


DEPOSITED BY THE FACULTY OF 

GRADUATE STUDIES AND RESEARCH 

M~ClILL 
UNIVE~51TY 

LIBRAItY 
ACC. NO. UNACC. OATH 





A Commgn Leaf spat of Iris in Quebec. 

by 

o. Perrault 

A thesis submitted to the Faoulty ef Graduate Studies 

and Researoh ef McGill University in partial fulfilment of 

the requirements fer the degree of Master caf Soienoe. 

May 1927. 



1. 
2. 
3. 
4. 
5. 
6. 
7. 
B. 
9. 
10. 
11. 
lB. 
13. 

15. 
16. 
1'1. 
18. 
19. 
20. 

CONTENTS 

Acknewledgements. 
Intreduc t ion. 
Scope of Investigatian. 
Histarical Review. . 
Hoats. 
Oomm0n Names of the Disease. 
Symptemate:J...-gy. 
Pathologioal Histe1egy. 
G •• graphioal Distribution. 
Economio lmpertanae. 
Isolation Studies. 
Inoculations for Pathogenicity. 
The causal erganism. 

Cultural studies. 
Media. 
Plates. 
Tubes. 
}flasks. 
Relation of Media. 
Temperature Relatione. 
Relation of Light. 

Germination Studies. 
Relation of Media. 
Temperature Relations. 
Relation of Light. 

Taxonomy. 
Morphology and Pbyeiolegy. 

Life History of Causal Organism in Relation t. 
Sea80nal Development of the Host. 
Seasonal Development of the Disease. 
Production of Bp_res. 
Viability and Longevity of the Fungus. 
Dissemination of Spares. 
Period of Incubation. 

'Natural Infeotion. 
MGde of Infeotion. 
OVerwinter1ng of the Organism. 

Environment in Relation to the Disease. 
Disease Resistance. 
Control Measures. 
Summary. 
B1b11.graphy. 
Illustrations. 

Page 

2 
3 
4 
5 
6 
'I[ 

7 
9 

14 
15 
1'1 
19 

30 
30 
31 
34 
35 
36 
55 
59 
60 
60 
64 
65 
66 
67 

Pathogenesis. 
70 
70 
70 
'71 
74 
75 
75 
77 
78 
79 
80 
83 
85 
87 



;.. 2 -

To Professor Dr. B. T. Diakson, Head of the Department 

of Botany, Maadonald College, the writer is deeply indebted 
- ~ 

for many valuable suggestions and oriticisms with regard to 

the work,- and for placing at h5s disposal all laboratory equip-

ment neoessary as well 8S for the help in the arrangement of 

the manuscript. 

To Mr. M. H.Howitt, lecturef in Horticulture, I am 

grateful for the material he :provided me 'with to oarry on 

my experiments. 
r 

To :Mr. H. N. Racicot, I offer my thanks for the speo-

imens he kindly sent me. 



- 3 -

INTRODUCTION 

Among the most important hortioultural orops, the Iris 

is one of the most attraotive and satisfaotory for season­

to-season effeots in a garden. Its flowers of all shades 

of colore would Batis~y any artist, and in landscape its 

faliage gives definite line and mass making gradual transi­

tion from the lawn to shrubbery or other arohiteotural 

features. 

Un~ortun8tely a leaf spot disease attaoks its foliage 

and causes its complete destruotion wherever infestation is 

bad. At Macdonald College some two hundred and fifty 

varieties of Iris are grown. When walking through the plant­

ation last Fall, the writer notioed that the foliage was more 

.or less spotted, blotohed and killed; this study was then 

undertaken in view of the general prevalence of the disease 

or diseases. 
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SCOPE OF INVESTIGATION. 

The present studies were carried on in the Department 

of Plant Pathology at Macdonald College, during the year 

1926/27 and were thus confined to the laboratory and green­

house. 

It is the writer's aim to show by this investigation; 

1. The possible cause or aauses of an Iris leaf Sp0t in 

Quebec. its geographical distribution and eoongmic importance. 

2. The pathological effect of the fungus on the plant 

tissues. 

3. The bebaviour of the same pathogen in different environ­

ments. 

4. The pathogenioity of the organism or 0rganiema found 

associated in the disease. 

5. The life-history of the pathogen in relation to path­

ogeneeie. 

6. Some of the possible faotors of disease-resistance in 

Iris and especiall~ in the Beardless Iris group. 
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Historioal Review. 

Leaf spat disease of Iris has been known for many years 

to mycologists but the attention of plant pathologists has 

been drawn to it only since 1893, when M. C. Cooks first re­

corded it in England on the living leaves of Iris germanica 

(3). Later Ritzema BOB reported investigations upon a disease 

of Narc'isBuS which he attributed to the Iris organism. 

In 1912, Guasow (10) reported the disease in Canada. 

He described the spotted lesions oocurring on the leaves of 

the Bearded Iris and attributes the cause tQ Heteroeporium 

gracile. 

Ramsbottom {16} in 1915 undertook a study of the dis­

ease at the Wisley Laboratory (England). According to him an 

~perfeot fUngus Heterospor1um gracile is the oause of the 

leaf blotch disease of Iris; no mention being made of the 

aecigerous stage. He conduoted some infeotion experiments 

with Irises (The Bride, Albert Viotor), Naroissi, Gladioli 

and Hemerooallis, but Irises only were found to be susceptible 

to the disease. He was thus raising the question of possible 

strains since Ritzema Bos and others before him had stated that 

'the fungus oould cause a serious disease of Naro'isBuS (16). 

In 1916 Tisdale (21) carried out his investigations at 

the University of Wisconsin where he connected the conidial . 
stage Heterosporium graoile Sacc., with the ascigarous stage 

D1dymel11na irid1s (Desm) v Rohn., thereby establishing the 

complete life cycle of the fungus. After a series of inOCUl­

ations oarried out with several species of Iris (I.germanica, 

I.var1egata, I siberica, I.flCDrentina,) t ~emerocal1is~. and 

Narcissus, var. Emperor,he concluded that groups of Iris 
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other than the broad-leaved group and also the species of 

Narcissus and Hemeracallis are evidently immune from the 

disease. 

Roars (15) in 1925 reported a Leaf spot or Leaf blotch 

in England ocourring on the Bearded Iris,the description of 

which corresponds to those given by previous investigators, 

Re attributed the cause to the same organism describ~d by 

Tisdale (21) although he had not found the perfect stage of 

the fungus. 

Hosta. 

The range of hosts is very limited. Accprding to 

Ramsbottom. (16) and Tisdale (21) the organism is limited to 

the broad-leaved or German Irises. The present writer has 

verified this assertion in so far as broad-leaved Irises are 

conoerned except that in the greenhouse, artificial infection 

ot beardless D. K. Williamson, a narrow-leaved Iris. was obtained. 

At Madison, Wisconsin, the species found affected by the 

organism are Iris germanica, 1. florentina var. alb1oans, I. 
variegata var. honorabi1is. Cooka reported the same fungus aB 

ocourring on Lyahn1s. Tisdale (21) mentions that Ritzema BQB 

attributed 8 serious disease of several varieties of Naroissus 

to the same fungus and that Ellie in 1889 collected at Newfield, 

New-Jersey, a fungus whioh he identified as ~eteroepor1um grac­

ile Saao., on Hemerocallie fulv8! Lindau reported the same 

organism as oocurring on b~eeBiat Antholyza, Gladiolus and 

Gemm1ngia (21). 

The present writer obtained infeotion with the following 

horticultural ~ar1eties. Alcazar, Albert Viotor, Caprioi, Fla­

veeoens, Nokom1s, Trojans, Walner 
f Nibelungen and under oertain 
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oonditions the Beardless Iris Dorothea K. Williamson, 

The various results obtained by the different investigators 

Gn this fungus tend to prove the existence of physiologic species 

of the flUlgUs. 

Oommon Names. 

The disease is most commonly known under the name of "Le~ 

spot" after its striking symptoms or ss "Leaf blotch" whioh 

characterizes the more advanced sta~e of the malady when the 

spots coalesce and the leaves show large areas of necrotic 

tissues. It is also called "Leaf mould" denoting the hyphal 

growth and oonidial production over the dead areas. This mouldy 

appearanoe seen over necrotio areas only, shows the saprophytic 
.­
"'. ability of the fungus. In some localities the disease is also 

termed "Leaf smut of Iris". In Franoe the disease is known under 

the name of "Tache de la feuille de lriris". 

SpptomatoloSl· 

In the Province of Quebeo,the Iris leaf spot disease becomes 

partioularly noticeable towards the end of the summer or in e~ly 

autumn when the plants are in full bloom or nearing the end of 

the flowering season, but it is often present on the leaves in 

the spring. 

The disease is evidently localized and limited to the 

foliage, the upper part of which seems to be most susoeptible. 

It causes the blades to wither at the apex and in a very severe 

infestation, should optimum oonditions for the propagation of 

the disease prevail, the upper half o~ the leaves subsequently 

turns brown and finally dry out. 
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Cross-sections have shown that the fungus is present in 

a comparatively small range- in the dead areas. It does not 

spread rapidly around the point of -infection and its growth 1s 

very limited. Nevertheless, its presence in the tissues may 

cause large deterioratlona of the foliage. 

In early stages of infeotion very small water-soaked spots 

can be easily detected. In two or three days these water-soaked 

areas, 1-2 mm. in size, soon lose their chlorophyllian colour. 

They are generally circular ~nd gradually inorease in size. 

~~en examined in a transmitted light they still appear slightly 

translucent or watery with a brownish spot about one mil}imeter 

in diameter in the center. (PI.3, fig.3) The infeoted small aress 

soon become yellowish with a more or less brownish border form­

ing definite spots 2-4 mm, in diameter. (Pl.6, fig.2,3) By this 

time the fungus has penetrated through the thickness of the. leaf 

and caused the nearosis of the tissues on the opposite surfaoe. 

From now on the diseased areas can be equally seen on both sides 

of the blade. Later, ;he centre of these spots turns to dark 

brown in colour partly due to necrosis and partly to the dark­

ening of the mycelium and the beginning of hyphal formation 

underneath the epidermis. 

As the growth of the organism progresses the spots become 

oval or elliptical in shape with an irregular margin. They 

spread more rapidly in the direction of the veins forming 

large neorotic areas of several square centimeters.(Pl.6t~ig.l,'t 

Pl.5 0) The size and number of the spots vary with the various 

hosts and the mode of inocula.tion. (Pl.B 1.0. and Pl.3,fig.l,3). 

The continuous growth of the fungus into the hea.lthy areas is 
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marked by an outer zone of freshly discoloured tissues. The 

older spots have a grayish brown oanter surrounded by a red­

dish brown border. Once the organ~sm Is well established in 

the tissues the necrotic areas, under suitable oonditions, 

ooalesoe until the greater part of the leaf is affeoted.CPl.8) 

The diseased areas are now very irregular. grayish~brownt 

blotched and bounded by darker brownish margins. 

The spots viewed with a hand lens are seen to be oovered 

by many small. blaok pin-point elevations whioh oan even be 

seen by the naked eye. (Pl.4) The micr~scope reveals these to 

be tufts of dark coloured conid1ophores with conidia. whioh 

have pushed forth through the stomata. or raised the epidermis 

finally splitting it by the pressure exerted by their upward 

growth. 

The symptoms are quite constant in their occurrenoe and 

any careful observer can easily distinguish them in the field. 

PatbolGgical HistOlOgy. 

To understand the behaviour of the fungus towards the leaf 

tissues and to have a definite idea of the changes and damage 

caused t·o them by the pathogen, a knewledge of the anatomy and 

morphology of the Iris leaf is necessary. In h1s studies, the 

writer used free-hand seotions which gave him very satisfactory 

results. 

The seotions were stained with Dalafield'a HaematQxylin 

and Safran1n. The fungus in the oellular tissues was stained 

with cotton Blue, the formula of which follows:-
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Solution A, 
50 Gms. 
50 'gms. 
50 gms. 

100 co. 

Solution Et 

-Phenol, 
Laotic aaid, 
Glycerin, 
Distilled water, 

Same as Solution A plus I gm. of Cotton Blue. 
~ 

Tbe material from water was placed in solution A for a 

few minutes ,then transferred to solution B for 30 seconds to 

a minute and lastly, back to solution A for clearing. By this 

prooess the fungus stained deep blue and could easily be 

deteoted in the tissues whenever present. 

The Iris leaf blade is built on a strong frame-work 

oomposed of wasoular bundles whioh run almost parallel from 

the base toward the tip of the leaf. These bundles vary in 

the amount of their mechanioal and oonduoting tissues aocording 

to their age and location in the spongy parenchyma. Since the 

leaf blade divides longitudinally into two halves as new merist-, 

ematia tissue is formed there are therefore two definite rows 

of vascular bundles. 

Immediately surrounding the vascular bundles are two 

or three layers of oe1ls; the inner sheath is made of thick 

walled cells while the outer sheath is composed of thin walled 

parenchyma oells. The oells of the inner sheath laok oh1or­

ophyll completely while those of the inner layer oontain some 

leucoplasts and chloroplasts; though in very small quantity. 

Filling the space between the vasoular bundles and the 

epidermis we find tbe meeophyll or photosynthetio tissue. This 

tissue is very dense beneath the epidermis but gradually looser 

towards the oanter. There is no stropg palisade layer but 
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merely two or three layers of oells olosely arranged,the oells 

Qf which are about equal in size to those of .the epidermis. 

This tissue differs from the spongy mesoph711 in that the 

latter oontains many intercellular spaoes as compared with 

the compaotness of the former. The spongy parenchyma oells 

vary a great deal in size and shape while those of the outer 

tissues are nearly isodiametric. 

The plastids are spherical to ovoid, the latter being 

most oommon. The parenohyma cells near the epidermis on both 

sides of the leaf are filled with these ohloroplasts; their 

number gradually decreasing towards interior of the tissues. 

The cells of the center parenchyma are deprived of them or 

nearly so, exoept at the tip of the leaf where the entire 

parenchyma is filled with many dark chloroplasts. The cells 

of the inner parenchyma besides occasional oh1oroplasts may 

oontain several leuooplasts which are mature, oolorless ~last­

ids. In the meristemat10 tissue the plastids are roundisb and 

smaller than in the mature cells of the inner tissues, whe~e 

they are oval their size being 2.6-5 u,in the former oasa and 

3.6-6 by 4 - 7.5 u in the latter. ~hey are granular in text­

ure and disintegrate easily when pressed under a oover glass. 

The epidermal oel1s, rectangular in shape, are many times 

longer than wide, this oharaoter varying with the varieties 

of Iris. In a transverse section, the oe11s are nearly square; 

they do not vary very much in size exoept in the regions 

situated over the vasoular bundles where they are smaller. 

This is more eo in cases where the bundles are immediately 
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below the surfaoe layers: 

Chlorophyll is completely lacking in the epidermis. 

A thick coating of cutin covers the entire epidermal surface 

forming a strong protecting sheath for the cells underneath. 

This cutiole varies in thickness with the varieties, all 

environmental conditions being the same. CUtinization of 

the lateral and inner walls of these cells oocurs in some 

variet·ies. This cutinization of the epidermal walls may 

play an important role in the varietal resistance of Iris 

to the disease. 

Distributed all over the epidermis are the stomata. 

Their number and size vary somewhat with different varieties 

and even within the same variety according to their situation. 

(Table XXIX) 

As soon as the germ tube has penetrated into the sur­

faoe tissues it forms several myoelial branches which grow 

into the surrounding cells. The noxious effeot of the path­

ogen can immediately be notioed. A toxic SUbstance is excre­

ted whioh· penetrates the cell wall of the plant and acts upon 

the cellular contents. 

The nature of this toxio substance was determined by 

an experiment in which the fungus was grown on various agar 

media oontaining a few drops of Phenolphthalein and Methyl 

Red. In everyone of these cultures the fungus gave an acid 

reaotion, showing the aoidity of substance excreted by the 

organism. 

The toxin spreads very rapidly and muoh ahead of the 

pathogen so that when the latt.er advances into the tissues 
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it finds a field already weakened. The ahloroplasts which 

in the normal state of the tissues are thickly distributed 

throughout the oells and espeoially along the walls are plas­

molysed by the action of the toxin. The entire oe1l contents 

agglomerate lntoa thiok mass in the oenter of the cells. The 

ehloroplasts lose their dark chlorophyllian oolour and become 

yellowish green. 

The mycelium growB very slowly and is limited to a 

comparatively small area in the necrotio tissues. It is both 

lnter- and intra-cellular, (PI.8,B) wedging between the cells, 

separating them from eaoh other after destroying the middle 

lamellae. ~hese cells soon collapse and their contents, both 

starch and protoplasmic, gradually disintegrate into a loose, 

irregular granular mass. 

The fungus is not localized in any definite tissue but 

attacks everyone of them and gradually makes its way through 

the spongy parenchyma, the mesophyll and the epidermis of the 

opposite surfaoe, oxidizing a:"ld destroying the oell walls 

whioh become brown. The reddish brown colour of the tissues 

is the result of this oxidation. ~he reason for the fungus 

growing more rapidly in the longitudinal direction of the 

leaf is likely due to the faot that it finds open passage 

through the numerous vasoular bundles. In the older regions 

of the leaf where a separation is formed between the upper and 

the lower halves, the organism has to grow through one or two 

layers of isodiametrio cells somewhat resembling those of the 

epidermis. Onoe it has penetrated through these, it grows 

into the air space between the two halves invading the tissues 
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on the opposite side. After several days the mycelium develops 

into a thiok mat of dark brown interwoven hyphae from whioh 

arise the oonidiephores (:Pi:- _ 'I, A). These may come out through 

stomata or push the epidermis apart from the rest of the 

tissues breaking it, thus setting themselves free. The grayish 

appearance of the oentral part of the older leaf spots finds 

an explanation here in the air spaoe formed between the 

epidermis and the parenchyma by the growing oonidiophores. 

GeOgraphical distribution. 

Last fall a survey was made by the writer throughout 

the Provinoe of ~uebeo, by correspondenoe with the Heads of 

Experimental ~a~me, Pathologioa1 Laboratories and growers. 

both oommeroia1 and private. Answers to questionnaires 

revealed that the I~ieease is prevalent espeoial1y in the 

south-Eastern part of the Province. 

At la Ferme, ste. Anne de la Pooatiere, Cap Rouge, 

and Lavaltrie, the plantations of Iris were apparently free 

from the disease. A small infestation was notiaed in the 

region of Qnebec City. Ayers Cliff, Lennoxville and Bolton 

Centre, while the plantations in Senneville, around Hudson 

Heights and at Macdona~d College, ste. ADne de Bellevue, 

were very badly infested with the Leaf spot. (Pl.I,fig.l,2,3 

4.) A more definite idea of the distribution of the disease 

will be obtained from the map below. 
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Ho~ ever, 0 ling to the wide ra lge of climatic conditions 

prevailing in t e rovince an the ease "ith ~hich the fungus 

ma,T spread over an Iris plantation \le may assume wi th certainty 

that the disease may develop wherever susceptible Iri plants 

are gro vn . 

Outsi e the rovince of ~uebec, the Qisease is abun -ant 

in ! nitoba and Ontario (7) . It is also foun in the United 

st tes (12,15) an~ practically all 0 . the ~ropean countries 

(21) . Ramsbottom (16) mentions the oc urrence of the disease 

in s ia (L dia), .. it'ric (the Cape) anCl us tralas ia . 

Economic i~portance . 

The di. ease uneer iscu., ion iL no ~oubt the most 

serious fungous disease that attacks Irises not Ol11y in uebec 

but herever these are grown. O ~ ing to the fact that Iris 
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oulture Is not vary extensive in this provinoe, Iris leaf 

spot has not attracted much attention from the pathologist as 

yet. 

It ~s diffioult to estima~e the amount of damage incurred 

by the plants every year. As soon as the young ·leaves emerge 

from the rhizome in the spring, the susceptible varieties are 

infeot~d by the fungus which does not make its ravages until 

the blossoming season in the late summer. At this time. 

tissues are rapidly invaded and soon die 9ut. Since the dam~e 
.-

does not occur before the plants are in full bloom the foliage 

is not stunted. However, those young leaves which have badly 

been infested by the fungus are checked in their growth and 

remain stunted. 

Aooording to several growers with whom the writer has 

been in touch, plants showing the disease for the first time 

will develop flowers normal in size, and their yield will not 

at all be affeoted. However, if the plants show the disease 

for several years in suooession, their vigor will gradually 

be lessened and the flowers consequently reduoed in size, due 

to a reduotion in the staroh oontents of the rhiaomes (5). 

Tisdale (21) sta,es that "The premature death of the foliage 

due to the funiuS reduces the amount of food storei up in the 

rhizomes and if the process continues from year to year, the 

death of the plants will ultimately follow. Acoording to 

Cooke (3) the Leaf spot in England is one of the most trouble-

Bome and persistent diseases of Iris, the plants being killed 

in one or more years. Here at Macdonald College, the planta­

tion of Bearded Iris as a whole was very badly infected. With 

the exception of a oounle of varieties which showed great 
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resistance the foliage of all the plants was more or less 

destroyed by the disease. Plate 1, gives some idea of the 

infection of the Qollege plantation in the Fall of 1926-27. 

In concluding we may say that the sickly appearance of 

the leaf, its loss of elasticity and shriveling are definite 

evidenoe of the injury caused by the fungus. It has no 

immediate effect on the flowers and the rhilomes during the 

first year, but continuing over a period of years the divit­

alizing effect of the fungus may kill the plants by retarding 

photosynthesis and thus halting the storage of staroh. The 

disease may be expected to beoome one of increasing importanee~ 

in the Province sinoe the Iris tends to be a more popular 

flower than what it has been in the past. 

Insolation Studies. 

Pure oultures were obtained from typioal spots on the 

leaves of Iris gathered in early November in the College Iris 

plantation. Three methods of isolation were used:-

1. The plating out prooess. 

2. The oapillary tube method, (11). 

3. Using lesions. 

1. The plating out method:-

A thick spore suspension was made in distilled water by 

scraping off spores from spots on the leaves with a sterile 

needle. Five 00. of this solution were then pipetted into a 

melted ~otato .aextroae agar slant and well stirred. Five co. 

of this spore suspension in agar were again pipetted into 

another tube containing melted agar and stirred. The contents 

of these two tubes were then poured respectively into two 

sterile Petri dishes. Two days later little oolonies of 
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whitish myoelium.appeared in both plates; verya't!undant on 

the agar with the highest spore oonoentration while they weDe 

about fQ~ty in number on the other medium. When eight days 

old a very marked differenoe was noticed among these oolonies; 

various fungi were evidently present. With the aid of the 

microscope the writer was able to discover seven different 

fungi, namely, Heterosporium graoile, Maoros.porium.!E., 

:aotrytis !E. •• Colletotrichum~., Fusarium ~ •. , and two other 

fungi whioh he has not identified but Heterospor1um ·wae 

predominant. Triplicate pure oultures of these various fungi 

were grown on potato dextrose agar slants for further investi­

gations. 

2. The oapillary tube method:-

A pieoe of 80ft glass tubing was heated over a Bunsen 

flame and drawn· out to an inside diameter of 30 microns which 

is 2 microns larger than the broadest Heterosporium spore 

observed. The prepared oapillary tubes were broken up into 

lengths of about six to eight ems. and filled by means of 

oapillary attraction with warm potato agar oontaining 

Heterosporium spores in suspension. These spores were emoedded 

in the agar which solidified immediately in the capillary 

tubes. The tubes were then examined under the mioroscope and 

broken upacoording to the number and position of the spores 

observed. The broken pieces were immersed in 25% alcbhol 

to sterilize the outside and placed in potato dextrose agar 

in Petri dishes. 

Four plates were inoculated with these tube parts which 

were sowed in a triangle, therefore, three spores to each 

plate. But not more than two sporee germinated in a plate, 
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the germ 'tubes 'coming out from both of the capillary tubes. 

In one of the plates no germination occurred and in another 

one, only one spore getffiinated. However, from those spores 

which germinated, oolonies like those secured by the preceding 

method we~e obtained. 

Spores from these various colonies were also oompared 

with the origina1 spores occurring on the leaves and were found 

to be absolutely identical. 

3. Lesion method. 
71. 

The writer received specimens of the disease from Lennox-

ville through the kindness of Mr. Raeicot. The leaves had 

been collected in July 1926 and were evidently free from spor.sa 

through manipulation. Parts of the necrotio lesions were put 

in :Merourio Chloride (1:1000) for three minutes, washed in 

sterile water and sowed in plates and slants of potato dext­

rose agar. No growth resulted from these inooulations. The 

neer'otio lesions were dropped into water and after three days 

the hyphae from these tissues had germinated into long ooni-

diophores. These neorotio parts were taken from the water and 

sowed onoe more on potato dextrose~agar where they produoed 

abundant growths. The spores developed in these cultures were 

Heterosporium and they were in every way identioal with those 

found at Macdonald College. 

Other isolations were made from gardens and beds of Iris 

in the neighborhood of Ste. Anne de Bellevue and with all of 

them the same organism was obtained. 

Pathogenlc1tz· 

A preliminary experiment was conducted to determine the 
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pathogenicity of the various organisms isolated from leaf spots 

in the Fall. 

Ir:Js plants of the same variety were inooulated with the 

different pathogens or saprogens by wounding the leaves and 

inserting into them spores and bits of mycelia from the various 

organisms. The plants were placed under bell jars for three or 

four days after w~ioh they were uncovered and exposed to the 

normal conditions of the greenhouse. 

From these inooulations positive results were obtained with 

Heterosporium gracile and macrosporium ~. The 'spots oaused 

by the latter were a little larger than those caused by 

Haterosporium and spores were produced three or four days 

sooner also. The organisms were isolated from the diseased 

lesions on the leaves and jrown on potato dextrose agar. The 

oharaoteristios of these cultures oorresponded to those of the 

original cultures. 

Several experiments were made during the year to establish 

the patho~enioity of these two organisms but in view of the 

fact that Macrosporium was not constantly isolated in the first 

aase and that time did not allow of a full study of both, it 

was' deoided that this investigation should be conaentrated on 

Hete~porlum leaving Maorosporium for further study. Never­

theless where comparative inoculation tests were made. the 

result with Mdrosporium are noted and the results obtained 

indioate definitely the desirability of ~urther work on that 

organism as it is possibly the cause of another leaf spot 

disease of Iris. 

The writer has not been able to carry on field inocul-
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ations sinoe his work was conduoted during -the winter months. 

All his inoculation experiments were therefore, made in the 

College greenhouse. This had its advantages in so far as i8811-

ring against outside infeotion.-

Rhizomes Of several varieties were dug out in the Fall 

from the College plantation. The leaves of these plants were 

out off and left in the field while the rhizomes were taken in 

and planted singly in pots of 7" in diameter by an deep. These 

plants grew vigorously and apparently normally, and signs of 

disease developed on the uninooulated plants during the whole 

period of experimentation. 

After inoculation moat of the plants were placed under 

bell jars for two or more days. These "oloohes" were given a 

thorough cleaning with HgC12 after or before eaoh inoculation. 

Inoculations- by wounding were made with a sterile needle by 

cutting the epidermis transversely by the length of the leaf. 

The wounds varied from 1 to 3 milltmeters in length. The 

greenhouse temperature during the oourse of these experiments 

ranged between 52 - 760 Fah. 

Experiment 1 

Two plants of the varieties Caprioi, Albert Viotor, Nibe1-

ungen were ohosen for this experiment. Two or three leaves 

on eaoh plant were wounded and then the entire plants sprayed 

with a spore suspension of Heterosporium made in tap water and 
; 

in 5% Glucose. Other leaves o~ these plants were inoculated 

by inserting spores and bits of mycelium with a sterile needle. 

Three other plants were wounded and used as cheoks. Tbe plants 

were placed under bell jars and unoovered after three days. 



Table XXII - Results of Inoculation experir1snt No. I 

No. of ~ositive Inoub. Size of spots Plant 
Variety Kind of Inoculation wounds results ~eriod 2 weeks later covered 

Oaprici Spray. with T.W.susp. 4 3 I2 .. I3 ~ays 5-7 mm. yes 

n n 5% glucose 4 4 9 " 5-8 It 
n 

Inserting pathogen 4 4 IO-II n 5-9 n no 

Albert Victor If If 6 2 I4-I6 n 4-7 n TT 

• Spray. with "T.W.susp. 4 I I2 n 2-6 n yes 
"-2 
02 

" If l 5;'0 glucose 5 2 IO " 3-5 " " I 

Nibelungen " n " " 4 :; 8 n 4-7 " n 

11 " T. W. susp. 6 4 8 n 3 ... 6 If n 

,"" I..,.. 

Inserting·pathogen 4 4 9-IO " 6-'1 "" no 



- 23 -

E;periment No. 2. 

This experime.nt was intended to see whether the waxy 

coating on the leaves had any retard.1~ influence on the pene­

tration of the pathogen into the tissues. 

Three plants of the variety Walner were inooulated; two 

with Heterosporium and one with Macrosporium spores. Two 

leaves on each plant were rubbed with a wet cheese-oloth and 

then two plants sprayed with spore suspension of eaoh organism 

made in tap water. The other plant was sprayed with w.ster-1B1ld 
~ 

spores taken from a He~oulture inooulated into the water 

drops on leaves. Water adhered muoh more easily to the foliage 

after the waxy layer had been rubbed off. ~he plants were 

covered with bell jars during three days after whioh they were 

removed. The following table shows the results of this 

experiment. 

Table XXIII - Effect of rubbing on the penetration of the 

leaves by the fungus. 

Mode of No.of leaves No. of Incubat. No.of spots 
lInooulum. inoaul. inoculated Inocul period at endQf Ex 

Heterosp. Rubbing 
Before Spray. 2 6 days 7 

" Spraying 
only 9 --- .... 0 

" Rub.and Spores 
in water drops 2 12 6 days 5 

., Spores in 
drops only 6 21 9 " 3 

Macrosp. Rub.before 
apra~ing 2 4 n 11 

If Spraying 
alone 7 5 " 2 

Rubbing oft the greasy or waxy layer oovering the epidermis 
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is apparently a helping factor in infection. The constant 

rubbing of the leaves in the field and a heavy rainfall may 

wash off this waxy coating on the Iris leaf and facilitate 

thereby the penetration of tissues by the fungus. 

Experiment No. 3. 

The following experiment was made with a mixture of Heter-

osporium and Macrosporium spores. Spore suspensions were made 

with tap water and a 5% Glucose solution. Three plants of the 

variety Trojana were used for this purpose; some of the leaves 

were wounded and sprayed with the inoculum. The results are 

in the following table. 

Table XXIV - Results of inoculations with a mixture o~ 

Heterosporium and liacrosporium. 

No.of 
Inoculum Spore Susp. wounds 

Het.& Macr. Water 6 

" 
Heterosp. 

" 
Maacrosporium 

I' 

Glucose 

" 
Water 

It 

Gluoose 

7 

5 

6 

6 

5 

No. of 
spots 

5 

6 

3 

3 

4 

4 

Inuubation 
period. 

1 4 days 

1 4 n 

16-17 It 

1 5 11 

14-15 n 

The above table indicates that a mixture of both organisms 

may possibly infect th8 plants a little more readily than 

Macrosporium alone and two to three days earlier th~n Heteros­

porium but further work is neoessary on this phase. 

A few other spots developed on the rest of the leaves but 

no attention was paid to them. 

A considerable amount of moisture was given the plants 
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in this experiment which were kept continuously under bell 

jars. 

Experiment No. 4. 

The following experiment was oarried out to get infeotion 

by spraying the plants with a spore suspension of Heteros12o~ium. 

Nine varieties were tested; a plant from eaoh variety growing 

single in potswss inoculated after having rubbed some of its 

leaves. The results of this experiment are tabulated below. 

Table XXV -

Variety No.of leav- No. of Inoubation ~er1od Number of sl!oll 
es rubbed other rubbed unrubbed rub. unrub. 

leaves leaves leaves leaves 

Nokomis 6 12 10 i4 40 4 

Dot.K.Wi111amson a 15 - -
Alcazar 5 8 2 1- ~ 11 e 

Flavescena 11 16 11 11 11 lQ 

Walner 8 17 10 12 9 3 

Caprici 8 12 - -
Albert Viotor 7 14 - -
Trojana 5 11 - -
ftibelungen 9 13 11 12 24 11 

The results show that five of the Warieties inooulated 

proved to be susceptible at yarious degrees. The varieties 

A1bert Victor, Caprici, Trojans would probably have shown infeot­

ion had they been under bell jars l:ike the others. Being 

exposed to the dry air of the greenhouse tpe spores dried out 

before they started to germinate. These three varieties are 

certainly BUBceptible sinoe they have shown infection before. 
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Dot. K. Williamson which proved to be resietant in this 

experiment waB again tested in a further experiment. 

~e above figures also show that rnbbing the wax off 

the leaves helps infection to a very marked extent. Pene­

tration of the tissues is sooner, and the number of germ­

tubes penetrating them is greater. 

Experiment Do. 6. 

~ree plants of the variety Dorothy K. Williamson were 

inoculated with Heteroeporium by inserting the fungns into 

the tisanes with a sterile needle. The plants were well sprin­

kled with water and p1aoed under bell jars for a week after 

which time these were removed. Of the twenty-four inoculations 

two white spots resulted from which the writer has not been 

able to isolate any fungns. 

This variety belongs to the group of the Beardless Iris 

which are apparent17 immune to the diseaes, and while ~ pos­

itive infection occurred in thiE experiment in the next series 

tive infections developed ont of six inoc~l.tione ae ehown be­

low in Table XXVI. 

Experiment No. 6. 

Another experiment was intended to compare the rate of 

development of the fangi Heteroeporiwm and Macrosporium on 

varloua varietiee. All inoculations were made by inserting 

the pathogens into the leav8e of the plants. Some of the 

plant. were covered with bell jars, othere were left uncovered. 

!he results are in the following table. 
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T·abIe XxVI -- Results of Inoc~latione of Several 
Varieties-

Variety Inoculum No. of No .. of Incubation Positive 
leaves wounds period results 

inoe. 

Capric! M.orosp- 3 8 3 daya 8 

Heterosp. 8: 6 8 If 6 

Albert Victor ltlacrosp. 1 4: 3 It 4 

Heterosp. 1 4 5 If 2 

Walner Kaoroap. 3 9 4 " 8 

Heterosp. a 6 5 " 4 

Dot.X.Williameon Kacroap. 4 12 3 " 12 

Het.rosp. 2 6 6 It 5 

AlaaBar Maoroap. 2 5 3 It 6 

Heterosp. 1 3 3 tl 3 

!he results of the above experiment show: 

1. The Beardleee variety Dorothea K. Williameon ia sus­

ceptible when a large amount of inoculwm ie injected into the 

leaves. 

2. The same variety eeeme to be more 2ueceptible to 

Maerosporiam than to Heteroeporium. Positive results were ob­

tained from all the inoculations with the former while only 

five out of six with Heterosporirum. The lesions caused by 

KaoroBporiwm appeared eooner and aeveloped more rapidly than 

those caneed by Heterosporiwm. 

3. ~he varieties Albert Viotor and Walner which were 

left uncovered showed eymptoms of the disease on one or two 

days later. 
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Experiment No. 7. 
r 

!hie experiment wae conducted in view of establishing the 

pathogeneci ty of the fungus He~eroepor,ium tsracile on Narciss llS. 

!PItelve plants the foliage of which had been rubbed with 

a wet cheeee-cloth to get rid of the waxy coating were wounded 

.1th a sterile needle and sprayed with a thick epore euspene­

ion. ~e plants were contained in four pote and kept under 

glass during a week after being inoculated. No poeitive 

results were obtained. 

The same experiment wae repeated under the same conditions 

with eight other plants. Inoculations were made by iIEertlng 

the inooulmm into the tiseuee with a sterile needle and cover-

lng the plants with bell jars for eeveral days- But again 

no poeltive reeulte were obtained. 

A last trial waS made on plants the foliage of which '84 
turned yellow and which was nearly dead. The results were 

not more eucoeesful. 

Atter this series of inoculations with Narcissus which 

were unsuocessful from the beginning to the end, the writer 

concludes that these plants are not susceptible to the pathog­

en causing leaf spot of Irie in Quebec. 

Sll"T'&rl of results of. inoculations. 

1. The pathogenioity of Heterosporiwm graoile is an 

established fact, although its parasitic abilities are rather 

weak. In natural infection and in artifioial inoculations 

by means of epraying, the pathogen spreads very elowly oompared 

to artifioial inoculations by meane of inserting the fungus 

into the tissues. (Pl~, figs. 1.2,3). 
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2. ~he incubation period varies with the varieties, 

other oondi tions being equal. ThIs ie true ale 0 of the e ize 

of the spots (pl. 6, a.o.) 
3. ~e factor of resistance in the Bearded Iris Dorothea 

X. Williameon ie apparently one of physiological nature since 

plants of this variety showed Infeotion only when they were 

injected with a large amount of the pathogen, overcoming the 

resisting action of the host; even here, infection wae not 

100% and the fungus growth was very slow, compared to varieties 

of the Bearded group. 

4. The pathogenioity of the Macrosporimm ap. found 

associated with Heteroeporlum graoile was definitely indioated 

on most of the varieties tested. It is noteworthy that 

Macrosporium ie much more virulent on Dot. K. Williameon than 

is HeterosEor1t! graoile, (PI 6, A.B.) in the greenhouse 

with artificial inoculation. 
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C-ultural Stu41ea. 

As stated above these studies are confined to Heteros­

porium for the reasons mentioned. 

Kedia. 

Two types o~ media were need for the cul taraI st lldies, 

Bolid and liquid media. The eolid media were WEed in plates, 

tubes and cover glasses for germination sttldies. !lbe liquid 

media were ueed in flasks and for germination tests in-Van 

T-lagllem oe1lA. 

!mle selid media ue4 are the following: 

Corn meal agar 
C.apek'a It 

Daffodil It 

Iris ... 
Butrient It 

Oat meal " Potato Dextros e 11 

Prune " Sta:rch l' 
!he ohemioals weed in the making of these media were 

nearly all ~rckls standard Produots. 

~8 oomposi tion of the Iris and :o.ffodil agars used is as 

follows: Leaves from these two plants were chopped and dried 

in the oven at a constant temperattlre of abotlt 700 0. !Bhis dry 

matter WBe separately soaked in distilled water in the proport­

ion of 50 gms. to 1000 oc. and autoc1aved at 15 Iba. preesure 

for 20 minlltee. The decootions were filtered and 2% agar 

added to them. The media were atltoolaved once more at the 

same preeeure and for the eame length of time after whioh they 

were ready f.~ use. 



~e follow Jng liquid media were used: 

Ourrie's aolution 
bap's It 

Czapek's It 

Duggar's It 
-

~ubeut'2 • 
Oohn's It 

Baegeli's It 

Dextrine ~ " Dextrose It .. 
Laotose It • 
aaaoharose It " 
Maltose " It 

Heifer's " we 

Iris decoction " -Daffodil " " . 

Plates. 

F~om the pure cultures obtained above the fungus was 

grown in plates on the nine different solid media mentioned. 

The general appearanoe of the cultures on these various media 

i8 quite constant for the Earne kind of rnediwm and varies to a 

small extent with the different media. However, the rate of 

growth, the amount of, and time spores are produoed varies 

somewhlt with the mediwm which the fungus grows on. 

In order to note the behaviouc of the fungus toward the 

various .edia and to determine the nwmber of times the cultures 

may be transferred without loeing their vitality, the fo110w-

Ing experiment wae made. 

Bighteen sterilized Petri plates all equal in diameter 

and depth (90 mm. and 12 mm. re9peotively) were chosen for 

this purpoee. 10 cc. of each of the solid media mentioned 

above .-ere poured in a duplicate Eet of plates. The pathogen 

was grown six times in each of the culture media ueing pedigree 

cultures. The organism from F6 oulture on ,.t. i~xt. agar 
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wes then inoculated on Iris and f"ram there back on the mediwn 

for two more generatlone. Detailed obeervatione were made every 

other day on changes whioh occurred. All cultures were g~own 

at room temperature which wee read three timee a day and which 

ranged between 16.5°0 and 24.5°0 (61.7 - '16.10 Fah.) dllring 

the whole period thie work wae carried o"ut. 

On Czapek'e agar the pathogen grows well and forms a 

circular, dense growth. The center Is made of a thick, olive 

green to brown stroma on the eurface of the medlwm. ~his black 

stroma ie covered with a whitish aerial myceliwm merging into 

a very thin white border around the entire growth. This mycel­

ium when examined ander the mioroscope shows many cell diffor­

mities (PI 7, fi'g. B • .\). The general appearance of the co.1-

ture ie of a grayish colour with a thin whitish margin. No 

epores were formed on the 24th day after inoculation. 

On potato dextroee agar the organism growe excellently 

and very rapidly, forming a very thick, denee and circular 

growth, greenieh in colour with a creamy border. The stroma 

underneath ie of a dark green colour merging into lighter 

shales of green and brown_ On the 20th day after inoc~19tlon 

an abundance of eporee were produced. 

On corn meal agar a very poor and elow growth le produced; 

the mycelial mat formed is dusky and thin with irregular con" 

tours and a oentral tuft of aerial hyphae. The mycelium shows 

many dlff~rmitie2 with no epore formation, (Pl. 7, Fig •. H.). 

On oat meal agar the organism grows very nicely formIng 

a whltleh uneven growth .Ith a small dark green central stroma. 

!he oulturee examined 20 dare after inoculation gave evidenoe 

of an abundant epore formation. 
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On prune agar a elrcular, danee, greenish inner· growth 

is formed with a few concentric ringa of darker green to brown­

ish myoelium in moat of the cultures. A large dark brown 

stroma extends nearly all over the surface of the medium 

oovered by the growth. The cultures examined on the 20th day 

after In.oculatlon showed spores to be present in considerable 

number. 

On nutrient agar the organism forms a greenish, irregular, 

thin bnt dense growth, elightly thicker in the center from 

which arise white aerial tufte of hyphae. A dark green stroaa 

abont half the diameter of the entire growth is formed in the 

canter. The cultures examined 21 days after inoculation showed 

very little epore formation. ~he ~vcellwm wae generally darker 

than In the other cultures. 

On starch agar a thin circular, whitish growth is formed, 

turning greenlsh in plaaee and merging into a white thin 

margin. In the oanter a large, olive gre~n stroma ie formed. 

Spores are scanty. 

On Iris agar the organism forme a large, even, circular, 

dense grayish growth. A thick, very dark brown almost black 

stroma forms as the myceli~ spreads over the medirum. Bwmerous 

spores are produced. 

On Daffodil, a 'greenish gray thick growth ie prodnced 

spreading eomewhat elower than on Iris agar. A dark brownish 

or dark green stroma ie formed underneath. Numerous spores 

are 'produ.ced. 
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!ubes. 

Culturee with the aame organism were cartied on a parallel 

with those in plates. 

On Ozapek'e agar a moderately thick, dense and even growth 

of light gray to greenish mycelium is produced, covering 

three-fourths of the surface. A thIck dark brown to olive 

green stroma is formed underneath the aerial myoelimm. 

On starch agar a thin greenlsh g.ay growth, slightly thiok­

er in the oenter from which arise a very few aerial hyphae. 

The oentral mycelium is whitish with one or two ring$ of darker 

mycelIum appearing in eome cultures. A large da£k brown to 

olive green stroma ie formed oovering nearly the whole surface 

of mediam over which the mycelial growth has epread. 

On oat meal agar very rapid growth of iron gray myceliwm 

OOV8lE the whole Enrface of the mediwm. nark green stroma 

merging into light brown colour on the surfaoe oovered by the 

myeeliam. 

On potato agar a very abundant growth ocours- ~he whole 

surfaoe is covered with a thick, dense, dark grayish green 

myoellum with oreamy ooloured areas dispersed anywhere on the 

su~faae. A large, thick, dark brown almost black stroma is 

formed. 

On prune agar an evenly thick, dense, gray to greenish 

growth covering four fifths of the surface of medium is pro­

duced.. Vary dark green to dark brown stroma formed. 

On oorn meal an extremely sma11 and thin growth of whitish 

myoellum is produoed. 
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On nutrient agar the organism forms a moderately thick 

growth of whitish mycelium merging into a grayish green colour 

towards the center. A dark green stroma about half the size 

of the entire growth is formed in the center. 

On Iris agar the growth resembles very much the one 

produced in the plates. The surface of the medium is covered 

by the mycelial growth whioh is gray in colour. The stroma 

has also covered the same area as the aerial myoelium. 

On Daffodil agar a grayish growth with one or two darker spots 

occurring when the culture is getting old. The stroma is of 

a dark green to blackish brown colour. 

Flasks. 

~he orga~ism gave a very poor growth in the various 

solutions compared to the solid media. At the end of two weeks 

the following characteristics were observed. 

Medium 

Currie'e aol. 

Knop's " 
Czapek's n 

Duggar'a " 
Tubeuf's r, 

Cohnls n 

Naegeli's n 

Pfeffer'e " 

Dextrine 3% 
D8xtrQse 3% 
Lactose 3% 
Maltose 3% 

Characteristics 

Numerous small whitish growths. 

Practically no growth; very small white colon1~ 

Abundant whitish growth. 

Small whitish growth. 

Few large white colonies. 

Extremely small white colonies. 

Few small whitish colonies. 

Abundant whitish growth. 

Bottom covered with an abundant green growhh. 

Several large blackish green colonies. 

Very scarce white growth. 

Numerous small colonies covering the bottom 
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with a greenish growth. 

Saccharose 3~~ Small and very thin whitish growth. 
-

Iris deoootion Good growth of small, thick, dense oolonies. 

Daffodil " Fair growth of fluffy myoelium. 

The most abundant growth was obtained with CUrrie's 

Pfefferls, Malt~ose and Dextrine solutions. 

Relation of l'.dedia 

An experiment was oarried to determine whether or not the 

fungous growth is muoh affected by the amount of medium on 

which it grows. The nine solid media above named were used for 

this purpose. 

sterilized Petri plates of equal diameter were filled with 

5 co. and 15 co. quantities of each medium and inoculated with 

spores and bits of mycelium of Fl generation. ~ach culture 

was dup1ioated and placed at laboratory temperature ranging 

between 19°0 - 2200 (66.2 - 71.60 ~ah.). Observations were 

made daily at first and then every second and third day. The 

r9sults are tabulated as follows:-



, 
z:::... 
~ 

I 

Ta,ble I - Comparative rate of growth of mycelium in millimeters on two 

different amounts of media. 

:Uedium Amount of 3rd 4th 5th 6th 7th 10th I3th 15th 17th 20 th 
medium day 

Czapek's 5 00. 6.5 7. 8. 10.5 I~ I6. 16. I7. 18. 19.5 

15 n 5. 7. 8. 11.5 14.5 19.5 22.5 24. 26. 29.5 

Potato 6 TT 8. 11. 14. 16. 19. 22.5 26. 27. 29. 32. 

15 " 9.5 12.5 16. 19. 22.5 29. 34. 35.5 37. 40. 

Corn meal 5 n 4.5 8. 13. 13.5 14. 14.5 I6.5 16.5 I6.5 16.5 

I5 " 4.5 7. 11." I2.5 13. 14.5 16.5 1'7. 18. I9.5 

Oat r.leal 5 " 3. 7. 11. 14. 18. 22.5 29. 30.5 32.5 35. 

15 n 9. 13. 16. 19. 22.5 29. 34. 36. 37. 42. 

Prune 5 n 6.5 9. 13. 14.5 16. 19.5 24. 24. 24. 24. 

15 " 8. 11. I4.5 I7. I9.5 24. 30.5 33. 37. 42. 

Nutrient A. 5 n 4.5 5. 6.5 7.5 9.5 16. 19.5 22. 24. 27. 

15 n 4.5 5.5 6.5 9. 13. 19.5 22.5 24. 27. 29. 



Table I - (oontinued) 

Amount of 3rd 4th 5th 6th 7th 10th 13th 15th 17th 20th 
1tedium medium day 

Staroh 5 00. 6.5 I2. 18. 20.5 23. 26. 26.5 26.5 26.5 26.5 

15 " 10. 11.5 13. I6. 18. 23. 29. 31. 32.5 39. 

Iris 5 " 5. 8.5 I3. 15. 19. 23. 25. 27. 29. 31. 

15 " a. 10.5 16. 19. 23. 29. 32. 34. 36. 37. 

Daffodil 5 " 3. 4.5 6.5 8. 9.5 15, I9. 22. 25. 27. 

I 15 n 4.5 6. 7. 10. 13. 19.5 22. 23.5 26. 28. 
CD 
t<:) 



- 39 ~ 

The results show: 

1. The orga.nism on abundant medium generally takes advantage 

in its growth in the very _eiinning, over the same organism 

growing on a smaller amount of :the same medium. 

2. The difference between the two growths gradually increases 

as the cultures grow older. In other words, the growth on a 

large amount of medium is generally more rapid than on a 

smaller amount,other conditions being equal. 

3. In two cases, with corn meal and starch agars, the growth 

on abundant media did not surpass the one on scanty media until 

the latter TIas ohecked in its growth by the drying out of the 

media underneath. 

4. The best growth was secured on oat meal, potato dextrose, 

'rune agars. 

See next page, Table 11. 
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Table II • Growth charaateristios on the different quantities of m~dia 

Medium 

Potato 

Starch 

Nutrient A. 

Corn meal 

Prune 

Amount of 
medium 

in ao. 

5 

I5 

5 

I5 

5 

I5 

5 

Type of growth 

fairly dense, thick, 
. circular. 

very dense, thiok, 
circular. 

very thin conehoidal 
growth. 

even, circular, dense, 

irregular, loose, thin. 

irregular, dense, moder­
ately thick. 

irregular, very thin. 

Colour of growth Peculiarit 

greyish merging into 
ligllter green • 

greenish with creamy border. 

greenish 

greenish with white 
border • 

dirty white. 

groyish with rings 

dark gray reg­
ions irregularly 
distributed. 

tufts of aerial 
hyphae ~n center. 

of greenish mycelium. 
tufts of white 
hyphae in cent 

dirty white. tufts of white 
hyphae in center. 

I5 irregular, thin, denser. yellowish to brown-

5 thin, circular. 

I5 thick, dense. 

ish. 

whitish with deep 
green central spot. 

white cuter ring, green inner; 
brownish ring, gr:"en center. 



• 
...-I 
~ , 

Medium 

Oat meal 

Czapek's 

Iris 

Daffodil 

Table 1I- (continued) 

Amount of 
medium 
in 00. 

5 

15 

5 

15 

5 

15 

5 

15 

Type of growth. 

t~in, loose, circular. 

dense, thick, oval. 

thin and dense in 
center 

thin, dense, ciroular. 

thin, fairly dense, 
circular. 

evenly thiok, dense, 
circular. 

Colour of growth. 

whitish with greenish 
at places. 

Peculiarit 

whitish with slight green­
ish spots. 

greon center merging 
into white border. 

olive green, to light 
brown, dirty white at edges • 

grayish merging into 
white. 

grey to olive green. 

thin, loose, irregular. greyish merging into 
white. 

thick, fairly dense, 
even. 

~ 

grayish to greenmsh with 
I to 2 rings of darke~ 

mycelium. 
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A second experiment was conducted to compare the rate of 
' .. 

growth of the organism on a.gar plates and on agar slants. The 

tubes and the plates used were equal in their respectful 

diameters. 10 cc. of the variqus media were poured in both 

plates and tubes, and the inooulations made op the same day, 

with s~ores and bits of myoelium of Fl generation. ~he temp­

erature range during the course of the experiment was 180 e -

24°0 (64.4 - 76.20 Fah.) and the observations made at the same 

intervals as for the preceding experiment. The results of this 

experiment are tabulated in Table III and IV. 

Table III - Rate of growth of the fungus in ml11imeters on various 

agar media. in plates 

Medium -
Caapek's 

Potato 

Corn meal 

starch 

Prune 

Nutrient 

oat meal 

Iris 

Daffodil 

8r! 4th. 5th 6th 7th lOth 13th 15th 17th 20th 
day 

3 5 7 8 10 

8.5 9.6 12 17 21 

3 6 6.5 8 9 

5 7 

5 6.6 

1.5 3 

9 11.6 13 

9 12 

5 7 

13 

8 

16 22.6 

30 32.5 

13 14.5 

16 26 

19.6 26 

13 19.5 

10 12.6 16 17 19.5 23 29 

4 

2 

7 9.5 11 

4 5.5 7 

14 18.5 25 

8.5 12 18 

26 

35 

15 

29 

29 36.6 

38 42. 

16 18 

32 35 

30 32.5 38.5 
) 

23 26 29 

30 32.5 34 

29 33 38 

22 24.6 26 
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Ta.ble -IV - Rate of growth of' the ~s in m111imeters on 

various agar media in tubes. 

Medium 3rd 4th 6th 6th 7th loth 13th 16th 17th 201h 
day 

Czapek's 2 5 9 13 16 19 22.5 26 29.6 35 

Potato a 9 11 15 19.6 29 38.6 whole surface 
covered. 

Corn meal 2 4 6.5 7.6 9 10.5 13 13.5 14 15.5 

Oat meal 4 8 13 16 19.5 26 whole surface covered. 

Starch 3 6.5 9 11 13 26 32 36 37 39.5 

Prune 4.5 6 8 10.5 13 22.5 27 29 32 36 

Nutrient 4.5 7 9 10 11 19.5 22.5 29 -31 34 

Iris 3 6 7.5 11 12.5 19.5 26 28.5 32 36 

Daffodil 2 3 6.6 9 11.5 17 21 24 27 30 

The figures in tables III and I~ show:-

1. In the early stage of the organism growth was more rapid 

in the plates than in the tubes. Once the organism had reached 

the sides of t38 tubes and could not spread any more in that 

direction, growth beoame more rapid in lengthwise direction 

of the tubes than in the plates. 

B. The best growth was obtained with potato dextrose, oat meal, 

and prune agars. 

A duplioate experiment was conducted to determine the 

amount of dry matter produced by the fungus in solutions of 

definite pH concentrations and thereby axtab1ished the range 

of pH most suitable for the growth of the fungus. 

Pfeffer's nutrient solution was used for this purpose. 

25 00. of the solution were plpetted into sterilized Er1endyer 

125 00. flasks. Fourteen solutions were made up to definite 
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pH ranging between· 1.3 to 10.2 by means of the eleotrometrio 

method desoribed by Clarke (2). A spore suspension was made 

in sterile water and 2 00. of this solution inoculated into 

the flasks with a sterile pipette, oare being taken to avoid 

oontamination when lifting the ootton plugs. 

The oultures were numbered and left for two weeks in the 

laborator.y at a temperature of 1900 - 2600 averaging about 

• At the end of this time eaoh oulture was 

filtered on separate filter papers whioh had previously been 

numbered and weighed aoourately. The oul turss were t.herefore 

filtered through their oorresponding filter paper. The 

filters were dried in the oven at a constant temperature of 

8000. and then weighed to find out the amount of dry matter 

produoed in eaoh solution. Having two samples for eaoh definite 

pH the average produotion was calculated. The results of this 

experiment are tabulated below. 

Table V - Amount of dry matter produoed in solutions of 

definite pH. 

Aoidity of Weight ot Weight of fi1t- Amount of Average No. 
original filters er plus dry dry of 
solution matter. matter Sol. 

1st 2nd 1st 

1.386 1.721 1.699 1.902 

2.062 1.690 1.681 1.894 

2.533 1.669 1.693 1.862 

3.144 1.737 1.715 1.995 

3.708 1.715 1.683 1.913 

4.531 1.658 1.842 1.816 

5.308 1.672 1.678 1.837 

2nd 1st 2nd -
1.853 .181 .154 

1.868 .204 .187 

1.896 .193 .203 

1.933 .258 .218 

1.891 .198 .208 

2.071 .158 .229 

1.892 .165 .214 

.1675 

.1955 

.1980 

.2380 

.2030 

.1935 

.1895 

1 

2 

3 

4 

5 

6 

7 



- 45 -

Avidity of weight of Weight of filt- Amount of Average No. 
of 

-Sol. 
original filters. er plus dry dry 
solution matter. matter 

5.478 

5.647 

6.695 

7.557 

8.994 

9.755 

10.211 

1st 2nd 1st 

1.695 1.682 1.962 

1.672 1.746 2.063 

1.749 1.702 1.9&B 

1.718 1.729 1.961 

1.692 1.734 1.901 

1.738 1.740 1.874 

1.708 1.742 1.742 

2nd 

1.935 
-

1.900 

1.949 

1.932 

1.961 

1.872 

1.767 

1st 2nd 

.267 .253 

.381 .154 

.179 .24'1 

.243 .203 

.209 .227 

.136 .132 

.034 .025 

.260 8 

.2675 9 

.-213 10 

.223 11 

.218 12 

.134 13 

.0295 14 

• 

The results of this experiment are not oonolusive beoause 

the cultures were not grown for a long enough time and as a 

oonsequenoe the differenoe in the various amounts of dry 

matter produced in the different solutions are not strongly 

pronounoed. However, we may assume after the results obtained 

that the range in which the fungus seems to grow is between pH 

3 and pH 9 with best growth about pH 5.5. In solutions No. 1 

and 13 growth started three days later and in solutions 14 six 

days later than in the rest of them. 

Another experiment similar to the previous one was carried 

out with the fifteen liquid solutions mentioned in this 

paper. The chief aim in mind was to determine the amount of 

acidity produced by the organism in the various media and 

establish the oorrelation between the pH value and the amount of 

dry matter produoed. 

Fifteen small Erlenmeyer flasks were filled in duplioate 

with 50 'cc. of each of the solutions, the pH value of which had 

been determined by the electrometrio method. A spore suspension 

was made in sterile water and 2 00. of it were pip~tted into the 
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Various fla.sks. The oultures grew at room' -temperature for 

fifteen days after which they were filtered through Genuine 

Whatman ~ilter papers which had previously been weighed. The 
~ 

filters were dried in the oven at a temperature of 76°0. Eaoh 

filter was af-terwards weighed again and the dry matter calou1t:t ed. 

The filtrate from eaoh individual flask was tested eleotro-

metrically to determine how much the pH value of these solutions 

had been lowered. 

Table VI - Amount of acid produced by the fungus in various sol-

utions. 

Medium pH before pH Amount of acid Average 
growth after pro duo sg. iH,i 

1st 2nd let 2nd 

CUrrie 3.662 1.537 1.420 2.156 2.232 2.1736 

}{nap 3.956 3.463 3.618 .493 .338 .4155 

Czapek 2.772 1.435 .895 1.337 1.877 1.607 

Dtlggar+ 2.785 2.840 3.397 

Tubeuf 2.029 1.876 1.724 .153 .305 .229 

Cohn 3.719 3.024 2.840 .695 .879 .187 

Naegeli 6.002 5.814 5.731 .188 .271 .2295 

Dextrine 4.598 3.821 3.194 .777 1.404 1.0905 

Dextr'ose 3.652 3.416 3.463 .237 .189 .213 

Lactose 3.900 3.077 3.395 .823 .505 .664 

Saccharose 2.975 2.449 1.995 ;526 .980 .753 

Maltose 3.685 2.763 3.160 .932 .525 .7286 

Piefier 3.787 3.144 3.195 .643 .592 .6175 

Iris decoo! 3.787 5.6it s \,'\'\ 

Daffodil 3.922 2.874 3.266 1.048 .666 .852 

+ The pH value was raised in these two solutions contrary 
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to what ocourred in· the rest of the solutions. The writer wished 

to check these results but due to a laok of time he had to leave 

them as they~re. 

Table VII - Amount of dry matter produced by the fungus on the 

various solutions. 

Medium Weight of filt- Weight of F.P. Dry matter Average 
er paper plUB drl matter. Eroduoed 

Currie 

Knop 

Czapek 

1st 

1.717 

1.684 

1.726 

Duggar 1.676 

~beuf 1.706 

Cohn 1.716 

Naegeli 1.722 

Dextrine 1.717 

Dextrose 1.651 

Lactose 1.675 

Saccharose 1.677 

Maltose 1.671 

Pfeffer 1.6~8 

Ir1sdeooo. 1.692 

Daffodil" 1.708 

2nd 1st -
1.698 2.106 

1.737 1.694 

1.714 1.824 

1.654 1.841 

1.707 1.765 

1.692 1.756 

1.716 1.749 

1.714 1.816 

1.677 1.750 

1.644 1.770 

1.679 1.767 

1.719 1.825 

1.723 1.928 

1.697 1.798 

1.693 1.783 

2nd 1st 

2.153 

1.744 .010 

1.814 .098 

1.834 .166 

1.790 .060 

1.736 .040 

1.744 .027 

1.827 .099 

1.768 .099 

1.737 .095 

1.775 .090 

1.834 .154 

1.964 .250 

1.765 

1.758 

.lQ6 

.075 

2nd 

.456 

.007 

• 100 

.180 

.083 

.044 

.028 

.113 

.091 

.093 

.096 

.115 

.241 

.068 

.065 

.422 

.0085 

.099 . 

.173 

.0725 

.042 

.0275 

.106 

.095 

.094 

.093 

.1345 

.2455 

"e 082 

.070 
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Table VIII - Correlation between the amount of dry matter and 
.",1.: :to 

~- '" 
the quantity of aoid produced by the fungus. 

Medium 

Currie 

}{nop 

Cz-apek 

Dtlggar 

Tube~ 

Cohn 

Naege1i 

Dextrine 

Dextrose 

Laatose 

Saccharose 

AmI tose 

Pfeffer 

Average dry 
matter 

.422 

.0085 

.099 

.173 

.0725 

.042 

.0276 

.106 

.095 

.094 

.093 

.1345 

.2455 

Iris decoc. .082 

Daf"fodi1" .070 

Average 
pH 

2.1735 

.4165 

1.607 

.229 

.787 

.2295 

1.0905 

.213 

.664 

.753 

.7285 

.6175 

.852 

Amount- of pH produced 
on the basis of 1.00 
gm of drl'matter _ 

5.-150 

48.882 

16.232 

3.16 

18.73 

8.35 

10.28 

2.23 

7.06 

8.09 

5.41 

2.51 

12.17 

The figures on the preceding tables show that:-

1. The greatest pH variations were obtained with Currie's 

Czapek's and Dextrine solutions which have produced .422 gme., 

.099 gms., .106 gms., of dry matter respectively. 

2. The 1arlest amount of dry matter Was produced with Currie's, 

Pfeffer'e and Maltose solutions which gave a pH variation of 

2.173, .617 and .134 respectively. 

From these results we ~ay conclude that if a luxuriant 

growth 1s produced on certain media it does not necessarily 
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follow tha.t the pH. value will vary proportionally. In other words 

the fungus giving a l~iant growth on a medium will not necess­

arily give a large pH variation. 

The size of spores and mycelial oells growing on different 

media was measured to determine whether or not variations occur 

with the media on which they are .'produoed. The organism grown 

on six different media was examined between its 26th and 22nd 

day of growth. A count of 100 spores was made from every 

medium; in the case of mycelial cells careful obaervataons were 

made of' the myoel1wn seen under the microsoope and measurements 

of the largest and the smallest cells reoorded. The results are. 

tabulated below. 

Table IX - Size of spores in miorons according to different media 

on which they are produead. 

Medium Length 

Nu1rr1ent Agar 81 -40.2 

Czapek's " 
Oat meal n 81.4 -39 

Prune rt 81.6 -43.2 

Corn " -
Starch " 84.3 -42 

Width . Average 
Length & Width 

21 - 15 68.37 18.94 

- -
21 - 14.4 67.36 18.16 

21 - 14.1 67.23 18.3 

- - -
21 - 13.5 64.8 1~.8 

Ave.No.of 
septa per 
spore. 

3.0 

-
3.24 
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Table X - Size of mycelial cells in miorons acoording to different 

media on which they are produoed. 

!i{edium 

Nutrient Agar 

Czapek's 

Oat meal 

Pr1i.ne 

Corn 

Starob 

n 

t1 

If 

" 

" 

Length Width 

108 - 18 9 - 3 

58.6 - 12 

105 - 21. 

87 - 16.6 

92 - 12 

119 - 15 

12 - 3.6 

10.5 - 6 

9 - 4.6 

10.2 - 3 

9.6 - 6 

Acoording to these figures the size of spores is about 

oonstant no matter the medium on which it grows. On the other 

hand the number of septa in the spores ~aries remarkably with 

the medium used. The size of myoelial oe11s varies also with 

different media. No spores were formed on Czapek's and corn 

agars when measurements were made. 

An experiment was oonducted to find out whether or not the 

size of spores and consequently, the vitality of the pathogen 

were much affected through several generations. 

For this purpose the organism was grown on potato dextrose 

-agar from an isolation of leaf spots made in the Fall. Duplioate 

Gultures were carried down to the sixth generation and from this 

generation the organism inoculated into Irises in the greenhouse. 

The fungus isolated from the plants was grown for two more gener­

ations on the same kind of medium. Measurements of 200 spores were 

taken and the results tabul·ated. 
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Table ~I - Number of spores from Pedigree cultures tabulated aooording to 

their various lengt~ls in microns, 

Generation 

Spores on origin­
al plant. 

FI 

F2 

F3 

F4 

F5 

FS 

Spores on plant after 
artificial inoculation 

FI 

F2 

30 35 40 45 50 55 60 65 70 75 80 SI 82 83 84 85 86 87 88 
-----~---------------------~~ ........... -~ 

I 5 18 31 35 16 22 25 27 I2 2 4 

6 5 2& 37 41 47 22 12 6 

I I 2 7 23 31 65 35 23 10 2 

4 4 15 25 50 56 3~ 13 

2 

4 

8 6 22 46 59 13 IO 

5 13 I2 22 15 3 2 

No spores 

I. 

I 3 11 22 25 36 30 37 22 7 3 I I 

16 22 50 41 37 18 I3 2 

2 4 23 29 60 54 13 15 

I I 

I 

I 

I 



Table XII ~ Number of spores from Pedigree eultures tabulated accor~ing to 

their various widths in miorons. 
Numbe 

Generation I2 13 14 15 16 17 IS I9 20 2I 22 23 '24 25 26 27 28 of 
-...--,---~-~--------------- ~ores 

Spores on original 
plant. 6 10 5 9 I7 69 33 12 15 11 9 2 2 200 

Fl 7 I9 14 ~8 21 15 34 4 3 -3 2 200 

F2 6 5 I 51 31 15 65 I4 9 3 200 

F3 2 5 3 37 55 12 '12 '1 5 2 200 
• 
~ F4 'l 3 46 25 1'1 49 9 7 5 168 
to 

I F5 2 8 9 5 36 6 2 2 70 

Spores on plant after 
artificial inooulation I 5 6 9 8 '1 23 55 35 13 9 18 10 I 200 

FI 11 28 10 67 30 11 39 4 200 
" 

F2 2' 24 31 7 84 15 '1 18 10 200 



~able XIII - Number of spores from :Pedigree oultures tabulated according 

to their number of septs. 

·Generation I 2 3 4 5 6 Average :per s]?ore. :Number of sp - -
Original spores 15 81 83 14 5 2 2.59 200 

F1 2 123 70 5 2.34 200 

F2 5 95 86 I1 3 2.56 200 

F3 3 101 85 11 2.52 200 

F4 2 73 '11 22 2.6'1 168 

• F5 2 19 24 22 3 3.0'1 70 
~ 

F6 to No "spores , 
Spores from artificial 

inoculation 5 75 88 19 10 3 2.8I 200 

Fr 96 75 21 8 2.'15 200 

F2 I9 rI9 58 4 2.23 200 
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Table XIV - Average size of spores from Pedigree oultures. 

Generation Ave. length Ave. -viidth Ave.No.of No. of 
septs spores 

Original spores 67.36 22.45 2.59 200 

F1 60.34 16.50 2.34 200 

:&'2 65.22 1"7.80 2.56 200 

F3 67.17 17.83 2.52 200 

F4 66.32 17.74 2.67 168 

F5 60.52 18.31· 3.07 70 

:D'6 No spores 

Spores from art-
ifioial inoo. 60.72 20.16 2.81 200 

F1 62.14 15.69 2.75 200 

F2 63.84 18.92 2.23 200 

The preoeding tables show:-

1. After the" F3 generation the produotion 01' spores is very 

muoh reduced. In the duplioate cultures 1'4 and F5 only 168 and 

70 spores were found respectively. In F6 no spores were formed. 

2. By inoculating the apparently sterile organism fr~m F6 into 

Iris the fungus was regenerated; a large number of spores were 

produoed on the plant and in the following two generations on 

media. 

3. The width of the majority of spores ranges between 15 u and 

19 u inclusively; spores formed on Iris are much broader than 

those formed on media. 

4. The length of the majority of spores ranges between 50 u and 

70 u inclusively. 

5. The large majority of spores have 2 to 3 septa; spores with 

six septa were found ~rom the plants only. 
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Temperature relations. 

Twelve slants of totato .extrose agar were inoculated with 

apores and bits of mycelium and placed outdoors on a Monday at 

a temperature of several degrees below freezing point (22.2° -

370 Fah.). The following day, the s~anta were taken into the 

laboratory to see if they would grow or not. The cold weather 

seemed to' have a retarding effeot on the growth of the mycelium 

for the organism did not start to show signs of life before 

Friday of the same week. 

Of the twelve Qultures, nine only developed abundant 

mycelium and spores; the other three cultures did not grow at 

all. Seven days after growth had started or eleven days after 

inoculation, a thick mat of mycelium had oovered one third of 

the surfaoe of the slants. ~here were three distinot coloured 

aress; a purplish center 1/4 inch in diameter around whioh waB 

seen a yellowish oircle of about one eighth of an inoh. The 

whole growth was surrounded by a grayish border. ~hese three 

zonee were more or less pronounoed in some of the slants. 

The cultures were examined under the miorosoope and the 

grayish myoelium only was found to have produoed spores very 

few in number. The myoelium in the inner zones was oompletely 

sterile as yet. Three days later the oultures were examined 

again. The grayish myoelium which had spread a little more was 

still the only one to produce spores but this time in abundance. 

The experiment was repeate~ in Januar;7 with eight slants 

of the same medium. The tempBrature range outside was between 

140 - 30oFah. Four of the oultures were brought into the 

laboratory at a temperature range of 160 - 24°0. (690 - 75.20 Fah.) 
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after being outdoors one day. 

The organism started to grow three days later. The cultur~es 

were of a yellowish colour with a grayish border, but the 

di~ferent zones in the mycelium 'were not as well marked as in 

the previous experimentl two of them had none at all. Spores 

were found among the grayish myoelium only. 

The ~our slants whioh remained outside did not show any 

growth. Two of them were taken af~er a week but no growth 

resulted; the organism had apparently been killed. 

Twelve oultures were used as ohecks for this experiment. 

Tbe slants whioh had been inooulated on the same day were kept 

in the laboratory. The following day growth had started in 

seven of the tubes and on the second day growth was seen in 

every culture. The oolour charaoteristics of the mycelium, nine 

days after inoculation were somewhat different. The general 

appearanoe of the oultures was grayish but in several of them 

conoentrio rings of darker mycelium oould be seen. On nine of 

the oultures there was a yellowish oenter the diameter of which 

varied to some extent; in s~me of then this was as large as 10 

mm. in diameter and in others it was barely visible. Around 

eaoh growth a thin border of white myoelium was formed. Need­

less to say that spores were very abundant in these Qultures 

but their complete absence from the yellow areas was still 

characteristic. 

Six slants of potato dextrose agar inooulated with the 

same organism were placed in the incubator room nhere the 

temperature ranged between 29° - 32°0. but no growth resulted 

from any of these. !llrthermore. the cultures were brought inm 
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the laboratory but they had apparently been killed by the heat~ 

of the incubator. 

Six other cultures were placed in the refrigerator at a 

temperature range of 40 - 100 e. Two days later, growth was 

notioeable in four of the slants and on the third day growth 

had started in the other two tubes. The cold tempe·rature 

delayed growth but onoe the organism had started to develop, 

it spread just as rapidly as it did at room temperature. 

The myoelial mat in these cultures was of a darker gray 

than in the cultures kept at room temperature. A very smal~ 

circular yellowish area was formed in the center of only a few 

oultures. It nould be very interesting to know that no spores 

were formed in any of these slants. Three tubes were left in 

the refrigerator and the other three were brought to the labora­

tory with the hope of having spores formed later. The cultures 

were examined six weeks after but none had produced spores a8 

yet. 

Another set of tubes were placed in the incubator at a 

temperature of 270 - 28°0., ,but no growth resulted. 

Table Xv - Results of experiment with various temperatures. 

No.of 
Cultures Temp. range 

8 

12 

6 

6 

6 

6 

220F. - 370 F. 

2900. - 3200. 

1500. - 240 0. 

40 0. - 10°0. 

Inoubation period. Spore formation 

no growth 

" " 
It " 
" " 

1-2 days abundant 

2-3 n none 

The results o-t-' this experiment are very inte~esting. 
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They shafT that under extreme temperature conditione the 

fungus is checked in its growth. A temperature range of 4~­

looe. which is favorable for the growth of the organism is 

unfavorable for its spore formation. The range of temperature 

at which the organism grows best is rather small being from 

150 - 24
0

0. 

Measurements of the spores from three of' the cultures in 

the above experiment were taken to determine whether temperature 

had any effect on their size. ]Tom each culture 150 spores 

were measured. The results are shown in the following table. 

Table XVl - Effect of temperature on the size of spores. 

Temperature Length of Ave. Witlth of Ave Average no. 
spores' s;eorea of' septa. 

1 day at 220 

to 370 and ta-
ken at R.temp. 66.6-29 55.92 19.5-12 17.04 2.16 .. 
lao- 220 C. 83.7-45.3 70.47 21.3-13.8 18.89 2.92 

70 - 150 0. 74.74-41.1 59.48 16.5-12. 13.87 2, 

It is somewhat difficult to draw definite conclusions from 

the above table. Nevertheless one may say that the growth of 

spores is visibly affected ~y temperature conditions. A low 

temperature diminishes their length and w1dth,while a moderate 

warmth favours their development in size. The n~ber of septa 

in the, spores seems to be considerably affected al.,so. The 

figures show that where the cultures were placed outside at a 

temperature below freezing point and brought in the laboratory 

afterwards, the deorease in the length of spores is much 

greater relatively to the decrease in thedr width. ~he fact that 

the cultures were chilled seems to have affected their development 

in length more than in width. 



- 59 -

Relation of light. 

Twelve slants of potato dextrose agar were inoculated with 

spores and bits of mycelium of F2 generation; -six of them were 

wrapped up in black paper and left at laboratory temperature 

with the others. Three days after inooulation there was a very 

slight difference in the size of growth of the cultures left 

unwrapped. \Vhen examined on the fifteenth day the amount of 

growth was the same with small colour differentiation. The 

wrappe!1 tubes had formed rings slightly darker than the rest 

of the growth vJhile a yellow spot coul'-i be seen among the gray-

ish growth of some of the cultures. 

Summary of Cultural studies. 

1. ~he fungus thrives better on solid media and among these 

,ot. nextrose, oat meal anQ ~rune agars proved to be the most 

favora ble. 

2. Growth is affeoted by the amount of medium available; 

large amounts favouring more growth. 

3. The pa~hogen tolerates larger concentrations of acid than 

of alkali. 

4. ~he size of 2pores varies but very little with the different 

media YJhile the size of mycelial cells is very much affected. 

5. The transfer of oultures for several generations tends to 

stop the formation of spores. A sterile culture is apparently 

regenerated by growing it back unto its host. 

6. Temperature has a marked effect on the organism. The latter 

thrives best at medium temperature preferring 10-\) oues to high 

ones. 

7. Spore production occurs in a rather small range of temp-
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erature. 

8. The presenoe of absenoe of light does not Beem to affect 

growth to any large extent. 

Germination Studies. 

Spore germination has been carefully studied. The con-

idia for these studies were taken from pu~e cultures on potato 

dextrose agar-. All cultures were made in hanging drops or films 

of several media in Van ~ieghem cells kept at various temperatures. 

The first definite indications of germination are sl~ght 

protrusions in the cell walls which develop into definite germ 

tubes with more or less rapidity varying with the media in which 

the spore germinates. There is a slight increase in the size 

of the spore before germinating, this also varying on the kind 

of medium used. 

Septa are formed in each tube at various distances from 

the germination cell depending also on the medium used. The 

distance at which septa form and the time for the first septum 

to form-varies very little for the same kind of medium other 

conditions being equal. The number of germ tubes protruding 

from the spores vary with the medium in which the spores 

germinate. Germ tubes may arise from anyone cell of the spore, 

the terminal cells beinE generally the first cells from which 

tubes protrude. 

Relation of Media. 

An experiment was made to compare the rate of germination 

of spor~s sowed in various liquid media and placed at room 

temperature ranging between 200 an4 230 0. ~he results are 

tabulated below. 
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Table XVII - Comparative rate of germination of spores 

Medium 

Tap water 

"No.of 
trials 

13 

Distilled water 12 

sterile water 8 

Nutrient broth 5 

Glucose 5% 3 

Positive 
results 

9 

6 

2 

6 

2 

Time for 
germination in 

3.05 - 4.45 

3.15 - 4.35 

3.25 

2.45 - 3.05 

5.45 - 7.15 

hours. 

The results from this first experiment show that Nutrient 

broth was the most suitable medium for the germination of spores 

and sterile water the poorest. 

Germination of spores on solid media was also exnerimented. 

A very thin film of medium was made on one of the surfaoes of 

oover slips. With the point of a sterile needle several spores 

were taken from a culture on potato dextrose agar and inoculated 

into the thin films of medium. The inoculations were made in' 

the form of a triangle,the three pOints of whioh, have been 

cut off. These oover slips were then sealed with vaseline, 

film &ownward, over small gl~ss rings also sealed to glass 

slides with paraffin. A drop of ~ater was placed at the bottom 

of eaoh cell to prevent the medium and spores from drying. 

Germination tests were tried several times with different med1a 

with negative ~eBults each time. 

The same experiment was repeated with thioker films of 

media with the following results. 
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Ta.ble XVIII - Comparative rate of germination of spores in 

various solid media. 

Medium No. of Positive Time for gerJIl-
trials results ination in hours. -

Oat meal agar 4 3 3.05 - 3.16 

Czapek's " 6 4 2.15 - 2.45 

Prune " 6 4 2.20 - 2.30 

Potato DextV 6 2 4.30 

Starch n 4 2 4.05 

Nutrient n 6 3 2.30 - 2.50 

Corn " 4 2 2.20 

Iris " 4 3 3.36 - 3.50 

Another experiment was conducted to compare the rate of 

germination in various solutions. The rate of growth was also 

determined in millimeters. The spores were sowed in Van T*eghem 

and placed in moist chambers at room temperature ranging between 

1700 - 22°0. Observations were made every day during the three 

days following germination. 

Table XIX - Rate of germination and growth in various solutions. 

Medium 

Tap~,. wa t er 
~ 

Heffer's 

Ozapek's 

Duggar's 

Tap Water 

Duggar's 

Knop's 

Tubeuf's 

Naege11'e 

No.of Positive Ave.rate of 
trials results germination 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

2 

2 

2 

3.20 

3. 

4.23 

2.35 

3.50 

1 
~ of germ- Ave.rate of 
ination. growth per ~. 

89 & 100 

5 

96 

88 

95 

92 

90 & 30 

100 & 72 

100 & 30 

14.29 microns 

4.71 

14.07 

4.63 

3.09 

.22 

14.87 

13.29 
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Medium No.of 
trials 

Positive Ave.rate of -% of germ­
reeul ts germ1·ria tion-·-j:Il8 t ion 

Ave.rate of 
growth per Hr 

Dextrine 

Lactose 

:Maltase 

Dextrose 

Saooharose 

Iris diluted 

2 

2 

2 

2 

2 

2 

2 

1 

2 

2 

2 

2 

2 

5. 

4.20 

3.55 

Iris cono. 2 

Daffodil cone. 2 1 22.33 

Tap Water 2 2 4.29 

4.03 2 1 

Mode of germination'and tyoe if· growth. 

Medium 

Tap water 

Pfeffer's 

Czapek'e 

Duggar's 

Knop's 

Tubeuf's 

Naegeli's 

Cohn'a 

Mode of germination 

4-5 germ tubes at same time 
from any cell 

1-3 germ tubes from end 
oells, none in oenter. 

3-4 germ tub~e;2 from each 
end cell generally. 

1-2 germ tubes at the ends 

1-2 tubes at either ends. 

No growth 

2-3 tubes from any cell 

No growth 

sterile· water 1-3 germ tubes from end 
cells 

94 

71 & 91 

26 & 13 

61 & 53 

67 & 62 

79 & 85 

28 & 35 

89 & 92 

69 

8.01 

11.55 

1.52 

2.82 

34.47 

1.68 

12.62 

17.64 

Type of growth 

Short hyphae with much 
branching, 

Growth almost stopped 
a(ter germination 

Good growth 

Very slow growth. 

Fair and wavy growth; 
much branching. 

Fair and wavy growth 
with little branching 

Very small growth and 
little branching. 



Medium 

Dextrine 

Lactos 

Maltrose 
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~ode of germination 

1-3 tubes; 1 or 2 at each 
end 

~ 

1-3 tubesjgenerally at the 
ends,seldom in center. 

No growth 

TV'e of Growth. 

Fair,wavy growth with 
much branching. 

Modera te growth wi 1h 
much branching. 

Dextrose 1-2 tubes; one at each end. No growth 

Saccharose 1-2 tubes; one at each end 
and aften 2 at one end. 

2-8 germ tubes formed 
later very small grow1b. 

Iris diluted 1-5 tubes from any cell 

Iris Cone. No growth 

Daffodil cone. 1 tube very seldom 2 

Distilled H20 1-4 tubes from any cell 

Relation of temperature 

Very best growth;w8VY 
but not much branching 

Very slow growth;tubes 
big but very-short. 

Long wavy growth but 
little branching~ 

The following experiment was conQucted to determine the 

effect of temperature on the germination of spores. Spores were-

sowed in hanging-drops of water and Nutr1ent~'broth and placed at 

various te~peratures. Table XX shows the comparative rate of 

germination of these spores, under such conditions. 

Table XX - Rate of germination of spores under different temp~-

Med1um~ 

Tap water 

Nutrient 

T. water 

N. broth 

Tap water 

N. Broth 

atures •• 

No. of' 
trials 

4 

·4 

4 

4 

4 

4 

Temper- Positive Gernination in hours f'rom 
ature results time of inoculation. 

210 0 4 4.30 - 4.40 

" 4 3.25 - 3.45 

300 0 4 3.50 - 4.56 

n 4 4. - 4.25 

35°0 

11 
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Medium No. of Temper- Positive Germination in hours 
trials ature results time of inoculation. 

T. water 

N. broth 

Gluoose 5% 

T. wa.ter 

N. broth 

4 

4 

2 

2 

2 

100e 

It 

" 
7°0 

n 

- -
3 4.15 - 5.10 

2 4.40 - 4.50 

1 4.35 

2 6.45 - 6.55 

1 6.05 

The above experiment shows tQ,at spores germinate over a 

wide range of temperature. 

~elation of ligh~. 

An experiment was made to find out whether or not spore 

germination was at all affected by light. Spor~s were sowed 

in drops 0:[" water at room tempera.ture ranging between 170 0 -

21°C. The cultures were kept under mOist chambers, some in 

complete obscurity, others in day-light. The results of this 

experiment are tabu~ated below. 

Table',lnl - Effeot ot light on spore germination. 

Medium No. of trials Germina.tion 

Light 4 3.50 - 4.25 hours 

" 4 4. - 4.56 It 

Dark 4 4. - 4.45 " 
" 4 3.40 - 4.10 " 

Although the above figures are not very conclusive they 

tend to show that germination is not muah affected by the 

absence or presence of ordinary day-light. 

Summarl of germination studies. 

1. Spore germination varies with the d1fferentmedia. Solid 

media gave an earlier germination in general. 

from 

-

2. The number of germ tubes protruding from a spore is apparent-
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ly different on various media. 

3. Temperatures away from the optimum retard spore germination; 

extremes stop it. 

4. The presence or absence of day-light apparently has no 

effeot on germination. 

Taxonomy of the causal organism. 

The fungus oausing the Leaf s~ot of Iris under consider­

ation in this study, is known as Heterosporium ~racile Saco. 

The first mention of this fungus in literature is made-by 

Saccardo who gave it the name of Heterosporium eohinulatum 

in ~881 (16 & 21), but owing to the fact that the s~ecific name 

had been used for a fungus oalled Helminthoaporium echinulat~ 

(B & Br.) attacking carnations, and that the same fungus had 

been included by M. C. Cooke in the genus Heterosporium in 

1877 (16), Saccardo changed the name to Heterosporium gracile 

(17) the desoription of which follows. 

"Hyphis in areolis foliorum aresoentlbus, fusco-oinctis 

enascentibus, crassis, septulatiB, 70 by 10 - 11, sursum 

nodulosis subolivaceis; coriidiis tereti-oblongis, 40 - 60 by 

18 - 20, saepius 2-3 septatis atque constrictis, distincte 

murioulatiB, pallide olivaceis. 

"Hab. in foIiis Iridis germanicae in Italics bore et in 

Arduennis." 

Tisdale (2l) in 1920 found an ascomycete on the Iris leaf 

and related it to Heterosporium gracile ~acc., to which 

corresponds with the description of the conidial stage of his 

organism. 

The fungus under consideration does not correspond in 
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every respect to the above descrip.tion. The spores are much 

larger, 30-88 by 12-28 microns and are 2-6 septate. 

I/Iorph"ology and Physiology 

The mycelium is slender, hyaline, inter-and extra­

cellular, branohing considerably with the diIferent media on 

which it grows. It is generally uniform in its w~dth although 

its diameter may vary from 3 u to 14 u. The mycelial wall is 

colorlesa and thin especially so in its young stage. The 

~cells may vary excessively in length whioh may range between 7 u 

to 160 u and_ more. As the mycelium grows older, the protoplasmic 

contents become more granular and vacuolate. ~he cell wall~ 

grows thioker and turns brown to olive green or almost blackish 

brown, depending on the substratum. This t?pe OI mycelium forms 

a thiok and dense mat of interwoven hyphae from which develop 

the conidiophores. 

The conidiophores vary in size with the substratum on which 

the:l grow and the amount of nutrients available. Tisdale states 

that the conidiophores borne in the spots during the summer 

average about 11 u by 70 u, while those developing in the spring 

on the apices of sterile peritheoial average about 12 u by 150 u. 

They are ooncolorous with the hyphae beneath and more or less 

zigzag in shape at the upper end, due to the production of the 

spores. 

When the conidiophore has attained about 40 u to 60 u 

the first conidium starts to develop by the progressive 

bulging of the auex, (Pl.9 E.F.) which constricts itself grad­

ually to form the conidium. The develojroent of conidia is 

relatively slow and sometimes before the first conidium has 
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attained its full size a second one starts to grow. A swelling 

on the side of the conidiophore near the tip, about almost under 

the oonidium is due to the oonidiophore continuing its growth. 

As it grows larger it shoves aSi.de the conidium and elongates 

in a somewhat oblique direction due to the pressure of the 

conidium. (PI 9 I.J.) After it has reached 30 u to 60 u in 

length another conidium develops at its apex in the s~e manner 

as the first (PI 9 K.). When the spore has reached about half 

its normal size it ~ gradually oonstriots at its base until 

it has reached its maturity. By this time it is larger than the 

oonidiophore to whioh it is attached by a very short pedicel . 
about 1 u to 2 u in length. (PI 7, D .E.). The spore formation 

goes on until two or three or probably more conidia are formed 

on the same conidiophore, (PI.9, L.) 

The spores are easily broken off but unlike those of 

Heterosporium echinulatum and ~. betae (6) they are not shed 

as soon as they are formed. So far as the writer is aware there 

is onl~! one kind of conidium; the chain-like spore formation as 

it occurs in H. echinulatum and H. betae has not been observed 

as yet. The formation of conidia causes on the conidiphore 

peouliar shapes called geniculations, gdving it the zigzag 

appearance mentioned above (Pl.9 L) 

The conidia are echinulate and septate, (Pl 7, D.E.F.) 
I 

These two characters appear on the spores when the latter have 

almost or quite reached their full size. There may be from one , 
to six septa in the same spore. The writer on two occasions has 

notioed a seven septate spore. This is one indication that the 

organism under investigation may be a different strain from the 

one desoribed by Saocardo (17), stevens (20) and Tisda1e (21), 
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their a.pores baving 2 to 3 septa only. Another reason for 

believing in the possibility of a different strain is the faot 

that the size of the spores under oonsideration (30 - 88 u by 

12 - 28 u) varies greatly from the size of the spores given by 
. 

these authors which is 40 - 60 U by 13.7 by 18.7 u. The range 

in size of the spores by Ramsbottom (16) approaohes very muoh 

that of the spores described in this paper. 

'rhese spores are 'concolorous wi th the conid1ophores t 

oy11nd~rical with rounded ends, and slightly constrioted at the 

cross-walls. 

2 Asoigerous stage: 

The writer on acoount of being away early in the spring 

has not been able to ascertain whether or not there is a perfeot 

stage in the life cyole of the pathogen under investigation. 



- 70 -

Seasonal Development of the host 
i 

The Iris unlike most other plants develops rather late 

in the season. Young leaves will start to shoot up in Mayor 

early June according to the climate conditions and the diff­

erent varieties grown. In the province of Quebeo, plants 

have generally produced their first leaves by the end of :May 

and by t.he month of July, the foliage has prac tically all 

developed. offering a good field for the fungous growth. 

Seasonal development of the disease 

As soon as the first leaves develop in the early summer 

the plants are susceptible to the attacks of the pathogen. 

However, due to climatic conditions the disease very seldom 

appea~to any serious extent before the plants are in bloom 

or after the blossoming season. The temperature which is not 

so high at that time of the year is most favourable for the 

growth of the pathogen. ~he fungus in natural infection devel-

ops very slowly; being a weak parasite naturally. its noxious 

effects are veT;,! much retarded by weather conditions. It is 

Kur1ng the months of· September, October and early l:Jov~mber that 

the damage caused by the disease is most noticeable. 

Productio~ of Spores. 

The conidia are apparently the disseminators of the disease. 

Heterosporium spores may be produced during the whole season 

of growth. favourable conditions-prevailing. These spores develop 

on conidiopbores arising from the hyphal mats which have caused 

the necrotic lesions on the leaves. They are generally produoed 

in the center of the spots but in bad infestations they may be 

seen covering nearly the entire surface of the spots. 
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T~e~l are very easily broken off from their conidiophores 

and for this reason are dispersed by the wind with great facility, 

The writer has not been able to observe on artificially inoculated 

plants or any medium more than -three conidia produce.d on the same 

conidiophore. 

Tisdale has recorded the production of ascospores during 

one of t.he summers he investigated the disease in Wisconsin bllt 

the formation of these is so unstable that no large importance 

is att~ched to that special stage of the fungus. In Canada, as 

well as in other countries, the production of these spores is 

not necessary to assure the propagation of the pathogen. 

Viability and lOngevity of the fungus. 

There is but very little data on the subject mentioned. 

The writer has performed several experiments on the relation of 

the fungus to various conditions and the results show that the 

pathogen can resist adverse conditions to a large extent. 

Due to their thick wall, spores can resist very cold temp­

eratures. Ramsbottom (16) mentions that spores which had been 

submittec.t for several month;s to winter temperatures germinated 

wi~h a good percentage .n~1 sowed in hanging drops. The writer 

has collected leaves from the field immediately after the snow 

haet gone and examined the epots for spores; to his surprise some 

of these were still present on the leaves. Several germination 

tests wer8 made in hanging drops of tap water and of 5~ Glucose 

solution in Van Tieghem cells at a room temperature of about 

240 0. ~he percentage of germination was :found to vary between 

52 and 86. 

'rwo oulture-s of the ]'3 generation on potato dextrose agar 
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were kept ~utside all winter on the surface of the snow and 

exposed to the inolemencies of the weather and lowest temperSiures 

At the beginning of April spore germination tests in hanging 

drops of tap water and of 5% glucose solution were made from 

these two cultures. In every ca~e a fair percentage of germin­

ation was obtained, ranging between 23 and 78/~. As checks for 

these two experiments, germination tests were made in the same 

kind of media with spores obtained on spots of dried leaves 

and cultures of potato dextrose agar which w~re kept in the 

laboratory all winter at a temperature range of 17°0 to 24°0. 

The percentage o~ germination ranging between 48 to 93 was 

somewhat higher than in the two previous cases. 

Low temperatures do not kill the mycelium altogether. 

Young cultures on potato dextrose agar which had begun their 

growth in the laboratory were placed outdoors for several weeks 

at a temperature of several degrees below freezing point. \Vhen 

they were taken inside they delayed their growth for two or three 

days but developed later just as good growth as the cUltures> 

kept inside and produced spores as well. 

In one of the preceding exneriments on the relation of 
cold temperature to the growth of the fungus the latter has been 

killed when placed in the cold immediately after being~inoculated 

on the medium. ~be reason for this is that the fungus had not 

been given til!le to start its growth which woulct have enabled 

it to withstand low temperatures. 

Htgh temperatures unlike low ones kill spores and myoelia 

more readily. An experiment was made to see whether or not 

spores oould withstand much desiccation. Spores were sowed in 
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drops of water in the center of cover slips and air dried in 

the laboratory at a temperature of 210 0. After definite 

lengths of time drops of water and 5% Glucose solution were 

placed with a platinum loop over the dried spores. .The 

hanging drops were then turned over Van Tieghem cells and the 

germination observed. The results of the experiment are as 

follows: 

Table XXV!I - Effect of desiccation on the viability of 

Heterosporium spores. 

Ivledium Length of No. of Positive Incubation 
desiccation trials results period 

Glucose 5% 15 min. 2 2 3.55 hrs. 

T. Water tf " 2 2 3.40 " 
" " 20 " 2 2 4.05 " 
Glucose 6% " n 2 1 4.25 " 

" " 25 " 2 1 4.46 11 

T. Water " 11 2 1 4.50 " 
30 " 4 -" " 

Glucose 5% " " 4 -
" " no desiccation 2 2 3.05" 

T .. Water " It 2 2 3.15 " 

From the above figures we may assume that spores are 

very sensitive to drying temperatures. Wetted spores do not 

germinate after being desiccated for thirty minutes. Onf the 

other hand spores which had been kept for months on dried up 

media and leaves exposed to the same temperature did germinate. 

Two reasons may account for this difference in the percent­

age of germination. (r) The spores while attached to their 

conidiophores may be able to withstand a long period of heat 
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as long as the living plasm of" the hyphae reaohes them. 

(2) The drying of spores immersed in water may cause a thick­

ening and hardening of their ~all with the plasmolysis of their 

protoplasm. 

If these reasons are correct the "faot has a very pract­

ioal importance in natural infection. It means that spores 

falling in drops of water on the leaves have very little 

chanoe to germinate once the hot rays of the sun haU(evaporated 

the water and beated the spores. 

Dissemination of spores. 

The spores are ver~ easily disseminated; a rainfall or 

wind will free them from the leaves and at the same time spread 

them by the splashing of the rain drops. l!'a1.\lwetter (91) 

shows the great possibility of spores in a film of water to 

be splashed several feet away especially when a wind is blow­

ing. a drop of 0.02 cc. in volume falling 16 feet upon a thin 

film of water splashed a relative abundanoe of water to a 

distance of 8 feet", moderate quantities as far as 12 feet and 

slight amounts to 16 feet. One can readily understand the 

possibilities of spores contained in a film of water to be 

splashed to several feet away and from there farther still. If 

the height of the:lfall and the ve10ci ty of the wind are taken 

into consideration the chances for dissemination are very 

much increased. 

The investigations on the dissemination of rust spores 

by the wind clear away all doubts on a means such as the \,iind 

as a powerful carrier of spores. strong winds bring healthy 

leaves in contact with diseased ones and thus they become 
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inoculated, espeoially when wet 'with rain or dew. 

Anotq.,er means of dissemination is the grower himself by 

walking through his infested plantation with carelessness. 

Insects may possibly carry the disease from one plant to 

another. With these means the fungus is rapidly disseminated 

throughout a plantation and from field to field. 

Period of incubation. 
7 t . . 

Several factors influence the length of the incubation 

period. 

1. Different varieties of Iris are more or less susceptible to 

the organism, the inoubation period being therefore longer in 

some varieties than in others. 

2. The mo~e of inoculation influenmesthe length of the 

incubation period. ~he disease takes more time to show on 

plants which have been naturally infected or simply sprayed 

wi th the organism in suspension than on plants 1;,ihich have been 

inoculated through wounds. 

3. Env-ironmental conditions have a marked effect on the period 

of incubation. Plants kept under bell jars' after inoculation 

showed infeotion sooner than those rlhich always remained 

uncovered. In the case of inoculations'by means of spraying 

with spores in suspension without wounding, the writer was 

never successful in obtaining infection with those plants whioh 

were not placed under bell jars for a few days. 

Natural infection 

Natural infection may take plaoe any time during the 

growing season. Infection develops very slowly indeed on plants 

which have not been injured previously. In the Province of 

Quebeo a primary infection may ooour in thn late spring or 
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early summer. 
~" 

There are three possible sources of inooulum for the 

various infections. 

1. Overwintel'ed conidia on e-i thar leaves or soil is the firs t 

possible source of infection. ~But on account of the leaves 

developing so -late in the spring this source of inoculum is 

rather inoffensive. The spores may be destroyed by the adverse 

olimatic conditions which may prevail while they are waiting 

for a suitable medium to grow on. 

2. Another source for primary infection and very likely the 

most important ."_ one is the first crop of conidia produoed as 

soon as the weather is favourable. ~hese conidia are produced 

on the spots of the old leaves which have overwintered on the 

ground. 

Dead leaves were bro~ght in the laboratory in the spring 

and the necrotic lesions examined. ~he microscope revealed 

the presenoe of a thick mat of interwoven hyphae formed of 

large t ~rpwn, thick walled cells. ]'ew conidia were found but 

none were attached to their conidiophores. Some of the leaves 

were kept in the laboratory under moist chambers at a temperat­

ure varying between 20 and 25°0. Three days later numerous 

oonidia had developed in the old spats. 

This tends to prove that several crops of conidia may be 

produced during the growing season under favourable conditions. 

Conidia produced on the primary lesions serve as inuculum for 

secondary infection. 

The writer has made several observations on the dead 

leaves in the field during the month of April which was fairly 
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warm toward the end and has not been able to see any spore 

formation as yet. He is therefore not in a position to say 

how early conidia are _produced in the spring. However, it is 

very plausible to say that by the time Irises have developed 

their first leaves there is a good crop of conidia to cause 

their infection. 

3. A third means of infection is the ascospores. It is 

regretful that no definite data can be given concerning this 

kind of infection. However, mention may be made of Tisdale's 

views on the subje~t. Due to the fact that ascospores are 

rarely formed he concludes that under such erratic occurrence 

the spores play a very minor role in the early infection of 

new leaves. According to him, sterile perithecia develop 

tufts of four to twelve conidioph"ores on the apex or ostiole 

which later produoed oonidia. These oonidia presumably are 

similar to the others and may also be a source of infection. 

Mode of infeotion 

Ramsbottom states that infeotion takes place through the 

epidermis and also through the stomata. Tisdale on the other 

hand was unable to observe penetration of the tissues other­

wise than through the stomata. An experiment was conducted in 

the laboratory to determine whether or not bothmeana of 

infection are possible. 

Leaves of five different varieties were cut into small 

parts of two inches long and washed with HgC12 (1:1000) for 

three minutes, then dipped into sterile water. These leaf 

parts were plaeed on glass slides in sterile ~etri plates at 

the bottom of which sterile \',;ater was poured to. keep the 
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tissues moist. 

The leaf parts were inoculated with spores (~3) in 

suspension in water by smearing the leaf surface with the 

suspension. The leaves examined six hours later through 

transmitted light showed that a good majority of spores had 

germinated but none of the germ tubes had penetrated the tissu.es 

apparently. On the following day the leaves were again 

examined by means of a strong beam of light refleoted on the 

mirror of the miorosoope through the leaf on the stage~ The 

writer Observed then, that some of the germ-tubes had penetrat­

ed stomata on the leaf surface (PI.7 C), of three varieties 

only namely. Caprioi. Walner and Aloazar while no infection 

could be seen on the varieties Dorothea K. Williameon and 

Albert Victor. 

The experiment was repeated with the last two varieties 

under the same conditions but negative results were again 

obtained. Another trial was made by wounding the leaves with­

out any success. 

On no occasion was th~ pathogen seen to penetrate through 

the epidermis. 

Overwintering of the organism 

The pathogen may overwinter in a resting state either in 

the form of thick walled mycelium in the leaves or as spores 

on the ground which will start to grow or germinate in the 

spring under suitable conditions. Experiments have shown 

that both myoelium and spores can stand the ooldest winter 

temperatures of the Provinoe without Buffering much injury. 

It 1s therefore ·of the utmost importanoe that a thorough 
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cleaning o:f the plantation should be made in the ]'a11 wher·evar 

the disease has been noticed. 

Environment in relation to the disease. 

The conditions under which the plants are grown together 

with the cultural practices are factors which influenoe to a 

large extent their susceptibility to the disease. 

The. general opinion has been for a long time that the 

Iris reauired a lot of mOisture and consequently grew best in ... 

wet lands. Fortunately, due to careful investigations an~ 

observations of Iris growers, this idea has given place to the 

contrary, which is true. 

The disease is most prevalent in wet and fairly cool 

seasons during which the disease spreads very rapidly. It would 

be therefore, of great preference to have the Iris plantation 

on an elevated land or on a slope toward the ~outh East rathe~ 

" than on a low and wet soil in a shady place. Sunshine should 

have an easy access to the plants especially if the soil is 

naturally wet and lacking drainage. Sinoe the fungus is 

favored in its growth by a wet and rather 0001 environment 

'while these same conditions are unfavorab1e to the Iris, one 

can easily see the great advantages for the fungus to have a 

rapid growth. 

Iris grows practically on all soils, provided that there 

is a certain amount of lime present in them. Ramsbottom's 

statement that the disease is prevalent on lime-loving varieties,. 

growing in SOils deficient of this substance shows the necessity 

of having this element present in the soil. The most prefer~le 

soils for the cultures of Irises are the chalky loams and clay 
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lOamB, provided t-hat the latter are given good. dressings of 

lime and chalk. 

The atmospherio conditions such as mOisture, coolness and 

winds play a great part ~n the spreading of the disease. How­

ever tnese conditions can easily be reduced to minimum importance 

provided that the soil conditions and cultural practices are 

favourable to the growth of the Iris. 

Disease Resistance. 

The BBarded Iris seems to be the only group of Iris suscep-

tible to the disease; the Beardless Iris is apparently immune to 

this disease under natural conditions. From the observations 

made last ~all in the College plantation the ~ollowing 

varieties show different degrees of disease resistanoe. 

Name of Variety 

Albert Viotor 
Albicans 
Alcazar 
Ambassador 
Anne Farr 
Benanciencis 
Benlow 
Bridesmaid 
Carthusiart 
Cherub in 
Chester J. Hunt 
Cliny 
Coquette 
Cretonne 
Crusa.der 
Dalmatica 
Dawn 
Drake 
Dwarf Purple 
Florentina 
Flavescens 
Fritzol 
Greenish White J!'alls 
Innooenza 
Isoline 
Kharput 
Khedne 
},fme Char eau 
Mary Garden 

Resistance 

Very. resistant 
Susoeptible 
Very susceptible 
Extremely susceptible 
Very susceptible 
Extremely susceptible 
Fairly resistant 
Susceptible 
Very susceptible 
Extremely susceptible 

" " 
Fairly resistant 
Very susceptible 
Extremely· t1 

" " 
" " 
" If 

~airly resistant 
Extremely susceptible 

t1 If 

Very 
Susceptible 

n 

Fairly susceptible 
Very n 
Fairly resistant 
Susceptible 

n 

" 
Extremely suscepti~le 
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Name of varieties 

Marenno 
Mandralisaae 
Lord of June 
lbe Paquet 
Morwill 
Neptune 
Mrs. Darwin 
~Lord Seymour 
Nibelungen 
Nokomis 
Opera 
Pallida Dalmat1c8 Spes 
Paro de Neuilly 
Paxfiouny 
Pal Glory of Reading 
Pumila compacta 
Purple King 
Oriental 
Princess Victoria Louise 
Rembrandt 
Phein N1xe 
Shrewsbury 
Swatara 
Sweet Lavender 
Rubella 
Tamalane 
The Bride 
Tinia honorabilis 
Tranelieb 
Trojana 
Var Agathe 
Virshner f!we Chereau) 
Violaceae grandifo11a 
White Kntght 
Wyomissing (Grachus) 

Resistance 

Very susceptible 
Susceptible 
Extremely susceptible 

f' " 
Very susceptible 
Extremely " 
Susceptible 
Very susceptible 
Extremely n 

If 1f 

11 n 

Very resistant 
Extremely susceptible 

" " 
Susceptible 
Very resistant 
Susceptible 
Resistant 
Extremely susceptible 
~'xtremely If 

" " 
Very susceptible 
Extremely " 
Very " 

" 'f 

" " 
" resistant 

Susceptible 
Very " 
Susoeptible 

" 
Resistant 
]'airlynresistant 

" I' 
Susceptible 

There are several possible faotors which may combine 
to make the Beardless Iris iIT11I1une. _wong those faotors 

the writer thought of investigating the following: (1) 

thickness of the epidermal layer, (2) thickness of the cuticle, 

(3) Compactness of the cells forming the tissues, and (4) 

size and number of the plant tissues. The results are tabulated 

below. 



Table XXVIII - Thickness of epidermis and cuticle of several varietiest ( microns) 

Variety Thickness of e~idermis Thickness of cuticle 
Base of leaf Ave. ~ip of Ave. Base of .Ave. Tip of Ave. 

leaf leaf leaf 
• , 

Dot. K. Williamson 18. -27.3 21.3 17.4'-24.3 20 3.1-6.3 4.5 2.8-5.8 4. 

Oaprici 2Tf.- 46. 31-35 24 -39 29-32 5. -9. 6.5 4.5-7.5 6. 

Walner 27. -45. 34-35 27 -45 31 ... 33 5. -10. 6.5 4.5~9 .5 6.5 

Flavesoens 21.1-30.4 24.2 16.8-27.6 21.5 6. -9,3 7,8 5.4-9.3 6.5 
• 

A1bert Vict or 27,4-43.5 35-38 23.8-39.2 32,4 7.2-9.6, 8.3 "7.2-9. 7.8 

Table XXIX - Size ana number of stomata in various varieties 

Variety Size of Stomata Number of at omate. 

Ti:R of leaf Base of leaf Base of leaf ~i;p of leaf 

Dot. K. Wil1iamson 34.5-40.5xll.4-13.2 36.-43.5 x 12.-14.5 

~aprici 33 - 45 35 - 45 

Walner 37.5 - 48.3 42.-51.x 36.-39. 

FlavescBns 42.1 - 50.4 43.4 - 51.4 

172 

325 

1'76 

134 

Albert Victor 36.-43.5 x 37.5-45.1 35.8-40.5 x 39.2-45.'t 261 

218 

375 

453 

237 

427 

J 

CD 
N 

1 
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The figures in these tables show that the high degree 

of resistanoe in Dorothea K. Williamson is not due to the 

thic~ness of its epidermis or its cuticle, since these are very 

much thinner on this plant than they are on the susceptible 

varieties of the group Bearded Iris studied. Resistance is 

not likely due to the size of its stomata,since these are about 

equivalent to those on the other varieties. The number of 

stomata may be a small factor in resistance. The opening of 

the stomata could have been investigated and as a matte~ of 

fact the writer started some work on this but due to lack of 

time ~e dis8ontinued. Generally speaking there is no differ-

ence in the compactness and Size of the cells. However, there 

are very large air spaces in the leaf of Dot. K. Williamson 

which the writer has very seldom noticed in the Bearded 

varieties. 

According to the above experiments immunity in Dot. K. 

Williamson is anp~rently. not due to any of the mechanical 

faotors mentioned except to the number of stomata on the leaf 

surface which may assist the unknown factors of resistance. 

Control lIeasures 

The leaf SpOD of Iris is a disease relatively difficult 

to control satisfactorily on account of the heavy bloom covering 

the Iris leaves and ,,;hich makes it difficul t for a spray 

mixture to adhere uniform~ly. .l!urthermore during the flowering 

stage of some varieties it is practioally impossible to reach 

all parts of the leaves with a spray solution. 

Very little work has been done as to the means of oon­

trolling the disease and very little satisfaction has apparent-
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ly been obtained. Cooke (3) and·Gussow (10) recommended the 

removal of the dead infected leaves. Ramsbottom (16) advooaiB d 

the addition of lime to soilsdefici~nt in this substance 

stating that only the lime-lo~ing species were attacKed by the 

disease and these were susceptible only when grown in soils 

lacking calcium. Tisdale (21) conducted experiments with two 

methods- of control in view, namely: 

1. The removal of dead leaves prior to the development of 

young leaves in the spring. 

2. The protection of plants with a coating of some copper 

fungicide during their development. 

The results of his experiments indicate that primary 

infection was prevented but that the plants were not continu­

ously protected by the spray mixture. However, the best 

control was obtained by removing all dead debris in the spring 

before the fungus and the new foliage started to grow. 

No vlork on control has been done in this investigation. 
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SUMlvtARY 

1. Two fungi may cause Leaf spot of Iris in-:,~uebeo , namely, 

Heterosporium gracile and 'Maorosporium Bp. 

only is concerned with in ,this ~anuscript. 

The former 

2. The range of hosts attacked by Heterosporium gracile is 

apparently limited to the Bearded Iris group in the field. 

3. The disease is oommon in the south-~V-estern part of" the 

province while practioally unknovm in the East. 

4. An acid toxin is secreted by the fungus; it discolours tha_ 

tissues and causes as much damage as the myoelium itself. 

5. Several organisms were isolated from leaf spots, but 

Heterosporium gracile was decidedly predominant. 

6. Heterosporium gracile and lmcrosporium ~. are the only 

two organisms which, in this investigation, are shown to 

be definitely pathogenio on Iris in the experimental 

greenhouse. 

7. Heterosporium graoile 1s a weak parasite; in natural 

infection and artifioial inoculations under cert'ain condi-

tions the pathogen spreads very slowly. 

8. The Beardless Iris, ilorothea K. WilliaID.son, was infeoted 

by HeterosporiU! gracile and more so with A~crosporium !E. 

when infeoted with a large amount of inooulum in the green-

house. 

9. The factor for resistanoe in the Beardless group was not 

definitely determined. 

10. For cultural purposes solid media gave best results. Large 
;;1 

amounts ofmed1a were more favorable to growth than small 
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amounts •. 

11. The pathogen grows better on a medium of a hydrogen~on 

ooncentration of about 5.5, tolerating larger concentrations 

of acid th~n of alkali. 

12. Spores vary but very little in size according to the media 

on which they grow, while myoelial cells are much affected. 

13. 'The fungus is apparently made sterile when grown on artig1-

01a1 media through several g~nerations, but is regenerated 

when grown back on Iris. 

14. A low temperature is more favourable to the growth of the 

organism than a high one, but a range of 15°-24°0 seems to 

be preferred. Spore production ocourred only in the 

temperature range above mentioned. 

15. Spores and myoelium are more readily killed by high temp­

eratures than by low ones. 

16. Growth is just as abundant in the presenoe or absenoe of 

light. 

17. Spore germination is affected by the various media being 

better on solid media. 

18. Spore germination is sensitive to temperature but apparently 

not to the presence or absence of day-light. 

19. Spores resist dryness to a large extent as long as they are 

attached to thnir conidiophores. 

20. The period of incubation is affeoted by temperature, moisbxre, 

amount ofiaoculum, method of inoculation and the variety of 

Ixr1s 

21. Infeotion ta~es place through stomata. 

22. The pathogen; overwinters in the form of conidia which may 

germinate in the spring. 
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Plate I. 

Infected Iris plantation at Macdonald College. 

A - Row Qf Iris very badly infected by the disease. 

B - Variety Qf Iris completely killed by the fungus. 

C - Very susceptible variety of Iris. 

D - Variety showing great resistance to the disease. 

E - Row of Iris almost destroyed. 
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Plate 11. 

Iris leaves showing coalescence of large 

spots and the consequent blotching and complete 

drying of the tissues. 
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Plate Ill. 

Plants inoculated on the same day with Heterosporium grac­

ile and }Aacrosporium ~. 

Fig.l A - Inoculations through wounds with heterospor1um grac­

ile; the region between the spots is blotched, show­

ing the great susoeptibility of the plant to the path­

ogen compared to B._ 

B - Inoculations through wounds with ~~crosporium ~. 

Hotice the small size of the spots compared to those 

in A. 

C - Check showing no infection. 

Fig.2 D';E- Plant equally susceptible to both Heterospo~;ium gracil.!!. 

and Macrosporium ~. 

Fig.3 F - Leaf showing the slow sp~eading of Heterosporium in 

the tissues when inoculated by spraying. 



1:1ate III 

fig . 1 fig . 2 

• 

fig . 3 



- Plate IV. 

Magnified spots showing the pimples caused 

by tufts of conidiephores. 



Elate IV 



Plate V. 

A - Leaf of Dorothea K. Williamson infeoted with Macros­

Eorium !!E.. 

B - Leaf of Dorothea K. Williamsop infected with Heter­

osporium gracile. Notice the differenoe in the size 

of the spots. 

C - Leaf of Walner infected with Macrosporium sp. Notice 

the wounds between the spots showing the checks which 

remained healthy. 

D - Leaf of Walner showing infection with Heterosporium 

gracile. 
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-Plate VI. 

Fig. 1, A.B.O. Infection with Heterosporium gracile. 

Notice the drying and bending of top part of 

the leaves in the advanced stase of the disease 

in O. 

Fig. 2, Lesions caused by Heterosporium and A~cros­

porium on Dot. K. Williamson showing the 

difference in the size of spots. 

B. Infection of Dot. -K. Williamson with Heteros-

120rium trracile. 

E & F. Infection of Dot. K. Williamson with Macros-

parium !l?. 

G. Infection by spraying with a spore suspension 

of Heterospor1um gracile. 
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Plate VII.~-

A - Diagramatic view of a stoma (superior aspeot) 

B - " n of the same stoma (sub-epidermal aspect) 

C - Diagram showing the entrance of the pathogen through 

stoma.ta. 

D - Echinu1ated spores. 

E Spore diagrams showing the va.rious sizes and number of 

septa. 

F - Difformed spores. 

G - Dt!formities of myoelial oells on Czapek's agar. 

H - n " If n " corn meal agar. 
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Plate VI!I. 

A - Section through a spot showing a mass of conidio­

phores arising from the interwoven hyphae beneath. 

B - oection of leaf parenchyma showing growth of 

mycelium through the cells. 



Plate VI I I 



Plate IX. 

A to D - Progressive growth of a conidium on a hypha. 

E to L - Progressive growth of conidia on a conidiophore. 

M to Q - GerMination of a spore in water. 

R to V - Germination of a spore in nutrient broth. 
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