 

hand, the description given by Nees (Neergaard 1945) is sufficiently thorough to 

establish that the current concept of the genus Altern~ is in agreement with 

this, the oldest description of the genus. 

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

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

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

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

~!!crosporium to the 11nomina ambigua 11
, and the use of the nomenclature Alternaria, 

the older of the two names, for the genus. 

Members of the genus Alternaria occur universally. Some species are found 

as saprobes on dying and dead plants and in the soil. Others are parasitic on 

plants; e.g. A. solani, causal agent of early blight of potatoes, and 

A. dianthi, A. dauci and A. zinniae, causal agents of blights on carnation 

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

The general mycological features of the genus inc]ude -

1. Well developed, hyaline, septate mycelium. 

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

3. large, multicellular conidia with both transverse and longitudinal 
septa occurring typically. The oonidia are usually borne in chains, 
but not infrequently they are formed singly on the tips of' the 
hypaaewhich bear them (Alexopoulos 1962). Sporulation, as in 
Dauteron::t1cetes is strictly an asexual process. 

~. Oonidiophores indistinguishable from the somatic hyphae. 



2. TAXONOMY OF THE PATHOGEN. 

:lbe first record of the fungus causing leafspot ot zinnias was by Rostrup 

in 1902 in Denmark. Rostrup realised that he was dealing with a species no:t 

previously described and recorded the causal agent as ~.acrosporium zinniae n. sp. 

(Neergaard 1945). 

Apparently Rostrup did not pub~ish a description of this fungus. However, 

in 1923 Gram & Rostrup (Neergaard 1945) recorded an attack on young zinnia plants 

which they determined to be due to 1/iacrosEorium caudatum, Cook & Ellis. 

In 1934 specimens of an undescribed leafspot of Zinnia elegan...l!. were deposited 

in the herbarium at Cornell University, New York, by Dearness (Dimock & Osborn 1943 

These specimens had been collected from Ontario, Canada, and the organism associate, 

with the spots was tentatively referred to as Alternaria solani (Bll & Mart.) 

Jones & Grout, although no detailed study of the disease or the pathogen was made 

at that timee 

The first controlled experiment on the pathogenicity of the Alternaria strain 

involved was carried out in 1934 by Guterman (Dimock & Osborn 1943). Unfortunately 

no account of this work was ever published. During the ~ears 1936-1940, a zinnia 

disease apparently identical with that described in 1923 by Gram & Rostrup (Neer­

gaard 1945) was reported by Weber ( 1937) and Neergaard ( 1937) in Denmark, and by 

Beaumont & Staniland (1939) in England. 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 Germany the development of an Alternaria disease 

of zinnia (mainly z. elegans and z. haage~~.). 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 zin.~iae n. SE• 

Neergaard (1945) records that ~inniae is very closely related to A. tomato 

(Cke) and questions whether the former ought not to be classified under the latter. 
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He states that 11 0n the basis of the present description, no particular morphologi­

cal difference appears to be demonstrable between the two species. Still, the 

question of whether A. zinniae ought to be maintained as a species per se has to 

be left unsettled until comparison can be made between indisputably identified 

sporulating isolates of both species''. No further published work has been 

carried out on this point. 

The earliest legitimate name must be adopted as the true nomenclature of 

fungi according to the International Code of Nomenclature Art. II. (Edmunds & 

Hanson 1960). Accordingly, the valid nomenclature for the fungus is considered 

to be Alternaria zinniae ,Pape. 

A. zinniae Pape, named as such, appears to have been universally accepted as 

the fungal species causing leafspot of zinnia, and no other record of confusion of 

A. zinniae with M. caudatum, A. solani or A. tomato bas subsequently occurred in th 

literature • 

.According.- to Neergaard ( 1945), reports of the fungus causing leaf spot of 

zin..l'lia and designated as M. caudatum in 1923 by Gram & Rostrup (Neergaard 1945) 

and in 1939 by Beaumont & Staniland were "no doubt" caused by .A. zinniae. 

Similarly Neergaard (loc. cit.), on examination of Rostrup's herba:tium material 

in Copenhagen, came to the conclusion that the fungus designated as M. zinniae n.!£ 

was identical with A. zinniae Pape. 



0 H A P T E R II. 

T H E D I S E A S E. 
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CHAPTER II. THE DISEASE. 

~TEE DISEi\SE AND ITS EFFECTS ON 'IHE HOST. 

l. ~8!:apbical distribution of the disease. 

The geographical distribution of Alternaria disease of zinnias can best be 

visualised by considering published records of its occurrence. To date these are 

from ~ountries in tropical and temperate zones. 

In the United States of America the disease has been recorded on zinnias in 

at least 10 states, viz., California (Baker & Davis 1950), Colorado (Forsberg 1946). 

Connecticut (Dimock & Osborn 1943), Florida (Weber 1925), New Jersey (Wescott 1950); 

New York (Dimock & Osborn 1943), Ohio (Ellett 1957), Oregon (Shaw 1958), 

Pennslyvania (Wescott 1950), and South Carolina (Wescott loc. cit.). 

There have been five reports of the disease, on zinnias, from Canada, viz., 

British Columbia (Jones 1948), New Brunswick (Orlob 1960), Nova Scotia (Conners 

& Savile 1952), Ontario (Creelman 1952, Kemp 1953). 

In Europe the disease has been recorded from Austria (Schmidt 1953), Denmark 

(Neergaard 1937, De Tempe 1959), England (Beaumont & Staniland 1939), France 

(Neergaard 1945), Germany (Pape 1942), Holland (Neergaard 1945), Hungary 

1945), Ital.JI' and Sardinia (Neergaard 1945, Prota 1960) and Yugoslavia (Kispatic 

1951, Perisic 1952). 

The disease has been reported in Africa from Egypt (Assawah & Elarosi 1959), 

Kenya (Nattrass 1948), Mauritius (Plant Pathology Division 1959), Northern 

Rhodesia (Riley 1956), Nyasaland (Corbett 1962), Southern Rhodesia (Hopkins 1950, 

Bates 1963), and Tanganyika (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 Tasmania 

(Wade et al. 1959). 

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

section on Host Range. 
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2. f!escription of the disease and its effects on the host. 

Alternaria disease (Alternariosis) of zinnias is characterised by its effects 

on both seedlings and adult plants. Descriptions of symptoms of the disease 

have been made by a number of workers over the past 25 years and these accounts she 

a high degree of uniformity (Pape 1942, Dimock & Osborn 1943, Neergaard 1945, 

Forsberg 1946, Baker & Davis 1950, Dingley & Brien 1956, Prota 1960). Although 

most authors have described symptoms of leaf, stem and blossom attack on adult 

plants, few have fully described disease manifestation on seedlings or roots of 

Zinnia elegans. 

In New Zealand, all zinnia seed sown by commercial growers is imported, 

mainly from U.S.A. and Europe. The majority of this imported seed is sown by 

nurserymen and the seedlings raised as bedding plants for public saleo Since no 

visual symptoms of disease can be observed by macroscopic examination of the seed, 

the first evidence that a particular seedline is diseased is symptom expression 

on the developing seediings. 

Seed is sown in boxes of sterilised soil under glass. The seedboxes are 

watered liberally and sown to give dense stands of seedlings, factors which no 

doubt provide environmental conditions of high humidity within the seedboxes, 

conducive to the development and spread of the disease. 

Some seedlings 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 e~"i.dence of the disease is the presence of lesions on the 

expanding cotyledons, which emerge in abou~ 7 to 10 days. The seedcoat is 

invafiably borne above soil level, adhering to the cotyledons. Ootyledonary 

lesions are often evident when the testa falls to the ground. In some cases 

the testa may remain attached to one of the cotyledons for up to two weeks 

after emergence and lesions may occasionally be seen growing out from the seed­

coat into seedling leaf tissue. 



PLATE 2• OOTYIEDONS SHOWING- IESION ORIGINATING FROM THE 
ADHERING SEEDJOAT. 

lesions on the cotyledons are dark brown to black in colour. Initially 

they may be localised and irregular in outline, but often enlarge to cover the 

entire leaf surface. Older lesions may show a "target board11 effect involving 

concentric ridging due to mesophyll collapse within, the leaf. Diseased tissue 

shrivels and the cotyledons, if severely infected, collapse and die. The 

cotyledonary phase of the disease is illustrated in Plate 6. 
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PLATE 6. LESIONED COTYLEDONS FROM PLANTS ARISING FROM DISEASED SEED. 
TEl~ DAYS FROM SOWING. 

Il:llsiona due to secondary spread of the pathogen from initial cotyledonary 

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

Stem attack usualJ.y becomes evident at about the same time as secondary 

lesions occur on the cotyledons. Stem lesions are manifest as water]' necrotic 

zones of decay at, or slightly above,ground level. In some cases the 

may appear on the U_ypocotyl directJ.y below the cotyledons. In only rare 

is stem lesioning seen on seedlings which do not show cotyledon infection. The 

soft, succulent tissue of the seedling hypocotyl appears to be extremeJ.y sus­

ceptible to attack and in many cases rotting may be so severe as to completely 

girdle the stems and cause plant collapse. Stem sttack is thus often manifest 

as a post-emergence damping-off. The lesions are dark brown to black in colour, 

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

plantings. 



PL\TE 7. 

PHO!!Il. H. DRAKE. 

DISEASED SE.EDLINGS SHOWING COTYLEDONARY IESIONS AND 
STEM DFJJAY. 
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The roots of infected seedlings may remain healthy despite the presence of 

both le.af and stem attack, but in some few cases plant wilting due to root decay 

m8 y occur. Wilted plants are easily pulled from the soil and the roots show 

rotting and decay. Such rotted zones are easily broken off and the cortical 

tissues may slough off complete]¥. Root attack, however, is generally con-

siclered to be more important in adul~ 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 

Unsight].y appearance, often rendering them unfit for sale. 
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Photo. H. Drake. 

PLATE 8. COMMERCIAL SEEDLINGS WITH LEAF LESIONING. 

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 subsequentl,Y show disease 

manifestation. In some seedlings the pathogen has infected, but requires an 

incubation phase of one to two days before disease symptoms appear. 

Plants are generally sold to the public when 5 to 6 weeks old. Many plants 

are killed outright before sale due to leaf ana/or stem attack while others 

escape the seedling phase of the disease. 

In adult plantings, which are invariabl,Y 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 

patab approximately 1mm in diameter within the lesion. 

, 

PUTE 9. IESION ON .A N.ATURAill DISEASED IE.AF (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. 



PLATE 10. 

I 

Photo. H. Drake. 

IEAVES OF VARIETY PERSIAN CARPET SHOWING ADULT 
IE.AF-SPOT PHASE OF THE DISEASE. 

68. 

Differentiation of margin and centre is lacking on the lower leaf surface. 

On the upper leaf s urf:ace a "targe t 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 easily. This gives diseased leaves a 

very ragged appearance. 



PLATE 11. .ADULT IE.AF SHOWI NG FRAGMENTATION OF DISEASED 
TISSUE. 

I 

Stems of adult plants may also be attacked, the lesions appearing as 

black, elongate, longitudinal streaks. When numerous, such lesions may 

coalesce. 1bese lesions generally occur on the internodes of the stem and may 

be superficial. I.erger 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 remain 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 plants 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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infection, while the conspicuous, is perhaps the most 

phase of the disease 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 manifest by the outer tissues of affected roots becoming 

dark grey to black in colour. These roots rot completely and the cortical 

tissues slough off, resulting in wilting and death of plants in severe cases. 

Plants suffering from severe root attack are prone 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, plants with only light stem infection may often have 

macroscopically disease-free root systems. 

PU.TE 12. Plants showing varying amounts of stem and root attack. 
on left severely diseased, with heavy stem decay and roots 
almost completely rotted. Plant on right showing slight stem 
lesionmg and macroscopically disease-free root system. 



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. 

71. 

Blossom lesions may become evident on the conspicuous ray florets. These 

spots may be up ~o 1 cm. in diameter and are either circular, or occur as 

longitudinal streaks. lesions are dark brown in colour. Infected petals soon 

darken and wither, causing the blossoms to become very unsightly and rendering 

them worthless as cut flowers or garden specimens. 

PLATE 13. 

, 

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



CONC IIJSION. 

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

study, appear to be very similar to those recorded by various overseas 

workers. This indicates that there is a high degree of uniformity of 

symptom expression of the disease in different countries. In New Zealand 

the seedling phase of the disease appears to be of considerable importance. 

In moat cases this aspect of the disease is not noted as being of aey 

consequence in other countries. Root attack, because it is not generally 

noticed in outdoor plantings, is also not considered to be important 

overseas. 

serious, 

In New Zealand, however, phase of the can be 

lly in beds planted with zinnias in successive seasons. 

72. 
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In general, the following stages can be recognised in the development of 

a plant disease where a fungus is the causal agent; 

1. Spore germination. 

2. Penetration. 

3., Infection of the host. 

4. Incubation. 

5. Manifestation. 

6. Exit from the host and secondary spread. 

7. Overwintering. 

These stages collectively make up the uDisease Cycle" and are considered 

as separate entities in this chapter although they may be integrated in the life 

cycle of the pathogen • 

.:!.• S£9!:! germination. 

Spore germination is 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 Cycle. 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 

generall;y considered that a single fungal spore ia capable of germinating and 

establishing a successful infection (Garrett 1960). Accordingly studies were 

carried out to 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 involved (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 variable$ which have caused considerable disparity in the results of 

spore germination between workers are the cri~erion for measurement of spore 

germination, and opinion as to in fact, a spore has begun to 

Various criteria have been used to determine the effect of different 

physiological agents on germination~ Of these the most frequently used is the 

final germination of the population. Other standards of measurement are the time 

required for germination (the latent period of germination), the length and rate 

of elongation of the germ tubes (Cochrane 1960), and the percentage number of 

spores germinated after some arbitrary time (Tomkins 1932). 

Similarly, opinions differ as to when a spore may be considered to have 

germinated. For some workers this is the moment when a swelling in the spore 

wall appears (Gottlieb 1950, Hawker 1950); for others it is the time at which 

the germ tube has parallel walls (Gottlieb 1950, Bollard 1950); while a third 

group use the time when the germ tube length equals the width or length of the 

(Gottlieb 1950). 

Tomkins (1932) considers that in any comparison of spores germinated under 

conditions which differ in respect to one variable only (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. He considers that only 

by recording those two factors, along with the percentage of sporesgerminating 

can the course of germination be fully described. 

In the present study spores were considered to have germinated when the 

length of the germ tube equalled the width of the spore body - approximately 20 u. 

This criterion was chosen because it was noted in preliminary trials that at 

temperature extremes, i.e. above 40°0 and below 5°0, spores produced germ tubes 

which elongated to about 5-10 u and then failed to continue growth. 

Measurement of spore germination was determined by considering the time for 

germination of definite percentages of spores as suggested by Bonner (1948), the 
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average length of the germ tubes produced by the spores, the average growth rate 1 

the germ tubes in relation to time and the total percentage germination of the 

:population. 

Morphologically, three distinct events characterise the process of spore 

germination in the asexual spores of the higher fungi (Cochrane 1960), 

1. Nuclear division at some time during the process. 

2. Imbibition causing spore swelling. 

3. Germ tube appeara.~ce. 

Germ tube growth presumably follows the same course as mycelial growth, 

extension occurring onJ;y at the tip (Cochrane 1960). 

In cases where the percentage to be recorded did not coincide with an 

observation period, the time required for the germination of a definite percentag, 

of spores was extrapolated graphically. 

(a) The effect of temEerature on sPQ_re germination. 

The effect of temperature on germination was ascertained by observing and 

collllting the percentage germination at frequent intervals. In all cases 100 

spores per slide were considered, three slides being used for each ~reatment. 

Using this method very little variation on different slides was noted in germ 

tube development and germination percentage in relation to time. 

To determine which substrate was best suited for the germination of spores 

of A. zinniae, several different nutrient and non-nutrient substrates were 

compared. It was felt that laboratory studies would provide information of 

practical value only if they were conducted under conditions which were likely 

to occur in nature. Tomkins (1932) states that the percentage of spores that 

germinate in any 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 (1932) considers that nutrient solutions should be 

used for germination tests wherever possible. 

To try to obtain a substrate on which spore germination occurred in a 
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These results show that conidia of A. zinniae are capable of germination 

in sterile distilled water. This indicates that no external nutrients are 

necessary and water as a substrate appears to be quite satisfactory for spore 

germination. All of the substrates studied gave similar results as measured 

by average germination percentage and germ tube development after 4 hours at 28oCc 

It thus appeared that the substrate that could be handled with the greatest 

ease was the most desirable. The reasons for accepting or discarding various 

substrates as suitable for spore germination studies are presented below. 

1. Water on glass slide. 

Advantage - Ease of preparation. 

Disadvantages Care is required in handling slides to prevent water 
drops running together and altering spore position 
on the slides. Need for water replenishment at 
frequent intervals, especially at high temperatures, 
due to evaporation. 

2. Water in hanging drop slide. 

Disadvantages - Time factor in preparation of large numbers of slides. 

3. Zinnia leaf tissue 
on glass slide. 

Difficulty in location of individual spores. 
Congregation of spores in a mass at the bottom of the 
drop. Problems of water replenishment following 
evaporation at high temperatures. 

Advantage - Observations of germination closely approximate 
field conditions. 

Disadvantages - Opacity of leaf prevents easy location of spores 
and germ tube measurement. Germ tubes hard to 
detect against leaf background. 

4. Agar film on glass slide. 

Ad.vantages - Provides a solid substrate. No problem of spore 
movement. Provides a clear substrate, especially if 
agar is filtered before use. 
The spore suspension forms a thin film on the agar 
and the spores are left adhering to the agar when the 
water evaporates. 
Provides percentage germination figures similar to 
those on zinnia leaf tissue. 

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

was considered to be the moat practical. 
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To determine whether the pH of the agar medium would be a limiting factor 

affecting germination, spores were placed on PDA and zinnia leaf agar films with 

a pH range of pH2 to pH10. The glass slides bearing inoculated agar films were 

placed in petri plates lined with moistened filter paper and held at 28°0 • .A:f'ter 

6 hours, germination percentage counts for each pH value were made in each of 

three random low power fields. 

The results, expressed as an average percentage germination are recorded 

in Table 13: 

T.ABIE 13. 

pH of Agar. 

2 

3 

4 

5 

p 

7 

8 

9 

10 

Normal pH. 

SPORE GERMINATION ON .AGAR FIIMS ON VARYING pH V AIDE~. 

Percentage Germination Spores After 6 hours at 28°0 
Zinnia Leaf Agar. · PD.A. 

12 5 

22 11 

27 18 

84 93 

96 96 

96 98 

97 92 

96 97 

95 96 

PDA 5 .. 8 
Zinnia leaf' agar 6.8 to 6.9 

These results indicate that at pH values between 5 and 10 the hydrogen 

ion concentration is not a limiting factor to germination of conidia of A. zinnia, 

That pH is not important in depressing spore germination in nature is shown by 

the fact that sterile distilled water allowed 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 ~innia leaves in the field had a pH ranging from 6.0 to 6.6. These figures 

fall within the range of pH values at which the spores of A. zinniae will readil3 

germinate. 
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two; substrates, PDA was finally chosen for use in further studies 

because of its ease of preparation and the ready availability of its components. 

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

of A. zinniae is detailed below: 

Clean glass slides (75 x 25mm) were placed in petri plates lined with moistened 

filter paper. Liquid PDA, which had been filtered through a blotting-paper­

mache filter twice, was placed on each slide. Approximately 3ml of PDA was 

placed on each slide and spread evenly over the surface with a sterile wire loop. 

The resultant film was allowed to solidify at room temperature. A aeries of petri 

plates containing slides with agar films was placed in incubators at eaoh of the 

required temperatures for 1 hour prior to inoculation to allow the substrate 

temperature to equilibrate with that of the incubator. 

Spores of A. zinniae were produced on scraped 10-day-old cultures on PDA. 

The spores were washed from the culture surface with distilled water and the 

spore suspension thus obtained (approximately 4000 spores per ml) was held in a 

refrigerator at 2°c if not required immediately. 

The petri plates were removed from each incubator and the agar film on each 

slide inoculated by running approximately 1ml of the spore suspension along the 

length of the film, using a sterile 80s nozzle dropper. This provided a uniform 

layer of spores on the agar surface. The petri plates were then immediately 

replaced in the incubator from which they had been 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 

occur together in large numbers. By this method it was hoped to obviate the 

effects of toxins produced by a mass of spores, which could reduce the germina­

tion percentage and give a false picture of the potential of conidia for 

germination. 

It was unfortunately impossible to observe all temperature series concurrent~ 

due to limitations of time and incubator space. The study was therefore conducted 

in three parts. 
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1. Effect of temperatures of -5, + 1' 5, 1 o, and 17°0 on spore 
germination. 

2. Temperatures of 20, 22, 21+, 26 and 28°0. 
. 

3. Temperatures of 30, 33, 35, 37, 1+0 and 4.5°0. 

Observations were made at intervale of½ hour during the early stages of 

germination and later at longer intervals as determined by spore germination 

rate. With frequent observations it was not :possible to use the same slides 

repeatedly because exposure to room temperature during the measuring process 

would tend to alter the spore germination rate. Consequently a set of slides was 

prepared for incubation at each temperature and after each measurement the 

particular slide used was discarded. 

A 11Veeder11 hand counter was used to record the number of spores germinated 

in each of three random low power fields. One hundred spores were observed in 

each field and the number which had germinated was expressed as a percentage of 

the total number of spores observed. The trial at each temperature was dis­

continued when an average germination of 95~ or over was obtained. 

The time taken to reach 5, .50, 75 and 9510 germination was noted and these 

times are recorded in Figure 6. Percentage germination figures at each tempera­

ture are presented in Appendix IV. The development of the germ tubes as shown 

by the maximum number of tubes produced per spore, and the maximum length of the 

germ tubes of spores incubated at each temperature is shown graphically in 

Figure 7. 
0 At temperatures of 1°0 and 1+.5 0 a number of spores initiated germ tubes 

which failed to elongate more than 5 - 10 u in length. After 48 hours incubation 

t th t t l .d t f d t an ~n~ub 0 tor at 28°0. a ese empera ureas i es were rans erre o • v g The 

germ tubes of spores which had been held at 45°c failed to recommence growth. 

The spores which had been incubated for 48 hours at 1°0 and which had initiated 

germ tubes at this temperature showed rapid germ tube elongation when subsequent­

ly placed at 28°0. Because the length of germ tubes produced at 1°0 and 45°0 on 

agar films were not as long as the width of the spore body they were not recorded 

in the germination percen~age~ If the criterion of spore germination had been 
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that spores were considered to have germinated when the sides of the germ tube 

became parallel, a number of spores held at 1°c and 45°0 would have been credited 

as having germinated, viz., 71; of spores held at 1°0 and 676 of spores at 45°0, 

both after 12 hours. 

From the results shown in Figure 6 the cardinal temperatures for spore 

. • 0 0 0 germination of A. zinniae on PDA films were below 5 O, 28 0 and above 40 c. 

Figure 6 shows that temperatures above the optimum of 28°0 had a far greater 

effect in depressing the germination of spores of A. zinniae than did corresponding 

temperatures below 28°0. 

~e time taken for 75% germination at 28°0 was 2.3.hours and a further 3.2 

hours were required for an additional 20pi of the spores to germinate. This may 

indicate that there is some antagonistic or inhibitory material produced by 

germinated spores which retards the germination of others nearby. This trend was 

consistent to all temperatures. 

If it is conceded that leaf moisture is essential for germination of spores 

in nature, moisture must be present on the leaf for longer periods when the 

temperature is markedly higher or lower than the optimum of 28°0 to allow 

successful germination of large numbers of spores. Presuming that all 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 evidenced by spore 

germination results in this study. 

Germ tube number and length increased with temperature of incubation from 

5°c up to 24--30°0 and then progressive:cy- declined between 33 and 40°0 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 tubes from other cells 

in the spore body. The beak or "tail" of the conidium of A. zinniae is generally 

considered to be sterile in that it does not produce germ tubes. In the present 
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study some rare of germ tube production from the terminal cell of the 

conidial 

are 

were observed. The met 

in Figure 8. 

of of spores of A. zinniae 
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(b) The effect Qf..lQ.w temperature storage on spore germin~ion capacitz. 

To determine the effect of low temperature storage on spore germination 

capacity of A. zinniae, spores on films of PDA were stored in petri plates 

lined with moist filter paper at constant temperatures of -5°0 and 1°0. A 

~urther set of slides was stored in plates subjected to a 16 hour: 8 hour 

alternating cycle at temperatures of -5°0 and 1°c respectively. Eve?'"'.f 24 hours 

one slide from each of the three series was removed to an incubator at 28°c for 

12 hours. Spore germination counts were then made on 100 spores in each of three 

random low power fields. 

Temperatures of storage of -5°0 and 1°c inhibited spore germination, but 

when slides were placed at 28°0 for 12 hours many of the spores produced germ 

tubes. The results of low temperature storage of spores of Ao zinniae on PDA 

films are recorded in Table 14. 

TABIE 14. EFFECT OF IDW TE:MPERA'l'URE STORAGE ON SPORE GERMINATION • 

Storage Temperature. 
-5°0 1°c 

.Alternating 
-5°C: 1 °c. 

cycle 

No. days storage before 
spores produced no 
germ tubes when placed 
at 28°0 for 12 hours. 26 38 8 

Conidia of A. zinniae showed quite long retention of spore germination 

capacity under constant low temperature conditions. Alternate freezing and 

thawing of spores severely reduced their lon,gevity and tolerance to low 

temperatures. This is in accordance with the findings of Cochrane (1960) who 

noted this effect as a common factor affecting the tolerance of diverse fungi 

to low temperatures. 

Gottleib (1950) states that for many fungi the results of exposure to low 

temperatures are rarel,y lethal by their direct action on chemical systems, for 

they merel,y retard reactions. Under proper conditions spores can remain viable 



84. 

for long periods. The lethal effects of very low temperatures can be attributed 

to the formation of ice crystals in the cell or the membrane as the temperature 

approaches the freezing point of water. 

Spores frozen in water or stored at low temperatures at high moisture 

content are considered 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 to the spores of many fungi provided that they are stored 

in a dr<J conditton. This is confirmed in the present study of A. zinniae by the 

ability of spores to maintain their viability for up to 6 months when stored in 

a dry condition on cheesecloth at 10°0. - (Page 7). 
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(c) The effect of relative humidity on sE,_ore germination. 

~ne ability of spores of A. zinniae to germinate in atmospheres of known 

relative humidity was investigated. 

Materials and Methods. 

Controlled relative humidity conditions within a small closed space were 

produced with water-glycerine mixtures similar to those used by Wexler & Brombache 

(1951). The volumes of each component (in a total volume of 100 ml, at 28°0) 

used to obtain a required relative humidity (± 1f.b) were calculated, and are record 

ed below:-

5 

15 

35 

55 

75 

84 

89 

92 

95 

100 

GLYCERINE ( ml) 

95 

92 

84 

72 

55 

42 

32 

25 

15 

0 

DISTILIED WATER (ml) 

5 

8 

16 

28 

45 

58 

68 

75 

85 

100 

Each volume of 100 ml of glycerine and water was thoroughly mixed in a 

250ml beaker. Each beaker was placed under a wire cage (6 11 x 611 x 5 11
) and dry 

microscope slides arranged on the top of the cage. The cage was then covered 

with an 8" diameter glass belljar which was sup:i;orted on a 12 11 x 9" plastic tray. 

The rim of contact between belljar and tray was sealed with petroleum jelly. 

'lbe whole apparatus was held at 28°0 overnight to allow equilibrium vapour 

pressure to be obtained within the closed vessel and to ensure temperature 

equilibration before introduction of spores. 
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Spores were obtained from the surface of 10 day old cultures of A. zinniae 

which had been scraped, irradiated with ultraviolet light for 1 minute, and 

incubated in an inverted slanted position at room temperature for 48 hours. 

These spores were transferred to the surface of the glass slides using a dry 

camelhair brush. Spores were also germinated on glass slides in distilled water 

0 at 28 0 as a control. 

Spore germination and germ tube development were recorded at 4- hour 

intervals up to 24 hours, by removing one glass slide from each humidity chamber 

and counting the percentage of spores gdrminated in each of three random low 

power fields. 

At first only germination percentage and germ tube length at the end of 

each incubation period were measured. It was soon realised, however, that the 

speed of germination and, to a lesser extent, the rate of germ tube growth were 

more sensitive to relative humidity than were the ultimate germination counts 

obtained. In observations at 24 hours both of these properties were also 

measured. 

In tests at 100% R.H., fields relatively free from condensation were 

selected. Germ tube length was measured using a micrometer, 25 germ tubes being 

chosen at random for measurement. 

A conidium was considered to have germinated when the length of any one 

germ tube exceeded the width of the spore body. 

Once a slide was removed from the belljar for measurement of spore germina­

tion it was discarded. 

Results and Discussion. 

This experiment showed that germ tube production, germ tube growth and final 

germination percentage of spores of A. zinniae were all sensitive to relative 

humidity. At all humidities up to and including 92;~ germ tube length was greatly 

retarded, the number of germ tubes produced per spore restricted and the average 

percentage germination after 24 hours at 28°0 severely reduced. 
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The results of these studies are recorded in Table 15. 

TABIE 15. ~T OF RELA'l'IVE HUMIDITY ON SPORE GERMINATION. 

Spore germination and development after 24 hours at 28°0: 

R.H.% Average% Maximum No. germ Max. germ tube Time for 50;~ spore 
Germination. tubes per spore. length (microns) Germination. 

5 0 0 0 

15 0 0 0 

35 0 0 0 

55 0 0 0 

75 0 0 0 

84 14 1 90.20 Over 7 days. 

89 12 2 88.15 6.2 days 

92 22 2 86.10 2.2 II 

95 61 6 310.75 20 hours 

100 81 .., 549.40 16 hours I 

Control 98 9 Over 600 2 hours 

At relative humidities between 84 and 100)l the conidia remained turgid and 

germination proceeded normally. At lower humidities the conidia (especially the 

conidial beak) and the rudimentary germ tubes shrivelled rapidly. At humidities 

of 75% or less germ tubes reached a certain length (up to 10 microns) and then 

stopped elongating and shrivelled • .At humidities from 95 to 100% good germina­

tion occurred at 28°0, although germination percentage and germ tube growth were 

less than comparable figures obtained by germinating spores of A. zinniae 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 

spores have II germinated11
• In the present study the criterion used 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 became parallel, a small number of spores at 

relative humidities below 81+/~ would have been considered as having germinated, 

viz. at 57t, 
15;~ -
35% -
557; -
751; -

2 spores 
4 spores 
6 spores 
5 spores 
9 spores, compared to no spores 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 rudimentary germ tubes produced from 

spores held at relative humidities of 75% or less for 24 hours were incapable 

0 of resuming growth when transferred to drops of distilled water and he:J,d at 28 C. 

Thus these spores were considered not to have "germinated" since they produced on~ 

incipient germ tubes which quiokl;y shrivelled and died. Similar results have beer 

demonstrated for the germination of conidia of Erysi.he ~minis D.O. by Manners 

& Hossain (1963). 

'.L'be method of germination of spores in water vapour was similar ·to that in 

free water or on agar films, but the time required for the same stage of spore 

germination to be reached, even at 100,% relative humidity, was very much 

increased. These findings are in general agreement with results reported by 

Gottlieb (1950). 

001\-C IJJSION. 

From this study it appears that the level of atmospheric relative humidity 

can be a limiting factor to both the rate and extent of germination of conidia of 

A. zinnia~ in nature, in the absence of free iooisture. Only when the relative 

humidity is over 95;; could this factor be of any practical value to the pathogen 

through its stimulatory effect on spore germination. 



2. PENETRAT".iON AND INFEJTIQE. 

The term penetration is used to describe the method by which a pathogen 

enters host tissue. In this sense it does not include subsequent development 

within the host (Plent'j_e 1959). 

Brown (1936) distinEuishes several stages in parasitism, namely the pre­

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-12enetration stage. Even when the spores have been deposited on a 

suitable host plant, successful infection is by no means assured. Conditions 

must be suitable for germination and, as sho-~n in the preceding section, this 

phase of the Disease Cycle is markedly influenced by environmental conditions. 

Penetration involves the mechanism by which a pathogen enters host tissue. 

Some fungi are "wound parasites", that is, they enter only through a wound or 

discontinuity in the surface of the host. Many fungi enter the host plant by 

way of the stomata or through lenticels or water pores (Brown 1936). Others 

penetrate the epidermis directly through the uninjured cuticle. 

Fungi often have characteristic and rather elaborate weans of penetration, 

exhibiting an active response to stinuli (Brown loc. cit.) 

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

becomes one of actual establishment in host tissue (Eide 1955). This stage of thi 

Disease Cycle has been termed "infection". 

Although variously defined by different workers (Gaumann in Eide 1955), 

Walker 1950), in the present stuey the term 11 infection;t has been used in the 

sense prescribed by Walker (1950). 

According to Walker (loc. cit.) infection is said to have occurred when 

the fungus becomes established within the host following penetration ahd is 

independent of external food reserves for its continued development. 

Because the two processes of penetration and infection are continuaus it 

is often impossible to distinguish tr~ point when penetration has been completed 

and infection baa begun. Accordingly, in the present study, it was not found 

practical to try to distinguish these two stages because the rate at which both 
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spore germination and penetration occurred was highly variable within the spore 

sample used. 

Attempts 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 deterrnine the method(s) of p~etration involved in the Disease Cycle 

of A. zL'11liae a large number of spores were observed ge~ninating on zinnia 

leaves. 

1daterials and methods. 

Healthy 6 week old zinnia plants were inoculated with a spore suspension 

containing approximately 6,000 spores per ml. The plants were sprayed with the 

suspension and held at 75°F throughout the trial. At intervals of one hour a 

plant was removed from the temperature controlled cabinet and the leaves removed 

to the laborator'J. The surface of the leaves was flooded with acid fuchsin 

stain and each leaf allowed to drain on a slanted glass slide for 5 minutes. 

Under the microscope, germ tubes were stained red and easily distinguished from 

the underlying leaf tissue which remained dark green. The leaf surface was 

examined under the low power objective of the microscope to locate penetrating 

spores, which were then examined under higher power. 

Observations and Discussion. 

In mrast cases direct penetration was seen to occur, although in some 

instances penetration by a germ tube entering a stoma was observed. In general 

direct penetration appeared to be the characteristic method of entry of the 

pathogen into host tissue. 

During germination of conidia several germ tubes developed from different 

cells of the spore body and spread in an apparently rand.om pattern over the 

leaf surface. 

A number of conidia were seen to be penetrating directly through the 
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cuticle as soon as 4 hours after spores were placed on the leaf. The tip of the 

eypha produced an appressorium which was part of the original hypha with an 

increased diameter. 

Direct production of a thin infection peg which penetrated the cuticle and 

entered an epidennal cell could ocoaaionallJ' be seen. After passing through 

the cuticle and the outer layer of the epidermal wall too penetration process 

of the pathogen was considered to be complete. 

Stomatal penetration was occasionally observed, hypae forming a globose 

structure within the stomata.I cavity. This structure was considerdd to be 

either an appressorium or a substomatal vesicle. 

Fungal development continued within the cells surrounding the infection 

site but the mechanism of further development of the pathogen was not clear 

using the staining method employed. 

Direct penetration has also been noted as characteristic of several other 

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

and A. longipes (Von Ramm 1962). 

Direct penetration is reported as being a mechanical process, the 

appressorium becoming attached to the host surface and providing an adhesive 

disc against which the infection hypba may push, exerting D):)Chanical pressure 

on the cuticle during penetration (V{ol:f & Wolf 1947, Lilly & Barnett 1951, 

Flentje1959, Dickinson 1960) 

Penetration by fungal pathogens through stomata appears to be a more 

passive process, often influenced by bydrotropic or chemotropic responses. 

Various stimulus mechanisms have been postulated to explain stomatal pene­

tration --- chemical substances diffusing from the stomata (Bald 1952); water 

vapour gradients (Dickinson 1949) and stomatal guttation (Bald 1952, Yarwood 

1952, Eide 1955). 

CONG IDSION. 

From this study it is concluded that penetration of A. zinniae into zinnia 



leaves is most co~monly a direct process, by which the hypha penetrates the 

cuti~le and establishes in the host tissue. In some cases penetration through 

stomata was observed. 

(b) The effect of temperature on penetration and infection. 

Studies were carried out to determine the influence of temperature on the 

rate and degree of penetration and infection by spores of A. zinniaa on zinnia 

leaves. This trial was also designed to d.etermine whether invasion occurred 

more readily through the upper or lower leaf surface. The method used was 

similar to that described by Dimock & Osborn (1943). 

Vlaterials and Me~. 

Six week old zinnia plants, each bearing three pairs of fully expanded 

leaves, were used in this study. The leaves of the plants were mari(ed for 

inoculation by drawing (w~th a 'ball-point' pen) three 5mm circles on the upper 

leaf surface of one leaf of each pair and three circles on the lower surface of 

the other leaf of each f~ir. Thus a total of nine upper and nine lower surface 

areas were marked on each plant. 

One drop of S:J?Ore suspension was placed with a 80s nozzle dropper on each 

marked area. The inoculum concentration was such that approximately 10 to 15 

spores were present in each drop of the suspension. 

Immediately after inoculation each plant was covered with a plastic bag, the 

mouth of which w~s tied with string to maintain high humidity. Seven plants 

were placed in each of six temperature controlled cabinets which were held at 

temperatures from 60 to 85°F at 5° intervals. 

At intervals one plant was taken from each temperature cabinet, the plastic 

bag removed, and the leaves of the plants dried in front of an electric fan. 

This prevented further penetration. The plants were then placed on the glass­

house bench. 

Dioock & Osborn (1943) state that in their studies it was found that, 



Lmless artificially dried, moisture sufficient to permit spore germination, 

penetration and infection may remain on the leaf surface for a number of hours 

after it appeafa to the eye to be quite dry. 

If penetration and infection had occurred lesions would later develop. 

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

nine lesions on each of the plant surfaces indicating 1 oo;b infection. 

Results and Discussion. 

Results on this trial are recorded in Table 16. 

TABIE 16. 

Temp. °F 
+ 2°F 

60 

... 65 

70 

75 

80 

85 

T'".rlE :Ei'FFEOT OF TEMPERATURE, I.El¼F SURF.ACE INOCUI.ATED .AND DURATION 
OF EXPOStJ.RE ON INFECTION OF ZINNIA IEAVES BY A. ZINNI.AE. 

leaf Duration of Exposure (hours) Total No. lesions 
Surface 6 8 12 20 24 36 48 Per surface 

Upper 

lower 

Upper 

lower 

Upper 

Iower 

Upper 

Iower 

Upper 

lower 

Upper 

Iower 

0 0 1 

0 0 1 

4 3 3 5 

1 4 5 3 

0 1 

0 1 3 

0 2 

2 4 2 5 6 

3 4 7 8 

6 7 4- 8 8 

1 3 5 5 7 9 9 

1 2 5 6 8 9 9 

1 2 4 9 9 9 9 

01 3 4 3 7 7 

o O 4 5 7 7 6 

00 2 3 3 4- 4 

o O 3 3 3 5 4 

Total lesions on upp~r leaf surfaces - 152 

Total lesions on lower leaf surfaces - 169 

16 

14 

20 

26 

35 

39 

40 

43 

25 

29 

16 

18 

Per temp. 

30 

46 

74 

83 

54 

34 
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These results indicate that the optimum temperature for penetration and 

infection is about 75°F (23.9°0). They also show that at temperatures between 

70 and 75°F infection may occur within 6 - 8 hours. Consideration of all 

temperatures tested suggests that between 60 and 85°F, maximum infection is not 

reached with a period of treatment of less than 20 hours and usually not until 

36 hours after inoculation. 

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

this study (75°F) is considerably lower than the 82°F which is optimum for the 

growth of the fungus on culture media (P.D.A.). 

In similar studies Dimock & Osborn (1943) reported that the optimum 

temperature for infection of zinnia leaves by A. zinniae was "probably about 

70°Ftt.. They also state that invasion occurs more readily through the lower 

surface of the leaf than through the upper surface. In Dimock & Osborn's 

experiment there was a 77% increase in the number of lesions developing on the 

lower surface compared to the number on the upper surface of the leaf. In the 

present study a much smaller difference(+ 10)6) was observed in the number of 

lesions on the lower surface compared with the upper surface of ·t;he leaf. 

The stomata on the leaves of Zinnia elegans are more numerous on the lower 

surface. Since it has already been showh that stomatal penetration does some­

times occur, this increase in the number of lesions on the lower leaf surface in 

the present study may be due to higher stomatal penetration on the lower leaf 

surface. However, the low density of stomata on the upper leaf surface would 

not appear to be a limiting factor to penetration and infection of A. zinniae. 

CONC llJSION. 

From this experiment it is concluded that the optimum temperature favouring 

penetration and infection of zinnia leaves by A~ zinniae is approximately 75°F. 

At this temperature the infection period may be as short as 6 - 8 hours. 

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

leaves but both leaf surfaces were susceptible to attack. 
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(c) The effe~ leaf moisture on ;eenetration and infection. 

An experiment was conducted to determine the length of time plant leaves 

must be continuously wet for penetration and infection to occur. 

}laterlals and Methods. 

Healthy six leaf zinnia plants were sprayed with an aqueous suspension of 

oonidia of A. zinniae containing 12,000 spores per ml. All plants were misted wit 

a fine spray of sterile distilled water at one hour intervals. Uninoculated 

plants were also atomised with distilled water as controls. All plants were held 

in a thermostatically controlled room at 75°F Ct 2°F). High humidity was 

maintained in the room at between 65 and 75% throughout the trial period by 

placing flat trays of water in front of the fan heater used for temperature 

control and by standing the pots containing plants in similar trays containing 

water on a bench nearby. 

At one hour intervals three inoculated plants and one control plant were 

removed from the trays, dried with cold air from an electric fan for 20 minutes 

and removed to the glasshouse. 

Disease rating was recorded after 10 days from inoculation by counting the nurrber 

of lesions which subsequently developed. 

Results and Discussion. 

Results of this trial are recorded in Table 17. 

_!ABIE tz. Effect of continuous leaf moisture on the length of the 
penetration and infection phases of the Disease Cycle. 

Time leaves wet. 
(hours) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
12 

Total number lesions on leaves 
( 10 da;l:Sl 

0 
0 
0 
0 
2 
7 

19 
32 
40 
47 

over 50 

All controls were disease free. 



These results indicate that at the optimum temperature for infection (75°F) 

at least 5 hours continuous leaf moisture is necessar<J before the pathogen is 

eapable of infection. 

As the period of co~tinuous leaf moisture increased, the nu~ber of lesions 

which subsequent 1y developed also increased. When large numbers of lesions 

were present on a single leaf it became difficult to identify and count these 

individually due to coalescence of dead tissue over the leaf surface. 

OONJWSION. 

From the results of this trial it is concluded that at the optimum tempera­

ture for infection (75°F) leaves of zi...'lnia plants must be continuous)¥ wet for 

a period of at least 5 hours before the fungus can infect host tissue to the 

stage where it is no longer dependent on leaf surface moisture for its further 

development. 
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3. INCUBATION. 

'.Lbe incubation period is defined as the interval between infection and the 

appearance of symptoms of the disease (Walker 1950). 

During the period of incubation tbe .. pathogen proliferates and spreads in 

the host tissue. These processes consist of biochemical and physiological 

reactions inside the tissues and cell protoplaats. They are often inconspicuous 

and difficult to follow (Kern 1956). Only at the end of the incubation phase of 

the Disease Cycle do morphological alterations become visible on the plant. 

The visible symptoms of the disease are often unspecific and caru~ot give 

much information on the mechanisms of pathogen action. External symptoms on 

the plant are the expression of death of cells or tissues and the specific 

reactions may already be over. 

For many diseases the sequence of visible events is well known, but about 

the reasons and factors which determine this sequence of events, only scattered 

information is available. 

For the invading pathogen, the host plant represents a nutrient substrate 

to feed on. The presence of suitable nujrients and the availability of the 

parasite to utilise these under the given conditions are an important pre­

requisite for its growth and proliferation (Kern 19v6). 

During the incubation period the host plant may answer the pathogen's 

aotion with defence reactions. In many cases, however, protoplasts become more 

and more damaged, morphological alterations of cells and tissues become visible 

and the period of manifest disease begins. 

(a) Pathogen develoEment durinp the incubation Eerioq_in host~~-

Following penetration of either the upper or lower leaf surface of zinnia 

plants the pathogen appeared to progress some distance from the infection site 

prior to the appearance of manifest symptoms. To try to determine the sequence 

of events during the incubation phase of the Disease Cycle a whole leaf clear-

ing method similar to that described by White & Baker ( 1954) and Shipton & 

Brovm (1962) was used. 



Materials and Methods. 

leaves of healthy zinnia plants were inoculated by spraying with a spore 

suspension of l. zinniae containing 12,000 spores per ml. At one hour intervals 

inoculated leaves were removed from a plant, cut into approximately½ inoh strips 

and irrmersed in 1G - 15 ml. of alcoholic lactophenol cotton blueo (Iaotophenol 

cotton blue; 95jb alcohol 1 ::2). The lactophenol cotton blue was prepared as 

reported by Shipton & Brown (1962); 

Phenol 
Glycerine 
lactic acid 
.Aniline blue 
Distilled water 

10 gm. 
10 ml. 
10 ml. 
0.02 gm. 
10 ml. 

The solution, containing the leaf pieces, was brought to boiling point and 

simmered for 1 minute. leaves were allowed to remain in the stain for 1-2 hours 

at room temperature. They were then removed, rinsed in water and placed in 

chloral hydrate (5gm chloral hydrate+ 2ml distilled water) for 30 minutes. 

The pieces were then mounted on microscope slides in glycerine. 

The occasional failure of' the chloral hydrate to clear cells was remedied 

by repeating the boiling in alcoholic lactophenol cotton blue and clearing again 

in chloral hydrate. 

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

development of the pathogen in boat tissue. 

Observations and Discuss~ • 

.After penetration profuse mycelial growth permeated the leaf tissue, 

radiating inter- and intra-cellularly from the point of. entry with little or 

no apparent limitation by the cell w~lls. Ultimately there was a progressive 

collapse of epidermal cells, beginning from the infection site. 

After the host cells collapsed the pathogen grew quickly in dead tissue. 

The epidermal cells seemed to be particularly susceptible and were often attacked 

first. This was followed by the collapse of pallisade cells, which in some 

cases retained their integrity to so~e extent. 

f th tho a l?P.eared inter- and intra-cellularly in The myoelium o e pa gen _ 
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cleared leaf tissue as light brown threads ramifying throughout the epidermal 

and mesopbyll regions of the boat. 

As soon as cell death commenced it became more difficult to observe the 

mycelium of the pathogen due to the masking effect of dead protoplasts. 

(b) The effect of temperature on the duration of the incubation Eeriod. 

Incubation ia generally a rather extended process and considerable 

variation in its duration is frequent. With the pathogen established in the 

host tissue temperature, rather than humidity, becomes the most important factor 

affecting the length of the incubation period. (Waggoner 1960). 

Observations were made of the effect of temperature during the incubation 

period on the minimum time before inoculated plants developed macroscopic 

symptome. 

Materials and Methods. 

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

with a conidial suspension of 12,000 spores per ml. Plants were held at con-

o trolled temperatures of 50, 60, 70, 75, 80 and 85 F throughout the trial period. 

Frequent obserr1ations of inoculated plants at each temperature were made. By 

marking lesions with a 'ball-point' pen as soon as they appeared on the leaves 

it was possible to determine when further lesions developed. Plants sprayed 

with sterile distilled water were also held at each temperature as controls. 

The number of hours after inoculation when the first macroscopic lesions 

became visible was recorded. 

Results and Discussion. 

The results of this trial are recorded in Table 18. 

T.ABIE 18. (See next page.) 



TABIE 18. length of Exposure of Inoculated Plants at Different 
Temperatures before Macroscopic lesions become 
Visible on leaf Tissue. 

Temperature 
oF. 

Hours Exposure Before 
First Lesions Visible. 

50 

60 

70 

75 

80 

85 

approx. 120 

73 

48 

50 

74 

106 

1uu. 

From these results it was possible to calculate the approximate length of 

the incubation phase of the disease cycle. In the previous section on pene­

tration and infection it was shown that these two processes were cornpleted after 

the following periods, dependent on temperature~ 

50° F 20 hours 
60° F 12 fl 

70° F 6 - 8 hours 
75° F 6 - 8 fl 

80° F 8 - 11 ti 

85° F 12 hours 

By subtracting these times from the shortest period required for disease 

manifestation at different temperatu~es the minimum length of the incubation 

phase of the disease cycle could be calculated. The length of the incubation 

period in relation to temperature is shown in Figure 10. The broken lines 

represent the boundaries of obserized minimum and maximum length of the incu­

bation period and the solid line the approximate period at which maximum 

expression of lesions was observed at various temperatures. 

At the range of optimum temperature for infection (70 - 75°F) the minimum 

length of the incubation period appeared to be approximately 40 hours. 

At 7cP F complete expression of symptoms occurred about 24 hours earlier 

than at 60° F, while the incubation period lasted approximately 3 days when 
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plants were held continuously at 50°F. 

During this trial it was noted that lesions produced on the younger, softer 

leaves near the growing apex were invariably larger and visible sooner than 

lesions on the more mature leaves of inoculated plants. This may be attributed 

to the greater ease and earliness of penetration of germ tubes of the pathogen 

through the thinner cuticle of younger leaves than of older leaves. Conversely 

the effect may be due to a reduction in distribution or amount of nutrients in 

older leaves favouring the growth of the pathogen in host tissue. 

As the length of time from inoculation increased there was a progressive 

increase in both the size and number of lesions produced, over the temperature 

range studied. At the optimum temperatures for disease development (70 to 75°0) 

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

80°F the size of lesions was greatly reduced. 

CONJ IDS IONS. 

Although the growth and spread of A. zinniae in zinnia leaves is difficult 

to follow, it is concluded that the pathogen progresses some distance from the 

infection site before macroscopic symptoms appear. Mycelium of the pathogen is 

both inter- and intra-cellular in host tissue, epidermal cells being especially 

prone to early collapse. 

At the range of optimum temperature for infection (70 to 75°F) the minimum 

length of the incubation period is approximately 40 hours and the length of time 

before symptoms appeared increased at temperatures higher or lower than the 

optimum. 

As the length of time from inoculation increases there is a progressive 

incfease in the size and number of lesions produced. 

This study shows that the incubation phase is the most extended single step 

in the development of the disease cycle. The length of incubation is greatly 

dependent on temperature and the size and number of lesions which subsequently 

develop on leaves following inoculatioh, is closely related to both temperature 

and time. 
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4. UwuFESTATION. 

The term manifestation refers to the expression of physiological disturbance 

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

1959). 

Manifestation of disease on zinnia plants caused by A. zinniae involves 

spotting of leaf, stem and blossom tissues. The precise nature of this expres­

sion on different host orLans has been described in detail in Part A of this 

chapter (page 61). 
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PRODUCTION OF INOCUllJM. 

Consideration was given to the method of production of conidia of A. zinniae. 

Conidia may be produced during the period of manifestation or at a later stage, 

and are formed singly at the tips of conidiophores arising from dead host tissue. 

Microscopic examination of cleared infected host tissue revealed the presence 

of light brovm inter- and intra-cellular hyphae within the host and brown septate 

conidiophores arising from the stomata. Spores of the fungus were often visible c 

fresh specimens of infected leaves when atmospheric conditions favoured 

sporulation. 

The most active region for conidial production was at the site of original 

infection and the density of spore production on other areas of a lesion was 

extremely variable. 

·,1ben plants were held continuously under high humidity condi tiona at 

favourable temperatures of 70 to 80°F production of spores was seen to occur 

within two days of the first appearance of lesions, or approximately 4 to 5 days 

from inoculation. 

Normal humidity conditions encountered in the glasshouse were not high 

enough to support conidial production. If diseased plants were subjected to 

high humidity, either by covering while wet with plastic beg or by use of a 

humidity cabinet, sporulation on lesions occurred within 36 hours, at normal 

glasshouse tempera·tures of 50 to 80°F. 

During the summer montps, when it was necessary to damp down the glass­

house to reduce the temperature, some secondary spread of A. zinniae was noted 

in zinnia plants stored on the glassho~se benches. This would indicate that the 

pathogen was capable of sporulation, dissemination and of infecting healthy host 

tissue under such conditions. Thus it seems probable that high humidity is a 

pre-requisite for the production of conidia from lesioned host tias ue. 

The sequence in the development and production of conidia of .A. zinniae 

is presented in Figure 11. 



FIGURE II, SEQUENCE OF CONI0IAL DEVELOPMENT 

2 3 

4 s 7 

6 

CAMERA LUCfDA DRAWING OF CONIDIA IN DrFFEREN T STAGES OF DEVELOPMENT. 

1-6. PROGRESSIVE FORMATION OF A srNGLE CONIDIUM FROM THE APICAL 

CELL OF A CONI DIOPHORE. 

7. C ONIDIOPHORE FOLLOWING CONIDIAL ABSCISSION SHOWING TERMINAL 

SCAR, 
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6. EXII' FROM: TEE HOST .AND DISPERSAL OF INOOUilnti:. 

ffben the host plant becomes diseased the causal organism frequently produces 

a crop of spores which function as the secondary inoculum and serve to initiate 

secondary infections. Secondary cycles may be repeated several times during the 

growing season and are the means whereby there is rapid and widespread buildup 

of a particular disease during the relatively short period that host plants are 

available. 

In general, the method of dissemination of secondary inoculum will be 

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

of spores of a pathogen which is dependent on water splash effects, for instance, 

will tend to be strictly localised. Windborne spores, on the other hand, may be 

carried long distances and hence seconda_ry cycles may produce inoculum which is 

capable of causing infection. to plants some distance from the original site of 

inoculum production. 

The various agents available for the dispersal of conidia of A. zinniae 

include wind, rain, insects, man and cultural praetices. Field obser-v'ations on 

the pattern of spread of Alternaris leafspot had lead to the conclusion that the 

last three of these agencies were unimportant in the dissemination of the 

pathogen. Thus wind and rain were considered in this study as the two major 

factors which could be important in conidial dispersal. The study was conducted 

in two sections:. 

(a) laboratory trial 
(b) Field trial. 

(a) Ieboratory Trial. 

Obaervations·were made on the effect of wind and water on the liberation 

and spread of conidia of A. zinniae. 

Materials and Methods. 

Zinnia leaves from infected plants were held at 28°0 under high humidity 

conditions for 48 hours. These leaves were then examined under a binocular 

microscope and sporulation was shown to be heavy. Ten of those leaves which were 
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showing heavy spore production from disease lesions were placed on an 8 x 8.5cm 

glass slide and secured in position with adhesive tape. The slide was held in a 

clamp, 4 inches from a 'Kosyaire'+fan. Pots, each containing 3 heal~hy zinnia 

plants, were placed 9 inches from the glass slide and 13 inches from the fan so 

that plants and slide were in the direct path of the air stream. 

'lbe trial was carried out in six sections, the exposure time in all cases 

being 10 minutes. 

1. Dry air from the fan was passed over the sporulating leaves on the glass 

slide. The leaves of the teat plants were dry. 

2. Dry air from the fan was passed over the aporulating leaves, the leaves of 

the teat plants being wet during the teat period. 

3. A fine mist spray of distilled water was directed into the air stream from 

the fan between the fan and the glass slide bearing sporulating leaves. The 

leaves of the test plants were dry. 

4. As for 3 except that the leaves of the test plants were misted with distilled 

water prior to exposure. 

5, Water was directed onto the sporulating leaves and allowed to splash directly 

onto the test plants. No air movement from the fan was used. The leaves of 

the test plants were drJ prior to treatment. 

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

water prior to treatment. 

Following exposure all plants were held in a moist chamber under high humid­

ity conditbns for 36 hours at 700'F and then removed to the glasshouse bench. 

Disease counts, as shown by the number of leaves which developed lesions, were 

made 10 days after expoaufe. Reiaolations of the pathogen were also carried out. 

+ 'Kosyaire' is the trade name of a domestic 
electric fan manufactured in New Zealand. 



Results. 

The results of this trial on the method of spore dissemination of A. zinniae 

are recorded in Table 19. 

Treatment. 

1 

2 

3 

4 

5 

6 

lesion Development on Plants Subjected to Different 
Secondary Spread Treatments, .10 days from 

freatment. 

No. Plants Total No. No. I.eaves J~ Infection 
Exposed. leaves. Infected. 

12 92 0 0 

12 100 0 0 

6 56 22 39.3 
I' 68 22 32.4 0 

12 108 97 89.8 

6 68 62 91.1 

Disease 
Rating. 

0 

0 

4-

4 

9 

10 

Disease rating was calculated on a scale 0-10; 0 indicating nil infection 

and 10.90 - 100f~ infection, one laaion per leaf being sufficient to record 

that particular leaf as being diseased. 

These results indicate that air movement alone (treatments 1 and 2) is of 

no importance in the dissemination of spores of A. zinniae. Whether this is 

because vdnd force is insufficient to dislodge spores from their conidiophores 

or because the conidia are too heavy or aerodynamically unsuited to airborne 

dispersal was not ascertained. 

It appears that the most important mechanism of spread of conidia is by 

direct splash effects of rain or watering of plants. Wind blown water drops 

containing spores may also be of some importance. Water appears to be important 

not onfy in dissemination but, as indicated by observations in this trial, 

also aids in the mechanical removal of conidia from the conidiophores. 

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

with or without the aid of wind, appears to be the most important mechanism of 

conidial dispersal. 
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In the present trial no great variation was found between the amount of 

infection occurr:qig on plants which were dry during the exposure period and 

those which were atomised with distilled water prior to exposure. 

(b) Field Trial. 

Water drops running off the leaves of plants on which there were aporulat­

ing lesions were caught in a test tube and the runoff water exami..~ed under a 

binocular microscope. Spores were found to be present in large numbers. This 

observation would indicate that water movement is important in the spread of 

A. zinniae and prompted the setting up of a field trial to try to relate field 

weather conditions of rainfall and wind speed with spore dispersal. 

Attempts were made to correlate numbers of conidia found on glass slides 

smeared with Vaseli~ placed within a crop of diseased zinnia plants., with 

prevailing weather conditions. 

Materials and Methods. 

The experimental area had not been used for growing zinnias for at least 

15 years and possibly never before. The area was in a sunny location with 

fertile soil. 'l'he plants were transplanted into this area when 4 weeks old 

(four leaf stage) into 4 rows of 30 plants, with 12 11 between plants and rows. 

Glass microscope slides 75 x 25nm were held with a spring clip, the top of 

the latter being secured to a bamboo stake with a drawing pin. A rubber band 

around the top of the clip held the clip and slide in a vertical position. The 

bamboo stake was placed so that the bottom of the slide was 6 inches above ground 

level. 



PLATE 14. Vaselined slide in position in a diseased zinnia crop, 
showing apparatus used in field trial. 

------

Six slides were placed in the crop at approximately 4 ft. intervals. 

108. 

At 48 hour intervals the slide from each clip was removed to the laboratory 

and a further series of clean slides inserted in the clips in their place. 

Slides were examined microscopically and counts of the numbers of oonidia 

present on each slide were made. The total number of spores on all six 

slides was expressed as an average. 

The trial was r!.:k~ for 46 days, during which time efforts were made to 

relate the average number of spores on the slides with weather records obtained 

from ~ssland.s Division, D.S.I.R., approximately one mile from the site of the 

experiment. 
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Results. 

In many cases spores were found on slides in clumps containing as many as 

20 or 30 spores. '.Ibis would indicate that water containing conidia had been 

deposited on the slide and tbe water had subsequently evaporated. 

Results of this field trial are presented graphically in Figure 1;2. 

Figure 1.2 substantiates the findings of the previously described laboratory 

trial on the metbod of dissemination of conidia of .A. zinniae. Of the various 

agencies which may cause conidial dispersal, water, in the form of rain drops may 

spread conidia over the plant and to nearby plants; air movement does not appear 

to account for the dispersal of spores. 

In all test periods when rain fell, there was a sharp increase in the number 

of conidia observed on the slides placed in the crop. Vlhen no rain fell during 

the test period and even when wind speed was as high as 15 m.p.h. (e.g. teat 

period 17), the number of conidia on the slides was low. The occurrence of some 

spores on slides following test periods with no rain but high wind speeds may 

have been due not to wind dissemination of conidia but rather to leaves bearing 

spores being blown against the slides. This assumption was based on the fact 

that during test periods of heavy wind speeds isolated smears in the vaseline, 

with spores adhering, were observed on the slides. Thus the contact of infected 

leaves bearing spores with nearby healthy leaves during periods of hifh winds 

cannot be excluded as a possibility for the spread of the pathogen in nature. 

This is especially probable in closely planted beds. 

In.most cases, as the amount of rain which fell during a test period increasec 

there was a corresponding increase in the number of spores found on the slides, 

irrespective of wind v,eloci ty. 

Discussion. 

Some confusion exists in the literature as to the method. of dissemination 

of spores of A. zinniae throughout the growing season. Baker (1956) for instance, 

states that isolation between crops is necessary to control A. zi~ "because 

of the hazard of spores being blown to clean stock from infected crops". 
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Field observations, as well as the ttv10 trials outlined above, indicate 

that water splash dissemination of conidia of the pathogen is most likely and 

that wind, apart from the blowing of water drops containing spores over sho:ct 

di::rtances, is of little importance. 

Rarely is stem lesioning observed on seedlings which do not manifest 

cotyledonary lesioning. This would indicate that spores may be carried down the 

stem in water droplets from the infected cotyledons above. 

During this study it was noticed that some plants possess a slight groove 

running longitudinally down the length of the stern. This stem grooving did not 

appear to be a consistent characteristic of any one variety of Zinnia elegans, 

but occurred in isolated plants within different varieties. These grooves were 

shown to act as an effective water race down the stem. .Adult plants which 

possessed these natural stem grooves were stripped of their leaves and a spore 

suspension (20,000 spores/ml.) was poured onto the stem apex using a fine nozzled 

dropper a.~d allowed to run down the grooves. The plants were held under high 

humidity conditions for 48 hours and then placed on the glasshouse bench. All 

plants developed heavy stem lesions arou.11.d the grooves, illustrating that spores 

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

From observations on the grov1th of infected seed in sterilised soil in the 

glasshouse it was seen that when very high seeding rates vmre sown to produce a 

dense stand of seedlings, a high proportion developed stem lesions, mainly at or 

.just above £round level. Some seedlings, however, also showed stem decay some 

distance from ground level. Under such conditions stem lesioning may be observed 

on some seedlin[.::s which do not show any cotyledonary decay. Such lesioning was 

considered to be caused by water drops containing spores running off diseased 

cotyledons onto the stems of plants below, during overhead watering. 

Under the lower seeding rates normally used, however, stem lesioning was 

rarely observed on plants not showing cotyledonarsJ infection. 

In this study it was also shown that on a seedcoat from a diseased seed, 
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which had fallen to the ground from a lesioned cotyledon, the pathogen may 

sporulate under the hiEh humidity conditions near the soil surface. Under 

conditions of overhead watering widely used in nurseries spores may be splashed 

onto the stems of developing seedlings. 

Although no work was carried out to ascertain the importance of this method, 

it is also possible that spores falling or being washed from infected leaves to 

the soil surface may subsequently be splashed up onto the stem in association 

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

the resultant mycelium may invade stem tissues at ground level. 

CONCDJSIONS. 

Since conidia of A. zinniae are apparently not wind disseminated, the 

secondary spread of spores by rain splash effects may be considered to be strictl3 

localised. long distance spread of the pathogen to new areas could thus only 

occur through the transportation of diseased plants or soil containing spores, 

or by the use of seed harvested from diseased plants. 

From observations on the spread of the disease in glasshouse sowinga it is 

concluded that several mechanisms are available for the spread of the pathogen:-

1. Splashing of spores from infected leaves to the leaves or stems of 
plants. 

2. ·,7ashing of spores from infected leaves down the stem of the infected 
plant. 

3. V/ater splashing of spores produced on diseased testa tissues which 
have been shed to the ground. 

4. :Possibly through spores being washed to the soil surface and either 
being splashed onto the stems of plants during watering, or infecting 
the stems by means of mycelium arising from spores which may have 
germinated on the soil surface. 
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• MET:OOD BY Yf.HICH THE PAT.HOGEN BECOJ,rES SEEDBORNE • 

Seedborne transmission of plant pathozens is ex;tremely important because, 

(i) the host and parasite are closely associated, providing maximum opportunity 

for infection, (ii) spread over long distances is possible, and (iii) the fungus 

strain best adapted to a given variety stays with it, increasing the chance of 

an epidemic (Baker 1952). 

The fact that blossom lesioning with 1:i.. ziJ:1..niae invariably affects the 

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

seed can become diseased during the period of seed development. 

A. zin.~iae is associated with the seed of Zinnia elegans in two ways (page173 

1. As surface borne spores adhering to the seedocat. 

2. As internally borne vegetative mycelium established within the tissues 
of the seed. 

The zinnia belongs to the Compositae and has its flowers arranged in a close 

head composed of pistillate ray flowers and disc flowers containing both pistil 

and stamens. 

From observations in the field, the mechanism by which the pathogen becomes 

seedborne is considered to be as follows 

The petals of the ray florets, being slightly curved, act as moisture traps, 

conveying spores produced on lesio~ed florets do~n to the developing seed, and 

providing the moisture necessary for spore germination and penetration of the 

seed which is in the early stages of development. It has been observed that 

moisture may remain in the central portion of the f lowerhead for long periods 

after the leaves and florets of zin,~ia plants are apparently dry following rain. 

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

the flowering period. Thus wet weather during flowering and seedset may play 

an important part in determining the amount of seed which is subsequently 

diseased. 

The seed is closely aEsociated vvi th the florets, being separated only by a 

short stalk. This latter is often infected by tpe pathogen and shows typical 

disease lesioning. 
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The fact that the junction between petal and seed is ruptured during 

threshing, leaving a ragged end to the majority of seeds, may provide a con­

venient area for the trapping of external spores on the outside of the seed coat 

during the harvesting process. 

To obtain some information on the method of seed carriage of A. zinniae 

two aspects of study were carried out. 

1. The effect of flower age on susceptibility to floral attack. 

2. The effect of stage of seed development on susceptibility to attack 
and on the site of the pathogen associated with the seed. 

1. The effect of Flower~\~ on Susceotibilitv to Floral Attack bi J:,,.. zinniae. 

On zinnia blossoms the first sign of disease visible to the naked eye is the 

appearance of minute dark lesions. Under favourable environmental conditions 

these can appear 4f3 hours after inoculation. They subsequently enlarge and 

coalesce to form spreading brown to black lesions. Ultimately the individual 

florets collapse, making the blossom unsightly. In wet weather the diseased 

flowerheads become watersoaked and provide an ideal substrate for such other 

fungi as Alternaria tenuis and Botyrtis cinerea. 

Materials and Methods • 

.Approximately 85 plants were used in this study. The plants were allowed 

to develop in their natural form, no attempt being made to increase the number 

of flowers produced on each plant by 11pinching back11
• This allowed the produc­

tion of one terminal flowerhead per plant. The date of flower-bud burst was 

recorded for each flower. This date was recorded as soon as the bud scales had 

separated to expose the inflorescence. A wide range of varieties and bloom 

colours were included in the trial, allowing a progressive increase in the age 

of flowers as determined by the number of days from bud burst. 

All plants-were inoculated with a spore suspension of A. zinniae, co!ltaining 

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

plants we14 e then removed to the glasshouse bench. A disease rating was obtained 

10 days after inoculation by counting the number of infected ray florets and 
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expressing these as a percentage of the total number of ray florets in the head. 

RESULTS and DISCUSSION. 

The results of incidence of floral attack by A. zinniae 10 days after 

inoculation are presented in Table 20. 

TABIE 20. INFECTION OF ~~RTIFICI.ALLY INOCULATED ZI:r{NIA BI.DSSOMS OF 

Age in 
days. 

Unopen 

1 

4 

5 

8 

10 

12 

14 

15 

16 

19 

20 

22 

25 

26 

29 

31 

33 

35 

36 

39 

No. flowers 
Inoculated. 

2 

1 

1 

1 

2 

1 

4 

2 

4 

2 

6 

2 

6 

6 

2 

5 

2 

8 

2 

7 

4 

(Continued overleaf) 

DI:b'FEPtENT .AGES. 

Total no. 
Florets. 

No. infected 
Florets 10 days. 

,S Infection. Stage of 
Development. 

---------------
91 2 

30 3 

54 4 

73 16 

47 11 

48 5 

216 41 

92 12 

150 20 

158 27 

370 103 

180 37 

388 121 

427 198 

100 56 

264 153 

75 32 

255 170 

78 63 

380 241 

129 101 

2.2 

10.0 

7.4-

22.2 

23.4 

10.4 

19.0 

13.0 

13.3 

17. 1 

27.9 

20.6 

31.2 

43.6 

56.0 

57.9 

42. 7 

66. 7 

80.8 

63.4 

78.3 

Green bud. 

Coloured bud. 

Half open bloom. 

Mature bloom. 
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T).BIE 20 (Continued). 

~ . .nge in No. flowers Total Ho. No. Infected }~ Infection. Stage of 
Days. Inoculated. Florets. Florets 10 days. Development. 

40 4 299 245 81.9 

41 3 178 164 92.1 

42 3 133 119 89.5 

44 3 183 165 90.2 

46 1 46 42 91,3 

These results indicate that there is a marked increase in susceptibility of 

flowers ·:ii'th age. V/hether this is due to a change in the chemical composition of 

florets with age or to a senescence effect was not determined. 

It appears that flowerheads of Zinnia elep-ans show an age effect in their 

susceptibility to the disease and that this must be a factor to take into 

consideration in studying seed attack by .A. zinniae. 

2. Stap:e of Seed Development - its Effect on Disease Incidence and. the 
Site of Seed ~\ ttack b;y: l'>. zinniae. 

Materials and Methods. 

The blossoms of healthy zinnia plants were sprayed with a spore suspension 

of 10,000 spores per ml. Seed was hand collected from these inoculated flowers 

after 14 days and separated into four categories according to stage of development 

Group. 

1 

2 

3 

4 

Seed Colour. 

white 

green 

brovm 

Dark brown. 

Endosperm development. 

Nil 

some 

Seed fully swollen, 
but soft. 

Complete, seed hard 
and dry. 

General Classification. 

Undeveloped. 

'milky' stage. 

Immature. 

Mature. 
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Seed from each group was studied to determine the incidence of A. zinniae 

associated with the seed. Half of the seed in each group was plated directly to 

prune agar. The other half was dusted with Pernasan + to kill any surface borne 

conidia of the pathogen and then plated to pru..ne agar. 

All plates were incubated at 28°G for 5 days and the number of colonies of 

the pathogen developinc: from the seed was recorded. 

Control samples of the seed were obtained by spraying healthy flowerheads 

with distilled water, collecting seed after 111- days and dividing it into the 

above fou:c groups. 'Control' seed in each group 1:1as tested for A. zinniae by the 

same methods as for seed obtained from inoculated flowerbeads. 

Results and Discussion. 

Results of growth of colonies from seed are presented in Table 21. 

TABIE 21. EEFECT OF ::.1ID;t'EillillAD AGE ON SEED IITI!'ECTION. 

Group. Seed from Inoculated Flowerheads. Seed from '£Q,ntrol' Flowerheads. 

1 

2 

3 

4 

1 

2 

3 

4 

No. seeds plated 
directly. 

39 

117 

77 

36 

No. seeds dusted 
and plated. 

40 

117 

77 

50 

Percenta;::e ;.":;. zinniae from seed 
Ii..4i:t:!!l 

18.6 12.0 

23.9 9.8 

28.6 7.8 

52.8 2.0 

No. seeds plated 
Directly. 

40 

40 

40 

l+O 

No. seeds dusted 
ari.d Plated. 

40 

40 

40 

4-0 

Percenta,e .A. zinniae from seed 
(~) 

0 0 

0 0 

2.5 0 

2.5 0 

+ Femaaan - im I.C.I. product containing: as active ingredient 
Tetramethyl thiuram disulphide 501;. 
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These results indicate that with seed plated dif'ectly to prune agar., the 

percentage of A.zinniae as determined by the number of colonies of the ftmgus 

arising from the seed is increasingly higher in inoculated seed with inoreaaina 
C 

seed maturity. This high recovery of the pathogen is considered to be due to the 

presence of both internally and externally borne inoculum. 

With inoculated seed which had been dusted to kill all surface borhe inoculum 

the percentage of A. zinniae associated with the seed was shown to decrease with 

increase in seed maturity. No detection of A. zinniae was recorded in control 

samples of seed which had been dusted, and only a small percentage of the pathogen 

was recovered from 'control' seed plated directly to agar. 

These results show that as seed matures the percentage of internal infection 

of seed decreases and the total disease incidence increases due to the presence of 

loose spores adhering to the seedcoat surface. Some seed infection was shown to 

occur even in mature seed. This indicates that, although the stage of seed develo] 

ment markedly influences the relative proportions of surface and internally carriec 

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

is insufficient to completely prevent the pathogen penetrating and establishing in 

seed tissue. 

'.i.'hus it is concluded that as seed matures in the flowerhead its suscepti­

bility to infection by A. zinniae is greatly decreased, but the amount of the 

pathogen associated with the seed as surface borne spores may be very high. Thus 

it appears that in or0er to control seed attack by A. zinniae it is essential to 

prevent seed infection in tpe early stages of maturity and to control or prevent 

seed contamination immediately prior to and during seed harvest. 
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SURVIV .AL OF .ALTR,.~ .. 4RIA ZINNLAE IN 'IrlE .ABSENCE OF ZI:NNI.A PL.!l.NTS. 

FLmdamental lmowledge of the methods of survival of micro-organisms in the 

absence of the host crop is often the key to eventual development of plant diseas~ 

control measures. 1-f.any methods are available for the sur-ifival of fungal pathogern 

from one season to another - in the soil, on plant debris, on alternate hosts or 

by weans of carriage with the seed. 

Since l1o zinniae is seedborne, experiments were conducted to determine the 

capacity for survival of spores present as loose conidia adhering to the seed 

surface and of mycelium borne internally in zinnia seed. 

Because of the manner of disease developrrent observed in zinnia crops grown 

in the same area in successive seasons, the soil was also suspected as being one 

of the sources of primary infection. Investigations were therefore carried out 

to determine the survival ability of conidia of A. zinniae under laboratory 

conditions, whether asexual spores could survive between crops in the soil, and 

the ability of A. zinniae to survive as vegetative mycelium in the soil or in 

crop debris, 

(a) SURVIVAL AS INOOUIDM ASSOCL:\'.r::m ,7ITH znrrcr.A SE:G;D. 

Neergaard ( 194-5) and Baker & Davis ( 1950) have reported that A. zinniae 

can survive with the seeci of Zinnia elegans for 9bou:t 5 years. ..\ccordingly 

studies were made to determine the survival of loose spores adhering to the seed 

surface and of internal mycelium of A. zinniae present within the seed. 

(i) Survival as Surface Borne Conidia. 

The technique used to determine the length of time loose spores of A. zinniae 

could remain viable on seed was essentially the same as that used by Bolley (Cole 

and Couch 1958) for determining the presence of spores of the wheatbunt organism 

(Tilletia foetida ;·;ullr) and the flax wilt fungus (Fusarium oxyspor1.n1 f. lini 

Bolley) on seed of their respective hosts. This method consisted of washing 

seed with distilled water and centrifuging the wash water to accelerate the 



sedimentation of sp-ores. In the present st1.rly, trials with aqueous spore 

suspensions of A. zinniae showed that centrifuging at 1,450 r.p.m. for 10 

minutes was sufficient to deposit over 85% of the conidia. 

Materials and I1fethod!:!.-
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Method 1. A two gram sample from each of four naturally infected sedlines of 

Zinnia ele1Zans was used for each test. The seed was placed in a 100 ml. flask wit 

25 ml. of sterile distilled water and shaken vigorously for 5 minutes. 'i.1he wash 

water was decanted into four hard glass test tubes and centrifuged at 1,450 r._p. ,n. 

for 10 minutes. Most of the supernatent in each tube was discarded, and the 

sediment poured into a test tube, the total volume being made up to 10 ml. with 

sterile distilled water. .A drop of this concentrate was examined under a 

microscope to confirm the presence of spores of A. zinniae. The spore suspension 

was sprayed onto 10 healthy zinnia plants and these, along with three control 

plants which had been sprayed with sterile distilled water, were placed in a 

high humidity cabinet in the glasshouse. After 48 hours the plants were removed 

to the glasshouse bench. Disease manifestation was recorded 10 days after 

inoculation, the number of leaves showing lesioning being counted. Reisolations 

were made by removing diseased leaves to the laboratory, pJ_acing them on slides 

in petri plates lined with moist filter paper for 48 hours at 28°0, transferring 

single s:pores to slopes of FDA. 

Tests were carried out using this seed washing method for determining 

conidial viability at approximately 3 week intervals. 

~Ll• 
During the winter it was found difficult to maintain sufficient plants 

for spore longevity studies using };Iethod 1. Accordingly, a laboratory method 

was used for demonstrating the viability of spores in seed washings when 

sufficient plants were not available. The method used limited the risk of 

cultural contamination when using an impure source of spores such as from the 
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sc::ed surface. The method involved placing the sgore suspension between the agar 

and the glass bottom of the petri plate by inverting the agar, as suggested by 

Sleeth ( 1945). By this method the spores could be readily found and observed 

through tpe bottom of the plate without being obscured by mycelial or bacterial 

contaminants. Fungi often grew through the agar and could be isolated from the 

agar surf ace. 

Seed washings from each of the four lines under test were centrifuged and 

resuspended in 5 ml. sterile distilled water. The resultant concentrate was 

drawn into a capillary pipette and 0.1 ml. drops of the spore suspension placed 

in each petri plate on the surface of' the prune agar used, 5 drops per plate. 

The entire agar disc was then inverted, using a broad spatula. The raised 

rim at the edge of the plate was trimned off so that the agar surface could 

adhere to the bottom of the plate without entrapment of air. Plates were incubat­

o 
ed at 28 C. .As soon as colonies ·were visible they were examined through the 

bottom of the plate under a microscope. Colonies developing from single spores 

of .A. zinniae were easily identified. Pure culture transfers from the top 

surface of the agar could often be made by taking shallow agar plugs. The number 

of spores vA1ich had germinated 12 hours after inoculation was determined 'and 

recorded as a percenta~e. Usually 50 spores were observed per plate and an 

average percentage figure of' the spores which had germinated used as a measure 

of viability of conidia from seed washings. 

Viability tests on conidia associated with each of the four seedlines under 

study were carried out at approximately 3 week intervals. 

Results and Discussion. 

Both of the methods employed to determine the viability of conidia from 

seed washings proved effective. The me~hod involving spraying seed washings 

on to healthy plants (!,!etbod 1) v,as used when possible and the laboratory method 

(Method 2) used only in cases when insufficient plants were available for 

glasshouse tests. Results of the tests are presented in 'l'able 22. Percentage 

figures are recorded to the nearest whole number. 



TAB:IB 22. SURVTV AL OF IDOSE CONIDIA ADIIBRING TO THE SEJ<JD SURF ACE 
OF NATURALLY INFECTED IINES OF ZINNIA. EIEGA.1.1"S. 
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Date Seedline of 1962 seed used. Approx. age of seed. Method used for 

27.2.63 

4.3. 63 

1.5. 63 

14. 6. 63 

1. 7. 63 

20.8. 63 

11. 9. 63 

1.11. 63 

3 .12. 63 

7.1.64 

29.1.64 

26.2.64 

23.3.64 

27.4.64 

22.5.64 

A B C D (months) Viability Test. 

100 

100 

84 

72 

44 

31 

16 

21 

17 

19 

22 

19 

7 

2 

NB. 

:NR 

100 

98 

88 

84 

40 

55 

26 

43 

29 

34 

29 

NR 

NR 

NR 

NR 

NR 

92 

88 

89 

60 

24 

37 

29 

26 

23 

26 

17 

19 

8 

0 

0 

98 

100 

92 

88 

62 

22: 

20 

36 

25 

27 

39 

23 

14 

16 

5 

5 

0 

0 

16 

16.5 

17.5 

18.5 

1Q 
•✓ 

20 

20.5 

21 

22 

23 

24.5 

25.5 

27 

27.5 

28 

29 

30 

31 

NR = Test discontinued due to lack of seed. 

a = 1 control plant showed 2 leaves infected. 

·1 

1 

2 

1 

2 

1 

1 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

2 

These results show that loose conidia of 1~. zinniae are capable of remaining 

viable on the surface of zinnia seed for up to 2i years from harvest. Thus 

they may be regarded as a potential source of inoculum for the infection of 

seedlings arising from contaminated seed, even when such seed is held for 

2 years before sowing. 
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There did not seem to be any marked difference in results as recorded by 

1Jethods 1 and 2. In cases where Method 1 was used, there was quite high 

variation in the percentage of disease expression between successive tests. 

This was possibly due to ~~favourable temperatures in the glasshouse following 

inoculation, since no control of temperature was made during each test. 

Conclusion. 

From these results it is concluded that conidia on the surface of seed 

can remain viable for up to 29 months from harvest, and are capable of causing 

infection and development of disease symptoms when sprayed onto healthy plants 

in the glasshouse. This study therefore implicates loose spores adhering to the 

seed surface of i:nporteo. lines of Zinnia ele,~ans as a source of primary inoculum 

for seedling infection. At no stage during this trial was there any evidence of 

a spore dorrnancy phase or any sign of myceliu:n production associated with spores 

of A. zinniae adherine to the seed surface. 

Survival as mvcelium within the seed. 

In order to determine whether vegetative mycelium of A. zinniae established 

in seed tissue was capable of remaining viable over long periods, further studies 

were carried out. The same four naturally diseased seedlines used in part (i) 

were used in this study. Tnese lines had producea variJing percentages of diseased 

seedlings ranging from 12;: to 251~, ten days from sowing. The seed was dusted to 

kill 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 

mucelium of A. zinniae within the seed. 

Jf.aterials and l'liethods. 

A sample of 200 seeds from each line was placed in a 1 00 ml. beaker and 

shaken with Fernasan dust for 3 minutes to obtain complete seed coverage • 

. A volume of dust approximately equal to the volume of one seed of the variety 

being tested was used. The seed was then tipped onto a 1mm mesh screen and shaken 

to remove excess dust. 'Ihe seed was germinated on moist blotters in a Copenhagen 



123. 

tank at 25°0. After 7 days, 20 lesioned cotyledons were removed, washed in 

running tap water for 6 hours and plated aseptically to prune agar. Plates were 

incubated at 28°0 for four days. Fungal colonies arising from plated tissue were 

cut out with a 5mm. corkborer and the agar circles so formed incubated on the 

underside of a petri plate lid for 48 hours at room temperature. Pos-itive 

identification of colonies of A. zinniae was made by reference to spore character:: 

Tests were carried out at approximately monthly intervals. 

Results and Discussion. 

Results on the length of time A. zinniae can remain viable as vegetative 

mycelium within the seed are recorded in Table 23. ~esults are presented as 

the number of successful reisolations obtained from 20 lesioned cotyledons plated. 



T.ABIE 23. VIABI LI T'f W ' a. ZINllIAE AS MY03L[illt 7/ITHIN THE SEED. 

Date of Test. Age of Seed - Seedline Used. 
months. A B C D 

20. 2. 63 16 12 14 8 16 

20.3.63 17 10 12 6 12 

16.4.63 18 12 13 6 13 

18.5. 63 19 8 12 7 14 

28. 6. 63 20 9 15 7 12 

15. 7.63 21 14 10 6 9 

20.8.63 22 10 12 8 10 

11. 9. 63 23 9 11 7 8a 

1.11. 63 25 9 10 7 13 

3. 12. 63 26 11 NR 11 14 

8.1. 64 27 12 8 12 

26.2.64 28 10 7 10 

20.3. 64 29 NR 4 13 

27.4.64- 30 Q 14 ,/ 

23.5.64- 3-1 8 16 

20. 6. 64 32 8 Q 
,/ 

16. 7. 6L~ 33 6 10 

13.8.64 34 8 8 

16.9.64 35 6 12 

20.10.64 36 7 12 

14.11.64- 37 6 13 

Trial discontinued. 

a • Only 12 lesioned cotyledons plated. 

NR = Trial with a particular seedline discontinued 
due to insufficient seed for further 
testing. 
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Although tests were discontinued when the seed was approximately 3 years 

old, this trial shows that vegetative mycelium of A. zinniae borne within the 



seed has a creater survival ability than loose conidia contaminating the seed 

surface. 

Conclusion. 

In the present trial A. zinniae was shown to be capable of surviving as 

internal mycelium in seed for over 3 years. This would indicate that storage 

of zinnia seed for at least 3 years from harvest is of no practical value in 

eliminating the danger of spread of viable'inoculum by way of the seed. 

From this trial it is concluded that loose conidia adhering to the seed­

coat and vegetative mycelium of A. zinniae within the seed are both of great 

importance as sources of primary inoculum for the infection of seedlings arising 

from seed which is not more than two years old. Although surface borne conidia 

have been shown to rernaL"l viable for about 2½ years, internal mycelium of 

A. zinniae has been demonstrated as being capable of remaining viable and of 

causing lesions on seedlings arising from seed at least three years from harvest. 

SURVIY AL IN DRTi'!D HOS'J? TISSUE. 

Studies were conducted to determine the ability of A. zinniae to remain 

viable in diseased zinnia leaves stored under glasshouse conditions. 

~ials and lEethods. 

lesioned tissues used in this experiment were obtained from a natural]y 

infected crop of variety Giant Dahlia Flowered on 25th February, 1963. The 

leaves were spread out on a bench in the glasshouse to dry for 7 days and then 

placed in a cardboard box for storage. At intervals, three leaves were removed 

to the laboratory and placed on slides in petri plates lined with moist filter 

paper. The plates were held at 28°0. Spore production was observed after 30 

hours, a..11.d single spores transfer-!'ed to slopes of FDA to prove viability. 

Results and Discussion. 

Results of observations on relative spore production after high humidity 

treatment of diseased leaves for 30 hours at 28°0 are recorded in Table 24. 
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SURVIVAL OF A ZINNIAE .AS MYOEUU:M IN DRIED HOST TISSUE. 

Date of Test. length of Storage. 
in days. 

Relative Spore Production. 

25.2.62 

10.3. 62 

24.3. 62 

9.4. 62 

30.1.;.. 62 

17.5.62 

4.6.62 

30. 6. 62 

29.7.62 

22.8.62 

16.9.62 

12.1 o. 62 

7.11.62 

6.12. 62 

23.12. 62 

16.1.63 

0 

13 

27 

43 

64-

81 

109 

135 

149 

164 

188 

213 

239 

265 

294 

311 

3
..,,.. 
Y) 

25.2.63 375 
Observations discontinued. 

5 

5 

5 

4 

5 

5 

5 

4 

5 

4 

3 

3 

4 

3 

2 

2 

2 

Very Heavy Sporulation. 

Wide variation in spore 
numbers produced from 
lesions on the same leaf. 

Spore production variable 
on different leaves and 
on different regions of 
the same leaf'. 

Spore production 
moaerate. 

Spore production sparse 
and very variable both 
between leaves and on 
different regions of the 
same leaf. 

a = Incubated at 28°0 under high humidity for 24 hours only. 

Relative Spore Production 
arhitrary scale Oto 5: 

represented on an 
0 = Nil 
1 = Very sparse. 
2 = Sparse 
3 = 1Joderate 
4 = Heavy 
5 = Very heavy. 
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The fungus retained its viability for at least 12 months in dried leaves of 

diseased zinnia pla:t1.ts. Conidia which were proved viable on slopes. of PD.A were 

often subcultured to PDA plates and used to provide cultures for the preparation 

of spore inoculum for host range pathogenicity studies. No loss of pathogenicity 

was observed during this trial, although the numbers of conidia produced. 

declined markedly over the test period. 

Conclusion. 

This experiment demonstrates the ability of A. zinniae to remain viable in 

dried host tissue for at least 12 months. This period is considered to be 

sufficient for spores produced from such tissue to be of some importance as a 

potential source of inoculum for the infection of new season's crops under con­

ditions where diseased zinnia leaves are allowed to remain o-ver the winter months 

under 3:l£iss by inadequate care to sanitation and glasshouse hygiene. 

SUR'JTV AL ON .ALTERNATE HOSTS. 

Experiments were carried out to determine whether ii.. zinniae could survive 

by means of alternate hosts in the absence of zinnia plants. Several plant 

species were found in the field to possess lesions macroscopically identical to 

those produced by A. zinniae on zinnias. Each isolate from such plants was 

inoculated to zinnias after a pure culture had been obtained from single conidia. 

Results are recorded in Table 25. 



TAB IE 25. PATHOGENICITY OF A. znmIAE ISOLA'l':fil FRO:.: NA'IUR .. .\:GLY INF'£XJT.E~D 
HOST SPECIES Ol'ERR TE.AN ZL;J{[A. 

Host. Botanical Name. Pathogenicity Pathogenicity Comments. 
to Zinnia to Host. 

~\geratum ~4.geratum conyzoides + + 
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1 

Aster ~st~is Chinenis + + Weakly pathogenic 

Black 
nightshade 

Calendula 

Cineraria 

Cornflower 

Hydrangea 

Iettuce 

lupin 

Marigold 

Sunflower 

Tomato 

KEY: 

to both Zinnia 
and host. 

Solanum nigrum + + Older leaves 
more susceptible 

Calendula officinalis + + Strongly patho-
genie to zinnia 

Senecio cruentus + 

Oen ta urea cvanus + ";JJ 

" + Weakly patho-
+ genie. 

H;zdran'-ea mac~la + + Weakly pathogenic 
to zinnia 

Iactuca sativa 

~~lus + + weak 

Taiietes erects + + Strongly patho-
genie to zinnia 

Helianthus annuus + + 

fycopersicon esculentum + Not A.zinniae 
(.A. solani?) 

1 = Isolate ia_entical to ~i. zinniae in cultural and spore 
characters. 

2 = Isolate not identical to ,A. zinniae in cultural and 
spore character. 

vr = Plant v1ounded prior to inoculation. 

+ = Inoculation successful. 

= Inoculation unsuccessful. 

1 

1 

1 
1 

2 

1 

2 

2 

1 

1 

2 

In view of the restricted spread of conidia of A. zinniae to relatively short 

distances, and the inconsistency of association of many host plants with areas of 

zinnias, the possibility that the majority of these species may serve as alternate 

hosts for A. zinniae in the absence of zinnia plants seems remote* 
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Because the majority of the alternate hosts listed in Table 25 are annuals, 

they cannot be considered to be of importance as hosts on which A. zinniae can 

perennate in the absence of zilli!ia plants. Some perennial species on the other 

hand, (e.g. Hydrangea), may be of some importance as overwintering hosts of 

A. zinniae if they are present in close proximity to areas consistently planted 

in zinnias. The possibility also exists however that flower-stalks of some of 

the annual species found to be naturally infected with ~~. zinniae, (e.g:. Taget~ 

erects and CalendU:laofficinalis), may survive through the winter in sheltered 

situations in home gardens. These hosts may provide a method hy which A. zinniae 

can overwinter, and may serve as a source of _primary inoculum for infection of 

nearby zim1ias planted the following spring. This is supported by the successful 

reisolation of .A. zinniae from lesions on the stems and old flowerheads of 

marigold plants (Tagetes erecta) in home gardens in Palmerston North during the 

winter, and the association of A. zinniae with such plants of T. erecta throughout 

the year. 

Conclusion. 

Because of the localised spread of A. zinniae spores and the inconsistent 

association of demonstrated susceptible hosts with areas of outdoor plantings of 

zinnias in the spring, the use of alternate hosts as an overwintering mechanism 

for A. zinniae is considered to be of minor importance. 

{d) SURVIVAL .AS FREE CONIDIA. 

In nature, conidia of pathogenic fungi are subjected to a variety of adverse 

conditions which may result in death of the spores before they can successfully 

attack a susceptible host (Goos 1962). Exi~eriments were accordingly carried out 

to determine the longevity of conidia of A. zinniae stored in a dry state on a 

non-nutritive substrate. 

(i) Oonidial survival was investigated on sterile r;lass coverslips. The spores 

used in this strndv ·were obtained from the surface of a 10 day old culture of ., 

.A. zinniae on PDA, v,hich had been induced to sporulate by exposure to ultraviolet 
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light for 1 minute. Spores were transferred from the surface of the culture onto 

sterile coverslips in petri plates using a fine camelhair brush. The petri plates 

were placed under a bell-jar at room temperature. Tests on conidial viability 

under such conditions were made each day by transferring single spores to slopes 

of PD~4.. which were incubated at 28°0. 

Conidia stored in a dry state under relatively constant humidity, with 

fluctuating conditions of light and temperDture, remained viable for 33 days. 

( .. \ J.l) Oonidial survival was studied on sterile glass coverslips in petri plates 

stored outside. Spores were transferred from a sporulating culture to coverslips 

by the method described above. 1'he petri plates were _placed in an exposed loca­

tion outdoors and an empty tin inverted over the top to prevent entry of rain­

water. Spore viability ,.,.as determined by removing a coverslip to the laboratory 

every 4 days and transferring single spores to slope,.s of PDA. 

Conidia stored outside under natural conditions of humidity, light, and 

temperature fluctuations remained viable for 28 days but not 32 days. 

( ... \ 
,111) Conidial survival was studied as in (ii) above, except that spores were 

placed on sterile coverslips at high spore density, conidia being aggregated 

together in clumps. Viability v,as determined by removing a covers lip at frequent 

intervals and transferring dried clumps of spores to slopes of FDA. 

Under such conditions conidia stored outside in clunrps on sterile c-overslips 

survived 185 days but not 189 days. 

(iv) Spores of 1.\. zirmiae v.ere stored in a dry condition on sterile cover-

slips in petri plates at room temperature. The plates were placed on the sill of 

north window and in this situation were exposed to full sunlight during part of 

the day. Tests of viability viere made at 4 day intervals by transferring single 

spores to slopes of PDA. 

Under such conditions of storage, conidia retained their viability for 

4-8 days. 

(v) To determine whether conidia of A. zinniae present on a non-nutritive 

substrate in large clumps could survive longer periods than conidia stored in 
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thin films, a spore suspension (230,000 spores in 1ml. sterile distilled water) 

was poured into the bottom of a petri plate. Natural evaporation was allowed to 

take place at room temperature. The plate, containing clumps of dry spores was 

held at 28°0, and every 4- days a clump of conidia was removed and transferred to 

a plate of PD.A to prove their viability. tlycelial growth and the ability of the 

resultant culture to produce spores were noted. 

Under such conditions of constant temperature conidia in clumps were capable 

of survival for at least 4-60 days, at the end of which time viability tests were 

discontinued. 

(vi) Conidial survival on glass coverslips stored at a constant temperature 

was also studied. Thin films of loose spores were placed on sterile coverslips 

200('1 which were then placed in petri plates and held at u v. 

determined by transferring single spores to plates of FDA. 

Spore viability was 

The conidia remained viable for 136 days, but lost the ability to sporulate 

on culture media after storage for 124 days. 

Discussion. 

As a rule, sexual spores of fungi general)Jr survive longer than asexual 

spores. This is especially true where the former are contained within some form 

of protective fruiting body. The conidia of some imperfect fungi, however, may 

survive very long periods. The asexual spores of some imperfect fungi have 

therefore taken over the function of carrying the organism over long periods of 

tmfavourable conditions. 

The conidia of A. zinniae are remarkab)Jr resistant to loss of viability, 

although external conditions may influence longevity, possibly by their effect 

on spore metabolism, on the rate of disappearance of reserve materials, or on 

cofactors essential for germination. 

The results of the above experiments on conidial survival of .:.\. zinniae 

are summarised as follows: 
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Test. Spore Storage Conditions. Survival capacity 
Density. Temperature. Humidity. Li.f~ht intensity. in days. 

i. low F (room temp) C F 33 

ii. IDv, F (outdoors) F F 28 

iii. High 1'.i1 (outdoors) F F 185 .Jc 

iv. low F (room temp) F F 48 

v. High C (28°0) F L 460 + 

vi. low 0 (28°c) F L 136 

F = Fluctuating, G = Constant, L = low. 

From these results it appears that temperature conditions are of great 

importance in determining spore longevity. Light intensity does not appear to 

affec't su:i:vival to any great extent, but humidity fluctuations may have some 

effect. 

O'onidia of A. zinniae stored at low spore density on co~,erslips at room 

temperature ( test iv.) survived 421; longer than conidia stored under the same 

external conditions of' fluctuating temperature, humidity and light intensity 

outdoors (test ii.). Similarly, conidia stored on covers lips at low spore 

density at 28°0 ( test vi.) survived nearly 4 times longer than spores at low 

spore density he 1d out side, ( test ii. ) • These results indicate that low tempera-

tures have a pronounced effect in decreasing s~vre longevity when conidia are 

present at low s_pore densities in a dry state. 

External humidity also appears to be of importance in influencing spore 

longevity of A. zinniae. Conidia stored at low spore density at room temperature 

and llllder conditions of fluctuating humio.i ty and light ( test iv.) survived 15 day~ 

(31~) longer than spores from the same culture stored under similar conditions of 

temperature and light, but held at constant humidity (test i.). 

In 1916 Dasteur (Goos 1962) reporxed that conidia of gloeosporium musarum 

Cooke and !ifassee, a comi~on pathogen of' bananas, survived dessication for as long 

as 9 months when the spores were present in clumps. On the other hand, thL~ filmE 

of spores were quickly killed by drying. In the present study spore aenaity was 
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shown to have a g~eat effect on the survival ability of spores of A. zinniae. 

0 
Spores stored at high spore density at 28 C, under conditions of fluctuating 

humidity and low light intensity (test v.) remained viable at least 10 months 

(324 days) longer than conidia stored under the same conditions but at low spore 

density (test vi.). Similarly, conidia stored in azgregated masses outdoors 

(test iii.) remained viable 5 months (157 days) longer than spores stored under 

the same conditions but present at low density ( test ii.). This indicate,a that 

longevity of' spores of lo.. zirmiae is greatly increased when they are aggregated 

into clumps rather than being present as individual separated spores. This may 

be explained by spores in clumps being more resistant to dessication and external 

conditions of temperature and humidity than spores which are present in a thin 

film. 

Conclusions. 

Conidia of A. zin,.,.iae survived a non-nutritive substrate for at least 

15 months under conditions of high temperature (28°C) and fluctuating humidity, 

and when spores were present in an aggregated mass. Conidia stored under similar 

conditions in low spore densities retained their viability for only 4½ months. 

This effect is postulated as being due to greater resistance of spores in clumps 

to dessication of bound water within the protoplasm of the spore. Under condi­

tions of lower -temperature, whether in the laboratory or outside, spores survived 

a maximum of i.6 months. 

This study inuicates that conidia of A. ziPJ1iae survive longest on a non­

nutritive medium at high temperatures. 'l'hus it is concluded that spores present 

in clumps on the walls and benches of heated glasshouses may retain their 

viability lon£ enout:h to be of importat1ce as a source of primary inoculum for 

infection of zinnia seedlings planted under glass fhe following season. 

Survival as loose spores on objects outside is not considered to be of any 

importance as a means by which the pathogen 'nay overwinter. 
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SllRIJTVAL IN 'lliE SOIL. 

To determine whether inoculum of A. zinniae could remain viable in the 

soil in the absence of zinnia plants, a 100 gram sample of soil was collected 

from an outside bed which had contained a heavily diseased crop of zinnias of 

variety Giant Dahlia Flowered, 12 months previously. The soil was mixed into a 

slurry with sterile distilled. water and painted onto the leaves of healthy 

zinnia plants in the glasshouse. Plants were also painted with a slurry of 

autoclaved soil and sterile distilled water as controls. After 24 hours in a 

high humidity cabinet plants were removed to the glasshouse bench. After 7 days 

the soil was removed from the leaves with a fine spray of tap water and any 

leaves which had developed lesions were removed to the laboratory. Conidia of 

.A. zinniae were produced from lesions by high humidity treatment of disease<i 

leaves in petri plates lined with moist filter paper and held at 28°0 for 48 hrs. 

Single spores were removed to plates of PD.A to confirm viability of the fWlgus. 

Isolates were induced to 2porulate by e:ig::osure to ultraviolet light. .4. suspen-

sion w·as made from spores formed by each isolate from 'painted' leaves and 

inoculated to healthy zinnia plants. .A spore suspension prepared from a stock 

culture of .i.':i.. zinniae originally obtained from diseased zinnia leaves, was also 

inoculated to healthy plants as a control. lesions appeared on the leaves of 

inoculated plants within 72 hours and successful reiaolationa were made to PDA. 

The plants inoculated with isolates obtained from painted leaves showed lesions 

macroscopically identical with those produced on plants inoculaged with spores 

of A. zinniae from the stock culture. 

morphology were also identical. 

Cultural characteristics and spore 

This experiment proved the ability of inoculum of A. zinniae to remain 

viable in the soil for at least 12 months between zinnia crops. Further study 

was therefore carried. out to deter~nine the form in which inoculum persists in 

the soil ano. to determine whether the pathogen could survive in the soil as: 

(i'I 
( .. < 

J.J. I 

( ... ~ J.l.J.< 
(iv) 

i,:ycelium associated wi tb soil particles. 
:i,~ycelium associated with soil organic matter. 
1£ycelium in buried crop debris. 
loose conidia. 
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( . \ 
i, M;ycelium associated with soil -)articles. 

Hyphal isolation from soil ;parti_qles. 

The technique of hyphal isolation from soil was developed by Yfarcup ( 1955) 

who observed that when a soil suspension was prepared, many of the fungal hyphae 

remained in association with the heavier soil particJes in the residue. ~emoval 

of the fine suspended material from the residue of a sample of soil permi tteo 

visual examination of the residue for the presence of individual hyphae or hyphal 

masses which were then removed and [rovm on a6ar. 

Tv10 soil samples were used in this experiment: 

1. A sar;iple obtained from an outside bed Y!hich had contained a heavily 

diseased crop of zinnias 12 months previously. 

2. Ji sample of sterilised soil wbich had been artificially inoculated with 

mycelium of ~L zinniae 3 months previously. To obtain mycelial fragments for 

artificial ino!!!ulation of the soil a colony of A. zinniae was grown in each of 

four 500nl. flasks of liquid culture of PDA at room temperature. During incu­

bation the flasks were shaken continuously on a mechanical shaker. This allowed 

the production of hollow spherical colonies of A. zinniae which could readily 

be removed from the media and dried. Colonies produced in this way were free 

from spores. V/hen the colonies were approximately 3 cm. in diameter (after 

14 day I s growth) they were removed from the flasks and allowed to dry beti,een 

two sheets of sterile blotting paper for 48 hours at room temperature. The 

colonies were then placed in a waring blender with 50 ml. of cl.istillecl water 

and finely macerated at 2,500 r.p.m. for 10 minutes, ·to produce a slurry of fine 

mycelial fragments which was thoroughly mixed with 1 lb. of sterilised soil and 

stored at room tempe:-cature in a glass jar • 

. Approximately 1.8 - 2.0 gm. from each of the two soil samples was placed in 

a beaker and disintegratec. with a jet of sterile water. In both cases the soil 

was allowed to settle ancl the supernatent poured off. More water was added and 

again the super11atent poured off. This process was repeated until the liquid 
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became clear on stnndin&:; for 2 minutes. The soil particles in the residue were 

placed in a petri plate and distributed in a small quantity of sterile water, 

then broken apart under the microscope. Individual hyphae were removed using a 

finely pointed pair of forceps. 1nese hyphae were plated to prune agar and the 

plates held at 28°0. 

Tips of the growing hyphae considered to be similar to those of A. zinniae 

were cut out in agar blocks and transferred to fresh media for subsequent growth 

and identification. 

Of the 30 fungal hyphae recovered from soil particles and plated to agar 

three .Alternaria isolates were obtained of which two were later shown to be 

A. zinniae. These tv10 isolates proved pathogenic to zinnias. The two success-

ful isolations of A. zinniae from soil particles were recovered from artificially 

inoculated soil. No reisolations of .A. zinniae from hypbal fragerrents were 

recorded from the sample of soil from an outdoor bed which had contained a 

heavily diseased crop of zinuias the previous season. 

]'rom these results it is concluded that survival of A. zinniae by means 

of ve;:retative mycelium livinf saprophytically in soil particles is of no 

importance as a method of overwintering of the pathogen in the absence of a 

susceptible host crop. 

( . . ' 
l. J.. ) Mycelium associated with soil organic matter. 

H;tphal isolation from organic matter in the soil. 

The method employed to determine whether A. zinniae could survive 

as vegetative mycelium associated with organic matter L11 the soil was essentially 

the same as described above except that the organic matter was recO'Jered from 

the soil by shaking with water and removed the material which floated to the 

surfface. 

A sample of 2 gm. of crumbed soil was ob~ained from both artificially 

inoculated soil and from soil recovered from an area which had contained a 

heav,ily , diseased crop of zi.rmias the previous season. 
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Each sample was broken down with a fine jet of sterile water ana. the organic 

matter recovered by flotation. 1'his material, after several washes in ste:::·iJ.e 

water was examined in the same manner as in (i.) above. 

T'1Jen t;~,:- i'ragrnen ts of bvphae (, ten ·_,_.)er sar"r,1° 'i ..., ··1: ..... i v;ere recovered from the organic 

matter. These were plated to prune azar and later subcultured by transferring 

agar squares to fresh plates for growth and identification. 

From the twenty samples of hyphae recovered from organic matter in the soil, 

ten from each soil sample, and plated to agar, nine cultures of Alternaria were 

obtained of v:hich 4 were JL zinnia~ and at least l1- of the remainder A. tenuis. 

The four cultures of' A. zinniae were all pathogenic to ziP .. nia plants although 

there was a marked variation in growth rate on culture media between isolates. 

~he byphae of A. zinniae recoverea from soil organic matter all came from 

artificially inoculated soil, no successful reisolations of the fun.gus from 

hyphae being made from soil in which diseased zinnias had been grown. 

Accordingly it is concluded that A. zinniae cannot survive as vegetative 

mycelium associated. with organic matter in the soil between seasons in the 

absence of a susceptible crop. 

Orr the basis of the abo,,e e:;.,.-perime:1ts survival of ~\. zinniae as vegetative 

mycelium in the soil is not considered to be important as a means of perennation 

of the pathozen i~1 the absence of a susceptible host crop. 

( . . . ' 
1.11..) ~rvival in infected plant debris buried in the soil. 

The possibility that A. zinniae 1nay overwinter as vegetative mycelium within 

plant tissue from a previous season I s crop has been consic.ered by some workers 

as a potential method of survival of the pathogen in the absence of a susceptible 

host crop. Dim:ock & Osborn (1943) record that nit was demonstrated that the 

fungus may live at least o:i.e winter on plant debris in the soil or on its surface!1 

Several other authors (Pare 1942, Neergaard 1945, Forsberg 1946, Baker & Davis 195 

and Kreitlow 1961) state that sanitation by burning crop refuse and cleaning beds 



138. 

in the autunn should be practised to prevent carryover of the fungus from crop to 

crop. 

Trials were conducted to determine whether A. zinniae can remain viable in 

buried crop debris for a sufficient length of time for this method of overwinter­

ing to be important in providing primary inoculum for new season's infection of 

zinnia plants. 

Heavily diseased leaves and stems were collected fro:n a naturally infec·~ed 

crop of zinnias of variety Giant Dahlia Flowered. Diseased tissue ,vas placed 

in open petri plated and 'layered' in each of two jars of non-sterilised soil 

using six plates per jar. '.1.ne purpose of placing d.iseased leaves and stems in 

petri plates was to facilitate the recovery of the plant material for further 

study. One jar containing diseased tissue in petri plates buried in the soil 

was stored at roo~ temperature in the laboratory. The other jar was placed out­

doors in an exposed location . .At approximately 14 day intervals attempts were 

made to reisolate the pathogen from diseased tissue by both of the following 

methods: 

(a) Diseased tissue was recovered from each jnr and placed under high 

humidity in petri plates lined -,ti th moist filter paper in the laboratory. Plates 

0 were held. at 28 0 for 48 hours. Single spores arising from diseased leaves and 

stems were transferred to plates of PDA to prove viability. Plates were incubate( 

at 28°c and colony diameter recorded a·~ 10 days. 

(b) Tissue pieces containing lesions were recovered from the soil and 

surface sterilised by immersion in 0.1% mercuric chloride solution for 2 'ninutes. 

These tissue pieces were then thoroughly rinsed in sterile distilled water and 

plated aseptically in prune agar. Plates were held at 28°0. Diameter of fungal 

colonies arising from plated tissue was recorded at 10 days. 

The resul-;:;s of tests to recover mid prove viability of A. zirmiae from debri 

of zinnia plants buried in the soil are presented in Table 26. 
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11.A.BIE 26. VIABIIJ:'.l.'Y OF .A ZTi,f.NIAE FROl.~ DEBRIS BDP..IED IN '11F£ SOIL. 

Date of 11est. Ien~th of Stor2~~ 1,:E'.rrlOD 1 • :METHOD 2. 
in dais• Colony diam. - 10 davs. Colony diam. - 10 ~ 

R. T. "r'.'1 y• 

~ • L. R.T. E.L. 

20.2.63 0 86 87 88 87 

28.2.63 8 66 90 86 86 

7.3.63 15 85 90 86 87 

14.3. 63 22 81 86 87 82 

29.3.63 37 80 82 83 82 

10.4. 63 b_Q . ,/ 84- 83 83 80 

26.4.63 65 81 Nil 80 80 

12.5.63 81 80 Nil 78 l~il 

24-.5. 63 93 Nil Nil 80 Nil 

16.6.63 116 Nil Nil 1\Til :frl 

2.8.63 163 liil Nil Nil :-Til 

7.10.63 229 Nil Hil l'iil Nil 

8.11.63 261 Nil 1;-il 70 Nil 

6.12.63 289 78 Nil 70 Hil 

10.1. 64 324 66 Nil 62 }Til 

12.2.64 357 62 Nil 58 Nil 

14-.3 .64 388 Nil Nil 56 Nil 

26.3.64 4-00 Nil I\il Nil Nil 

R.T. = Storage at room temperature. 

E. L. = Storase in an exposed location outside. 

Nil :::: Indicates reiaolation unsuccessful. 



These results demonstrate the ability of ii. zinniae to retain its viability 

in diseased tissue buried in the soil for varying lengths of time dependent on 

environmental conditions. 

The pathogen 'Was successfully reisolated. from plant debris buried in soil 

held at room temperature for 388 days, but from material stored in soil outdoors 

for only 65 days. This trial therefore irnlicates that the survivl'll of : •• zin:~iae 

in diseased host tissue buried in the soil outside cr:nmo·~ be in\,ort::mt as a 

potefftial source of primary inoculum for infection of new season's zinnia plants. 

'i'be main ex~ernal factor influencing survival of :,,.. zinniae in buried crop 

debris apr,e8rs to be temperature. The pathogen in debris buried outdoors showed 

a complete loss o.(l viability in late ~'i.pril, coincident v;i th the first winter frost: 

In buriecl debris stored indoors at room temperature the fungus entered a dormancy 

phase over the winter r:1onths and was successfully reisolatecl from diseased tissue 

in the following spring. This dormancy phase appeared to be induced by the onset 

of frosts and lo·,v diurnal temperatures. No dormancy phase was observed in 

A. zinniae in crop debris buried outdoors, attempts to reisolate the funttus from 

such tissue being unsuccessful. 

The progressive decline in vigour of A. zinniae reisolated from buried crop 

debris is reflected in the follow:ing:-

(a) A reduction in sporulation capacity. 

(b) A reduced growth rate of single spores when plated in agar. 

( c) Complete loss of sporulating ability. 

(d) 1, reduction in colony diameter of surfrice sterilised tissue s,l::ited 
to agar. 

(e) Total loss of viability, in that the fun6us could not be reisolated 
from J:llated tissue. 

From the results obtained in this trial it is concluded that the over-

-:,interin[ of A. zin:nae in debris of infected plants buried in the soil is of no 

importance. In outdoor pilanti,ngs of zinnias the pathogen carlk"lot survive between 

crops in ciiseasecl tissue in the soil. Under zlass the fungus has been shovm to 
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be capable of s for at least one year in diseased debris of zini.7.ia plants 

buried in the soil. This method of over,vintering, however, would be of no 

importance where zinnias are grown in sterilised soil and where previously used 

soil in nurseries is discarded,or re-sterilised before use. 

(iv) Survival as free conidia in the soil. 

The ability of spores of A. zinniae to survive for long periods on 

non-nutritive substrate has been described previously. On the basis of this work 

and in view of the fact that the pathogen has been reported as overwintering in 

the soil, "the usual 2-3 year rotation being insufficient to control the disease 11 

(Baker & Davis 1950), studies were carried out to determine the longevity of loose 

conidia of A. zinniae buried in the soil. This trial•.aa carried out in two parts: 

(a) In artificially inoculated soil in the laboratory, and 

(b) In naturally infected soil from the field. 

(a) Sur-vival of conidia of .A. zinniae in artificially inoculated soil. 

Samples of sterilised and unsterilised soil were infested with a spore 

suspension containing 100,000 spores/ml. Sufficient water was then added to each 

sample to bring the soil to its moisture equivalent. Inoculated soil samples 

were stored in open jars at room temperature in the laboratory. Tests to 

assess the viability of spores from each sample were conducted at approximately 

3 week intervals. The two methods used for this purpose were: -

Flotation method. 

This technique was essentially the same as described by I.edingham & Chinn (1955) 

for the recovery of spores of Hel~inthosporium sativum from soil. This method 

utilises surface tension phenomena and appears well suited 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. Each sample was placed in a test tube 

and a surplus of sterile distilled water added. The soil and water were shaken 

and 3 ml. glycerine a«ded to each tube. The tubes were agitated vigorously for 
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3 minutes and placed in a rack in a vertical position. 11.f'ter 20 minutes most of 

the soil had settled to the bottom and an emulsion collected at the surface. 

Excess soil particles held in the emulsion were settled out by addition of a srnalJ 

amount of sodium chloride. The emulsion, approximately 3 ml, was pipetted off anc 

placed in a sterile test tube and distilled water added to make the total volume 

up to 10 ml. The presence of spores in the solution was verified by microscopic 

examination~ In most cases percentage recovery of spores was very high. 

The spore suspensions obtained by the use of this flotation method were 

atomised onto the leaves of healthy zinnia plants in the glasshouse. Tvm plants 

were sprayed with sterile distilled water as controls. 

leaf Painting Method. 

From each soil sample approximately 1 gm. was removed at 3 weekly intervals, 

wetted to a semi-liquid consistency with sterile distilled water and brushed onto 

the leaves of healthy zinnia plants. The leaves of two plants were painted with 

a slurry of sterilised soil and water as controls. 

Two sets of plants were inoculated using each of these methods, held in a 

high humidity cabinet in the glasshouse for 4-8 hours and then removed to the 

glasshouse bench. Seven days after inoculation the leaves of the plants which 

had been painted with soil were sprayed with a fine jet of water to remove 

adhering particles. Counts of the number of leaves which had developed lesions 

were made 10 days after inoculation. Re isolations were made by removing diseased 

leaves to the laboratory and sub.jecting them :t..o high humidity conditions for 4-8 

hours at 2s0 c. The resultant spores were proved viable by transferring single 

spores to sloped of PDA. 

Some initial difficulty was experienced in determini..~g the number of 

infected leaves of plants inoculated with spores obtained by the flotation 

method because the burning effect of the glycerilll': 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 reasonable results, was 

discontinued during the ,vinter when the supply of plants was inadequate. 

Results of inoculation experiments to determine the longevity of loose 

conidia of A. zinniae buried in the soil are presented in Table 27. 
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T.A..Brn 27. IONG-EVITY OF IOOSE SPOT/J"fS OF .. &. • ZINTII.AE IN i,RTIFICIALLY 
IlfOCULATED SOIL. 

Date of Length of Storage, 7b Infection at 10 da;zs. zs Infection at 10 dais. 
test. in da;zE_. Method 1. :Method 2. 

Ster. soil. Unster. soil. Ster. soil. Unster. soil. 

28.2.63 0 100 100 92 90 

2.3. 63 2 100 100 83 76 

7 .3. 63 7 96 91 64 52 

21.3. 63 21 89 87 76 76 

10.4. 63 41 100 100 80 84 

7 .5. 63 68 84 87 84 88 

27.5.63 88 90 85 76 81 

12,6, 63 104 87 81 NR NR 

5. 7. 63 127 82 NR MR 

24. 7. 63 146 76 80 NR N'R 

16. 8. 63 169 90 96 NR NR 

12.9.63 196 94 96 :rm J\l"R 

27 .1 o. 63 241 92 86 NR NR 

3. 12. 63 278 46 38 NR NR 

7.1.64 313 53 50 NR NR 

29.1.64 335 42 55 NR rm 

26.2. 64 363 41 44- NR NR 

6.4. 64 372 52 40 32 46 

27.4.64 393 46 49 31 39 

20.6.64 447 19 16 22 27 

29.6.64 456 4 9 5 7 

14. 7.46 471 2 0 0 3 

23.7.64 480 0 0 0 0 

Ster. = Sterilised. Unster. = Unsterilised. :rm= Not 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 

their persistance in a viable condition between successive crops. At no 

during this trial was there any evidence of spore germination in the soil, nor 

was there any sign of mycelium which may have arisen from the germination of 

conidia u1 the soil. 

The percentage infection of plants inoculated with spores recovered from 

the soil varied quite considerably between tests. This variation may have been 

due to unfavourable temperature during disease development in the glasshouse. 

Results from counts of infected leaves produced by atomising spores recovered 

by the flotation method onto disease-free plants tended to be more uniform 

between tests than the results obtained by the soil painting method. 

Oonidia of A. zinniae inoculated to both sterilised and non-sterilised 

samples of soil 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 inoculum for the infection of a new season's crop. It is postulated 

that the methods by which conidia of A. zinniae in the soil come into contact 

with plants in a new season's crop could be by, 

1. Infection of seedlings during seed germination. 

2. Throwing of soil containing spores onto the plants during cultivation 
in the crop to control weeds. 

3. Splashing of soil onto plants during a heavy rain. 

(b) Surv"ival of conidia of A. zinniae in naturally infected soil. 

Studies were carried out to determine the ability of loose conidia to survivi 

in the soil. Samples v;ere obtained from each of 5 locations in which zinnias had 

been planted. Tne length of time since the soil had contained zinnias varied fror 

14 months in the case of an outdoor bed, to two weeks for soil from a nursery box 

from which seedlings had just been transplanted • 

.All samples were seived through a 1 mm2 mesh to remove large debris. Tests 

to assess the viability of spores present in each soil sample were made by the twc 
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methods described in (a). Where the flotation method was used, 3 additional 

plants per sample were sprayed with sterile distilled water as controls. wnere 

the soil painting method was employed the leaves of 3 plants per sample were 

painted with a slurry of autoclaved soil and water as controls. 

Counts of the number of leaves showing lesioning were made 10 days after 

inoculation. Reisolations were made by removing diseased leaves and placing them 

under high humidity conditions at 28°0 for 48 hours. Single spores were then 

transferred to slopes of PDA to prove viability. 

The results of infection counts obtained on leaves 10 days after inoculation 

are recorded in Table 28. 

TilBIE 28. SURVIVt\L OF FREE OONIDIA IN Nl:.TUR.ALLY INFECTED SOIL. 

Source of 
Sample. 

Seedling boxes 

Glasshouse pots 

Outdoor bed 

Outdoor bed 

Outdoor bed 

Outdoor bed 

.Approx. time 
since zinnias 

present. 
Months. 

0.5 

1 

2 

3 

12 

14 

Flotation Method . 
No. leaves ;o Infection. 
Inoculated. 

32 28.2 

28 28.3 

26 26.9 

30 23.3 

34 32.4 

32 34.4 

------------------

~intinp: Method. 
No. leaves 'f infection 
Inoculated. 

30 10.0 

32 15.6 

34 8.8 

36 22.2 

32 12.5 

35 20.6 

The results show that conidia of A. zin.Liae can remain viable in the soil 

for at least 14 months in the absence of a susceptible host crop. 

Accordingly it is concluded that overwin~ering of A. zinniae as loose conidi"' 

in the soil is important as a potential source of primary inoculum for the 

infection of a new season's crop. 

The results of methods of survival of A. zinniae considered in this study 

are su,nmarised as follows:-



Method of Survival. Survival - in months. 

1 • Loose conidia on seed 29 

2. • +. • tavJ.Ve mycelium 36+ 
in seed. 

3. Vegetative mycelium in 
dried host .L' t.J.ssue. 12+ 

4. Overwintering on alternate 
hosts 12+ 

5. Free conidia, low density 
(outdoors) 1 

6. Free conidia, low density 
(indoors) 1-4½ 

7. Free conidia, high density 
(outdoors) 6 

8. Free conidia, high density 
(indoors) 15 

9. Mycelium in soil particles 3 

1 o. Mycelium in soil organic 
matter 3 

11 . Crop debris in soil 
(outdoors) 2 

12. Crop debris in soil 
(indoors) 13 

13. Loose conidia in soil 
(Outdoor plantinr:s.) 15 
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Importance as a source of 
primary inoculum. 

High 

High 

Low 

Low 

Nil 

Nil 

Nil 

I.ow 

Nil 

Nil 

Nil 

Nil in sterilised. 
soil. 

High 

From this summary it can be seen that the most important methods of over­

wintering of A. zinniae 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. 

This is in agreement with the work of Baker & Davis (1950) who consider that 

primary inoculum arises f!rom infected seed sown in the field and from a "soil 

carryover 11
• 

These survival studies have focussed attention on two major substrates for 

perpetuation of A. zinniae in the absence of a susceptible host crop: the seed 
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and the soil. Inoculum of the fLmgus, present as conidia in the soil in outdoor 

plantings, could conceivably be eliminated as a source of primary inoculum by use 

of a suitable l'otation or by soil sterilisation. 

Seedborne inoculum on the other hand, because it is not eliminated by storage 

of the seed for at least three years, can only be con trolled by the use of an 

appropriate seed treatment designed to eradicate the pathogen and. yetnot severely 

affect seed germination capacity. 
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SOME OTHER FAO'.l'ORS WHICH VJ!.Y INFI.IJ'ENCE TBE DISEASE CYOIE. 

(a) PREDISPOSITION. 

The age of plants and the conditions under which they grow may affect their 

susceptibility to disease. This environmentally conditioned susceptibility is 

termed predisposition. According to Yarwood (1959) predisposition is 'the tendenc 

of nongenetic conditions, acting before infection, to affect the susceptibility 

of plants to disease.' 

:E.'nvironment affects disease through its direct effect on the pathogen, 

through its effect on the susceptibility of the host and through its effect on 

the interaction of host and pathogen. The first category is excluded from pre­

disposition by definition. 'I'he second category is the subject matter of predis­

position, and the third is sometimes difficult to separate from the second. 

(Yarwood loc. cit.) 

Two factors, plant age and wilting effects, were considered to determine 

their effects in predisposing zinnia plants to infection by .A. zinniae. 

Yarwood (loc. cit.) states that -

'Experimentally, predisposition can be clearly demonstrated only by 
exposing otherwise similar healthy plants to contrasting 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 disease,· 
predisposition may be said to have occurred'. 

(i) Plant Age Predisposition. 

were inoculated at 1, 2, 4, 6, 8, 10 and 16 weeks from sowing. 

Groups of 3 were used at each age. .All inoculated plants were susceptible 

to attack, leaf tissue being especially susceptible. Stem attack was often more 

marked in juvenile plants up to 4 weeks of age. .Adult plants (over 8 weeks old) 

showed some reduced stem susceptibility to attack by A. zinniae, but floral 

infection increased with flower age. 

Zinnia plants were susceptible to infection by the pathogen at all stages 
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of from the seedling through to full maturity. If any generalisa-

tions can be made they v1ould be that stems of plants appeared to be predisposed 

to increased susceptibility as seedlings and to decreased susceptibility with 

maturity, and that floral infection 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 zinnia plants to increased or decreased susceptibility to 

attack by A. zinniae. 

(ii.) Wilting Pred.isEosition. 

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 solutions, from prior infection, or from other causes (Yarwood 1959). 

Permanent wilting is the term used to describe the wilting of plants under 

conditions when water in the soil is not available for normal plant functions 

(Subramanian & Saraswathi-Devi 1959). 

Zinnia plants in a state of permanent wilt were inoculated with a spore 

suspension of A. zinniae (16,000 spores per ml.). I<1 ully turgid plants of the samE 

age were also inoclllated with the same spore suspension as controls. .All plants 

were placed in a moist atmosphere for 48 hours after which the wilted plants 

were supplied ,vi th water. Disease ratings taken 7 days after inoculation showed 

that the plants inoculated in a state of permanent wilt were much more heavify 

infected by the pathogen than the controls. Ten days after inoculation the test 

plants had completely collapsed due to the disease. Control plants on the other 

hand, while extensively diseased ·were still alive. 

From this experiment it would appear that the major effect of wilting is to 

increase the susceptibility of ziP..nia tissue to attack by the pathogen. 

(b) D'iOOUilJ.M: POTENTIAL. 

Inoculation experiments with some diseases have shown that the percentage of 
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visibly diseased plants declines with decreasing concentration of viable units 

in the inoculum. Vlben the concentration of units falls below a certain critical 

level none of the inoculated plants may subsequently develop disease symptoms. 

Garrett (1959) defines inoculum potential as the energy of growth of a 

pathogen available for infection of a 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 rapidity and extent of disease 

manifestation at different inoculum levels. 

:Materials and Methods. 

A spore suspension containing 1 x 106 spores per ml. was diluted 

to obtain concentrations of spores dovm to 1 spore per ml. 

Uniform sets of 10 zinnia plan ts were then inoculated with the original 

suspension and ·with each of the dilutions flk"lde from it. 

Disease rating s recorded 10 days after inoculation. 

Results and Discussion. 

6 4 · 
Plants inoculated at the higher levels (1 x 10 do~n to 1 x 10) were the 

first to produce disease symptoms. The level of inoculum load app~ared to 

influence the Jength 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 concentrations of 1 x 104 to 1 x 106 spores/ml. than with 

lower inoculum levels. 

Relative disease incidence was recorded on a scale Oto 4 and the results 

are presented in Table 29. 
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'.l.7.ABIE 29. Uf0CUIJJ111 P011ENTIAL and its EFFECTS on DISEASE M.ANIFESTATION. 

Cone. spores per ml. E!£t. 1 • Expt. 2. 
Disease rating. Disease ratin12:. 

1 X 106 4 4 

1 X 1c? 4 3 

1 X 1 o4 
3 4 

1 X 1a3 1 2 

1 X 102 0 1 

1 X 101 
0 0 

1 X 10° 0 0 

4 = Very Heavy. 3 = Heavy. 2 = :Moderate. 
1 = lDw. 0 = No disease manifestation. 

No infection was obtained in one experiment with inoculum concentrations 

2 of 10 spores per ml. or lower. In the other experiment 4 lesions ·were foun.d on 
r, 

the plants inoculated with a concentration of 10,:. spores per ml. after ·10 

At the maximum concentration of 10
6 

spores per ml. 97. 

inoculated plants developed at least one lesion. 

of the leaves of 

Several workers have found that inoculurn. level influences the rapidity aTJ.d 

severity of disease development but that the actual level of inoculum capable of 

causing infection is influenced by the particular environmental conditions during 

the test period (Cole and Couch 1958., Garrett 1959, Gooding & Incas 1959). 

This was also demonstrated in the present study in that variation in the prevail­

ing conditions during each of the two experiments 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 

speed and severity of disease development. Inoculum concentrations as low as 

100 spores per ml. were found to be sufficient for disease infection, thus 

indicating that even relatively low inoculum leYels are capable of initiating 

a further cycle of the disease. 
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VARIETAL SUSCEPTIBILITY. 

Although no detailed experimentation was 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. 

It does not appear that a:ny one variety shows any marked resista.TJ.ce to attack 

by the 

Some growers are of the opinion that the variety Lilliput is more resistant 

to leafspot than are the larger flowered varieties. In the present study no 

consistent evidence was observed to support this. 

All zinnia varieties were susceptible to attack by 11. zinniae both in the 

seedling and adult phases of growth. If any generalization can be made, it is 

that the larger flowered forms of Zinn.ia elegans such as Giant Dahlia, Giant 

Cactus and Californian Giants may be more susceptible to blossom infection than 

the smaller flowered varieties such as Lilliput, Thumbellina and Linearis. 

Whether this is a result of smaller floral area, to reduced total leaf surface 

for infection, or to varietal variation in floral susceptibility was not 

determined. 

o. HOST RANGES~. 

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 infect unrelated plant species. Accordingly, in the present study, 

considerable attention was devoted to this topic. 

(1945) conducted infection experiments on disease free seedlings 

of 22 species raised aseptically in test tubes, using an inoculum agar squares of 

approximately 0.5 cm from actively growing colonies. He observed that the fungus 

"seems to have a preference for the Compositae, u and listed the following hosts 

as being susceptible:-

Brassica oleracea L 

Callistephis chinensis Nees. 

Mammuth orangerosa L 

Nicotina affinis T. I.foore. 



Capiscum globatum L. 

Daucus carota L. 

Godetia p:randif lora Lindl. 

Iactuca sativa L. 

Nicotinia sanderae Hort. 

Senecio cruentus ro. 

Solanum melongena L. 

Triticum aestivum L. 

;i:ucopers~um esculentum Mill. Zinnia elegans_Jacq. 
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In the same account Neergaard also recorded that in the course of germina­

tion tests of commercial seedlines, l!. zinnia~ was found causing uspontaneous 

attacks" on seeds of the following species:-

Callistephis chinenis Nees. 

Chr~s~nthemum carinatum Schousb. 

Cosmos bipinnatus Cav. 

Helianthus debilis Nutt. 

Papaver alpinu~ L. 

It would appear that in some cases Neergaard failed to complete the requirements 

for Koch's Postulates normally recognised as being conclusive proof of pathogenic­

i ty. There appears to be no mention of reisolation of the pathogen from his 

infection experiments conducted on raised aseptically in test tubes, nor 

in many cases of initial isolation to agar from seed observed in the course of 

germination tests to be infecteo. with 11. zirmiae. The only hosts from which 

states that obtained isolates of the pathogen were from seeds of 

the following species:-

Callistenhis cbinensis Nees. (Hungary) 

Chrysanthemum carinatum Schousb. (Denmark) 

Chrysanthemum sp. (Italy) 

Cosmos bipinnatus Cav. (Denmark) 

Papaver alpinum L (Holland) 

Senecio cruentus L. (Denmark) 

Zinnia elegans Jacq. (.3 isolates; Holland, Italy, Hungary.) 

Consequently it would appear that Neergaard 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 

spores produced from inoculated plant tissue. To add further doubt as to whether 
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the fungus observed by Neergaard on different hosts was in fact .A. zinniae, no 

mention is made of the age of the conidia measured, or of the environmental 

conditions during their development. 

Since his original publication in 1945 Neergaard has recorded A. zinniae 

as attacking the following host plants:­

Centaurea cyanus L. (1947) 

Gentiana acaulis L. ( 1949) 

Ger£era jamisonii Hook. (1947) 

Imoa tiens holstia Engler & Warb. ( 1 %.8) 

Resecla odorata L. ( 19li-7) 

Ta~etes erecta L. (1946) 

The host range of ,1. zinniae has since been enlarged as follows: -

Ageratum conyzoides L (.Agarwal & Bhave 1959) 

Helianthus annuus L. (Nattrass 194'-8, McDonald & ii1Brtens 1963) 

Impatiens sp. (Harrison 1959) 

:Materials and :Methods. 

In the present investigation studies relative to the host range of 

li. zinniae were carried out in tv;o ways: 

I. Artificial inoculation. 

II. Natural field infection. 

I. Artificial inoculation. 

Host range studies were conducted on seedlings ana/or adult plants. Seed­

lings were raised in seedboxes and later transplanted to 611 clay pots, 3 plants pE 

pot. The age of inoculated plants varied with the growth rate of the species 

under study. i¼dult plants of the faster growing annual species could be obtained 

within four weeks of sowing, but some of the perennial species, especially if 

grov,n from cuttings or tubers, required up to eight weeks to obtain plants suit­

able for inoculation. Plants were kept soft and succulent in an endeavour to 

predispose them to in:t'ection. 



.A range of species were inoculated under glasshouse conditions wi tb a 

spore suspension prepared from 10 day old cultures obtained initially from 
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naturally infected adult zinnia Sporulation of cultures was induced by 

ultraviolet light treatment. In each case inoculum concentration was determined 

using a haemocytometer 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 minimum of three plants of the test 

species were inoculated and a further two plants used as controls. Two potted 

zinnia plants were also inoculated during each test to eliminate the possibility 

of a negative result being caused by the inoculum not being viable, or the 

environmental conditions at, or subsequent to inoculation not being conducive to 

infection and disease development. Inoculation of zinnia plants was also 

important in determining whether or not the inoculum used in each test was 

pathogenic to zinnia. 

Two methods of inoculation were used. In the majority of cases sw~ll 

drops of the spore suspension were placed on test plants using s fine nozzled 

pipette (Method 1). Otherwise a Windex sprayer was used to mist plants to 

runoff point with the spore suspension (Method 2). Some of the plants species 

inoculated had a waxy or shiny cuticle v1hich tended to repel water. In such 

cases a wetting • brushed onto the leaves prior to inoculation was found 

to aid adherance of spores to the leaf surface. 

.At no in these studies was plant tissue wounded before inoculation • 

Oare was taken to ensure that the nozzle of the pipette did not touch or scratch 

the tissue surface inoculation by :Method 1. 

A special procedure was adopted for the inoculation of Brassica oleracea L. 

ls far as possible without injury, the outermost 2 - 4 leaves of the head were 

pulled aside and the inoculum placed on the inner leaves which had previously 

been covered by several layers of leaves. After inoculation the outside leaves 

were carefully replaced so that the inoculum was located in a moisture saturated 

+ Hipasol };I. 0.5 gm/pint of sterile distilled water. 
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atmosphere and adequately protected against drying. 

Following inoculation, plants were placed for 48 hours in a cabinet where 

the humidity was maintained at approximately 1001i, and then removed to the glass­

house bench. Ten days after inoculation the percentage infection and symptom 

type were recorded, and reisolations made fo PDA. At the same -time a disease 

ra·!;ing was made, based on the percentage of leaves infected from the total number 

of leaves inoculated in each test species, a comparative scale O to 10 being used. 

Reisolation of the fungus from lesions present on infected test plants was made 

by single spore isolation to PD.A, and the colony diameter recorded after 10 

incubation at 28°0. Cultural characters of the isolate obtained from inoculated 

test plants were with those of the original isolates of .A. zinniae used 

for inoculation. Oonidia from diseased tissue of each plant held at 28°c for 

48 hours were placed in a drop of Shear's mou.~ting fluid on a glass slide and 

the rim of the covers lip sealed with clear nail varnish to make a permanent slide. 

Oonidia were microscopically measured 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 

A. zinn~ varies greatly even within the same isolate. 

'J.'he isola·l;e obtained from test plants was induced to sporulate by the 

ultraviolet light method and the resultant spore suspension inoculated to two 

zinnia plants, the total number of leaves per plant ranging from eight to twelve. 

Ten days after inoculation the disease rating was recorded and the fungus 

reisolated toP.DA. Colony diameter was recorded after 10 days incubation at 28°c, 

and spore dimensions measured under the microscope. 

Thus for each test species the capacity of A. zinniae to produce disease 

symptoms on different hosts ·was proved by -

1. Fulfilment of the requirements of Koch's Postulates. 

2. Comparison of colony growth of isolates from inoculated test plants 
and £rowth rate of reisolations from inoculated zinnia plants • 

.3. Comparison of the range in spore boay length of isolates from host 

plants and also from zinnia plants inoculated with the isolate 
recovered from host plants. 
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Symptom expression of l. zinniae on different host species is illustrated in 

Plate 15 and 16 (Page 172) and in Appendix y. 

II. Natural Field Infection. 

Throughout this study isolations were made from leaves of plant species 

observed in the fie 1d to exhibit lesioning superficially similar to those 

e:x:pressed by zim1ia plants naturally infected with .A. zinniae. Plant species 

in this group were:-

Aperatum conizoides L. 

Calendula officinalis L. 

Oalliste:ehis chinensis Nees. 

Helianthus annuus L. 

Hydrangea opuloides Koch. 

Senecio cruentus L. 

Solanurn nigru!!! L. 

Tagetes erecta L. 

Diseased tissue from the above species was subjected to high humidity at 

0 
28 C for 36 hours and isolation to PD.A made by single spores. Colony diameter 

was recorded after 10 days gTowth at 28°0. Spores from naturally infected plant 

tissue held at 28°0 for 48 hours were mounted on permanent slides and conidial 

dimensions recorded using a microscope stage micrometer, 30 spores being 

measured per isolate. 

Sporulation of the isolates from naturally infected plant species was inducec 

using ultraviolet light and the resultant spore suspension inoculated to (a) the 

same plant species, and (b) zinnia plants, under glasshouse conditions. 

Disease rating and symptom type were recorded 10 days after inoculation. 

Reisolation from the inoculated plant species and from zinnia leaves was carried 

out. The resultant isolates were regarding cultural characters, growth 

rate and colony ter after 10 days incuTuation at 28°0. Range of conidial 

dimensions of the isolate from inoculated plant species and from inoculated 

zinnia plants ·were also compared. 

Results and Discussion. 

I. ~4.rtificial Inoculation. 

The results of host range inoculation experiments are presented in Table 30. 



TA!llIE 30. iffiTIJ:i7IOI.AL INOCULATION of DIFFERJi:NT PL-'i."NT SPECIES in HOST R,1;'\NGE SlWDIES. - Reisolation to Zinnia. 
Common name. Botanical name Record of Method of Plant Inoc. Disease Inoc. Disease 

Pathogenicity. inoc. part. Cone. rating. Cone. rating. 

Ageratum A. conyzoides L. Agarwal & Bhave 1 J\L.B 10 2 46 9 
1959 .AL. 14 - 5 72 - 10 

Aster (china) Oallistephis Neergaard 2 AL.B 46 6 32 10 
chinensis Nees. 1242 

Bean (mung) Phaseolus - 1 so 13b 7 /;O 10 
aureus Roxq,. 

Black Night- Solan.um nigrum L. - 2 AL 3-;-
~e. 
Cabbage Brassica oleracea L. Neergaard 

1945 1 s 90W 1 36 9 

Calendula C. officinalis L. - 1 AL.B. 52 7 38 10 
AL.B. 66 5 56 m 

Oa;i:rot Daucus carota L. Neergaard 1945 1 AL. 36W 2 82 10 

Carrot ( wild) Da ucus carota L. - 1 AL. -Uw 76 ro-

Carnation Dianthus - 1 AL.--· 66W 2 72i- 11.J 
ca~;y llus L. 

Chrysanthemum C. indicum L. 1 .At. 36 5 - . .., 14 -ro -
Chrysanthemum C.carinatum Neergaard 19li-5 --1 - AL.S 52 5 ~ 
-l.fil.ID ua 1) S£!19L1sb. .AL. 14 - 4 38 1 

.Qgi.eraria Senecio cruentusL. l~eer.zaard '1945 2 AL 52 5 34 9 
Schreier 1952 

Cornflower Genta urea Neergaard 1948 2 AL, 14 5 16 10 
cyanus L. 

I..; 
C . 



'rJLBIE 30 (0td.) 
Reisolation to Zinnia. 

Common name. Botanical Name. Record of Method of Plant Inoa. Disease Inoc. Disease 
Pathogenicity Inoa. part. Gone. rating. Cone. rating. 

Cosmos C. bipinnatus Gav. Neergaard 1945 1 .AL 130 4 '109 10 

Cowgrass Trifolium pratense L. - 1 AL 44¥V 3 52 9 

Cucumber Cucumis sativus L. - 1 AL.S 52 7 80 10 

Dianthus D. plumarius L. - 1 AL 66W 0 

-----
Godetia G. grandiflora Lindl Neergaard 1945 1 AL 86 3 46 -10 - 36 1 AL 14 3 10 

.li.L 36W -· 168 7 Gypsophila G. paniculata L. - 1 2 
86 10 

Hydrangea H.opuloides Koch - 1 AL 52 8 fl 10 
36 ---1 AL 3 10 

Neergaard 1945 
lettuce Ia.ctuca Sativa L. Baker & Davi~2 __ 1 -~-- AL --~ 14 _ 5 -~- __ 50 10 

Linaria L. :eurpurea L (Mill) - 1 AL 56 2 24 10 

Lobelia L. erinus L. - 'I .AL 28 0 

I.ucerne 1/Iedicato sativa L - 1 .AL 411-W 1 38 10 -
(Russell) I.upinus polyphyllus 

Linell - 2 AL 90W 5 44 10 ---Edwards 1957 
ld (.African) Tagetes erecta L Neergaard 1956 1 AL 32 6 32 9 

De Tempe 1956-7 

Marigold (French) Tagetes patula L - 1 AL 56 8 44 10 
_,. 

Microlaena Microlaena sp.R.Br. 1 AL 56 0 \.J": - - - \..C 



T.ABIE 30 (~Ll 
Reisolation to Zinnia. 

Common name Botanical Name. Record of Method of Plant Inoc. Disease Inoc. Disease 
Pathogenicity Inoc. part. Cone. rating. Cone. Rating. 

Mignonette Resed& odorata L Neergaard 1948 1 AL.B 36 3 76 10 
on seeds 

Onion .Alli um cepa L - 1 J'1-L 48W 1 36 _2_ 
AL 68W 0 
.AL 35W 0 

Pea ( ga1~aen) Pisum sativum L - 2 llL 90v, 5 42 9 

--
Pea (everlastinf~ Iath__Y,rus latifolius L - 'I AL 44W 1 44 10 

Pea ( svveet) Ia~rus odoratus L - 1 AL 44v, 2 84 10 

Phlox P. drummona.ii Hook - 1 .AL 66 0 

Poppy (Iceland) Pa12 y~r ntJdicau_J.e_L _____ - ·1 .AL 
~-~---···~- ___ ,26 4 38 10 

Potato Solanum tuberosum L - 1 .AL 44 0 

Subterranean clover T1~ifolium subterraneum - 1 .AL 130 __ 2 56 2 

Suckling Clover '.l.1rifolium dubium Sibth - 1 .AL 130W 2 li-8 10 
Helianthus McDonald & Mertens .'iL 22 7. 22 1Q 

Sunflov1er annuus L 1963 2 SC li-6 8 32 10 

Tobacco Nicotinia tabacum L. 2 .AL 36 8 64 ·10 

Tobacco Nicotinia rustica L 1 AL 66 3 26 2 
Tomato Iycopersicon Neergaard 1945 1 11.L 14 5 28 10 

esculentum Mill .AL 16 5 40 10 

' 



Tiillm 30 (Ctd.) 

Common name. 

Wheat 

----

White clover 

Zinnia (Lilliput) 

Zinnia (Giant Dahlia) 

Zinnia _{Old Me:z:ico2 

Botanical name. 

Triticum aestivum L 

Trifolium repens L 

Z. elegans Jacq. 

Record of 
Pathogenicity 

Neergaard 1945 

1943 
Neergaard 1945 
Pape 1943 

Method of 
inoc. 

1 

2 
1 
1 

1 

Plant Inoc. 
part. cone. 

-
AL 90W ---r 36W 

.AL 46W 
AL 14:ll 
.AL 3_2._V{ 

AL 6l1-
AL 52 
.AL 14 

z. ele~ns Ja!=:9.· Neergaard 1945 _ ___ ~ . 2 AL S1-

Z. h~agean~ Rege_l ___ _ 1 .AL li-5 
.AL 52 

Reisolation to Zinni 
Disease Inoc Di~ 
rating. cone. rating. 

1 60 10 
1 17 8 

2 63 10 
3 10 8 

_ 5 -- 60_ ____ _2_ 

10 18 10 - 10 4 10 
9 24 10 

10 26 10 

9 27 10 
7 41 10 

Zinnia z. Eauciflora L 1 SC 36 8 52 10 

1 Zinnia. ( cree_;eingL Sanvi talia __;erocumbens I.am_. ____________ _ .AL 23 6 64 

IC!<JY: Disease Ratin~. 
0 = 0% infection 6 = 
1 = 1 - infection 7 = 
2 = 1Q - 1 II 8 = 
3 : 2Q - II 9 = 
4 = 30 - " 10 = 5 = 40- u 

50 - 59J;fi infection w = Wetting agent used. 
60 - 691b fl 

.AL Adult plant leaf. = 70 - 791b II s Seedling = 
80 - 89J;~ It 

B Blossom = 90 - 100;:t n 
E Ear or spikelet. = 

Inoc. cone. = Inoculation concentration 
in 1,000's. per ml. 

on the total showing lesioning at 10 days. One lesion per leaf being 
sufficient to that particular as being diseased. 

10 



,v.e:... 

The disease recorded for each species often showed variation, dependent on 

inoculum concentration and temperature and humidity conditions during each test. 

In all cases the isolate from the plant species inoculated with A. zinniae proved 

extremely pathogenic to Zinnia elegans, disease rating on zinnia ranging from 7 t, 

1 o. 

Symptom type is recorded in Table 31. lesion colour ranged from black to 

brown. The presence of concentric circles in the lesion area due to mesophyll 

collapse was not evident in all cases, but with some species (e.g. carrot, 

cosmos, wheat) leaf shape was such that large circular lesions could not 

develop. It was observed that often only the larger circular lesions showed 

the pronounced 11 target spot" effect so characteristic of some .Alternaria diseases. 

lesion shape, size and outline were variable. The presence of leaf abnormal] 

due to malformation or colour changes was most marked on plants of .Ageratum 

conyzoides L., Reseda odorata L., Dianthus caryophyllus L., Pisum sativum L., 

and Nicotina spu. 



163. 

T.ABIE 31. DESJRIPTION of SY.MPT0111 'I1YPE on ARTlFICIALLY IN00UUtTED PW-TS. 

Plant sp. inoc. lesion Max. diam leaf Concen- leaf lesior. 
With A.zinnia~. colour. lesions at Outline. yellowing. trio pucker- shape. 

10 days. ringing. ing. 
(in cm.) 

Ageratum B. 1.5 E + + + R 

Aster G.B. 1.5 E + + R 

Bean G.B. 1. 0 E R 

Black Nightshade B.Br 1.5 E + + I 

Cabbage G. Q.5 E + + R 

Calendula IBr. 1. 0 E + + I 

Carrot B.Br. 0.4 D + I 

Carrot ( 'ld\ WJ. . ) B.Br. 1. 0 E R 

Carnation B.Br. 0.4 E + + R 

Chrysanth.(perr.) B. 0.9 E + + I 

Chrysanth.(ann.) G.Br. 0.8 E N.R. I 

Cineraria G.B. 0.7 E + R 

C ornf' lower IG. 1.4 E + R 

Cosmos BrB. 1. 0 D + I 

Cowgrass G.Br 1.5 E + I 

Cucumber G.B. 0.5 E +M + I 

Godetia IG 1. 0 E + I 

Gypsophila G.Br. 0.4 E + + R 

Hydrangea Br.P 2.0 D + + I 

lettuce IBr. 1. 0 E + + + I 

L:i.naria B 0.1 E + R 

Lucerne G.Br 0.3 E + R 

Lupin Br 1. 0 E + R&I 

Marigold (African) B 1.5 E + + R&I 

Marigold (French) B 0.8 D I 

Mignonette G.B. 1. 2 E +M + I 

(Continued next page.) 



TABIE 31 {Ctd.) 

Plant sp. inoc. lesion :Max. diam leaf Ooncen- leaf lesion 
with A.zinniae. colour. lesions at Outline. yellow- tric pucker- shape. 

10 days. ing. ringing. ing. 
(" \ in cm.J 

Onion IG. 3.0 D I 

Pea, garden GeiB. 2.5 E +M + + I 

Pea, everlasting B.Br 0.1 D R 

Pea, sweet U3r. 0.5 E I 

Poppy Br 1. 0 E + I&R 

Subterranean G.Br 1.8 E + I 
clover 

Suckling clover B 0.5 E + I 

Sunflower G.Br 1.5 E + + B&I 

Tobacco 
(N. tabacum) B.Br. 2.5 E + + R 

Tobacco B.Br. 1. 0 E + + R 
(N. rustica) 

Tomato G. 0.7 E + I 

Wbeat G. o.6 D +:M: I 

White Clover G.Br. 1. 5 E I 

Zinnia e G.Br. 2.0 E + R&I 

Zinnia pauciflora G.B. 2.0 E + R&I 

Zinnia creeping G.B. 0.9 E + R&I 

lesion colour - G. = Grey + = Present. 
Br. = Brovm - = Absent. 
B. = Black N.R. = Not recorded. 
P. = Purple 
L. = Light 

Outline - E. = Entire 
D. = Diffuse 

lesion sha:1;:e - R. = Regular 
I. = Irregular 
I&R = and 

leaf y_e llowin~ - +M = Presence of leaf yellowing 
but only around margin of 
lesion. 
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With most of the plant species studied, inoculated cotyledons and leaves 

were susceptible to attack, but the plants, if left on the glasshouse bench 

following inoculation, often tended to 'grow through' the disease. In some cases 

newly deve leaves were entirely free from attack. This could indicate that 

conditions were unsuitable for spore dispersal from infected plant parts to young 

leaves. .Alternatively, environmental conditions in the glasshouse may have been 

favourable for spore dissemination but unfavourable for expression of the disease 

on leaves deve after inoculation. 

In all cases cultural characteristics of the isolate obtained from inoculatec 

test plants identical with those of the original isolates of A. zinniae 

used for inoculation. 

Comparison of the range in spore body length of isolates from different 

plant species and from the test plant isolate reisolated from inoculated zinnia 

plants are recorded in Table .32. Colony diameter at 10 days (in mm.) of 

isolates grown on PD.A a·b 28°0 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. 



T.ABIE 32. SPORE DIW~NSIOHS and COI.OJ:',:fY DI.A!lETER of ISOLATES from 
.AR'l'IFIOIALLY TilfOCULA'J:.SD PLArifTS. 

ISOLA'l'E FROr.l INOCULATED 
POT.I:-:NTL\L HOST SPECIES 

.Ageratum 

Aster 

Bean 

Colony diam. 
from PDA -

10 days. 

75 

84 

84 

Black Nightshade 80 

Cabbage 

Calendula 

Carrot 

Carrot (wild) 

Oar.nation 

Chrysanthemum 
( pe reP.nia 1) 

Chrysanthemum 
(annual) 

Cineraria 

Cornflower 

Cosmos 

Oowgrass 

Cucumber 

Godetia 

Gypsophila 

Hydrangea 

lettuce 

Li.naria 

Lucerne 

lupin 

78 

80 

80 

81 

80 

88 

85 

77 

80 

85 

83 

81 

84 

83 

83 

81 

80 

82 

79 

Marigold (African)83 

Marigold (French) 85 

(Continued next page) 

Range of Body­
length from 
30 spores 
measured. 

45.1-75.85 

45.1-69. 7 

43.05-61.5 

45.1-69.7 

41.0-77.9 

41.G-63.55 

36.9-55.35 

38,95-75.85 

49.2-71. 75 

36.9-63.55 

45 .1-65.5 

38. 95-47 .15 

38,95-75.85 

51.25-69. 7 

36.9-63.55 

26.65-59-45 

49.2-71.75 

36.9-57.5 

38. 95-63 .55 

49. 2-71. 75 

49.2-65.6 

38.95-77°9 

61.5-77.9 

41. 0-75.85 

43. 05-69, 7 

ISOLATE FROU HOST SPECIES TO 
ZINNI.A. 

Colony diam. Range of body-length 
from PDA - from 30 spores meas'd. 

10 days. 

80 

85 

82 

87 

82 

79 

86 

82 

84 

88 

84 

79 

83 

85 

83 

82 

85 

86 

84 

83 

86 

82 

82 

84 

86 

53-3-79.95 

41. 0-63.55 

57-4-88.15 

53.3-77.9 

49.2-77.9 

57 • 4-86.1 

61.5-100.5 

36.9-71.75 

45.1-69.7 

53-3-77,9 

47.15-71.75 

30. 75-63.55 

32.8-43.05 (10 spores on] 

38-95-71.75 

45.1-71. 75 

47. 15-88.15 

61.5-75-85 

55.35-71.75 

55-35-82.0 

49.2-61. 75 

47.15-69. 7 

45.1-75.85 

41.0-69.7 

47. 15-75. 85 

51. 25-75. 85 



TABIE 32 ( cta.1 

ISOLATE fvom INOCULA'.l.'ED 
HOST 

Colony diam. 
from PD.A -

10 days. 

1/ri.gnonette 86 

Oni:an 75 

Pea (Garden) 78 

Pea (Everlasting) 80 

Pea (Sweet) 79 

Poppy 83 

Subterranean Glover 83 

Suckling Clover 83 

Sunflower 74+ 

Tobacco(N. tabacum) 82 

Tobacco(N. rustica) 74 

Tomato 79 

Wheat 83 

White Clover 79 
80 

Zinnia (e ) 86 

Zinnia (pauciflora) 80 

Zinnia (creeping) 85 

Range of Body­
length from 
30 spores 
measured. 

47.15-77-9 

51.25-67.65 

31.25-75. 85 

41.0-67.65 

47.15-71. 75 

51.8-75.85 

45.1-65. 6 

53.3-63.55 

41.Q.-53.3 

51.25-71. 75 

47 .15-63.55 

36.9-63.55 

61.5-73.8 

31.25-63.55 
41.0-63.55 

41.0-65.6 

49.2-69.7 

51.25-77.9 

+ = Contaminated with bacteria. 

from HOST SPECIES 'I'O 
ZINNI.A. 

Colony diam. Range of body-length 
from FDA - from 30 spores 

10 days. measured. 

84 

84 

80 

82 

83 

82 

85 

69+ 

82 

83 

81 

82 

83 

77 
80 

85 

85 

81 

61.5-88.15 

32.8-77-9 

49.2-82.0 

36.9-73.8 

45.1-69.7 

38.95-71.75 

51.25-77.9 

41.0-75.85 

51.25-75. 85 

55.35-69.45 

49.2-75.85 

41.0-61.5 

53.3-88.15 

41. 0-69. 7 
41. 0-71. 75 

45.1-63.55 

69.7-92.25 

45 .1-63 .55 



168. 

Although A. zinniae was proved pathogenic to more than 20 previously 

recorded host species by artificial inoculation, it is important to note that 

the majority of these are probably of academic interest onfy. Because of the 

mechanism of spread of the fungus by rain splash over short distances, it is 

unlikely that A. zim1iae could establish and incite an important disease on some 

of these hosts. This is because many of these plant species would not be grown 

in close association with zinnias (e.g. Allium c~a L., Cucumis sativus L., 

Daucus carots L, Medicago sativa L, Phaseolus aureus Roxbg.). It is possible 

that some of the host species recorded, especially cultivated land weed species 

growing as volunteers in zinnia plantings, could be of some importance as 

alternate hosts of the fungus in the off-season. Hosts in this category could 

include Iathyrus latifolius L, Solanum nigrum L, Trifolium dubium Sibth, 

T. pratense L, T. repens 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 nigru~ plants growing in a diseased zinnia crop. 

The conditions of glasshouse inoculation of plant species, using high 

inoculum concentrations, and the maintenance of high humidity for 48 hours 

following inoculation, may tend to be more favourable to infection by the fungus 

than natural conditions of lower inoculum concentration and fluctuating humidity 

experienced in the field. 

IL Natural Field Infection. 

Results of natural field infection studies are presented in Tables 33 and 

34. The detection of disease sym.ptoms caused by A. zinniae 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. 

Natural infection indicates that under suitable environmental condi tious and in 

the presence of viable inoculum certain hosts may show disease symptoms in the 

field. The only plant species previously unrecorded as hosts of ~inni~ which 

were found naturally infected in the field were:-

!i:ldrangea opuloid,e.s Koch and Solanum nigrum L. 



QQ.m!!!_DIAMETER,_ SPORE ~D1ENSIONS and DISEASE RATDfG of ISOLATES 
OB'.);@IBD from _FIELD I~CTION STUDIES. 

SPECIES. PLANT P.ART DISTRICT OF ISOLATION FROM NA'rUR' L. GLASSHOUSE S'.11UDIES. 
.ATTACKED. ORIGIN. INFECTED TISSUE. Inoculation to Host Species. Inoculation to zinnia :P!ar 

, _______________ _::3;.._•__ 4. 1. 2. ;,. 4. 1. 2. 3. 4. 

Ageratum 

Aster 

Black 

Calendula 

Cineraria 

Sunflower 

Zinnia 

L 
L 

L 

L 

L 

L 

L 

L 

B 

L 

Palmerston N. 
II II 

79 
82 

Palmerston N. 83 

Palmerston N. 

Palmerston • 81 

Wellington 79 

Lower Hutt 83 

Palmerston N. 83 

Wellington 80 

Palmerston N. 81 

36. 9-65. 5 
NR 

49.2-75.85 

45.1-69. 7 

36.9-75.85 

49.2-65.6 

36.9-69.7 

41.0-71. 75 

NR 

31.25-71.75 

34 
46 

32 

42 

36 

26 

18 

26 

2 
4 

82 41. 0-69. 7 
80 NR 

5 81 55.35-75.85 

7 80 41.0-71.75 

6 81 41.0-69.95 

l;. 80 45.1-75.85 

5 80 43.05-71. 75 

7 82 41.0-75.85 

4 80 NR 

6 ]8 ~--, • 0-63. 25 

L 84 36. 9-75.85 52 10 85 43. 05-65. 6 
L Christchurch 86 38.95-77.9 66 10 86 36.9-65.6 
L Lower Hutt 84 49.2-69. 7 18 10 83 41. 0-63. 
L Palmerston N. 83 41.0-71. 75 83 10 82 l;.5.-1-77.9 
L 78 43.05-77.9 44 10 81 51.25-69.7 
L Te Kuiti 83 49.1-69.7 28 9 81;. 49.2-65.5 

24 
37 

43 

46 

36 

38 

52 

24 

20 

42 

B Te Kuiti 82 NR 36 10 84 49.2-71.,.....,75 _______ _ 

9 
10 

10 

10 

10 

9 

10 

10 

9 

10 

81 
80 

31.95-75.8: 
26.65-69.7 

82 ii.5.1-69.7 

82 36. 9-71. 75 

80 47 .15-63. 

82 41.0-77-9 

82 41.0-6.3.55 

84 49.2-71. 75 

83 NR 

83 36. 9-69. 7 

KEY: 1 • Inoculation concentration; 2 = Disease rating; 3 = Colony diameter. (PDA 10 ) ; 4 = Range in spore body 
length. 

L. = leaf; B = Blossom; NR = Not recorded. 
NB. In all cases, cul:trnral charac:tieristics (excluding pigment production) of the isolate from naturally infected 

plant spp. proved identical with those of' the fungus subseg_uently reisolated from inoculated zinnia plants. 
-
Cl 
'.( . 
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T.ABIB 34. SY1/[!?'fOL1: DESORIP'l1ION of A. ZINNI.AE ON HOST 
FIELD ..i.VJ-.n.W IN}7 EOTION. 

SY1ilP'fOM: TYPE ON NA11tJPJiL 51'.1,lP'l'OM TYPE on SAME SPF. 
PLANT SPECIES. INF'EO TED PL/u\T'.11S. INOOUI.Jd.1ED UNDER .ARTIF • cm ,..._ _______ _,.;_...,..._.;.=_.;.;..;;;:.=...;;.;;==...:..::.::;::. 

1 2 3 4 5 6 7 t 2 .3 4 5 6 7 

.Ageratum 

Aster 

G.-B. O. 7 E + + + R&l B 1.5 E + + + R 

G.-B. 1.2 E + + - R G-B. 2.0 E + + - R 

Black Nightshade 

Calendula 

Oineraria 

Hydrangea 

B. 

B •. 

B-G. 

B-P. 

B. 

Sunflower B. 

Zinnia (Auckland) G-B. 

(Christchurch) G-B. 

(Lower Hutt) G-B. 

(Palm. Nth.) 

(Queensto,m) G-B. 

(Te Kuiti) G-B. 

KEY: 1 = 

2. = 
3. = 

4. = 

5. = 

6. = 

1.3 E + + - R&l B 

1.8 E +M: + I B-Br. 

2.2 E + + sl. R G-B. 

2.3 D sl. + I B-P. 

o.6 E +M + R B 

2.7 E sl. + sl. R. B~ 

2.2 E + - R&I. G-B. 

1. 6 E + - R&I B 

1. 8 E sl. R G-B. 

2.3 E + - P&I G-B 

2.2 E sl. + R G-B. 

2.0 E + R G-B. 

Iesion Colour. G = Grey. 
B = Black. 

Maximum lesion diameter in cm. 

Outline. E = Entire. 

Ieaf yellowing. 

Concentric ringing of lesion area. 

Ieaf distortion and puckering. 

1.8 E + + - I 

2.5 E + + - I 

1. 2 E - + - R 

2.8 D - + + 1 

0.4 E R&] 

1. 2 E -M + + R 

1.8 E - + - R&] 

2.2 E - + - R 

2.0 E - + - R 

1. 6 E - + - R&l 

1. 9 E - + - R&l 

0.9 E - + - R&l 

Br. = Brovm 
P. = Purple. 

D. = Diverse. 

7. = Iesion shape. R = Regular. I = Irregular. 
B&:I = Presence of both and 

irregular lesions. 

+ = Present. Absent. 

= Present but restricted to margin of lesion only. 



All the other naturally infected host species (Table 33) are unrecorded 

as hosts of A. zinniae in New Zealand (apart from Zinnia elegan~), although the 

pathogenicity of the fungus to some of these species has been reported overseas. 

Conclusion. 

While it is important to record that A. zinniae was proved pathogenic to 

42 out of 47 test plant species inoculated artificially, these resultsoce felt 

to be of academic interest only. The ability of a fungus to induce natural 

infection in the field is considered to be more conclusive proof of its 

pathogenici ty than the results of artificial inoculations. 

On the basis of 

1. Successful reisolation of ;\. zinniae from lesions produced on host 

plants under field conditions, 

2. Comparison of cultural characteristics of isolates from naturally 

infected plants, 

3. Reisolation of isolates from naturally infected plants inoculated to 

zinnias. 

4. Comparative growth rate measurements of isolates from naturally infected 

host species and isolates from inoculated zinnias, and 

5. Comparison of spore characters and dimensions; the following plant 

species are concluded to be new hosts for A. zinniae :-

!!Y,drangea o;e~]pides Koch. 

Solanum nigz:um L. 

On the basis of field infection studies the following plant species, while 

they have been previously recorded as hosts of the pathogen o-verseas, are present­

ed as new host records for A. zinniae in New Zealand:-

:Ageratum conyzoides L 

CallisteDhis chinensis Nees 

Oalendula officinalis L 

Helianthus annuus L 

Senecio cruentus L 

Tagetes erecta L 



PLATE 15 -

PLATE 16. 

Artificially inoculated plants of tobacco 
(Nicotinia tabacum L.) 10 days after inoculation. 

Conidial production from the stem of an 
inoculated plant of red Clover 

( Trifolium pratense L.) 

, 

172. 



C H .A P T E R 3. 

DETEC,TION and CONTROL of 

.ASSOCIA'f'ED with ZINNI.A SEED. 



HTTRODUOTION. 

DETECTION .AND CONTROL OF ~4.LTERN.IL"!UA ZTNNI.AE ASSCYJIA'l1ED 
WITH ZINNI.A SEED. 

173. 

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 ob.jectives are the detection of the pathogen in seedline::: 

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 disinfection 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 194\5;, Dimock & Osborn 1943, Pape 1942., Forsberg 1946, 

Baker& Davis 1950, Kispatic 1951, Schmidt 1953, Prota 1960 and Y..reitlow 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. (195s; 

Prota (1960) and Y..reitlow (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 195b, 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 association between pathogen and seed 

continues to exist despite the use of chemical and physical methods by many 

workers to control the pathogen by seed treatment. Some workers have based 

control methods on the hypothesis that the fungus is borne exclusively on the 

seed surface, as evidenced by their experiments with surface sterilants. Others 

have reported the presence of internal as well as external inoculum and according­

ly have based control on internal seed disinfection methods. 

Because of this confusion it was felt that before any attempts were made at 

controlling the disease by seed treatment, studies should be undertaken to deter­

mine -

A. 

a. ,/bether both contamination and infection occur in zinnia seed imported 
to New Zealand. 

b. Whether, if internal and external inoculum occurs, such inoculum is 
viable and capable of giving rise to diseased seedlings. 

c. The relative importance of the two sites of inoculum. 

DETOOTION OF SEEDBORNE IliOGUllJl,1. 

I. a. Determination of £resence of surface borne sEore~. 

To determine the presence of conidia borne as loose inoculum on the seed 

surface, 2 grams (approximately 200 seeds) of each of 5 lines of naturally 

diseased zinnia seed were placed in a 25Cml. flask and shaken vigorously with 

25ml. of sterile distilled water for 3 minutes. The water was poured from each 

flask into 4 hard glass tubes which were centrifuged at 1,450 r.p.m. for 10 mins. 

The supernatent in each tube was discarded and the sludge placed on a slide and 

examined microscopically for the spores•of A. zinniae. 

Spores of A. zinniae were detected in abundance in the seed washing sludge, 

at a strength of up to 6,000 spores per ml. Oonidia were deeply pigmented and 

in most cases the terminal beak was either absent or broken. Thus it is con-

eluded that conidia of A. zinniae may be borne as loose inoculum on the surface 

of zinnia seed. 
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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 

embr~o 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 dress~g would 

probably be effective in its control. In the case of true seed infection, 

however, metoods of seed treatment to produce internal disinfection 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 19Iiw, 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 195J, Fil.wards 1957, De Tempe 1959 and McDonald & 

~~rtens 1963), Most of these workers have readily conceded that the pathogen is 

seedborne. 
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This uncertainty as to the type of association between pathogen and seed 

continues to exist despite the use of chemical and physical methods by many 

workers to control the pathogen by seed treatment. Some workers have based 

control methods on the hypothesis that the fungus is borne exclusively on the 

seed surface, as evidenced by their experiments with surface sterilants. Others 

have reported the presence of internal as well as external inoculum and according­

ly have based control on L11ternal seed disinfection methods. 

Because of this confusion it was felt that before any attempts were made at 

controlling the disease by seed treatment, studies should be undertaken to deter­

mine -

a. '/1bether both contamination and infection occur in zinnia seed imported 
to New Zealand. 

b. Whether, if internal and external inoculum occurs, such inoculum is 
viable and capable of giving rise to diseased seedlings. 

c. The relative importance of the two sites of inoculum. 

A. DETECTION OF SEEDBORNE INOCUillM. -----------·--------
I. a. Determination of £resence of surface borne ~ores. 

To determine the presence of conidia borne as loose inoculum on the seed 

surface, 2 grams (approximately 200 seeds) of each of 5 lines of naturally 

diseased zinnia seed were placed in a 250ml. flask and shaken vigorously with 

25ml. of sterile distilled water for 3 minutes. The water was poured from each 

flask into 4 hard glass tubes which were centrifuged at 1,450 r.p.m. for 10 mins. 

The supernatent in each tube was discarded and the sludge placed on a slide and 

examined microscopically for the spores•of A. zinniae. 

Spores of A. zinniae were detected in abundance in the seed washing sludge, 

at a strength of up to 6,000 spores per ml. Conidia were deeply pigmented and 

in most cases the terminal beak was either absent or broken. Thus it is con-

eluded that conidia of A. zinniae may be borne as loose inoculum on the surface 

of zinnia seed. 
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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 showe~ discolouration. lesions 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 cotyled·ons only. 

PLATE 17. lesioned embryos obtained by dissection of 
naturally diseased zinnia seed. 

I 
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To determine whether fungal mycelium was present in the lesions on diseased 

embryos, a tissue clearing procedure similar to that described by Sim~nonds ( 1946) 

was used. The embryos were allowed to remain in an excess of water overnight to 

leach out most of' the IfaOH. The water was then drained off and 95]{, alcohol 

added. A sample (20) of the lesioned embryos were placed in a watch-glass, the 

excess alcohol drained off and clove oil added. After 2 hours the embryo lesionE 

were examined for fungal mycelium. Some difficulty was experienced in distinguis 

ing fungal hyphae from seed tissue. Septate mycelium was observed in some of the 

lesioned areas but details of the association between fungal tissue and the almost 

transparent host cells could not be determined. This embryo clearing method, 

however, did allow positive identification of the presence of septate rey-celium in 

the lesioned areas of embryos dissected from ungerminated seed. 

!!.:_ DETERMlN.ATION OF VI.ABILI'.I'Y OF INOOUllllvl ASSOCIATED WIW SEED. 

(a) As External Spores. 

A spra~ing technique was used to determine whether loose conidia on the 

seedcoat of naturally diseased lines of zinnia seed were in fact viable. A spore 

suspension was prepared by washing loose spores from the surface of 3 grams of a 

naturally diseased line of zinnia seed by the method described in Ia. '.11he spore 

concentration v;as determined using a haemocytometer (3,200 spores per ml.). The 

spore suspension vms atomised onto the leaves of 10 healthy zinnia plants. Two 

disease free plants were atomised with sterile distilled water as controls. The 

plants were held at glasshouse temperature under high humidity for 48 hours and 

then removed from the high humidity chamber to the glasshouse bench. A count of 

the number of leaves that developed syrrrptoms was taken at 10 days. One lesion 

per leaf was considered sufficient to indicate infection. Reisolations from 

lesioned tissues was made by subjecting leaves to high humidity in the laboratory 

for 48 hours and transferring single spores to slopes of PDA. 
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Of the ten plants (76 leaves) inoculated with the seed washing spore suspen­

sion, 89.5~6 (68 leaves) had developed disease symptoms 10 days from inoculation. 

Control plants were entirely disease free at 10 days. Successful reisolations of 

the pathogen from lesions on leaves of inoculated plants were identical with 

cultural characteristics of isolated of A. zinniae from naturally diseased zinnia 

plants, in all cases. 

These results are not surprising when it is considered that the conidia of 

some imperfect fungi may survive for very long periods. The results of the presen­

experiment concur with those described previously (page 118) where loose conidia 

of A. zinniae were found to retain their viability on the surface of :innia seed 

for up to 30 months from harvest. 

5'rom these results it is concluded that the loose spores adhering to the 

surface of naturally diseased lines of zinnia seed imported into New Zealand are 

viable c1nd capable of causing the development of disease symptoms when inoculated 

onto the leaves of disease free plants. 

b. As Internal :M:ycelium • 

.A plating tech.nique was used to determine whether the lesions shown by seed 

dissection to be present within the embryo contained viable inoculum. The use of 

the NaOH soaking method ( 1. b) to separate the embryos from the seedcoats was 

successful, but the chemical was unfortunately lethal to the fungus present in 

embryo tissues. Accordingly, manual dissection of the seed by peeling off the 

testa with a sharp scalpel was used,although this procedure was much less 

convenient. 

Following dissection the separated embr-jos and testas were washed in running 

water for 15 minutes prior to drying between tvr,o sheets of sterile blotting 

paper and plating to prune agar. The plates were incubated at 28°C for 4 days. 

Fungal colonies arising from plated tissue were cut with a corkborer and the agar 
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circles examined for spore production and identification after incubation at room 

temperature for 48 hours. 

Results of seed tissue plating are presented in Table 35. 

Embryos 

Testas 

RECOVERY OF A. ZI;!NI.AE FROJ::1 EMBRYOS .AND TEST;:;s OBTAINED 
FROLi DISSECTED SEJm AND PLATED 'l'O PHID'l"E AGAR. 

Number 
plated. 

192 

158 

Number of fungal 
colo!lies. 

32 

53 

Number yielding 
A. zinniae. 

16 

14 

8.3 

In both cases the majority of plated tissue pieces not yielding A. zinniae 

were either devoid of mycelium or yielded A. tenuis (embryos 2.1%, testas 14.6;tit 

or Penicillium app. 

These results prove that true seed infection may occur, the pathogen being 

successfully established within tissues of both the testa and embryo of the seed. 

c. Determination of whether lines carrying surface inoculum only can produce 
diseased see~lings. 

It has previously been confirmed that mycelium present in lesions on the 

embryos of ungerminated seed are capable of growth when such tissue is plated to 

agar. It remained to determine whether losse inoculum on the seed was capable of 

infecting seedling tissue during seed izermination, and hence of producing diseasea_ 

plants. 

The seed used was 1963 seedline of variety Giant Dahlia Flowered which on 

sowing had yielded o.5;i diseased seedlings. Seed from this line was divided into 

six parts and a random lettering system used to allocate the treatment received 

by each portion and to eliminate bias in recording results. 

Seed was contaminated with spores of A. zinniae in the following ways:-
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1. Glass beads (2mm diameter) were moistened and rolled over the surface 

of cultures of li. zinniae on PDA which had been induced to sporulate 

under ultraviolet light. The beads with their adhering spores were 

then shaken for 3 minutes with dry seed in a flask. 

2. A 5ml. portion of spore suspension (52,000 spores/ml.) was poured onto 

d:ry seed in a 250 ml. flask. The seed was shaken for 1 minute and tipped 

out onto blotters to dry for 48 hours. 

3. 50 ml. of spore suspension (52,000 spores/ml) was poured onto dry seed in 

a 250 ml. flask. The seed was allowed to soak in this suspension for 

12 hours and then tipped out onto blotters to dry for 48 hours. 

4. A spore suspension (60,000 spores/ml.) was atomised onto dry seed spread 

out thinly on blotters. The seed was allowed to dry for 48 hours. 

5. Slightly moistened seed was shaken with ten heavily sporulating diseased 

zinnia leaves in a 250 ml. flask for 3 minutes and the seed allowed to 

dry for 48 hours, on blotting paper. 

Untreated seed was used as a control. 

The seed in each sample was weighed to allow calculation of the approximate 

number of seeds present, and so~n in boxes of sterilised soil in the glasshouse. 

The number of seedlings producing cotyledonary lesions was recorded at 10 day~ 

lesioned cotyledons were removed to the laboratory and placed under high humidi-bJ 

at 28°C for 48 hours. Reisolations were made from single spores to slopes of FDA. 

Percentage germination figures from 200 seeds per treatment were obtained 

by the folded towel method. 

recorded. 

Germination counts for untreated seed were also 

The effect of the above treatments in inducing disease in seedlings and on 

seed germination are presented in Table 36. 



Treatment 
Method. 

Untreated. 

1 

2 

3 

4 

5 
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7.tIE ABII.J:'.L'Y 0-3' 1DOS:S srom~s '.l.'0 J.AUSE DISE~\SED SEEDLINGS, 
17.fiEN CONT.AI,ill{A'.I.'ED SEED IS so;·,w II\ SOIL. 

Seed weight 
grams. 

4,34 

7.4£ 

6. 01 

7.09 

4-54 

6 .13 

.Approx. no. 
Seeds so·vm. 

385 

660 

530 

625 

400 

540 

No. lesioned 
Cotyledons. 

2 

22 

51 

54 

21 

25 

); Ootyl. 
lesions. 

o.6 

4,14 

12.3 

11. 8 

5.25 

5.6 

Germination '[o, 
3 days 7 days. 

76 82 

77 80 

71 78 

68 77 

74 80 

70 82 

These results show that the percentage of diseased cotyledons arising from 

seed which had been surface contaminated with conidia is muph higher in all 

treatments than the percentage of cotyledonary lesioning produced from untreated 

seed. 

A completely disease free line could not be used for this experiment since 

all lines of' seed screened (25 lines in 1962, 101 lines in 1963) showed some 

disease symptom cievelopment. However, this line of variety Giant Dahlia Flowered 

which had yielded 0.5i; A. zinniae fror-1 screening trials, was the lowest diseased 

seedline available, and it is felt that the higher number of diseased seedlings 

following treatment could not have arisen from this small amount of inoculum. 

:B'rom this experiment it is concluded that loose conidia can act as inoculum 

for the development of the disease on seedlings arising from contaminated seed. Th 

mechanism of seedling infection possibly involves the germination of spores on 

the surface of the testa and penetration into the seedling during seed germina­

tion ana/or the washing of spores adhering to the seedcoat onto the cotyledons 

before the testa falls to the ground following germination. This would be great~ 

aided by overhead watering during the first few days of seedling growth. Spore 

germination on the seedcoat and penetration of mycelium through the testa and 
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into the cotyledon tissue may also occur. 

d. Determination of the Relative Importance of Surface and Deepseated InQ_Qulum 
Associated with Zinnia Seed. 

Results of previous experiments have shovm that the fungus is capable of seed 

carriage (a) on the seed surface, and 

(b) within the testa and embryo. 

It was felt desirable to determine the relative importance of each method 

of transference of inoculum with zinnia seed. 

This experi,,1ent was carried out using: 20 zinnia seedlines which on sowing 

had produced varying percentages of diseased seedlines ( 8 to 25)~) 10 days from 

sm•;ing. It was reasoned that if each line was first dusted and then sovm, any 

diseased seedlings appearing must have become infected by means of inoculum deep i: 

the seed. By subtracting the number of diseased seedlings in sowings of the duste 

sample from the number of diseased seedlings in sowings of untreated seed of each 

line ·the extent to which seed contamination was present could be determined. 

Seed was counted out in lots of 200 (800 seeds per line). .An initial 200 

seeds were assessed for germination percentage by the folded towel method at 

2;::;0 c, - ~ the 20r t t d d 1· . t . li - . 1 . ~ and a rur· r v un rea e sees per ine were sown ins eri sed soi in 

the glasshouse. 

The treat100nt used to remove surface borne inoculum from the seed involved 

dusting the seed with thiram. 

A sample of 400 seeds from each line was placed in a 100 ml. beaker and 

shaken with Fernasan8 dust for 3 minutes to obtain complete seed coverage. A 

volume of dust approximately equal to the volume of one seed of the variety being 

dusted Vias used. The seed was then tipped onto a 1mm mesh screen and shaken to 

remove excess dust. Seed was germinated by the folded towel method to assess the 

effect of the dusting on seed viability and a further 200 dusted seeds from each 

line sovm in sterilised soil. 

a 
= .An I.C.I. product containing as active ingredient 

Tetra,nethyl thiuram disulphide 50;G. 
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In this experiment sowing trials only were carried out to measure the disease 

percentage because this method is a reflection of the results a grower would 

obtain. 

Seedlings emerged from untreated and dusted samples of each line were 

examined for cotyledonar-J lesioning ten days after sowing. The number of diseased 

cotyledons present was recorded. 

To determine whether the fungus was viable in seedling lesions arising from 

"untreated" and "Tusted11 seed, approximately 75 diseased cotyledons from each 

treatment were removed to 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°0 for 4 days. Fungal colonies arising from plated tissue were 

cut v'lith a corkborer and the agar circles examined for sporulation and identifica-

tion after incubation at room tem~erature for 48 hours. Tissue pieces given 

high humidity treatment were examined for spore production after 2 days incubation 

0 
at 28 C. 

Results of disease incidence from sowing trials are recorded in Table 37. 
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TABI.E 37. DETERMINATION of the HELA'l1IVE ED?ORTiu'ifOE of StJKF.ACE and 
JJ\fOOULUM J,SSOCL\TED VlITH ZINNIA SEED LINES. 

Germination percentage No.diseased cotyl. Redtn.in Importanc€ 
Seedline. (7 days). ( 10 days) lesions due 0ontamntn. 

Untreated Dusted. Untreated Dusted. dusting. Infection. 

Elegans pumila 76 71 16 3 13 13/3 

Lilliput pastel 87 85 10 7 3 3/7 
mixed 

Fantasy mixed 73 73 12 7 5 5/7 

GDF Luminosa 57 56 9 6 3 3/6 

Prince 79 16 12 4 4/1 

Ivieteor GDF 74 74 20 0 20 20/0 

GDF Crimson 86 78 11 7 4 4/7 
monarch 

t 92 92 12 3 9 9/3 

Dark Jewels 88 87 14 9 5 5/9 

California Giants 93 88 18 9 9 9/9 

Lilliput Golden 88 87 10 6 4 4/6 
Gems 

GDF Golden State 86 80 19 6 13 13/6 

GDF Royal Purple 80 77 16 14 2 2/14 

Dilliput Black Ruby86 86 21 5 16 16/5 

Persian Carpet 92 92 8 0 8 8/0 

GDF Eldorado 85 77 14 4 10 10/4 

Dilliput Pompom 82 80 12 0 12 12/0 

GDF Finest Mixed 88 87 9 1 8 8/1 

Elegans pumila dwf.59 59 10 4 6 6/4 

Super Giants 71 71 24 8 16 16/8 

EEY: G.D.F. = Giant Dahlia Flowered. 

G.C.F. = Giant Gactus Flowered. 
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The use of the figures 13/3 to indicate the relative importance of inoculum 

associated with seedline 1 in Table 37 (Elegans pumila) is inter-preted following 

sowing trials by the following:-

1. Percentage diseased seedlings produced from ur1treated seed = 13+3 = 1610. 

2. Percentage of diseased seedlings produced as a result of surface inoculum 
= 13;o. 

3. Percentage of diseased seedlings produced as a result of deep-seated 
inoculum = 37~. 

Thus the relative importance of contamination and infection of this seedline 

is designated 13/3. 

The number of plated lesions, and those lesions given high humidity treat­

ment which yielded A. zinniae are recorded in Table 38. 

Ti\BIE 38. RECOVERY OF ~i.. Zil'ITlI.AE FROM: DISEASED COTYIEOONS ARISING FROM 
UNTREATED .AND DUSTED SEED. 

Seed Treatmen-t. No. cotyl. No. plated cotyl. No. high R.H. cotyl. 
plated. yielding A. zinniae. yielding A. zinniae. 

No. 1~ No. % 

Untreated 73 52 71.2 37 50. 7 

Dusted 75 44 58.7 18 24-.0 

By the method described in this experiment it is possible to determine the 

relative importance of surface and internal inoculum associated with any seedline. 

The results from the use of this method can yield important information on ·whether 

the dusting of seed is likely to be effective as a control method because of the 

predo~inance of surface inoculum, or whether internal seed disinfection is 

necessary to control high levels of deepseated inoculum. 

The experiments in this section have shovr.~: 

(a) The presence and viability of both surface and internal inoculum 

associated with zinnia seed. 
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(b) That conidia borne on the seed surface can cause the production of 

diseased seedlinJs. 

(c) The use of a method to determine the relative importance of internal 

and external inoculum of A. zinniae associated with naturally infected seedlines 

of Zinnia elegans. 

B. SEED SOREEND1G TRLU.S. 

Before any experiments were carried out to determi.'Yle the efficiency of 

different seed treatments in the control of lbnoculum of A. zinniae associated with 

zinnia seed, seed screening trials were conducted to develop a rapid reliable and 

practical method for the detection of the pathogen in seedlines. These studies 

were required to determine the extent to which the pathogen is being annually 

introduced with seed of Zinnia elegans imported to New Zealand. 

The following methods were investigated to determine their suitability for 

seed screening studies:-

1. Visual examination of the seed. 

2. Centrifuge technique. 

3. Germination of seed on blotters. 

4. Plating seed to agar media. 

5. Ultraviolet light irradiation of seed. 

6. Sowing seed in sterilised soil. 

7. Embryo examination technique. 

1. Visual examination of seed. 

Visual examination of zinnia seed often revealed a percentage of the seeds 

bearing dark brown spots externally. These spots may be up to 1mm. in diameter 

and occur at random over the seed surface rather than being consistently 

associated with a particular area of the seedcoat. '.I.he spots mz,y extend into 

the testa although often such a seed produces a normal seedling. To determine 

whether fungi were associated with these spots, plating trials were carried out. 
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Surface spots were dissected from the testa of a seedline of variety 

Dahlia Flowered using a fine scalpel. Tissue pieces were placed in a muslin 

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 were incubated 

0 
at 28 0 for 5 days. Fungal colonies from plated tissue were cut out with 

a 5mm. corkborer and the agar circles placed inside a petri plate lid. After 

48 hours incubation at room ture the rims of the agar circles were examined 

for spore production. 

No one fungus was consistently reisolated from the 100 seed spots plated to 

agar, cultures of species of Alter-naria, Penicillum, Rhizopus and Botrytis were 

obtained. 

The numbers of fungal colonies identified from 100 seed spots plated to 

culture are recorded below:-

l!.l ternaria zinniae 9 

ll. tenuis 12 -----
Penicillium spp 5 

Rhizopus spp 4 

Botrytis spp 1 

Others 2 

Total - --22. 

These results are not unlike those obtained by Gloyer (1931), who ted 

11brovm spots on the distal and basal _portions of the seed11 of Calliste:ehis 

chinensis Nees to artificial media. Gloyer was also unable to obtain consistent 

reisolations of one fungus from such spots. 

In the present study it was concluded that while visual examination of seed 

may some indication of the presence of seedborne pathogens, this criterion 

is not of value in determining the presence or absence of A. zinniae 

associated with zinnia seed. 
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2. Centrifuge technique. 

Initial studies revealed that conidia to the seed were almost 

impossible to detect consistently by microscopic examination. Accordingly, ·the 

centrifuge technique was employed to determine their presence and to gauge 

approximate spore load on individual seedlines. 

The method used was the same as described in Section .A. part I (a) of this 

chapter. The number of spores for a Imo~n amount of seed (the spore load) was 

determined microscopically with a haemocytometer. This technique revealed that 

ih 20 seedlines studied by this method, surface borne inoculum of A. zinniae was 

present to a greater or lesser extent in all seedlines, with spore loads up to 

8, 000 per ml. 

A modification of the centrifuge technique which reduced the time re 

in processing seed washings, was also studied. A large quantity of seed could be 

tested for surface borne spores by this method, which consisted of the 

seed vigorously in a flask containing sterile distilled water and filtering the 

resultant solution through filter paper on a Buchner funnel under suction. The 

spores were collected on the filter paper, wbic could then be examined microscopi 

cally under a 40X binocular for ication of spores and for spore 

counts per unit area. 

The centrifuge method, while useful-for screening large numbers of seedlines, 

provided on]y a relative estimate of surface borne spores. The method could only 

be used to grade seedlines into classes of high, moderate or low amounts of seed 

contamination. The major objection to the use of this method of screening seed­

lines was that it did not give any indication of internally borne inoculum. The 

absence of spores as shuwn by the centrifuge method, while it may indicate the 

absence of surface borne inoculum, in no way ensures that the particular seedline 

under study is free from the pathogen. Wbere spores are detected in seed 

by the centrifuge method there is still no evidence of the viability or 

pathogenici ty of such spores. r1 or this method to be of use in detecting diseased 



187. 

seedlines in screening experiments it would thus be necessary to supplement the 

centrifuge technique with a pathogenicity test such as the spraying of seed washil 

onto healthy zinnia plants and reisolation of the pathogen from subsequent diseast 

lesions. Thus this method was considered impractical for use as a screening metbc 

especially since it only gives an index of seed contamination and further tests 

would ba required to test for the presence of internally borne vegetative myceliur. 

of the pathogen in zinnia seed. 

3. Blotter Test. 

The method of placing untreated seeds on moist blotters and incubating them 

at a specified temperature has long been used as a recognised technique in Seed 

Health Testing. .After incubating the seeds for a prescribed period, the pathogem 

are identified on the basis of disease symptoms on the seedlings or microscopic 

examination of individual seeds. ¥lhen the blotter test is used to obtain repro­

ducible results the incubation temperature, time, and intensity of lighting must 

be standardised. 

In the present study zinnia seed was germinated on moist blotters in bakelite 

trays (200 seeds per line). All trays were held at 25°0 in a Copenhagen seed 

germinator for 10 days under natural diurnal light variation. lifter 10 days 

counts were made of the number of seedlings which had developed disease lesions. 

Where there was some doubt as to the pathogen causing lesioning on a particular 

seedling, positive identification was made under a binocular microscope. 

Germination counts of the number of normal seedlings were made at 3 and 7 

days from placing seed on blotters. 

'l'he blotter method gave consistently good results, its main disadvantage 

being the amount of germinator space required for each sample and, as a result, 

the relatively 1011 numbers of seeds which could conveniently be used for each tesi 

The advantages of the method were that it recorded pathogenici ty of the 

fungus and the results could be interpreted quantitatively. 

The results obtained using the blotter test on 20 test samples of zinnia 
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seed indicated that the method gave disease ratings similar to those observed in 

glasshouse sowings in sterilised soil. 

4. Agar Plati!!:,g. 

The agar plating method is used widely for detection of fungal pathogens. 

Surface disinfected or untreated seeds are placed on any of a variety of agar 

media. 'l'he pathogens grow from the seeds and are identified by their colony 

characteristics. Malt agar and PDA are most commonly used. Three plating methodf 

were used 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 0.1% mercuric chloride for 2 minutes 

followed by washing seed in sterile dis-tilled water and plating to PD.A. 

:M'.ethods (a) and (b) proved to be very successful except that it was found 

difficult to distinguish bet<.'leen colonies of i\. zinniae and .A. tenuis. Consequent­

ly the agar circle method was used to give positive identification of colonies 

arising from plated seed after the plates had been incubated at 28°0 for 4 days. 

Method (c) was satisfactory, but although colonies of A. zinniae arising 

from the seed occurred in many cases, it was felt that methods (a) and (b), 

which did not involve surface sterilisation of seed, gave a more complete picture 

of the total disease status of a particular seedline. 

The agar plating method is of limited use when large numbers of seedlines 

are being screened for disease inctdence since it requires specialised equipment 

and training. 11.'he difficulty of testing a representative sample of a bulk of 

seed, using ·bhe small number of seeds to which this method is limi tea., may also 

reduce the usefulness of the method. 

5. Ultraviolet Lig~t Irradiation of Seed. 

Ultraviolet light irradiation of seed to stimulate sporulation of A. zinniae 

from the seedcoat, a.nd subsequent microscopic examination for spores was 

investigated as a screening method. 

The ultraviolet source used was a single tube \Yll,O fluorescent lamp. 



Two materials, pyrex glass and cellophane, were used as UV transmission 

media. 

The lids of petri plates which contained 100 seeds per test were lined with 

moist filter paper to maintain high humidity. 

Metal screw bands were covered with cellophane, the latter being secured wi tl:J 

transparent adhesive tape. One huna.red seeds per test were placed on the cello­

phane and a petri plate lid lined with moist filter paper placed over the rim of 

the screw band to maintain high humidity. 

The seeds in eacµ type of container were placed on a wire support 30 cm. from 

the UV lamp and irradiated through the pyrex or cellophane bases. 

For each UV transmission medium the following variables were considered to 

ascertain their effect on promotion of sporulation of A. zinniae from the seed. 

(a) Pretreatment of seed: ( 1) 
(ii) 

(iii) 

No soaking. 
Soaking for 12 hours in tap water at room 

temperature. 
Soaking for 2~ hours in tap water at room 

temperature. 

(b) Duration of UV irradiation for periods ranging from 1 ·t;o 4B hours. 

(c) light and dark during the 4B hours incubation period following irradiation. 

A rnazda Reflector 150W Floodlight 30 lamp provided light and also held the tempera· 

ture of the plates at 25-28°0 ·throughout the incubation period. For treatments 

requiring dark folowing irradiation the plates were wrapped in aluminium foil and 

held under the same conditions as plates sub,jected to light during incubation. 

'.11he seed used was from a line of variety Giant Dahlia Flowered which had 

developed approximately 15;~ diseased seedlings from sowing trials in the glass-

house. 

The results of this trial are shovm in Table 39, figures representing the 

percentage infection as recorded by microscopic examination of 100 seeds per test. 
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TABLE 32• T'tlE J!i.B1J!1ECT of UI.['R.AVIOLAT LIG-HT in STIMULATING SPORULATION 
OF A. ZTNNI.AE from the SEEDJOAT of BISEASED 

ZINN.r.A SEED. 

Presoak Duration exposed to Ultraviolat Light - (hours) 
hours. [!) 1 3 6 12 24 36 48 ---

L D L D L D L D L D L D L D L D 

0 PD 0 0 0 0 0 0 0 0 1 0 1 0 

0 C 0 0 0 0 0 0 0 3 0 0 

12 PD 1 0 5 1 12 4 14 1.Q 8 5 5 4 4 3 5 

12 C 0 0 5 2 10 2 14 7 6 2 3 3 1 2 3 

24 PD 1 0 0 2 5 6 7 5 7 3 6 7 5 2 10 5 

24 0 1 1 0 0 5 1 7 0 6 1 3 3 5 l+ 8 8 

:KEY: PD = UV transmission through bottom of pyrex petri plate. 

0 = UV transmission through cellophane. 

L = Light during incubation period. 

D = Dark during incubation period. 

= Not recorded. 

The results in Table 39 indicate that: 

1. The exposure of seed to UV light could be used as a screening method 

for lines of zinnia seed imported to New Zealand. 

2. The procedure for optimum expression of' the pathogen as shown by spore 

production from the seedcoat consisted of ( . \ 
l.) Presoaking seed for 12 hours, 

(ii) UV irradiation for 3-6 hours, and (iii) Incubation of seed under contin­

uous light for 48 hours. 

3. Soaking of seed appeared to be an essential prerequisite to irradiation. 

J+. long durations of UV exposure of seed (up to 48 hours) appeared to have 

no greater stimulatory effect on sporulation than shorter periods of 3 - 6 hours. 

5. In many cases the pyrex petri plate gave superior results to the use of 

cellophane as a transmission medium for UV irradiation. 



6. The minimum period for maximum expression of sporulation from the seed 

would be approximately 66 hours; i.e. 12 hours soaking, 6 hours 1JV irradiation 

and 48 hours incubation. 

Although the use of UV irradiation of seed is effective where specialised 

equipment is available, it is inclined to prove tedious where large numbers of 

seedlines are to be screened. Its use may be warranted when a quick result on thi 

disease incidence of .A. zinniae associated with a small number of seedlines is 

required. 

6. Growing Seeds in Sterile Soil. 

By sowing seed in sterilised soil it is possible to record the incidence of 

seedborne disease associated with seedlines by a direct count of the number of 

seedlin.e;s which develop symptoms. The procedure found to be most suitable in 

these studies was essentially the same as the indexing method described by 

Baker & Davis ( 1950). 

Seed was so,m thickly in sterilised soil (at least 200 seeds per 8 11 x 611 

seedbox) and covered thinly vvi th sterilised soil. The soil in each box was kept 

very wet for 10 days in the glasshouse by holding the boxes in trays of water. 

If the pathogen was present it was manifest by cotyledonary lesioning on seed­

lings and to a lesser extent by lesions girdling the stems at or above soil level 

The disease rating or incidence for a particular seedline was recorded by counts 

of the number of diseased seedlings. This gave a reliable method for determining 

the amount of disease in particular seedlines, but invariably gave an exaggerated 

figure unless data was taken before secondary infection occurred (usually 14-16 

days from sowing). 

7. ~o. Examination. 

The embryo method was developed for determining the presence of loose smut 

of barley and wheat (Simmonds 19Li-6, Russell 1950, Russell & Popp 1951 ). 

Seeds are softened with sodium hydroxide to remove the embryos, which are 

then cleared in chloral hydrate or lactophenol,and examined microscopically 
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for the presence of ftmg~l hypbae. The hyphae are more clearly distinguished 

from seed tissue by staining with cotton blue (iinderson & Leach 1961). 

The embryo examination method as described in Section A, part I (b) of this 

chapter was found to be extremely time consuming and tedious when used as a seed 

screening technique. Cleared embryos, when examined microscopically, often showed 

the presence of septate mycelium in some lesioned areas, but this examination 

gave no positive identification of the fungus concerned. Hence the use of this 

method was not considered suitable for screening tests on zin.11.ia seedlines. 

Summary of technique studied for suitability as methods of screening seed­

lines of Zinnia elegans fore• zinniae_._ 

1. 

2. 

3. 

4. 

5. 

Visual examina­
tion of seed. 

Centrifuge 
technique 

Blotter test. 

Agar plating. 

Ultraviolet 
irradiation of 
seed. 

6. Sowing seed in 
sterile soil 

7. Embryo method. 

. Advantages. 

Speed. 

Speed. 
Allowd large amount of 
seed to be screened in 
each tes·t. 

Detects presence, via­
bility and pathogenicity 

Detects presence, and 
viability 

Speed. 
Detects presence of 

pathogen. 

Disadvantages • 

Results unreliable. 

No indication of fungal viability 
or pathogenicity. Detects con­
tamination only. 

Time and space consu~ing. Represen• 
tative seed sampling problem. 

No indication of pathogenicity 
Problem of representative seed 
sampling. Requires special 
equipment and technical competenci 

Ho indication of viability or 
pathogenicity. 

Microscopt examination time con­
suming. 

Results close to field Time and space consu,ning. 
performance. 

Detects presence, viabil­
ity and pathogenicity. 

None Time consuming. 
Problem of representative seed 

sa~pling. 
No indication of viability or 
pathogenicity. 

From a study of the methods as outlined above it appeared 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 more complete result of disease incidence tri.an any 

of the other methods. .Accordingly these two methods were used for screening lines 

of zinnia seed imported to New Zealand in 1962 and 1963. Both methods were used 

to test each seedline, results from the blotter method being taken after 7 days an 

results from the sowing method after 10 days. 

In 1962, 25 seedlines were screened for the presence of A. zinniae. In 1963 

101 aeedlines were tested. 

In both years no seedline ,;as found to be completely disease free and the 

percentage of the disease, as recorded by the number of seedlings which developed 

sympto,ns, ranged in 1962 from 0.5 to 21.5,i, and in 1963 from 0.5 to 16;t 5'igures 

for disease incidence on each seedline tested are recorded in Appendix Vl. 

The results of seed screening experiments would indicate that, in order to 

prevent A. zinniae from being introduced with the seed, all zinnia lines imported 

to New Zealand should be treated with an appropriate control treatment. On this 

basis further work vms carried out to determine the effectiveness of various seed 

treatments to eradicate A. zinniae carried with zinnia seed. 

In overseas literature on the control of ,\. zirmiae associated with zinnia 

seed it is not uncommon to find workers using seedlines in their experiments which 

are up to 100/~ infected with the pathogen. In comparison, in the present screen­

ing trials, the highest disease incidence recorded was 21.5}&. This could indicate 

that there is a marked reduction in the amount of viable inoculum on or in the 

seed between harvest in the country of origin and sowing in New Zealand. 

Seed imported to New Zealand from the United States of America is harvested 

in October and shipped to New Zealand in November - December. i\t this stage it 

is too late to be used by most cornmercial growers for the current seasons sov;in&;:s . 

. As a result the seed remains in storage 1.1.ritil the following October when it is 

sold as 'new season's' seed. In reality such seed is at least 12 months old 

since harvest. Hence the relatively low incidence of ;.~. zinniae associated with 

'new season's' seed in Nevi Zealand, compared with the high percentage of the 
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pathogen recorded as being present in seedlines overseas, __ pa:y be due to a loss 

of viability of seedborne inoculum over the first 12 months since harvest. It is 

postulated that this reduction in disease incidence in zinnia seed lines by the ti 

they are sown in New Zealand is due to a rapid loss of viability of many conidia 

of the pathogen present on the seedcoat. That the fungus does not die out com­

pletely is shown by the fact that in 'new season's' seed for sowing in New Zealand 

some spores on the seedcoat and mycelium established in the tissues of the seed 

have been shown to retain their viability for as long as 2 and 3 years from 

harvest respectively. This is borne out by Jacks ( 1963) who has demonstrated 

that A. zL~niae shows a far greater decline in viability up to one year from 

harvest than does the germination percentage of the seed, and the pathogen dies 

out completely in seed stored for 5 years from harvest. 
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G. :JONTROL OF SEEDBORNE INOCUIIJM. 

In the present study it has been conclusively proven that .Alternaria zinniae 

may be associated with zinnia seed imported to _New Zealand not only as conidia 

borne externally on the seedcoat but also as mycelium established within the testa 

and embryo. Yet there is the claim by Beaumont, Cleary & Bant (1958) that complete 

control of the disease in seedlines known to carry the pathogen can be effected 

simply by dusting the seed with Thiram (T.I.f.T.D.). This can only be explained by 

assuming that the seedlines used in their experiments were contaminated, but not 

infected with .A. zinniae. Neergaard ( 1945), Kispatic ( 1951) and De Tempe ( 1959) 

all record incomplete control following surface sterilisation and it is concluded 

that in these cases both seed contamination and infection were involved. 

In view of the fact that imported zinnia seedlines are consistently infected 

(as well as contaminated) it was decided to investigate the effectiveness under 

New Zealand conditions of those methods of seed treatment which could possibly be 

lethal to vegetative mycelium established within the seed. 

I. PHYSIC.AL 1,IBTiiODS. 

Physical methods of seed treatment have been widely used, primarily to kill 

pathogens deep in the seed (Hanson et al. 1961). '11hese methods include hot-water 

and water-soak treatments, and ultraviolet, infra-red, X-ray and other kina_s of 

irradiation. Dry heat has also been used. Only the hot-water and water-soak 

treatments have been sho,m to be practical. .Accordingly these two methods were 

studied as possible treatments for the control of i\. zinniae in zinnia seed. 

HOT-V/JtTER TRI~Nfli;:ENT. 

The most promising approach to zinnia seed disinfection seemed to be that 

described by Baker ( 1956), where effective control resulted from hot-water treat­

ment at 125°F for 30 minutes, without causing any great reduction in the germina­

tion capacity of the treated seed. However, Beaumont, Oleary & Bant (1958) report 

that in their experience this treatment gave on:cy moderate control and had a 
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severely depressing effect on germination. Prota (1960) studied hot-water 

treatment of zinnia seed at 51 to 52°0 for 30 minutes and showed that in his 

experiments thermal treatment reduced percentage infection by only 28% and 

suppressed germination by 32.4%. As virtually all zinnia seed available in New 

Zealand is imported from the Northern Hemisphere and at the time of sowing is 

approximately 12 months old, i'I:; was thot:.ght that even if Baker's method did prove 

effective in New Zealand it would possibly reduce the germination capacity of the 

seed to a level which would render the me tbocl unacceptable to commercial nursei~y-

men. Accordingly, investigations y,ere undertaf~en to de·bermine 

1. ·,fuether l3aker' s reco11mendation of hot-water treatment of seed at 125°F 

for 30 minutes eliminated the pathogen, and 

2. '.l.'he extent to which this treatment reduced the germination capacity of 

the seed. 

This work was carried out as two trials, one conducted in the laboratory and 

the other within a commercial nursery. 

1.fATERIAIS and METl:fODS. 

A. Iaboratory Trial. 

For this work 32 lines of seed which had given rise to infected seedlings 

when sO"N.n were used. The weights of seed used for each line varied,with the 

varietal size of the seed, as follows:-

4 gm. for large seeded varieties. 

3 gm. for mediu:n seeded varieties. 

1 gm. for small seeded varieties 

Giant Dahlia flovvered, Giant Cactus 
flowered, Giants of California. 

Cupid, Persian Carpet, Lilliput, 
T):rnmbellina 

Iinearis. Snowflake. 

The seed from each line was placed on a square of muslin 511 x 5 11
, the 

corners of which were gathered together and. secured with a rubber band to form 

a bag. Different coloured bands allowed easy identification. The bags were 

placed in a wire mesh cage 711 x 511 x 4" and the cage immersed in a bath contai.11.-

ing water held at 1'25 °F (Sit. 6°0) ·.for .. 30-minutes •' . Ehtr~pped ... a±~ was expelled from 
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the bags by prodding ·with a glass rod. A thermostatically controlled temperature 

unit was used to keep the water at 125 ±o.3°F and also to allow continuous 

circulation of the water in the bath. .After 30 minutes immersion the cage was 

removed from the hot water and plunged into water which had been cooled with ice 

to 8°0. Each bag was kneaded with the fingers to ensure complete 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 (tap) for 

10 minutes and the seed then spread out bet·ween two sheets of sterile blotting 

paper for 24 hours at room temperature to dry. 

To determine the effect of the hot water treatment on germination, tests 

were carried out on each seedline both before and after treatment by the folded 

towel method at 25°0, interim and final counts being made at 3 to 7 days 

respectively. 

To determine the effectiveness of hot ·water treatment in controlling the 

pathogen, a sample of each treated seedline ·.vas germinated on moist blotting 

paper in plastic trays in a Copenhagen tank and the percentage of seedlings which 

developed cotyledonary lesioning recorded. Results were taken at 10 days. 

B. Oorrnnercial Nursery Trial. 

This trial was conducted in a commercial nursery in Palmerston Nor·th during 

October and November 1963, using two lines of zinnia seed (Giant Dahlia Flowered 

and Lilliput) each of which, in preliminary tests, was found to give approximate}J 

12jb infected seedlings within 10 days from sowing. A 1 ounce sample of each line 

0 was hot-water treated at 125 F for 30 minutes, following the procedure previously 

described. Boxes of treated and untreated seed of each line were smm by the 

nurseryman, set out w1der glass for 8 days and then transferred to open frames 

until ready for transplanting. Gare was taken to keep all boxes well separated 

to prevent the possibility of secondary spread of the pathogen betvveen treated 

and untreated seedlings. At 10 days from sowing the percentage emergence in 

each box was recorded. Transplanting of seedlings from each of the four series 



198. 

was carried out 22 days from sowing, the plants being pricked out into 18 11 x 1211 

boxes at the rate of 80 seedlings per box. The number of plants which developed 

lesioning were recorded at frequent intervals from 9 days after sowing. One lesioi 

per plant was considered sufficient to record that plant as being diseased. 

The germination capacity of each seedline both before and after treatment 

was determined using the folded towel method. 

RESULTS and DISCUSSION. 

A. laboratori Trial. 

Data on the effect of Baker I s hot-water treatment method on seed germination 

and disease incidence are presented in Table 40. Table 41 records the range in 

germination percentage produced from seedline samples before and after hot-water 

treatment. 

The results of germination tests before and after hot-water treatment are 

shown graphically in ]'igure 13. 

a. Effect of hot-water treatment on seed germination. 

Although no absolute conclusions could be made on the germination reduction 

likely to occur following hot-water ·treatment, the following trends were revealed: 

1. Initially high germinating ~ines (over 85%) gave a germination percent­
age in the range 45 to 77fo following hot-water treatment. 

2. There was no relationship between interim and final germination percent­
ages of untreated seed and the germination percentages obtained follow­
ing hot-water treatment. That is, seedlines with a low interi;n and 
high final germination initially did not give lower germination 
percentages following hot-water treatment than high vitality lines 
Vihich showed high interim and final germination counts. 

Estimated vigour Initial germ. jO Germ. 'fa after hot-water 
of line based on 3 days 7 days. treatment. 
interim count 3 days 7 days. ----

High 87 91 27 45 

IDw 80 96 54 77 
:Moderate 82 91 50 57 
High 66 71 22 44 
IDw 55 71 24 59 
IDw 51 70 33 69 



90 

... 
z 

i 00

t 
FIS:iURE 13 l!FFECT OE ti O T- kt~ T ' R TREATM£N T ON SEEQ GE R Ml N 6, T I ON CAP~~• T): 

• 
,~ 

• l<,,i ... 

f
0

I 
,, 

• • 
3t 

: •ot 
• • • • 
• • • 

Lal 

; 10~ 
• Ct 

JI • • 
Lal I • • • u "' • 
< 
t-40 
z 

I J( 
Lal • l) 
er 
Lal 
0. 

30 
z 
0 I • -... 
c{ 

z 20 

lj • • • 
• 

)l • 
• 1963(NZ}SEEO • 
x 1962(NZ)SEE D 

GERMINATION PERCENTAGE BEFORE HOT WATER TREATMENT 
0 

10 20 30 40 50 60 70 80 90 100 



i ;;;:;;o 

~IE 40. EI111·EOT of HOT-W.t~:l.:ER 'rR.E.ATlilENT on SEED GERKIN.ATION 
and DISE.ASE Il~CIDENGE. 

Variety. Initial Germn. ;~ Cotyledonary Gerrrl!l. after m:rr. :/o Coty ledonary ,, 
/o, lesioning at 2..s:I-ays. 1 dais, Lesioning at 
.2,_da;y:s. 1..lJ.ays. 10 days 10 days 

on Blotters. on Blotters. 

Gvl"t]' Oherrytime 80 96 11 54 74 0.5 

California Giants 86 96 7 51 56 1. 0 

Super Giants 86 94 9 31 45 1.5 

Lilliput Scarlet 
gem 86 94 4 39 55 0 

GDF Polar Bear 83 94 5.5 44 53 0 

Cupid 81 93 7 25 51 2.0 

GDF Scarlet flame 82 91 16 50 57 2.5 

C-CF Dark Jewels 87 91 7 27 45 0 

GDF Oriole 87 91 13 48 62 4.5 

Lilliput Black 
Ruby 78 90 13 52 70 2.0 

Thumbellina 76 90 7 50 71 2.5 

+ Lilliput 80 90 15 34 49 3.5 

Californian Giant 81 89 12 31 46 2. 5 

GCF Oharrytime 83 86 8.5 49 61 1.5 

Persian Carpet 63 85 5 48 77 0 

Lilliput 52 82 5.5 36 47 1.5 

Lilliput Purple 70 82 5.5 3 9 0.5 
Gem 

GDF Polar Bear 68 78 7.5 45 60 1. 0 

Red Riding Hood 69 77 3 31 44 0 

GCF Blaze 70 76 4 18 37 4. O 

Thumbe llina 70 76 12 24 48 2.5 

Fantasy 55 71 11 24 59 6.0 

+ Super Giants 66 71 18 22 44 2.5 

Linearis Oranze 51 70 6 33 49 1.5 

+ G.!CF Dark Jewels 59 66 16 25 38 5.2 
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T.ABIE 40 {Ctd.} 

Initial Germn. ;'6 Ootyledonar<JGernm. after HWT. ;;0 Coty ledonary 
~,/ Variety ;ro Lesioning at 3 days. Ldays. lesioning at 

3 days. 7 days. 10 days 10 days I 

on Blotters. on Blotters. 

Iiinearis Dvif. orange 58 62 6 

GDF Gold Medal 51 62 12 
Hybrids 

Creeping Zinnia 20 54 1 

GCF Floradale 37 51 6 
Scarlet 

+ Elegans pumila 43 48 18 

Lilliput Valencia 18 40 7 

Perennial snowflake 26 33 2 

:KEY: GDF = Giant Dahlia :inowered 
GG'F = Giant Cactus FJ_owered. 

12 19 1 

17 26 4. O 

10 18 0 

12 19 1.5 

5 13 3.5 

8 15 1. 0 

1 12 0 

+ denotes 1962 seed. All other lines 1963 seed. 

T.ABIE 41,. RANGE IN GERMIN.A'I'ION PEROENTAG-E PRODUCED FROM SEEDI.J:NE SAi,lPIES 
m::FORE AND .AFT.SR HOT-Vi.ATER 2.'REJi2l:'MEHT. 

Range in 
Germ'n J~ 

90-100 
80-89 
70 - 79 
60 - 69 
50 - 59 
40 - 49 
o;;o - 39 
:1.o - 29 
1'1 - 19 

r, () 

Germination % 
before H.W.T. 

90 - 96 
82 - 86 
70 - 78 
62 - 66 
51 - 54-
40 - 48 
33 

Germination J~ 
after H.W.T. 

45 - 74 
(9)46 - 77 + 

37 - 49 
19 - 38 
18 - 19 
13 - 15 
12 

+ True range is 9-77'/, but excluding the germi..11ation reduction 
from one sample ( 82;_; - 9JG) the range is 46'i~ - 77}l. 

RJ~CORD OF '.I'HE NlJ1IBER OF S.ALlPIES IN EACH GERJLCN.ATIOR GROtlP. 

Total number of 
Samples in each 
Range of Germ' n 

Av. Germ'n 
in each grp. 

c:b ( Un trtd. seetl__ 

12 92.5 
5 84.8 
7 74.1 
3 63.3 
2 52.5 
2 44.0 
1 33.0 

Total number of 
samples in each 
range of Germ'n. 

. (-, ,- n ~) ,:.; ,n.i",,.1.seea. .. 

4 
3 
6 
9 
2 
1 
6 
• 

Jiv. Germ 'n in 
each group. 

73.0 
61.0 
55.2 
48.6 
37.5 
26.0 
16.0 

o n 
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3. It was not possible to predict accurately the germination reduction due 
to hot-water treatment at 125°F for 30 minutes, except that the 
maximum drop was 505; in 31 of the 32 lines treated. In one line only 
a drop of 73~16 was recorded 

The reason for the erratic results of hot-water treatment on germination 
reducti.on may be variations in seed moisture content prior to treatmen 
This effect was reported by Gloyer ( 1931) to explain inconsistent 
germination results following hot-water treatment of seed of 
Callistephis chinensis. 

4. Seedlines vvi th an initial germination of 90 - 95% showed a far smaller 
range of hot-vmter treatment effect on germination than did lines of 
lower initial germination of 30 - 60;io. 

b. Effect of Hot-water Treatment on Disease Incidence. 

1. There was no apparent relationship bet,,veen percentage germination and 
the disease incidence in seedlings either before or after hot-water 
treatment. Seedlines giving rise to seedlings with a high disease 
incidence were not necessarily low germinating lines and vica versa. 
This indicated that the presence of the pathogen had no depressing 
effect on seed germination percentage. 

2. Initially diseased seedlines may still give rise to lesioned seedlings 
following hot-water treatment. These lesions were macroscopically 
identical with those produced on seedlings arising from untreated seed. 

3. Hot-water treatment did not allow co,nplete cont:!:'ol of .A. zinniae in seed 
lines in which the pathoe;en was borne internally. This was shovm by 
the presence of lesions on the cotyledons of seedlings arising from 
hot-water treated seed. It is sug[:ested that the 7 lines which were 
rendered disease free by hot-water treatment were lines in which the 
pathogen was externally associated with the seed, or present in the 
outer tissues qf the testa only. Ii" the remaining 25 lines ~: 
lesions were found to be present in the embryo of the seed prior to 
hot-vmter treatment. This lesionins can be easily demonstrated by 
seed dissection. 

B. Commercial Nursery 'l'rial. 

(a) Effectof hot-water treatment on seed germination. 

The germination results obtained from treated and untreated samples of each 

line are compared in Table Li-2. 

TABD~ 42. EFPEOT of EOT-W/l'l'ER 'l'P..;~J,T:t.:EN'l' on SEED GERI:'INATIOK. 

Seedline. 
Nursery 

Untreated. Treated. 

Giant Dahlia 
flowered 

Lilliput 
89 
91 

52 
52 

41. 6 
42.9 

of seed. 
Folded 'roV1el Method (7 days) 

Untreated. Treated. Reduction f, 

94-
97 

64 
62 

31.9 
36.1 

Average reduction due to hot-water treatment Giant Dahlia Flowered 42.3% 
Lilliput 34. of, 
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These results show that treated samples sov1n LLnder commercial conditions 

gave an average reductio11 in emergence of 42.3,~ compared with untreated samples. 

This was a somewhat greater reduction than had been recorded in samples tested fol 

germination by the folded towel method in the laboratory. By the fold.ed towel 

method the average reduction in germination following hot-water treatment was onl;i 

34;,'b in each line. This discrepancy may have arisen from the dry soil conditions 

under which the samples were sown in the nursery. 

(b) Effect of hot-water treatment on disease incidence. 

Results of disease incidence as recorded by counts of the number of seedlinE~ 

showing foliage lesioning are presented in Table 43, and graphically in :5'igure 14. 

Transplanting losses are also recorded in rable 43. 

These results show the pronounced build-up of disease in seedlings from 

untreated seed due to initial inoculum acting as foci for the sporulation and 

secondary spread of the pathogen. In hot-water treated samples disease incidence 

sc1ov,ed only a slow increase and treated seedlines showed markedly less diseased 

plants 40 days dro:n sowing compared to untreated seedlines. '.11hus hot-water 

treatment allowed the production of a .r:;reater number of saleable plants when 

compared with the same number of seedlings arising from untreated seed. 

CONCilJSIOiJS. 

'.11here appears to be no absolute relationship between initial germination 

percentages of seedlines and the germination capacity of seed following hot-water 

treatment. It is only possible to give tentative figures on the probable germina­

tion reduction like]y to occur from hot-water treatment of zinnia seed. 

In order for growers to treat seed by the hot-water method (125°F, 30 mins.) 

and obtain seed with a final germination of 40% or more, the germination percen­

tage of the untreated line should be 70 - 80Jii. To obtain a germination following 

treatment of over 50,~ the initial germination should be over 85;~. 

While the hot-water treatment as advocated by Baker ( 1956) still allows 

many lines to produce lesioned seedlings on germination foll01,ving treatment, the 



FIGURE 14. DISEASE INCIDENCE IN SEEDLINGS ARISlNG 

FROM H.W.T. AND NON·H.W.T. SEED. 
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T.ABIE 43. DISEASE IKCIDElWE in OO!EI..!ERCI/iL ITURSERY 'l'RL:,.L on EFFICIENCY 
OF HOT-W:~TER THEA'l'MENT (H.','l.T.) 

Seedline. DaJ;:s from :Number of Diseased Seedlinri:s. Percentage Infection. 
S0\"iillEi• Non H. 1l.11. H ··rm oli•1.,, Non H • .. J. T. H"'m • H • .J.. • 

Giant Dahlia 9 28 14 2.2 2.2 
Flowered. 

11 38 16 3.0 2.5 

15 72 19 5.8 3.0 

20 154 23 12.3 3.5 

22 TRANSPL.~NTED 80 Seedlings per box. 

23 22 6 .3.0 1. 0 

27 69 9 9.6 ~1. 5 

30 112 13 15.6 ') r, 
t...0-L 

33 146 19 19.5 3.2 

37 191 28 26.5 4.7 

40 224 40 31.1 7.0 

Lilliput a 9 4 0.5 0.5 / 

11 10 4 0.6 0.5 

15 20 4 1. 1 0.5 

20 38 9 2.1 1.1 

22 TP, ... ANSPL.4NTED 80 Seedlings per box. 

23 15 2 1. 0 0.3 

27 42 8 2.9 1. :tr 

30 57 11 4.0 1 .5 

33 79 13 5.5 1.8 

37 121 16 8.4 2.2 

40 182 24 12.6 3.3 



TASIE 43 (eta._) 
___ , __________ O __ RI._.;.;·· GINJ-1.L SOWING. 

Seedline. 

Giant Dahlia Non.HWT 

II 11 HWT 

Lilliput Non HWT 

II HWT 

No.boxes. No.seed­

4 

3 

5 

3 

lings 
10 da1 s. 

1,250 

650 

1,850 

800 

204. 

T R .A N S P L .A N T E D. 
No. boxes No. seed- Trans- % loss. 

9 

7.5 

18 

9 

lings. planting 

720 

594 

1,440 

720 

loss 

530 + 

56 

410 

80 

8.6 

22.2 

10.0 

+ = 1 box of 300 seedlings from original sowing discarded due to 
disease. 

Conclusions (ctd.) 

method may be of use in allowing c:rowers to produce more saleable plants from 

heavily diseased lines. The effect of hot-water treatment in suppressing the 

initial buildup of the disease appears most important in the early stages of 

plant growth ( the firs·t 15 days from sowing). This method may overcome the 

need for an intensive spray program during the first two weeks of growth when 

the seedlin2s are becoming established. Thereafter spraying may be employed to 

keep the disease to low levels until the plants are sold at 6 - 7 weeks. 

Since zinnia seed is relatively inexpensive, the need for growers to sow 

a greater number of seeds to offset a germination reduction following hot-water 

treatment is more than compensated for by the ability of hot-water treatment to 

keep A. zin..Diae at a lower level than is possible with untreated seed. hot-water 

treatment thus allows the production of a greater number of healthy plants for sal 

In the light of previous experiments which bad proved the presence of lesions 

on the embryo of ungerminated seeds it was thought that wbile these lesions would 

not be eradicated by thermal treatment this treatment may be capable of killing 

the fungus in such lesions. 

Thus in a study of methods aimed at controlling A. zinniae by internal seed 
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disinfection it is postulated that the appearance of lesioned cotyledons on 

seedlings arising from treated seed does not necessarily prove the inadequacy of 

the treatment. 

V~ny wor~ers have based the success or failure of a particular seed control 

method for A. zinniae on the presence or absence of lesioned seedlings arising 

from treated seed (lfeergaard (1945), Baker (1956), De Tempe (1959), Beaumont et 

al (1958) anci Prota (1960). This assumption that the presence of cotyledonary 

lesions proves the inadequacy of the method as an absolute control may be incof'rec· 

.Attempts to reisolate the pathogen from such lesions by high humidity treatment 

or by plating of lesioned tissue must be rriade to determine whether the fungus is 

capable of sporulation and vegetative growth from the lesioned area • 

.Accordingly studies were undertaken to test the validity of making numerical 

counts of lesioned seedlings grown from hot-water treated seed as a method of 

accurateJ.;y determining disease incidence. 

Unfortunately onJ.;y 10 of the 32 lines used to test the effect of hot-water 

treatment on seed ge:r:inination and disease incidence in the previous experiment 

were available in sufficient quantity to be incorporated in this study. 

M.ATERI.AI.S and METHODS. 

Seeds were counted out for each of 10 lines of zinnia seed. Three hundred 

seeds per line were hot-water treated at 125°F for 30 minutes. The seeds were 

then placed on moist blotters in bakelite trays and germinated in a Copenhagen 

Tank at 25°0. 'J:wo hundred untreated seeds were also germinated in the same 

manner, as controls. After 7 days incubation those cotyledons in each line show­

ing lesioning were removed. The lesioned cotyledons from Lllltreated and treated 

samples of each seedline were cut medianally, ensuring that the lesion was bisect­

ed in the process. This allowed a cut surface across the lesion which could aid 

the fW1gus, if viable, to sporulate and also to act as a ready point of exit of 

the fungus for growth into culture media when cotyledons were plated to agar. 



206. 

The bisected cotyledons were placed in muslin bags and the tops secured y;i th 

rubber bands. '.i.'he bags were washed vigorously in tap water for 4 bours and then 

opened and spread out on blotting paper for 1 hour to allow the tissue pieces to 

dry. Half the total number of tissue pieces from each sample were plated asepti­

cally to prune agar and incubated at 28°0 for 5 days. The remainder were placed 

on slides in petri plates lined with moist filter paper and incubated at 28°0 for 

4 days. Any fungal ,crowth in culture arising from plated tissue was cut with a 

corkborer ano. placed on the inside of the lid of a petri plate. Sporulation if 

present was observed under a 40X binocular microscope after 48 hours incubation. 

The tissue pieces subjected to high humidity were examined after 4 days for 

sporula tion under the binocular microscope. 

Spores produced from both plated tissue and from tissue subjected to high 

humidity were placed on PD.A slopes to determine viability. 

The experiment was repeated on a further line of zinnia seed (Giant Dahlia 

Flowered Mixed) using exactly the same method but a larger quantity of seed (15gm 

or approximately 1,600 seeds)~ 

RESUL'rS and DISJUSSION. 

Results of toe incidence of .A. zinniae produced from lesioned cotyledons of 

hot--water treated and untreated seed are presented in Table 41+, (Page 208). 

These results show the marked reduction in disease incidence effected by 

hot-water treatment at 125°F for 30 minutes. 

This reduction is shovm in Table 41+ (.A) by the lower successful reisolation 

of the pathogen from lesions arising from hot-water treated seed and plated to 

agar 1 compared to lesions from untreated seed. In this experiment the reduction 

averaged 84.770 (31.};o to 4.81b). In 6 of the 10 lines treated, attempts to 

reisolate the fungus from lesioned cotyledons by plating was unsuccessful. It 

is assumed therefore that although hot-water treated seed of such lines gave rise 

to lesioned seedlings the fungus in the lesioned area was incapable of growth 

or sporulation. 
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The reduction in ability of the fungus to sporulate when lesions from 

hot-water treated seed were subjected to high humidity was 87.Cfj~ (13.176 to 1.h&). 

Of the 10 lines studied in Table 1iJ+. (A), the 5 lines which showed no growth on 

culture also showed an inability to produce spores when lesioned tissue was 

placed under high humidity conditions. In addition, of the remaining 4- lines 

which produced fungal growth from lesioned tissue on agar, 2 were incapable of 

spore production under high humidity. 

Results are presented in Table 4-4- (B) for experirentation involving only 

one line of seed, but greater seed numbers, than used for each of the 10 lines 

previously studied. The effect of hot-water treatment at 125°F for 30 minutes on 

both germination and disease incidence in this line are sumrc1arised belov,:-

1. Germination reduction due to hot-water treatment (89;; to 48;,6) 

2. Reduction in the viability of the fungus from lesioned cotyledons 

plated to agar was 51 1; (11.6/; to 5.7;~). 

3. :zeduction in sporulation capacity by the fungus from lesioned 

cotyledons subjected to high humidity was 77. 57~ ( 8. 01; to 1. 8Jb). 



TABIE 41+ A. EFJrECT OF HOT-Vi:A'.['ER TREATL1]ill:l'T 01'1 SEII:D ON VI.ABILITY OF THE PA'l'F.OG-EN IN COTYIEDON.ARY IESIONS 

Seedline 

Lilliput Pompom 
Giant Dahlia J:i1 l. Mixecl 
G.D.F. Exquisite 
.G. D.li'. Polar Bear 
California Giants 
Cherry time 
Cupid Mixed 

+ G.C.F. Dark Jewels 
Linearis Thvarf 

ON SEEDIJ:NGS. 

UNTREATED SEED. ___ HOT-WATER TREAT.ED SEED. 
}o lesioning No. Gotyl. No. Showii1g )6 Recovery ;o lesioning No.Coty 1. No. Showing 
7.. . ..9:f&..s 22~0 •.. Plated. A. zinniae. .A. zinniae. 7 dazs. Plated._ A. zinniae. 

li-. 0 10 
7.6 22 
6.2 19 

1 o. 7 16 
8.0 8 

28.6 31 
3.2 8 

13.2 12 
6.2 6 

4 
6 
6 
5 
3 
3 
3 
2 

0 
5 

.6 
31.3 

5 
9.7 

7 
4 

7. 4-
8 

.1 

1 
16 
18 
9 1 

3 

1 

/; Recover: 
A. zinnia 

11. 1 

7.7 

1 3 

Thumbelina Mixed 4.0 7 
3 
1 

1 4 
3.0 

10.1 
3.1 
2. 

3 
7 
3 
7 1 14.3 

Lilliput Por:il?om 
Giant Dahlia F 1. Mixed 
G. D.F. Exquisite 
G-. D.F. Polar Bear 
California Giants 
Oherrytime 
Cupid. Uixed 

+ G.C .P. Dark ,Jewels 
Linearis Dwarf 
Thumbe lina :t:ixed. 

+ = 1962 Seed. 

31 

No. Cotyl. under No. Showing ji, Recovery 
Hif:h R.H. ~~. z2:,nniae. A. zinniae. 

12 2 
1 li- 3 
10 1 
'12 1 
10 2 
21 1 

l+ 1 
11 1 
4 1 
8 1 

.Ul other lines 1963 seed. 

16. 6 

1 o. 0 
3 
0 

4.8 
.o 

9.0 
.o 

12.5 
13 .1 

G.D.F. :::: Giant Dahlia Flowered. 
G.C .F. = Giant Cactus Flowered. 

No. Cotyl.under No. showing 
_____ high R.J:i. A. zinniae. . 

10 
12 
10 
9 
9 

1 2.9 
3 
7 1 14.3 
3 
6 

1.7 



TABIE 41+- (B). 
EFFECT of HOT-W.b.TER TREA'TI,l:EN'l' of SEED on VIABILITY of the 

PATHOGEl'r in COT'IIEIX)N.ARY IESIONS on SEEDI..J:I{GS. 

------------------------------------------
Seedline. Giant Dahlia li'lowered. 10 gm. untreated: 15 gm. treated. 

---------------------------------------
Germ. ,~ No.Ootyl. Ko.showing fa .A.zinniae. Germ.;u No.cotyl. No.showing ,"' 
3 d. 7 d. _n._ •• _l_a_t_e_d_. __ A_._z_i_n_n_1._· a_e _________ ""'3:..:d;;.;•:.......7~d::.•:..-E .... l::.a~t.::;.e.:::d..:.. __ ::;·A:.::•.:::z:.::i:.:;n;:;;n;;.;:i:.:a:.::e=-...:.l::;"-•:.:Z:;:;i;:;· 1;:;11:.:11:::;.:.a::::.e::::_ 

87 89 121 14 11.6 40 49 152 9 5.7 

No. cotyl. No. cotyl. 
____ ..;;h;:,;;,i;;,.g~,.h;;_;:;,P;;.;:'°.::;H::.• ___________________ h:::_1.;::;· g~h. R_.l_i_. _________ _ 

75 6 8.0 110 2 1.8 

CONCLUSIONS. 

It appears that under New Zealand conditions, hot-water treatment as advocat­

ed by Baker ( 1956) is not a complete control for A. zinniae internally borne in 

zinnia seed. The method does, however,effective].y reduce the number of cotyledon­

ary lesions in which the fungus is viable and capable of sporulation. In this 

respect it probably has a favourable effect in increasing the length of time from 

sowing before secondary spread becomes important in seedboxes under commercial 

conditions. 

This experiment supports the theory that the number of lesioned cotyledons 

arising from the germination of the treated seea. is no direct indication of the 

success or failure of hot-water treatment in seed disinfection. 

Because of the ability of hot-water treatment at 125°F for 30 minutes to 

control A. zinniae associated with zinnia seed in 6 of the 11 lines tested above, 

a short corollary experiment to try to relate disease control to the relative 

importance of surface and deepseated inoculum present with the seed was carried ou· 

The method employed was identical to that described in a previous experiment 

(page 181). Two lots of 200 seeds were so~n for each line. 

Results are presented in '.l'able 45. 



TABIE 4-2_. run.t1.TIVE I:MPORT.ANCE of SURF.ACE and DEEP-SEATED INOCUIDM 
.ASSOCIATED with SEEDIJ:NES USED in HOT-W.ATER TREATMENT 

EXPERIMENT. 

21 o. 

Seedline. jb Infection Jh Infection Reduction Relative Partial (P) or 
in Untreat- in Dusted in Infection Importance Complete (C) 
ed Seedline. Seedline due to dust- of surface control obtain 

ing. & deep-seated ed after fiot-
inoculum. ·water treatmt. 

Lilliput pompom 
3.5/0 mixed 3.5 0.0 3.5 C 

Giant Dahlia 
Flowered mxd. 8.0 1. 0 7.0 7/1 C 

G.D.F. - Exquisite 3.5 0.5 3.0 3/0.5 C 

G.D.F. - Polar Bear 5.5 5.0 0.5 0.5/5 p 

California Giant 7.0 1.5 5.5 5.5/1.5 0 
IV:ixed 

Cherrytime 8.0 4.0 4.0 l✓l+ p 

Cupid mixed 3.5 0.5 3.0 3/0.5 C 

G.C .F. Dark Jewels 4.5 3.5 1. 0 1/3.5 p 

L:i.nearis Dwf.Orange 6.0 1. 0 5.0 5/1 C 

Thumbelina mixed 3.5 3.0 0.5 0.5/3 p 

Giant Dahlia 15.6 5.2 10.4 10.4/5.2 p 

Flowered 
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The data from this experiment is too sparse for safe interpretation, but as 

it stands it indicates thnt hot-water treatment effects complete control in some 

seedlines and only partial control in others, dependent on the amount of deepseatea 

inoculum. Seedlines in this experirrent which contained low levels of internal 

inoculum were rendered disease free by thermal treatment at 125°F for 30 minutes. 

In seedlines with internal inoculum present at higher levels hot-water treatment 

was only partially effective in disease control. 

Although no direct experimentation was carried out to determine the reason 

for the effectiveness of Baker's hot-water treatment recommendation in controll­

ing the pathogen in seedlines with low infection and yet not controlling the 

pathogen in lines with higher levels of true seed infection, the following 

hypotheses are offered as a possible explanation. 

It is postulated that the reason for the effectiveness of bot-water treatment 

at 125°F for 30 minutes in completely controlling J~. ziriniae in some seedlines 

and not in others is due to the precise location of the vegetative lJ\Ycelium in the 

seed. Li.nes with ;:eycelium of A. zinniae restricted to the testa tissues would 

be more amenable to complete control by thermal treatment than lines where the 

pathogen is present as mycelium deep in the embryo. 

In this experiment it is postulated that in lines shown to be infected with 

relatively high levels of internal mycelium the inoculum is present within both 

the testa and the embryo. In lines with low levels of infection, however, the 

pathogen may be restricted to the testa tissues of the seed only, and at this 

site the pathogen would be more readily accessible to hot-water. 

Variations in the depth of seed infection by A. zinnia~ may possibly occur 

as a result as one or both of the following:.-

1. Suitability of environmental conditions for infection. 

Environmental conditions in the standint crop during the period of develop­

ment when true infection of the seed could occur is important in determininz the 

ability of A. zinniae to infect the seed. Conditions of high moisture and 

humidity within the flov,erhead of zinnia plants, combined with a suitable 
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temperature, would probably be required before seed infection could occur. 

The presence of water (whether caused by heavy dews or rain) lying within the 

compact flowerhead would act as a substrate for spore germination and may have an 

effect in softening the outer coat of the seed and allowing seed infection. Heavy 

rain prior to harvest could also carry inoculum from infected flowers into close 

contact with the seed surface. 

In seed growing areas where environmental conditions are unfavourable for 

the pathogen to :penetrate the seedcoat it is suggested that seed infection would 

be of mino1° importal1ce, and that any infection which did occur under such condi­

tions -,,ould be restricted to the testa tissues. In areas where conditions are 

favourable for seea_ infection the pathogen is postulated as being capable of 

penetrating the seedcoat and establishing as vegetative mycelium within both the 

testa and the embryo of the seed. Thus it is possible that in seed from areas 

where environmental conditions were unfavourable for seed infection the pathogen 

could be more amenable to control by thermal treatment than in seed from areas 

where environmental conditions had been favourable for seed infection. 

2. Physical barrier of the seedcoat. 

In crops where viable inoculum is not present in sufficient quantity to be 

capable of seed infection until late in the growing season when the seed is at 

the 'near mature' stage of developrrent, it is conceivable that the hardened seed­

coat may provide a physical barrier to penetration by the pathogen. Under such 

conditions mainly surface conta~nination would occur. If this physical barrier is 

of importance, it is postulated that any limited amounts of mycelial penetration 

of the seed which could occur, Lmder suitable environmental conditions for spore 

germination and infection, would be confined to the outer tissues of the testa. 

Such inoculum in the testa would be readily accessible to thermal treatment. 

Conversely, un&er conditions when environment was favourable for seed in­

fection, when viable inoculurn -was present and where the seedcoat was still soft 

and hence providing no barrier to penetration by the patho2en, high levels of 
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infection of both testa and embryo may occur. Under these circumstances a seed­

line may show the presence of high internal inoculum in a seed dusting trial and 

yet hot-water treatment may effect only a partial control. 

It should be emphasised that this hypothesis bas been used to explain the 

results in this particular experiment only. It is not considered that it would 

be applicable in all circumstances. 

'lbe 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 not 

in others. It is concluded that the results of this present study support Baker's 

(1956) claim for complete control of A. zinniae by hot-water treatment at 125°F 

for 30 minutes, but only in seedlines where seed infection is of low incidence. 

Some seedlines may contain deepseated inoculum up to 15}~. Since these lines 

are not renc1ered disease free by Baker's hot-water treatment recommendation, 

further studies were carried out to try to find an absolute control for seedborne 

infection by J,. zinniae in seedlines where internal inoculum is present at high 

levels. 

Studies of the mim.mum time: temperature relationshiJ2 required to kill the 
1?_at~ogen associated with zinnia seed by thermal treatment. 

In order to determine the minimum time of hot-water treatment of seed require, 

to effect absolute control of the pathogen in seedlines where a high level of 

inoculum is present within the seed, experiments were carried out with two lines 

of zinnia seed. These two lines had been shown by dusting and sowing experioents 

using the rrethod outlined previously (page 181) to be 10 - 12,~ diseased. 'fhe 

first line (Giant Cactus Flowered 1Jixed) was shawn by sowing trials to :produce 

12jb diseased seedlings 10 days from sowing. Of this 12/o, 5)6 was shown to be due 

to the presence of intyrnal inoculum. In the second seed line ( Giant Dahlia 

Flowered) 6.5;.:i of tbe totaJ. disease incidence was attributable to internally 

seedborne inoculum. 

1 • Determination of the minimum .L. 0 mp0 r t · d 
1,~ • ~ a ure req_ui.re to kill the fungus in seed 

by immersion in hot water for 30 mins and t1--- ~f 
• t.,:;: e:1 ·ect of this tempe_rature on seed germination. 
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ldATERL\IS and ME'.lli0DS: 

lhe above favo lines of zin.nia seed were used in this erperi:Jent, eacb treat­

ment required 5 gm. of each variety. Temperatures of immersion ranged from 125c\;i 

to 131°F. at 18 intervals. Immersion time was constant at 30 minutes. .Af'ter 

treat;ment at each temperature seeds frmr. each sa;r,.ple were plated to prune agar 

( 10 seeds per plate) and incubated at 28°0 for 5 days. The remainder of the seed 

from the Giant Cactus Flowered line only was placed on moist blotters in Copen­

hagen Tanks and incubated at 25°0 for 7 days. Tbe diseased cotyledons arising 

from germination of treated seed on blotters were removed and cut longitudinally 

through the lesioned area. Half of each cotyledon was washed for 6 hours in 

rwming tap water, plated to prune agar and incubated at 28°0 for 5 days. The 

remainder -rms given high humidity treatment at 28°0. for 4 days. Identification 

of fungal growth was ca1~ried out under a binocular microscope by identification 

of the spores formed in culture or on host tissue. 

The germination percentage of both lines was determined by the folded towel 

method before and after treatment. 

RESULTS. 

Data on germination percentage and disease incidence in seed samples follow­

ing treatment are presented in Table 46. 

00NCLUSI0J:i. 

Complete control of A. zinniae in seed was achieved by imr:iersion in hot 

water at 129°F for 30 minutes. '2be therr:ia:J. death point of the fungus was found 

by plating treated seec1., by plating cotyledonary lesions on seedlings from treated 

seed and by high humidity treatment of lesions on seedlings grown from treated 

seed. '.l'bis temperature is 4°F (2.2°0) higher than the temperature treatr:ent 

advocated by Baker & Davis (1950) and Baker (1956) as an absolute control. 



215. 

Table 46. . GR."{J.:JJ't4::;.'I0H PERCEN'I'AGE and DISEASE INCIDEl'l'CE in SEEDll.NES 
TRKATED in HOT-WATER at TEi,iPli:RA'.L'UR"SS from 125-131°F for 30 MINS. 

-------
GIJiifT CAC'I'US FIDV/ZRED 1.lIXIm. Plated seed { 100 seeds :;;:er treatment). 

No.fungal No. A.z. Germin. 'j'o 

Treatment days 7 da,ys. gr£!!_ths 5d. colonies. ;; 1.\. z. 

Untreated 81 B7 38 8 21.1 
125°F 30m. 34 36 15 2 13.3 
126°F 30m. 26 35 15 4 26.7 
127°F 3o.n. 25 32 21 ri 9.7 C. 

128°F 30m. 15 20 16 2 12.5 
129°F 30m. 10 15 32 0 0 
1.30°F 30m. 8 14 26 0 0 
131°F 30m. 4 7 30 0 0 

SEED on BIDTTERS 1200 seeds er treatment. ) 

Temp.°F. %lesions No.plated No.fungal No.A. z. fa!. z. No.High No.funr;al Ho. 
i cotyls. growths 5d. colon- R,H 4. t' • 

_ h 2 gro·,v 11s .t1.. z. 
ies. cotils. J.i,1. col. 

Untreated 17.4 50 24 4 8.0 50 17 5 
125 9.3 26 23 3 11.5 25 10 2 
126 8.6 18 9 1 6.0 18 11 2 
127 7.3 15 8 1 6.7 15 8 1 
128 6.7 8 8 1 12.5 10 4 1 
129 8 q •; 8 8 0 0 8 4 0 
130 7 ') . '- 9 5 0 0 10 6 0 
131 5.9 6 5 0 0 6 2 0 

GI.ANT D.AHLI.A Fim1ERi~D l.JIXJ,~D Plated seed. 

,.;'. 

/J 

A.z. 

10 
8.0 

11.1 
r 7 
0. I 

10.0 
0 
0 
0 

0 Germ. No. seeds No. fungal No. .4.. z. (l A zinniae. Temp. F. I"' /'-' ,ti, 

3d, 7d, plated. growths. Colonies. 

Untreated 88 92 250 108 34 13.6 
125 46 51 252 78 11 4.4 
126 34 43 250 69 8 3.2 
127 32 38 256 81 4 1.6 
128 24 32 253 77 5 1. 9 
129 21 28 260 59 0 0 
130 16 24 250 62 0 0 
131 8 15 253 50 0 0 
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2. Determination of the minimum time of hot-:-water treatment at 129°F required 
to kill the fungus in seed and the effect of treatment at minimum tim~ 
_!~mpe~t~!l._§_eed germination. 

1{'11.TERI.AIS and l.'EThODS. 

The seedline used in this experiment was the same line of Giant Cactus 

Flowered !,fixed used in Part Ji. Samples of 5 gm. of seed were placed in each of 

13 muslin bags and the top of each bag was loosely tied. The bags were immersed 

in hot water at 129°F for periods ranging from 10 to 30 minutes. They were then 

removed to running tap water for 10 minutes and the seed placed on sterile blotter~ 

for 48 hours to dry. Approximately 250 seeds were plated to prune agar and the 

plates incubated at 28°0 for 4 days. Untreated seed was also plated to prune 

agar for comparative purposes. The fungal growths arising from the seed were cut 

with a corkborer and incubated for 48 hours at room temperature before positive 

identification by spore characteristics was rnacle. Seed from each treatment was 

0 
germinated by the folded towel method at 25 O, counts being made at 3 and 7 days. 

RESUilI'S. Results are presented in Table 47. 

TABIE 47. YINIEU:M 11I11E of TRF:,.ATl1IENT at 129°F REQUIRED to CONTROL A. ZI!'-ll'ITAE in 
SEED, and l:!l''.r'EGT OF TiiIS '.11RE.ATiv!ENT on GEP,;,w'1°ATION PERC""]ifr.AGE.-

Time of Immersion No.seeds No.seeds with No.seeds 1i A. zinniae, 
at 129°F in mins. C-ermin 'n /0 plated. Fungal Growth with .A. 

3 day 7 day zi1miae. 

Untreated 84 89 260 69 39 15.0 
125°F, .30 min. 61 67 250 45 14 5.6 

10 33 43 257 42 9 .3 .5 
12 31 43 261 25 6 2.3 
14 22 29 266 18 6 2.3 
16 25 27 218 11 4 1.8 
18 17 23 256 27 3 1.2 
20 16 21 256 15 2 0.8 
22 14 18 285 22 1 0.4 
24 13 16 274 23 0 o.o 
26 10 14 246 15 0 o.o 
28 6 8 294 26 0 o.o 
30 5 7 263 18 0 o.o 

OONO IJJSION. 

From these results it is concluded that immersion of seed in hot-water at 
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129°F for 24 minutes is sufficient for complete control of A. zinniae in lines 

containing a high proportion of deepseated inoculum. These conditions differ 

from those recommended by Baker ( 1956) by 4°F and 6 minutes. Unfortunately the 

germination of the seed under these conditions is so low (a reduction of 82;~ in 

the sample used in this experiment) that the use of this method for absolute 

control of the f'unzus is not considered practical. 

Tests have shovm the ineffectiveness of Baker's recommended hot-water treat­

ment of 125°F for 30 minutes as an absolute control of A. zinniae in zinnia seed, 

and also the severe reduction in the germination of seed exposed to the miz:iimum 

temperature: time corrbination required to kill the fungus in seed ( 129°F, 24 min.: 

i.ccordingly, work v;as carried out to determine the effect of combining Baker', 

method with a soaking of the seed in water prior to treatment. It was thought 

that this pre-soaking might increase the susceptibility of the fungus to thermal 

treatment. 

3. Effect of soaking seed nrior to hot-water treatment as a nossible method 
of controlling .A. zinniae internally borne in zinnia seed. 

Jensen 1888 (Mundkur 1949) working on the control of loose smut of wheat caus­

ed by Ustilago tritici, found that if dormant mycelium in the seed was induced to 

germinate it became vulnerable to the application of heat, by which means it could 

be killed. 'rhe dormant mycelium itself was very resistant to heat. On this basis 

it was decided to determine the effect of soaking zinnia seed prior to hot-water 

treat,rrent at 125°F for 30 minutes as a possible control of internally borne 

A~ zirn1iae. 

MATERL',LS and r.'.ETHODS. 

In this trial 5 g.n. of each of two seedlines was used for each treatment. 

Seed was soaked in an open 250 ml. Zrlenmeyer flask in 100 ml. distilled Viater 

at 28J C. for perioo.s varying from 1 to 12 hours. '.Che seed ·was then tipped from 
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the flasks into a wire mesh strainer ( 1mm2 mesh) and allowed to drain for 

10 minutes. ~lfter bagging in a 5n square of cheesecloth, each sample was placed 

in a thermostatically controlled water bath at 125°F. After 30 minutes the bags 

were removed and placed under running tap water for 10 minutes. The seed was then 

removed from each bag and placed on sterile blotting paper to dry for 6 hours. 

To reduce the risk of aerial contamination a further sheet of sterile blotting 

paper covered the seed during the drying process. 

44.fter arying, 200 seeds were removed from each sample for a germination test. 

Seeds were plated aseptically to prune agar (2G seeds per plate) and incubated at 

28°0 for 5 days. Untreated seed and seed subjected to hot-water treatment at 125°: 

for 30 minutes but not pre-soaked, were used as controls. ?ungal growths originat• 

ing from seeds were cut with a corieborer and the agar circles incubated on the 

bottom of a petri plate lid at room temperature for 48 hours. Identification of 

fW1gi present was carried out under a binocular microscope by reference to spore 

characteristics. 

RESULTS. ------
Seed plating results following treatment are presented on Table 48: 

SEED PLATil{G RESUL11S OLT.AIKED l"OLID,'/TI;G SOAKING OF SEED AND HOT 
WNI'ER 11:RBA'TI,tEN'T' AT125°F FOR 30 MINUTES. 

SEEDLINE 1 ::: GIANT D)JiIJ:A FID'ii3l=?.ED L'.IXED. Seed soaked in 100 ml. distilled 
water 100 seeds per treatment 
plated to prune agar. 

Treatment. Germination /,;;, No. with fungal No. colonies i~ ii. zinniae. 

3 day. 7 day. growth 5 days. :A. zinniae. 

Untrea.ted 71 72 75 13 13.0 
H. VI. T. only 32 37 28 3 3.0 
P1. H.W.T. 19 24 24 6.0 
P2. H.YI.To 16 20 39 5 .? • 0 
P4. H.Vi.'r. 21 27 38 3 3.0 
P6. .,.y --;'r n1 n.11.1.. 21 2o 41 2 2.0 
PB. tI. -~i. T • 18 22 38 2 2.0 

P1 - indicates pre-soak of 1 hour duration. 
,~ A. z. is based on the total nur:1ber of seeds plated. 
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TABIE 48 (Otd.) 

SEEDI.i[NE 2. = GI.ii.NT DA.BUA FIDWERED GOLD :,ffiDAL HYBRIDS. 
Seed soaked in 100 ml. water. ------------------·---

Treatment 

Untreated 
H.'ii'.T.onlL_ 
P1 EI. ;'l. 2.1. 
P2. fi. \7. '11

• 

P4. H.~~'I.11 * 

P6. ,~ ~,' 7 rn n. d., I. 

PB. H.vr.r. 
P10. H."'vi.Te 
P12. Ii. /i.To 

DISCUSSION. 

Germin 'n. ;u 
z_da;t. 1 day. 

80 91 
68 70 
62 71 
59 68 
60 65 
58 65 
43 52 
36 40 
31 37 

No.with fur~al growth, No. colonies 
No~ed~ ..2._days. .A. zinniae. 
olated. 

261 102 44 
256 52 11 
250 50 11 
292 55 7 
244 31 6 
237 28 8 
224 27 4 
211 45 3 
219 26 4 

,;; A. zinniae, 

16.9 
4.3 
4.5 
2.4 
2. 
3. 1 
1.8 
1 .4 
1.8 

As with the hot-water treatment alone, the germination percentage reduction 

in both lines of seed was variable and dependent on initial germination. That is, 

the seedline with the higher initial germination was less adversely affected by 

pre-soaking and hot-water treatment than the lower germinating line. ~his 

variability was probably due to the effect of the hot-water treatment rather than 

the pre-soaking of the seed. 

Disease incidence as shown by the percentage recovery of the pathogen from 

treated seed plated to prune a.car showed some reduction with increased len[th of 

pre-soak period. Even after a soaking period of 12 hours and subsequent hot-wateI 

treatment, however, the pathogen was still capable of growth from the seed into 

culture media. 

001 IC IDSIOE. 

The use of a seed soak prior to hot-water treatment reduced the disease 

incidence compared to hot-water treatment alone; but, tne method did not allow 

complete control. At yre-soaking periods of' 12 hours the germination of the 

seed was so adversely affected that the use of the method would be considered 

impractical on a commercial scale. 
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Baker's (1956) recommendation for bot-water treatment of zinnia seed at 

0 125 F for 30 minutes has been advocated as a complete control of seedborne 

inoculum of A. zinniae, and has proved successful on a cornmercial scale in the 

United States of .America. 'l'he present study, however, indicated that the n:ethod 

did not give complete success when used on zinnia seed in New Zealand. Seed used 

in New Zealand is at least 12 months old when sown, and because of this age effect 

the germination capacity of the seed is great]¥ reduced by hot-water treatment. 

This would tend to make the use of the hot-water treatment unacceptable to many 

commercial nurserymen. 

Results in the present study indicated that treatment of seed in water at 

125°F for 30 minutes gave absolute control of A. zinniae in some seedlines but 

not in others, the variability being postulated as beine due to the precise loca-

tion of tne vezetative mycelium in the seed. Seedlines in which mycelium of the 

pathogen was restricted to the seedcoat tissues would be more amenable to complete 

control by thermal treatment than lines where the pathogen was present as myceliun 

deep within the seed embryo. Seedlines containing high levels of seed infection 

were not rendered disease free by Baker 1 s hot-water treatment recommendation. 

In such lines the minimum temperature: time relationship for hot-water treatment 

of 129°F: 24- minutes was found to be necessary to control deep-seated inoculum 

At such a temperature: time ratio, however, germination per­

centage was so adversely affected as to make the use of this treatment of no 

practical value. 

The use of hot-water treatment of zinnia seed at 125°F for 30 minutes, 

al-though not successful as an absolute control of A. zinniae, was shown to be 

very effective in reducing the initial build-up of the disease in commercial 

plantings and hence may be of use in reducing the number of sprays required to 

control the disease in the early stages of seedling development. 
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Partially germinated seedlings - seedcoat removed from cotyledons. 
lesions already present on developing cotyledons. 

Effect of temperature of hot-water treatment on viability of 
seedborne inoculum (30 min. immersion). 
'l'oJ?.: Untreated 127~lp. 129°F. 
Botto~: 125°F. 128°F. 131°F. 



]YATER-SOAK METHOD. 

Because the method of Baker (1956) of hot-water treatment of seed had not rrh 

absolute control in all seedlines of Zinnia ele.!Zans under New Zealand conditions ------ , 

an alter.aative method was sought which would inactivate the pathogen without unduJ 

reducing germination of the seed. 

Tyner (1952) and Arny (1957) have both described tests in which both loose 

smut of barley and wheat v;ere sucessfully controlled by soaking a given weight of 

seed in a known quantity of water. This work is of special interest because the 

inciting fW1gi, Ustilago nuda Jens. and U. tritici Pers. respectively, are borne 

within the seed and therefore not easily inactivated. Because of the simplicity 

and success of water-soaking in control of these cereal diseases this method was 

investigated as a possible alternative to hot-water treatment for the control of 

A. zinniae internally borne in zinnia seed. 

MATERIAIB and ME'.IHODS. 

Seed used in this study was a naturally infected line of Giant Dahlia !t'lowere< 

with a final germination at 7 days of 80;.;. The relative importance of surface arn 

deep-seated inoculum in this seedline was determined using the method previously 

described (page 181). Of the 15;~ disease incidence shown by cotyledon lesionin2: 

10 days from sowing, 5 .5)0 was due to seed infection. 

A ratio by weight of one part seed to 10 parts distilled water was used in 

the soaldng treatment. Usually 5 grams of seed (approx. 550 seeds) and 50 mls. of 

water were placed in open 250 ml. Erlenmeyer flasks and held at 28°0 for periods 

of treatment raneing from 1 to 132 hours. 'Following each soaking treatment seeds 

were removed from the liquid and allowed to drain for 5 minutes on a 1 mm. mesh 

screen before being dried on sterile blotting paper at room temperature for 48 hrs, 

The liquid from the flask in each case was poured into a 100 ml. mensuring 

cylinder to record the amount of water absorbed by the seed during the soaking 

process. 

Determination of disease incidence in seed following the above treatments 
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was carried out in two ways, as follows:-

:&_ From each treatment approximate1y 250 seeds were transferred aseptically to 

plates of prune agar (20 seeds per plate) and incubated at 28°0 for 4 days. The 

number of fungal and bacterial colonies arising from plated seed were recorded. 

and portions of the fungal colonies cut out with a 5 mm. corkborer. Theee latter 

were transferred to the underside of a petri dish lid and incubated at room 

temperature for 48 hours, at ·which time identification of the colonies was made on 

the basis of conidial characteristics. 

B. Approximately 125 seeds from each treatment were sow11 in sterilised soil from 

the glasshouse. lesioned cotyledons froc:i seedlings were removed 111- days after 

sowing. These were washed for 6 hours in runninf tap water in the laboratory, 

dried between two sheets of sterile blotting paper for 2 hours and plated asepti­

cally to prune agar. All plates v1ere incubated at 28°0 for 5 days. Fungal 

colonies arising from the lesioned tissue were cut out with a 5 mm. corkborer and 

the a2:ar discs incubated in a petri dish at room temperature for 48 hours. 

Identification of the fungi present was made by reference to spore characteristics, 

The effect of the various periods of soaking on germination capacity of the 

seed was determined by the folded towel method at 25°0. 

Studies were also made of the effect the steep liquid and its components had 

in inhibiting spore germination. The seed soak liquid (25 ml.) was steam distillec 

and the distillate (15 ml.) and the non-volatile fraction (10 ml.) each made up 

to 25 ml. with sterile distilled water. 1.I'he spores used in these studies were 

removed from ,the surface of a 10 day culture of .A. zinniae which had been induced 

to sporulate 1Jnder uJ_traviolet light. 

A camelhair brush was used for transferring spores. Conidia were placed in 

the substrate on the surface of a glass slide and incubated at 28°0. Germination 

counts were made at 2, 4, 6, 8, 9 and 20 hours. Comparison of percentage gei·mina­

tion in all cases was made against spores mounted in distilled ·water and incubated 

at the same temperature. ::Jetermination of germination percentage, germ tube lengtl 



224-. 

and maximum number of germ tubes per spore were maa.e for each substrate. Spores 

were considered to have 2:erminated when the sides of the germ tube became paralleJ 

RESUL'IS and DISJUSSIOI-:. 

Results of disease incidence in soaked seed plated directly to agar, and the 

effect of soakin[ treatments on see<i germination are recorded in Table 4-9 and 

g:raphically in l"igure 15. 

TJ!.BIE 49. 

Duration 
of water 
soak. 

Untreated 

8 hours. 

12 11 

16 !l 

24 !I 

36 II 

48 fl 

60 !I 

64 fl 

132 11 

DISEASE n;orDENCE in SEED TREl1.TED b, the ~7.A'.rER SOJuC METHOD and 
PLATED to PRUNE li.G.AR. 

Water Germination Number Number Number 
. Absorbed Percentage. seea.s seeds seeds 
by seed. 3 days. 7 days. plated. with with 
(ml.) ftmgal Bactl. 

growth. gro:!_th. 

78 80 258 96 50 

15 76 79 257 99 74 

20 70 74 247 70 71 

22 99 74 250 55 74 

22 71 73 250 64 79 

21 + 68 73 252 56 72 

21 61 67 257 69 77 

20 51 60 255 33 67 

22 46 55 165 34 67 

27 ++ 19 22 250 39 77 

+ = First evidence of foul odour at 36 hours. 

++ = Surface scum present on steep liquid. 

--------

Number ;; 
A.zinniae • .A.zinniae. 

40 15.5 

28 10. 9 

18 7.3 

21 8.4 

22 8.8 

13 5.2 

11 li-.3 

3 1.2 

3 1.8 

5 2.0 

The water soak method as applied to the control of ,\. zinniae. in zinnia seed 

did not eliminate the pathogen after soaking periods up to 132 hours, but did 

greatly reduce disease incidence. This was shown by a reduction of h_. zinniae 

from plated seed from 15.5% in the untreated line to 1.2jb after a water soak of 
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60 hours. The soaking method did not appear to depress the incidence of molds 

such as Penicillium spp and 1,1ucor associated with the seed. The method, however, 

did have a reducing effect on the presence of saprophytic fungi such as Alte:rnaria 

tenuis on the seed. A soaking period of 132 hours reduced the incidence of 

~4.. tenuis in plated seed to 2. ~; compared with 13. 2f6 in the untreated seed line. 

Some ,,or!cers (Arny and Ieben 19!i6, and Ieben, Scott and Arny, 1956, have 

proposed the theory that bacterial action is responsible, at least in part, for 

the effectiveness of the water soak method in the control of seedborne diseases. 

In the present study there was a marked increase in the number of bacterial colon­

ies associated with plated seed following treatment. At a soaking period of 48 hrs 

the bacterial colonies growing from plated zinnia seed increased from 19.4 to 30.0 

per 100 seeds. In this respect these results may support the above theory. It is 

therefore suggested that as a result of soaking seed in water there is an increase 

in the bacterial population, which population in some manner may inactivate 

A. zinniae. 

In this study a water soak period of 60 to 64 hours appeared to be the most 

effe13tive in causing reduction of disease. Further, at these periods of immersion 

the germination capacity of the seed was not severely reduced. This was sho\'m by 

a percentage red.uc·tion of .A. zinniae from 92.3;6 (15.5 to 1.2;~) and a germination 

reduction of only 37 .5,;;, (80 to 50fot at a soaking period of 60 hours, compared to 

untreated seed. 

The percentage of A. zim1iae present when lesioned cotyledons arising from 

treated seed were plated to prune agar are presented in 'rable 50. 
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T.ABIE 50. DISEASE INCIDENCE from IESIONED COTYIEOO:i'W .ARISil{G FROM 
SEED TRE"~'.l'E~ the WNI'ER m~ue METF..OD. 

Hours Number Number Number Humber Number }6 
Treatment Seeds sown. Emerged lesioned Cotyledons showing A. zinniae. 

Cotyledons Plated. li. zinniae. 

Untreated 150 127 38 72 32 l+J+.4 

8 104- 72 20 40 14 35.0 

12 116 73 18 36 11 30.6 

16 119 84- 23 42 10 23.8 

24- 132 116 27 52 11 21.2 

36 108 70 14 28 6 21.4 

4-8 112 69 15 29 4 13.8 

60 122 72 19 37 3 8.1 

64 117 59 13 26 3 11 • .5 

132 100 27 9 18 1 5.6 

The fact that the water-soak method did not allow absolute control of 

A. zinniae in zinnia seed was shmm by the ability of the fungus to grow out from 

lesions on seed+ing cotyledons arising from treated seed, when such lesions were 

plated to agar. As the results of direct plating of seed have already shown, a 

soaking period of 60 hours appears to give the most marked reduction in disease 

incidence. This is shovm in Table 50 by only an 8.1% recovery of the fungus frorn 

lesioned cotyledons arising from seed soaked in water for 60 hours. Compared 

with the 1+1+.14{, reisolation success obtained from lesioned cotyledons arising fron 

untreated seed, the 8.1/o figure after 60 hours soaking represents a reduction in 

successful reisolation of the fungus of 81.8,/4. Thus the water-soak treatment has 

a marked effect in reducing fungal viability in lesioned cotyledons arising from 

treated seed. 

T'ne inhibitory effeet of the steep liquid and its co:nponents on spore 



germination are recorded in Table 51. 

TABIE 51. EFFECTS of the WATER-SO.AK U,4UID AND ITS FRAOT.±Q~ 
SPORE GBRmn.:.TIOIJ O.:U'ACITY. 

A. - .Average germination percentage obtained by incubating spores in 
liquid, distillate, and non volatile fractions at 28°0. 

Substrate. Hours incubation. 

Whole seed soak 
2 4 6 8 9 

Il::iiquid 2.3 12 .4 20.3 28.7 31.0 

Distillate only 2.7 22.7 24.0 30.3 32.0 
Non volatile fractions 

only 11.3 69.0 82.3 90.3 95. 0 

Distilled water 
{CONTROL) -2.2.!,3 80.7 95.0 96.3 N.R. 

Germination% figures are 
counts of 100 spores. 

the average of three random 
N.R. = Not recorded. 

20 

35.3 

45.7 

N.R. 

.,,.,,. T'1 

l~ .b'.. 

the 

:a. - Spore percentage germination and germ tube development at 8 hours 
incubation in the steep liquid and fractions at 28°0. 

Substrate Germination l'llaximum Germ Maximum length Range 
% Tubes per of Germ Tubes + Tube 

227. 

steep 

in Germ 
number 

s ore. Eer Spore. 

Seed soak 
~ 7.5) 

liquid 28.7 3 4-

Distillate 30.3 5 2.5 
(pH 6.8) 

Non Volatile 
fraction (p!_!9.8) 90.3 7 12 

Distilled water 
( CON'l'ROL) 96.3 13 14 

_(pH 6.8~ 

+ = Maximum germ tube length is compared with maximum spore 
body width. __ , _________ _ 

1 - 2 

1 - ;3 

1 - 6 

8 - 10 

These results show that some component of the steep liquid which is retained 

in the volatile fraction following steam distillation has a marked inhibitory 

effect on spore germination. This inhibitor not only depresses the rate of spore 

iermination by approximately 7~~ at 8 hours compared to spore germination in 
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distilled water, but also decreases the number of length of £'.erm tubes produced 

per spore. 

COXC IBSIOI'JS. 

It is concluded that soaking a ratio by weight of one part seed to ten parts 

of distilled water at 28°0 for periods of 60 hours or more is effective in reducin~ 

disease incidence to low levels. In this respect it is at least as effective as 

the bot-water method previously described. The water-soak method also has the 

ad.vantages of not being as severe as hot water treatment in reducing seed germina­

tion capacity, and of being extremely simple to use. It should be emphasised, 

however, that the water-soak method was not found to be effective as an absolute 

control of A. zinniae associated with seed of Zinnia elegans as internal mycelium. 
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II. OEE1{[0JiL METfiODS. 

Because of the ineffectiveness of the physical methods of internal seed 

disinfection studied, some chemical rrethods were examined to determine their 

effect in controlling A. zinniae in zinnia seed. 

Chemical methods are the most commonly used teclmiques of treatinr seeds to 

control internally anci externally borne pathogens. A wide variety of chemicals 

are available for this purpose, many of which possess fungicidal ana/or bacterio­

cidal properties, and may be applied as dusts or liquids. 

SURF.ACE SEED DRESSII!GS. 

Since .\. zinniae has been demonstrated to be interna:}.ly as well as externally 

associated with zinnia seed (page 174) the application of chemical dusts to the 

seed was considered to be unlikely to control seedborne inoculum of the pathogen. 

i.lthough surface seed dressings may be effective in killing conidia of the 

pathogen adhering to the seed surface it was thought that mycelium within the seed 

would not be controlled by such treatment. This viable internal m-ycelium would 

still allow seed infected with A. zinniae to act as initial foci for the buildup 

of the disease in seedlings arising from sowings of infected seedlines. 

Overseas experimentation has shown some confusion regarding the efficiency of 

surface seed dressings in controlling seedborne inooulum of A. zinniee. Beaumont 

et al. (19~8) report success in the control of seedborne A. zinniae by dustinL 

seed with either 50% Thiram or Oeresan; Such seed treatments were demonstra 

ed by lieaumont et al. (loc. cit.) to effect complete control of~;_,· zinniae. 

Negati:16 this work, however, are the results objained by Neergaard (1945), 

Kispatic (1951) and De Tempe (1959), all of whom found only partial control of 

the pathofen by seed dusting. 

Accordingly, a trial in a commercial nursery was carried out usin£ two 

seed dusts (Fernasan and Ceresan) to ascertain whether or not these materials 

were effective in reducing the number of diseased seedlings arising from plantingi:: 

of diseased seed. 

+ = Ceresan is the trade name of an organic mercu:ty seed dressing which 
contained 1 • 5iv mercury. 
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Materials and Method.a. 

The seedline used was a line of variety Giant Dahlia :i!'lowered with an initial 

germination of 82;~. Preliminary experiments showed that this line contained both 

surface and internal inoculum of A. zinniae, the relative importance of each 

source being 6/15 (see method page 181) Three 1 oz. lots of seed were used; one 

lot was dusted with Fernasan, one was dusted ·with Ceresan, and the third lot was 

untreated. 

All three seedlots were sown by a commercial nurseryman under glass on the 

same day and the seedboxes were kept separate during the trial period to prevent 

any secondary spread of the pathogen between treatments. 

The number of seedlints emerging were recorded 7 days after sowing and the 

germination of the untreated and dusted portions of the seedline was also assessed 

by the folded towel method in the laboratory. Counts of the number of diseased 

seedlings arising from each lot of seed were made at frequent intervals. Twenty­

one days after sowing, 100 lesioned Jeaves from each treatment were removed to the 

laboratory. The leaves were washed in running tap water for 6 hours and then 

bisected through the Jesioned area. One half of each lesion was plated to prune 

0 
agar and the other half held unaer hi[h humidity conditions at 28 C. Platea. ancl 

high humidity treated tissue was examined under a binocular microscope after L1-- uayf 

for evidence of spore _production and subsequent identification of the pathogen by 

spore characteristics. Viability of spores was determined by monoconidial transfe1 

to slopes of PDA. 

Besults and Discussion. 

The results of seea. germination, counts of the number of seedlings showing 

lesioning and the number of' cotyledons from which the pathogen was positively 

identified by spore characteristics and colony growth are recorded in Tables 52 anc 

53. 
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T.ABIE 52. EB'J:!·EOT of SDRF~.\CE SEED DRESSIN"GS on SEED GERMIN.ATI0N and DISEASE 
JNOIDENCE nr SEEDLINGS l1RISJNG FRmr DUSTED SEED. 

GERMIN"ATI0N. Germination. rcentage. 

Untreated 

Fer-.nasan dusted 

Ceresan duated 

76 

71 

70 

Folded towel method 7 days. 

82 

76 

78 

Germination figures calculated f11 om counts of seedlings in the nursery are 

based on 1 oz.= 2,500 seeds. 

SEEDLING rrmiJ3ERS. 
No. emer~ed No. trans;elanted Trans12lan t ini:::i 
7 da~. 9 days. loss :-r·,, 

70 

Untreated 1900 1,680 :1L6 

Fernasan dusted 1,780 1,600 10.1 

Ceresan dusted 1,750 1,600 8.6 

DISEASE INCIDENCE. 

Number diseased seedlings. ~~age diseased seedlil1fs. 
Days from Non- Fernasan Ceresan Non- Fernasan Oeresan 
Sowing dusted. dusted. dusted. dusted. dusted. dusted. 

6 22 12 16 1.2 0.7 0.9 

8 34 24 22 1.8 1.4 1.2 

9 Transplanted. 

10 29 18 16 1.7 1. 1 1. 0 

15 62 30 28 3.7 1. 9 1. 8 

17 71 34 34 4.2 2 .1 2.1 

24 192 84 104 11.4 5.3 6.5 

31 371 206 248 22.1 12.9 15.5 

34 527 330 380 31.4 20.6 23.8 

38 861 4-96 592 51.3 3,.1.0 37.0 

4-1 1,071 734 784 63. 7 45.6 49.0 

Reduction in number of diseased s~edlings by seed dusting:.-
Fernasan - 28.4;~. Ceresan 23 1"1 

• "/0• 



TABIE 53. RECOVERY of .A. Zil-r.NLIB from IESIOi-:ED TISSUE .ARISD•!G 
FEOH 1JNTRBA'l'ED and DUSTED SEED. 

2.32. 

Treatment. 
';6 A. Zinniae from lesions 

plated to agar. 
'}~ A. Zinniae from 
lesions held under 
high humiditv. 

Untreated seed 

Fernasan dusted seed 

Oeresan dusted seed 

72 

67 

61 

63 

57 

The results of this nursery trial indicated that dusting zinnia seed with 

either Femasan or Ceresan caused no appreciable depression in seed germination 

capacity or the number of seedlings which developed into saleable plants. This 

indicated that the use of these chemicals as surface seed dressings did not cause 

any great increase in the production of abnormal seedlings or retard the gennin&­

tion process. 

The use of the chemical dusts used in this trial on a seedline which was 

carrying both surface and internal inoculum of A. zinniae, appeared to have little 

effect in reducing the number of diseased seedlings v1hich developed. 

There appeared to be very little difference in the relative effectiveness of 

the two chemicals used. .Although the dusting of seed was noted as being extremely 

effective in reducing the number of fungi, in platine: trials, which are considered 

to be surface borne and saprophytic on zinnia seed (e.g: • .A. tenuis and 1,fucor spp), 

these dusts were ineffective in controlling internal inoculum of A. zinniae 

associated with the seed. 

In all cases the _percentage recovery of A. zi!!!!iae from lesioned leaves, 

whether by plating or high humidity treatment, was high. Conidia from such 

lesions were proved viable on PDA. 

The results of this trial support the claims (:::foergaard 1945, Kispatic 1951, 

De Tempe 1959) for incomplete control of seedborne inoculum of A. zinniae associat• 

ed ·with zinnia seed. On the other hand, they do not agree with the findings of 



Beaumont et al. ( 1958) and it is suggested that the success obtained by these 

workers in controlling A. zinniae by surface seed dressings may have been due to tr. 

use of lines of seed which were carrying surface conidia of the pathogen but were 

not infected with A. zinniae. It would not seem likely that such outstanding 

success could have been obtained by Beaumont et al. (loc. cit.) by dusting the aeeo 

surface if the seedlines used had contained mycelium of the pathogen established 

within the tissues of the seed • 

.An approximate reduction of 25:/o in the number of diseased seedlings was 

recorded in seedlings from dusted seed compared to undusted seed. This reduction 

is thought to be due to the lethal effect of the chemical dusts on conidia of 

A. zinniae adhering to the seed surface. Accordingly, in seedlines which are not 

infected with the pathogen, but only contaminated with surface borne spores, dustir. 

could be extremely effective as a control. 

Since it has been shown that the majority of lines of zirmia seed imported to 

New Zealand carry internal as well as surface inoculum of A. zinniae, it is con­

sidered that the use of surface seed dressings is not effective in the complete 

control of seedborne inoculum of the pathogen. 

STEEP '.l.'RSA'l'MENTS. 

Seed treatments in which the chemical is applied by soaking seeds in a solutior 

of the fungicide for a prescribed time have been widely used in controlling seed­

borne pathogens. By the use of this technique, in the present study, it was hoped 

that the fungicide would penetrate into the seed and prove lethal to inoculum of 

A. zinniae within the seed tissues. 

Of those chemicals which have been used in the control of various seedborne 

diseases, mercuric chloride and sodium hypochlorite were chosen for investigation. 

~a) Mercuric Chloride. 

The fungicidal activity of mercuric chloride in Viea.R: solution is well knov,n 

in the field of plant diseases, where it has long been used as a general purpose 
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surface sterilant of plant tissue. It has been used also in the control of certain 

fungal and bacterial diseases associated with the seed of· various plants, e.[., 

Dwarf bunt (Tilli tia brevifaciens Fischer) of wheat (E.P ~P.O. 1954) 

Fusarium and Verticillium spp in seed of 0hina .Aster (0allistephis chinensis) 
(Gloyer 1931) 

Bacterial canker ()orynebacterium rnichiganense (Smith) Jensen) in tomato seed. 
(E.P.P.O 1954, 

The use of mercuric chloride as a seed steep for control of .A. zinniae has 

also been reported by various workers with varying success (Forsberg 1946, Schmidt 

1953, Beaumont et al.1958). 

On this basis it was decided to study the effect of immersing naturally diseas 

ed zinnia seed in a solution of 0.17; mercuric chloride for varying periods of time 

to deterr:1ine whether this chemical was effective in controlling ii. zin.,."liae within 

the seed. As a corollary experiment the effect of the chemical on seed germination 

capacity was also investigated. 

The seed used in this experiment was a naturally diseased line of variety 

Giant Dahlia Flowered. From seea. sowing trials this seedline was shovm to be 

diseased to the extent of 18%, 5% of inoculum being borne with the seed as internal 

mycelium and the remaining 13Jb as loose conidia on the seed surface (method page 

181). 

To determine what proportion of this 57; internal inoculum was associated with 

the tissues of the testa and bow rr.uch ,ms deep within the embryo of the seed, 

dissection and platinr: trials were conducted. From 200 manually dissected seeds 

the testes and embryos were washed in running tap water for 4 hours and plated 

separately to prune agar. By identification of the number of colonies of A.zinniae 

arising from :plated tissue, which had been incubated at 28°0 for 3 days, it was 

shov,n that of the 5;b seed infection occurring in this seedline approximately 3% of 

the inoculum was present within the testa tissues and 2/owithin the embryo. Thus 

the analysis of the relative importance of inoculum associated with seed of this 

line was:.-

Surface inoculum 

Internal inoculum tests ;~Ji 
J/V 

embryo _£t.:, 
Total disease incidence 



Materials and Methods. 

Seed samples of 5 gm (approximately 450 seeds) were used for each treatment. 

Each sample was placed on a 5 11 square of muslin and the corners drawn together to 

form a bag. Each was secured with a rubber band, ensuring that the seed was loose 

within the bags to allow quick penetration of the chemical. The seed samples were 

immersed in a 0.1/~ solution of mercuric chloride for various periods of treatr,ient 

ranginz from ½ minute to 6 hours. Following each period of immersion the sample 

was placed under running tap water for 10 minutes to prevent any further action by 

the HsC½ and the seed spread out on sterile blotting paper to dry at room tempera­

ture for 4-8 hours. During this drying process the seed was covered with another 

sheet of autoclaved blotting paper to reduce the risk of aerial contamination. 

'l'he dried seed from each treatment was tested for disease incidence by platink 

to prune agar (10 seeds per plate). 
0 

'fue plates were incubated at 28 C for 5 days. 

Fungal colonies arising from the seed were cut out with a 5mm corkborer and the 

agar circles incubated inside a petri dish lid at room temperature for 48 hours. 

Identification was made by reference to spore morphology. Conidia of .A. zinniae 

arising from the incubated agar circles were proved viable by transferring single 

spores to slopes of FDA.. Untreated seed was also plated to prune agar to deter1nirn 

disease incidence. 

Germination tests of untreated. seed and of seed from each treated sample were 
the 

made by/folded towel method at 25°0, results being recorded at 7 days. 

Results and Discussion. 

Results of disease incidence of A. zinniae arising from treated seed plated 

to agar and of the effects of various imnersion ti'.lles on seed germination are 

presented in .Appendix VII and graphically in Figure 16. 

These results show that there is a rapid initial decrease in disease incidenc 

for periods of immersion up to 2 minutes, a drop from 18.5,; to 5.5;~ being recorded 

l:.t periods of soaking from 2 -to 14 minutes no reduction in disease incidence was 

shown. From 15 to 2l1- minutes immersion ti;ne a full:'ther reduction in disease 
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incidence from 5. O,:fi to 2. 016 was recorded. From this period of immersion (24 mins.) 

no further disease reduction with increased time of immersion was recorded until an 

immersion period of 180 minutes. .After 360 minutes treatment the pathogen could no· 

be recovered from treated seed plated to agar even when a repeat test was carried 

out. 

Thus there were 3 immersion periods showing maximum effectiveness in reducing 

disease incidence of A. zinniae associated with zinnia seed (Figure 16): 

1. A maximum drop after 2 minutes (A) 

2. A progressive decline at periods from 14 to 24 minutes (B). 

3. A final reduction at soaking periods from 180 to 360 minutes (0). 

These three "critical "ranges of immersion period are explained by the followin; 

1. The maximum reduction at 2 minutes immersion from 18.5}~ to 5.5}~ corresponds to 

the amount of inoculum calculated previously as beinc: present as loose conidia 

carried on the seedcoat. Thus soaking seed for 2 minutes in 0.1% mercuric chloride 

has proved lethal to surface borne inoculum. 

2. The progressive decline in disease incidence at periods of immersion ranging 

from 14 to 24 minutes possibly represents the death of the fungal mycelium within 

the testa tissues, the longer treatment being re-quired to kill inoculum deep 

within the testa. 

3. The final drop in recovery of the pathogen from seed plated to agar occurs at 

treatment periods ranging from 180 to 360 minutes and is taken to indicate the 

lethal effect of mercuric chloride on mycelium of A. zinniae present in the tissues 

of the embryo. 

Tests on seed germination capacity following increased periods of immersion 

showed an initial drop in viability from BT,& in untreated seed to 677; in seed after 

10 minutes immersion. From this point on however, germination capacity remained 

remarkably oonstant with increased seed immersion time up to 120 minutes. Beyond 

this. time germination fell rapidly to very low fieures at a period of immersion of 

360 minutes. 



Conclusion:.. 

From the results of this experiment it was concluded that soaking seed in 

0.1~ mercuric chloride for periods up to 180 minutes was not effective as an 

absolute control of .A. zinniae internally borne in zinnia seed. .At 180 minutes 

treatment seed. germination was markedly reduced. l1t the immersion period of 

360 minutes required for absolute control of the pathogen, seed germination 

figures were reduced to non-practical levels. 

It appeared that long immersion periods were necessary to allow penetration 

of the chemical into the seed, and that mercuric chloride had a more adverse effect 

on seed viability than it did on fungal mycelium within the embryo. 

From the results in this study it ap:i;:ears that in seedlines carrying surface 

and testa borne inoculum only, mercuric chloride treatment a·t strength 1 in 1,000 

for 25 minutes would prove adequate for control of the pathogen without adversely 

affecting seed germination. 

The differential in immersion time adversely affecting seed germination and 

fungal viability precludes the use of mercuric chloride in controlling: inoculum 

deep witi1in the embryo. Hence this method of seed treatment cannot be recommended 

as a practical means of control of .A. zinniae internally borne in zinnia seed. 
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SODIUM JTIPOCHIDRITE. 

Studies were carried out to ascertain the effectiveness of immersing natural: 

diseased zinnia seed in a solution of sodium hypocblorite for varying periods of 

time in the control of both externally and internally borne inoculum of A. zinnia( 

Materials and_l,iethods. 

'.l'he seedline used was a line of variety Giant Cactus FloViered which from 

so·11in~ trials had been shovm to give rise to aprroximately 17;i of diseased seed-

lings. This seedline was also shov,n to be carrying both surface and deep-seated 

inoculum of 1~. zinniae to the extent of approximately 9fb and 8% respectively. 

The sodium hypochlorite solution used had been shown by titration with 

sodium thiosulphate to have an available chlorine content of _5.2}~. 

Seeds were placed in lots of 1~50 on squares of muslin, the corners being 

gathered and secured with a rubber band to form a bag. ~~ach bag was iTILrnersed in 

the sodium hypbchlori te solution for the prescribed period and then washed in 

running tap water for 10 minutes. The seeds were removed from tbe muslin and 

spread out to dry between two sheets of sterile blotting-paper for 1 hour. 

Two hundred seeds were germinated by the folded towel method at 25°0. The 

remainder were plated directly to prune agar and the plates held at 28°0 for 4 day 

Germination percentages were recorded at 7 days. 

Fungal colonies arising from plated seed were cut with a corkborer, the ai:::ar 

0 
circles allowed to incubate at 28 0 for 48 hours, and positive identificatbn of 

the pathogen made by reference to s.i::ore cbaracterist:ics. 

Results and Discussion. 

Results of seed germination capacity following various periods of immersion 

in sodium h:rpochlorite, and the percentage of l,.. zinniae identified from treated 

seed plated to agar are recorded in Appendix VIII and graphically in Figure 17. 

These results inclicate that imrner:::ion of seed in sodium hypochlorite solution 

for up to 6 hours reduced seedborne inoculum to very low levels but did not 
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co:npletely elLi1inate the pathogen from the seed. At periods of immersion longer 

than 2 hours, seed gernination capacity was greatly impaired. These results 

indicate that sodiurn hypochlorite immersion periods of long duration are required 

to kill inoculum of ~nnia~ within zinnia seed; which periods are extremely 

detrimental to seed germination capacity. 

Conclusions. 

The results of this study on the effectiveness of sodium hypochlorite as a 

seed soak showed that the use of this chemical reduced disease incidence to low 

levels ( 0.5 - 1. 0%). However the effect of the sodium hypochlorite on the 

germination capacity of the seed was very severe at pertods of imrrersion likely tc 

be effective in controllint: the pathogen. As a result it is concluded that it 

would be impractical to use this method as the basis of a reconmendation for cont1 

of internally borne inoculum of A. zinniae associated with zinnia seed • 

.ANTIBIOTICS. 

In recent years increasing attention has been paid to the possibility of 

using antibioj;ics for the control of plant diseases. .Apart from a fungicidal or 

bacteriocidal effect, several antibiotics possess the property of penetrating 

into seed tissues. This offers the possibility of their usefuJness in combating 

internal pathogens in seed. 

One notable instance of the use of antibiotics has been the success obtained 

by Dekker (1957) in the control of Ascochyta pisi internally borne in pea seed, 

by the use of seed soaks containing the antibiotics Rimocidin and Pimaricin 

(produced by the micro-organisms Streptomvces rimosus and S. natalensis 

respectively). 

Dekker (1955) states that "so far about 100 antibiotics have been found that; 

are toxic to plaGt parasites. Only one antibiotic, however, has been adopted in 

practice, viz. streptomycin, which, with or without the addition of some terramyci 
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is used ae:ainst fireblir;ht, a bacterial disease of pear and apple trees in the 

U.S.;.\. 11 

In the present study attempts were made to determine whether the antibiotic 

streptorrrycin (produced by Streptomyces griseus) could be used to control internally 

borne rtijcelium of A. zinniae in zinnia seed. 

Streptomycin sulphate powder (740 mgrn/gm) Ylas prepared into a stock solution 

of 4,000 ppm ( 100 mgm streptomycin sulphate + 18.5 ml. distilled water) and this 

stock solution was diluted to give a range of concentrations from 4,000 ppm. down 

to 1 ppm. Each solution was incorporated into PDA and the effect of different 

h f . 1 . 8° strengt s o streptomycin on co ony growth of A. zinm.ae at 2 C recorded. There 

was a reduction of growth even at 1 ppm, with complete inhibition of granth at 

2,000 ppm. (Table 54). 

TABIE 24. ~T of STREPTOMYCD{ SUIPH..4.TE in PD.A on COLONY DIAMETER of 
A. ZINNIAE. 

Cone. Streptopycin 
Sulph_ate. 
ppm. 

0 
1 
5 

10 
25 
50 
75 

100 
120 
200 
500 
750 

1,000 
2,000 
1+,000 

Colony Diameter A. zinniae 
.:!Q_days 28 cTrruii;. 

84 
77 
72 
69 
66 
63 
60 
58 
56 
52 
39 
26 

9 
0 
0 

In order to determine the effectiveness of streptomycin in controlling 

A. zinniae carried as mycelium in zinnia seed, further studies were carried out. 

A line of variety Lilliput which had previously been shown to be both con­

taminated and infected with the pathogen to the extent of 7% and 12% respectively, 

was tested. Seed was placed in solutions of streptomycin sulphate (50gm.seed per 

100 ml solution) at concentrations from 50 ppm to 4,000 ppm and held at 28°c 



for 24 hours. 

Germination of each seed sa11ple following soakine was assessed b;;r the folded 

towel :netbod at 25°0. 

'1.'wo methoo.s were used for the assessment of the effect of the antibiotic on 

disease incio.ence. In the first :r:ethod the seeds were placed on moist filter 

paper in a flat tray covered b:,r a glass :plate, and a count made of the number of 

seeds from which mycelium grew. Tbis r;;,etbod vias called the filter paper test. In 

the secona met:1od the seeds were removed from the streptorrzy-cin solution, washed in 

sterile water and plated directly to prune agar. 'I1his 1rethod was called the 

plating method. 

Results are presented in 'l'able 55. 

'l'iiBIE 55, EFFECT of S'.L'REPT'Ol.'."TO]}l" SOIIJTIOl':s on A. ZINNIAE ,AS';:;OOIATED WITH 
ZINNI.A SEED. 

Strept. 
cone. 
ppm. 

0 

50 

75 

100 

135 

200 

300 

500 

760 

1,000 

1,320 

2,000 

4,000 

Germ'n. 
/J 

7 days. 

86 

83 

80 

81 

78 

78 

76 

76 

76 

73 

68 

64 

46 

Filter Pap r Test (200 seeds). 
Ifo. seeds yield.- % A.zinniae. 
ing J,. zinniae, 

34 17.0 

20 10. 0 

24 12.0 

24 12.0 

20 1 o. 0 

24 12.0 

23 11.5 

19 9.5 

14 7.0 

13 6.5 

11 5.5 

13 6.5 

11 5.5 

Plating Method (120 seedsh_ 
no. seeds yield- 1;; .A.zinniae. 
ing A. zinniae. 

30 20.0 

21 14.0 

20 13.3 

19 12.7 

20 i3.3 

18 12.0 

19 12.7 

17 11.3 

18 12.0 

14 9.3 

16 10. 7 

11 7.3 

14 9.3 
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.Although these results indicated that streptomycin sulphate had some 

disinfecting action, the pathogen was not eradicated from the seed. Increasing 

the concentration of antibiotic in the soak solution did not appear to have any 

appreciable effect, while at high concentrations there was a risk of retarding the 

germination. 

Attempts to increase the penetration of the antibiotic by addin2: a wetting 

agent or glycerine to the solution were unsuccessful. Iensthenint: the uuration 

of the soakint: period to 48 hours also did not appear to reduce disease incidence, 

but seed. gerrriination ,;1as seriously impaired. 

From these studies on the effect of sti~eptomycin as a disinfectant of 

zinnia seed it is concluo.ed that, although soaking seed in solutions containing up 

to 4,000 ppm streptomycin sulphate allowea. ~ome reduction in the percentage of 

A. zinniae associated with zinnia seed, the benefits obtained from the use of this 

material were more than outweighed by the effect of the antibiotic in reducing 

seed cermination capacity. jccordinrly the use of streptomycin solutions as a 

seed soak is concluded to be of no practical use in the control of A. zinniae 

in zinnia seed lines infected with the pathogen. 



3 • 6'Ui\1C.RY and COHO IlJSI Ql,; S. 

Several methods were studied to try to control :h_ zinniae by means of seed 

treat,-:oent. 

'.L'he hot-water treatn:ent method which had been advocated as being effective 

overseas (Baker 1956) was found to be very severe on seed germination and to be 

ineffective in col!lplete lJ eliminating seedborne inoculum of the pathogen under 

New Zealand conditions. 'I'he more marked depression in seed germination capacity 

LU1der New Zealand conditions than those recorded overseas was concluded to be due, 

at least in part, to the fact that all seed sown commercially in New Zealand is 

at least one year old from harvest, and is more readily damaged by hot water than 

is freshzy harvested·,seed. 

'.l'he water-soak method and the use of mercuric chloride and sodium hypocbloritE 

steep treatrrents were found to reduce disease incidence of .A. ziimiae to low 

levels (0.5 - 1.5%) but also caused depression in seed viability. 

The use of surface seed dressings and the use of antibiotics as seed soaks 

were boti1 conci(.Lc:eo. to be ineffective in controlling inten1al inoculum of the 

patho[en. 

In all the [']ethods studied to try to control A. zinniae by means of seed 

treatrr1ent, the zermination of the seeo was more adversely affected than inoculum 

of. the pathogen within the seed embryo. The ,11ajori ty of the methods studied 

reduced disease incidence to low level without seriously impait'ing the germination 

of the seed, but none of the seed treat:,,.ents completely eliminated A. zinniae 

Vii thout this severe termination reduction. 

Thus it was concluded that the seed embryo of zinnia was in all cases more 

susceptible to the treatr:-ient used than was mycelium of the pathogen within the 

embryo tissues. l'his would indicate that none of the methods studied could be 

effective in eliminating A. zinniae within the seed and yet allow the retention of 

even a moderate (30 - 50%) seed germination figure. 

It should be emphasised however that although no control method was founo. 
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which would eliminate A. zinniae from zinnia seed without seriously affectin£ 

seed germination capacity, the hot-water treatment method, the water-soak method, 

and the mercuric chloride and sodium hypochlorite steep treatmentszreatly reduced 

disease incidence in seedlings aris:i.n::; from treated seed. In this respect these 

methods co:_;ld be of use in reducing the rate of buildup. of the disease in 

commercial plantings. .Accordir1gly, these treatments could allow the production 

of mm.~e saleable plaEts in co• ~nercial nurseries than would be obtained from 

plantinzs of untreated seed. 
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itPPENDIX I 

CONPO.SITION .f:ll\D PREPARA'PION OF HEDIA 

1. AH'l'I:!T'ICIAL MEDIA 

(a) Laboratory Potato Dextrose Agar 

Agar 
Peeled sliced potatoes 
Dextrose 
Water (distilled) 

12 g. 
200 g. 
10 g. 

1,000 ml. 

Preparation: The potatoes were boiled gently for a.n hour in 500 ml. 
of water, after which the liquid was separated 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 
pH 5.8. 

Sterilisation: Unless otherwise stated all media were sterilised in an 
autoclave at 15 p.s.i. for 20 ni.ins. immediately after preparation. 

(b) Potato Dextrose Agar (Difeo or Oxoid) 

Potato infuxion 
Bacto Dextrose 
Bacto /\gar 

200 g. 
20 g. 
15 g. 

Preparation: 39 grams of the above mixture were suspended in 1,000 ml. 
of distilled water and boiled to dissolve the medium. Approximate pH 5.7. 

(c) Cornmeal Agar 

Agar 
C0 rnmeal 
Water (distilled) 

17 g. 
20 g. 

1,000 ml. 

Preparation: As for l(a). Appro:x:i.rnate pH 5.4. 

(d) Czapek-Dox Agar 

Agar 
NaNO 

K PO 3 
t-~~sot. ?H2o 
KCl 
Feso4 .7H2o 
Sucrose 
Water (distilled) 

15.00 g. 
3.00 g. 
1.00 g. 
0.50 g. 
0.50 g. 
0.01 g. 

30.00 g. 
1,000 ml. 

Preparation: The nutrients were dissolved in 500 ml. of hot water 
a.11d mixed with the agar which had been dissolved in 500 ml. of water. 
Appro:x:i.mate pH 6.6. 

(e) Nutrient Agar. 

Oxoid nutrient agar 
Water (distilled) 

28 g. 
1,000 ml. 

Preparation: The above were boiled in a steam bath to dissolve 
the agar. Approximate pH 6.7. 



( f) Sabouraxi.d (Maltose) 

Sabourand 
Water (distilled) 

70 g. 
1,000 ml. 

Preparation: As for l(e). Approximate pH 5.5. 

(g) Tomato Juice 

Oxoid tomato Juice agar 52 g. 
Water (distilled) 1,000 ml. 

Preparation: As for l(e). Approximate pH 5.6. 

(h) V8 Juice 

V8 juice (commercial) 

Water (distilled) 

150 ml. 
16 g. 

850 ml. 

Preparation: as for l(e). Approximate 4.3. 

(i) Malt 

Halt extract (Difeo) 
Agar 
Water (distilled) 

20 g. 
25 g. 

1,000 ml. 

Preparation: As for l(e). Approximate 5.9. 

(j) Dextrose 

Beef extract 
Tryptose 
Dextrose 
Nace 
Water (distilled) 

15 g. 
3 g. 

10 g. 
10 g. 
5 g. 

1,000 ml. 

Preparation: As for l(e). Approximate 6.8. 

(k) Prune Agar. 

Prune infusion 
Bae to-agar 

36 g. 
15 g. 

Preparation: 24 grams of this mixture were suspended in 1,000 ml. 
distilled water and boiled to dissolve the medium. 5.5. 

(1) Water Agar. 

Agar 
Water (distilled) 

12 gm. 
1,000 ml. 

Preparation: 

(m) Oatmeal 

Oatmeal 
A.zar 

dissolved in hot water. Approximate 

20 gm. 
1 _? IY. 



Water (distilled) 1,000 ml. 

Preparation: As for l(a). Arproxirnate pH 6.3. 

(n) Hycological Peptone Agar. (Oxoid) 

Mycological peptone preparation 50 g. 
Agar 
~ater (distilled) 

15 g. 
1,000 ml. 

Preparation: As for l(e). Approximate pH 5.6. 

(o) Tryptone-Glucose-Yeast Extract Agar (TYGE) 

Yeast extract 
Tryptone 
Glucose 
Agar 
Water (distilled) 

2.5 g. 
5 g. 
1 g. 

12.5 g. 
1,000 ml. 

Preparation: As for l(e). Approximate pH 6.2. 

(p) Glucose-Lactose-Phosphate Agar (GLPA) 

Beef extract 
Lactose 
Glucose 
Peptone 
Na HPO .12H20 
VJa~er t distilled) 

2 g. 
4 g. 

o.4 g. 
1.6 g. 
1.2 g. 

1,000 ml. 

Preparation: As for l(e). Approximate pH 6.1. 

(q) Soil Agar 

Autoclaved loam soil 
Agar 
Water (distilled) 

40 g. 
4 g. 

1,000 ml. 

Preparation: As for l(a). Approximate pH 6.2. 

2. NATlJRAL NEDIA 

3. 

Method of preparation as on page 18. 

PL.4.NT EXTRACT MEDIA 

:t-Iethod of preparation as on page 18. 

(a) Zinnia blossom Agar. 

Zinnia blossom 
Agar 
Water ( distilled) 

Approximate pH 6.6. 

450 g. 
12 g. 

1,000 ml. 



(b) Zinnia leaf Agar. 

Zinnia leaves 450 g. 
Agar 12 g. 
Water (distilled) 1,000 ml. 

Appro~'i.mate pH 6.9. 

(c) Zinnia seed Agar. 

Zinnia seed 28 g. 
Agar 12 g. 
Water (distilled) 1,000 ml. 

Approximate pH 6.7. 

(d) Tobacco leaf Agar. 

Tobacco leaves 450 g. 
Agar 12 g. 
Water (distilled) 1,000 ml. 

Approximate pH 6.4. 

(e) Marigold leaf Agar. 

Earigold leaves 450 g. 
Agar 12 g. 
Water (distilled) 1,000 ml. 

Approximate pH 6.1. 

(f) Tomato leaf Agar. 

Tomato leaves 450 g. 
Agar 12 g. 
Water (distilled) 1,000 ml. 

Approximate pH 5.7. 

(g) Lettuce leaf Agar. 

Lettuce leaves 450 g. 
Agar 12 g. 
Water (distilled) 1,000 ml. 

Approximate pH 6.5. 



APPEilDIX II 

RANGE OF DIHEI:;sroNS OF CONIDIA PRODUCED ON 

DIFFEREHT hEDIA 

l. ARTIFICIAL NEDIA 

Medium Conidial Dimensions in microns 
Total length ,Body Length 

Lab. PD.A 
Gxoid PDA 
Difeo FDA 
Prune Agar 

63.6-l74.3 
90.2-215.3 

l06.6-229.6 

Water agar 147.6-278.8 
Nutrient agar no sporulation. 
Cz~pek-Dox agar 75.9:168.1 
1;;:ycol. peptone agar 

71.8-184.5 
Sabourand agar 45.1-127.1 
Cornmeal agar 123.0-229.6 
Soil agar 116.9-305.5 
Malt agar 114.8-145.6 
Oatmeal agar 133.0-258.3 
Tomato juice agar39.0-143.5 
TYGE agar 71.8-139.4 
V8 juice agar 69.7-106.6 
Dextrose agar no sporulation. 
G.L.P. agar no sporulation. 

2. NATURAL hEDIA 

Zinnia blossom agar 82.0-227.5 
Zinnia leaf agar 84.0-246.o 
Zinnia seed agar 57.4-143,5 
Tobacco leaf agar 51.3-205.0 
Tomato leaf agar 53.3-225.5 
Lettuce leaf agar 43.1-157.9 

2• PLANT EXTRACT HEDIA 

ZiP_nia blossom agar 63.6-151.7 
Zinnia leaf agar 57.4-139.4 
Zinnia seed agar 61.5-205.0 

24.6-57.4 
36.9-61.5 
36.9-77.9 
26.6-65.6 
47.2-73.8 

41.0-65.6 

32.8-65.6 
28.7-55.4 
55.4-69.7 
49.2-61.5 
45.1-75.9 
55.4-75.9 
20.5-63.9 
26.7-45.1 
34.9-57.4 

45.1-82.0 
41.0-65.6 
18.4-57.4 
30.8-61.5 
31.8-61.5 
34.9-61.5 

30.8-51.3 
28.7-51.3 
32.8-55.4 

Tobacco leaf agar no sporulation. 
Marigold leaf agar 55.4-135.3 28. 7-L1-7 .2 
Tomato leaf agar 77.9-231.7 22.6-55.4 
Lettuce leaf agar 59.5-149.6 30.8-45.1 

Beak length 

34.9-116.9 
51.3-153.8 
65.6-151.7 

98.4-229.6 

28.7-102.5 

36.9-139.4 
10.3-77-9 
63.6-164.o 
55.4-250.1 
35.4-86.1 
73.8-188.6 
16.4-82.0 
43.1-98.4 
12.3-65.6 

36.9-145.5 
41.0-194.7 
16.4-92.3 
20.5-151.7 
18.5-157.9 
8.2-96.4 

32.8-96.4 
22.6-106.6 
28.7-161.9 

18.5-96.4 
36.9-176.3 
28.7-102.5 

Body width 

16.4-24.6 
12.3-20.5 
16.4-24.6 

14.4-24.6 

14.4-18.5 

16.4-22.6 
16.4-28.7 
14.4-41.0 
12.3-18.5 
14.4-28.7 
16.4-26.7 
16.4-26.7 
14.4-32.8 
16.4-28.7 

16.4-30.7 
12.3-24.6 
6.2-20,5 

10.3-20.5 
8.2-16.4 

10.2-24.6 

10.3-16.4 
8.2-12.3 
8.2-14.4 

8.2-14.4 
10.3-18.5 
8.2-14.4 



DIS1rRIBUTION OF CONIDIAL DIMENSIONS WITHIN 

A. BODY LENGTH 

Origin of Isolate 
in microns Root Stem Cotyledon Seed coat Adult Leaf Blossom 
20-30 
31-40 2 2 2 2 11 
41-50 12 17 11 21 
51-60 20 26 17 16 23 14 
61-70 5 10 24 14 11 4 
71-80 9 1 2 
81-90 1 

B. TOTAL LENGTH 

Origin of Isolate 
in microns Root Stern Cotyledon Seed coat Adult Leaf Blossom 
80-100 
101-120 2 2 
121-140 6 2 
141-160 1 6 5 2 
161-180 6 5 7 1 2 2 
181-200 7 10 14 2 2 3 
201-220 19 14 10 3 6 3 
221-240 11 5 5 3 9 12 
241-260 6 1 4 14 17 18 
261-280 1 1 8 3 8 
281..!.300 7 2 3 
301-320 5 2 1 
321-340 - 4 3 
341-360. 3 2 
361-380 



CUHULf,.TIV 
HOURS 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.o 
4.5 
5.0 
5.5 
6.o 
6.5 
7.0 
7.5 
8.o 
9.5 

10.0 
10.5 
11.0 
12.0 
13.0 
14.o 
17.0 
18.0 
20.0 
24.o 
25.0 
36.0 
60.0 
85.0 

183.0 
204.o 

APPENDIX IV 

PERCENTAGE GEffi,;INATION FOR SPORES OF A. ZINNIAE 

HELD AT DIFFERENT TEt:PEP.ATURES 

'11EMPERATURE 0 c. 
_i:: +1 5 10 17 20 22 24 26 28 

0.3 1 4 
7 11 14 21 

2 5 32 40 48 51 
l 26 37 44 52 56 63 

l 4 4 44 50 54 64 66 81 
2 4 5 53 58 63 71 72 86 
4 11 29 60 64 72 76 77 88 
5 12 41 71 75 79 81 86 89 
6 27 48 70 76 73 81 87 90 
7 42 52 Bo 77 75 86 90 94 
7 44 58 81 82 82 89 90 i 6 61 61 82 83 87 90 96 
7 69 NR 85 84 NR 92 
5 71 68 88 89 89 96 
7 73 70 91 93 92 
8 66 77 94 97 95 

NR 72 81 97 
NR 72 83 
I~R 75 87 
NR 77 89 
NR 81 89 
NR 84 90 
NR 80 96 
15 87 
NR 92 
NR ~ NR 

27 
31 
42 
46 
73 
80 

"30 "3"3 "35 "37 40 
2 

20 5 
46 17 6 
59 37 19 5 
73 59 27 31 
83 69 36 37 2 
84 75 49 40 7 
89 79 NR 46 9 
89 81 NR 48 HR 
91 84 69 56 12 
94 90 78 NR 21 
96 92 78 NR 26 

94 81 NR NR 
95 85 66 NR 

88 70 32 
91 77 36 
97 81 47 

83 52 
86 i\JR 
90 NR 
92 71 
96 74 

1'1R 
77 
NR 
NR 
89 

Germination criterion - when length of germ tube equalled spore bociy vlidth. 
Each figure represents an average of counts of 3 x 100 spores to the nearest 

whole number. 
NR • Not recorded. 



APPENDIX V. 

SY1.1PT01.1: EXPRESSION OF A. ZINl\'IAE ON DIFFERENT 
HOST SPE>'JIES. 

Artificia lly inoculated Black Nightshade (Sol~~igrum L.) 

Artificially inoculated le ttuce (Lactuca sativa L.) 



.Artificially inoculated Cineraria (Senecio cruentus L.) 

.Artificially inoculated Tomato (~persicum esculentum Mill) 



.Artificially inoculated Cornflower (~ta urea CJ anus L. ~ 



APPENDIX VI 

SEED SCREENING TRiii.LS - DISEASE IHCIDENCE IN 

IMPORTED SEEDLilfES 1762, 1263 

A. 1962 

Variet 
Californian Giants 
Giant Dahlia flowered 
Pumila elegans dwarf 
Super Giants 
Pumila elegans 
Giant Dahlia flowered 
Lilliput 
Giant Dahlia Flowered 
Peppermint Stick 
Persian Carpet 
Californian Giants 
Pumila elegans 
Fiesta Lights 
Giant Cactus :flowered Burpee 
Persian Carpet 
Orthopolka 
Giant Cactus Flowered Burpee 
Giant Cactus Flowered 

(Pride of Dieldrin) 
Giant Dahlia Flowered 
Lilliput 
Giant Dahlia Flowered 

(Cherrytime Red) 
Giant Cactus Flowered (Blaze) 
Orthopolka 
Gia:.11.t Dahlia Flowered 
Giant Cactus Flowered (Dark Jewels) 

B. 1963 
Giant Dahlia Flowered 
Giant Cactus Flowered 
Orthopolka giant 
'.I.1humbelina 
Giant Cactus Flowered (Dark Jewels) 
Persian Carpet 
Cupid 
Elegans Pumila 
Fantasy 
California Giants 
Lilliput 
Giant Dahlia Flowered (Polar Bear) 
Giant Dahlia Flowered (Oriole) 
Giant Dahlia Flowered (Canary Bird) 
Giant Dahlia Flowered (Exquisite) 
Giant Dahlia Flowered (Eldorado) 
Giant Dahlia Flowered (Dream) 
Gia.'lt Dahlia Flowered (Golden State 
Giant Dahlia Flowered (Illumination 
Giant Dahlia Flowered (Golden Dawn) 
Orthopolka 
Giant Cactus Flowered (Blaze) 
Linearis Orange 
Lilliput (Pink Gem) 

Percenta,e Diseased·Seedlin s 
Sowing method Blotter method 
at 10 da·s at da s 

5.0 7.0 
0.5 1.5 

13.0 12.0 
21.5 23.0 
6.o 7.0 
4.o 5.5 
7.0 9.0 
3.0 3.5 
2.5 5.5 
4.o 4.o 
5.5 3.5 
1.0 3.0 
6.5 9.5 
2.5 7.0 
3.0 3.5 

11.0 10.5 
0.5 4.5 

2.0 4.o 
5.5 5.0 
5.5 6.5 

6.5 9.0 
3.5 4.5 
5.0 7.0 
2.5 4.o 

12.5 16.0 

5.5 6.o 
3.5 3.0 
2.5 3.5 
2.5 3.5 
4.5 6.5 
2.0 3.5 
6.5 7.0 
3.0 4.o 
5.0 5.5 
7.0 7.5 
3.5 4.o 
4.5 4.o 
3.0 4.5 
2.5 3.0 
2.5 6.5 
3.0 4.o 
3.0 2.5 
3.5 3.0 
5.0 7.0 
7.5 7.0 
2.5 3.5 
3.0 4.5 
2.0 2.0 
3.5 4.5 



Lilliput (Canary Gem) 4.5 
Lilliput (White Gem) 4.5 
Persian Carpet 5.0 
Giant Dahlia Flowered (Will Rodgers) 4.o 
Lilliput (Crimson Gem) 5.0 
Giant Cactus Flowered (Floradale 

Scarlet) 5.5 
Giant Dahlia Flowered (Purr.le Prince) 6.o 
Giant Dahlia Flowered (Roy~l Purple) 7.0 
Cupid 3.5 
Californian Giants 5.5 
Giant Dahlia F'lowered (Lu.minosa) 6.0 
Giant Dahlia Flowered (Meteor) 5.5 
Giax1t Dahlia Flowered (Crimson M.onarch) 3.0 
Giant Dahlia Flowered (Scarlet Flame) 8.0 
Giant Cactus Flowered (Riverside Beauty)3.o 
Giant Dahlia Flowered 8.0 
Elegans Pumila 5.0 
Fantasy 11.5 
Burpee Hybrids 4.5 
Giant Cactus Flowered (Dark Jewels) 2.5 
Lilliput (Black Ruby) 5.5 
Haageana 2.5 
Thumbelina 3.0 
Lilliput (Purple Gem) 1.5 
Lilliput 7.0 
Lilliput pastels 6.0 
Lilliput (Lilac Gem) 5.5 
Harmony type Scabious 3.5 
Lilliput (Scarlet Gem) 3.0 
Lilliput (Golden Gem) 7.0 
Lilliput (Salmon Gem) 3.5 
Super Giants 8.5 
Lilliput (Valencia) 2.5 
Peppermint-stick 6.0 
Giant Cactus }!'lowered (Cherrytime) 7 .5 
Lilliput (Rosebud) 6.0 
Giant Dahlia Flowered (Crimson Monarch) 6.o 
Giant Dah.lia Flowered (Golden Dawn) 4.5 
Giant Dahlia li"lowered (Exquisite) 2.0 
Giant Dahlia Flowered (Polar Bear) 3.0 
Giant Dahlia Flowered (Canary Bird) 4.o 
Giant Dahlia Flowered (Scarlet Flame) 3.5 
Gia.nt Dahlia Flowered (Oriole) 3.0 
Giant Dahlia Flowered (Purple Prince) 6.5 
Giant Dahlia Flowered (Illumination) 4.o 
Lilliput 3.0 
Burpee Hybrids 3.5 
Giants of California 4.o 
Pumila Elegans 3.5 
Blaze 4.o 
Thumbelina 2.0 
I~erry-Go-Round 9. 0 
Niss Universe 7.0 
Orthopolka 4.0 
Crown of Gold 4. 0 
Sunny-Boy 
Scabious 

4.5 
4.o 
4.5 
6.o 
7.5 

7.5 
4.5 
6.5 
5.5 
6.0 
7.5 
7.5 
5.0 

11.0 
6.5 
5.5 
7.0 

10.5 
4.5 
6.5 
5.0 
3.0 
3.0 
4.o 
9.5 
7.5 
6.0 
3.0 
4.o 
6.0 
6.5 
6.o 
4.o 
5.5 
6.5 
6.5 
7.0 
6.5 
5.5 
3.5 
7.0 
4.o 
3.0 
7.5 
5.0 
6.5 
4.5 

10.0 
4.o 
3.0 
5.5 
9.5 
6.o 
L1-.0 

6.5 
5.5 
L1-.0 



Grand Canyon 4.5 8.o 
Giant Dahlia Flowered 9.5 7.0 
Giant Cactus Flowered (Burpee) 7.0 7.0 
Scabious Flowered 6.o 8.o 
Creeping Zinnia o.o 1.5 
Cupid 5.0 2.0 
Red Riding Hood 1.0 3.0 
Persian Carpet 2.0 3.0 
Linearis Orange 1.5 2.5 
Old M:e:idco o.o 0.5 
:F'irecracker Clear Red 3.0 4.5 
Red Han 8.o 6.o 
Perennial Snowflake 1.0 2.0 
Persiai."1 Carpet 2.0 3.0 
Dark Jewels 4.o 5.0 
Lilliput Pompom 4.5 5.0 
Cherrytime 3.5 5.0 
Giant Cactus Flowered (Blaze) 1.0 3.0 
Giant Dahlia Flowered 2.0 4.o 



HJIERSION 
TUlE IN 
l01INUTES 

APPENDIX VII 

EFFECT 01:i, hERCURIC C1iLORIDE ILi-~RSION Oil SELD GERllIHATIOH AND 

DISEASE INCIDENCE 

' SEED GE.~MIN- DISEASE INCIDENCE - PLATED SEED 
ATICN PERCENTAGE NO.SEEDS NO.FUNGAL NO. YIELDING % A. 

7 DAYS PLATED GROWTHS A. ZINNIAE 
0. (untreated) 87 200 74 37 
0.5 86 200 49 28 
l 85 200 46 26 
2 81 200 18 11 
3 80 200 16 9 
4 78 200 15 11 
5 76 200 18 9 
6 73 200 16 10 
7 72 200 17 8 
8 70 200 27 11 
9 69 200 15 12 

10 67 200 25 11 
11 66 200 19 11 
12 67 200 10 12 " 
13 64 200 29 12 
14 64 200 17 9 
15 62 200 20 10 
16 63 200 29 7 
17 65 200 27 8 
18 60 200 29 7 
19 63 200 22 10 
20 62 200 13 7 
21 65 200 16 5 
22 64 200 20 5 
23 66 200 17 2 
24 66 200 18 4 
25 64 200 13 3 
26 60 200 19 3 
27 66 200 23 4 
28 67 200 28 3 
29 65 200 11 4 
30 61 200 19 4 
35 68 220 21 3 
40 66 243 23 4 
45 63 221 27 5 
50 66 225 19 5 
55 66 220 21 5 
60 68 210 17 3 
90 64 121 12 3 

120 67 114 15 3 
150 43 142 7 2 
180 21 119 5 2 
240 17 116 6 1 
360 6 127 7 0 
360(repeat) 8 200 9 0 

ZINNIAE 

18.5 
14.o 
13.0 
5.5 
4.5 
5.5 
4.5 
5.0 
4.o 
5.5 
6.o 
5.5 
5.5 
6.o 
6.o 
4.5 
5.0 
3.5 
4.o 
3.5 
5.0 
3.5 
2.5 
2.5 
1.0 
2.0 
1.5 
1.5 
2.0 
1.5 
2.0 
2.0 
1.4 
1.6 
2.0 
2.0 
2.0 
1.2 
2.5 
2.6 
1.4 
1.8 
0.9 
o.o 
o.o 
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