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An isolate of Coniothyrium obtained from a stem canker on

Nocturne rose from the Botany Department Farm, Corvallis, Oregon

was studied with respect to morphological and cultural characters,

pathogenicityand mineral nutrition. The hyphae of the isolate were

smooth, septate and branched. The hyphal cells averaged 16. 37 X

3. 52 microns. The conidia were produced within black, carbonace-

ous pycnidia with pseudoparenchymatous walls five to six cells thick.

Pycnidia averaged 286 X 256 microns. Conidia were extremely

small, unicellular, oval shaped and hyaline, 1orne singly on stalk

like projections from the innermost cells of the pycnidial wall. The

conidia averaged 4.18 x 2.95 microns. On the basis of conidial

character, the isolate was cQnsidered as Coniothyrium fuckelii,

and synonymous with Coniothyrium rosarum.

C. fuckelii gained entrance into the host only through wounds.
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At first penetration was primarily from cell-to cell, in the cortex

but later extended to part of the vascular cylinder and the pith.

The fungus was intracellular. Incubation period was four to five

days. The pathogen rarely entered through pruning. wounds and did

not infect rose -leaves. Disease development occurred at tempera-

tures from 10 to 300 C, the optimum being 25 0 C. This coincides

with the optimum for growth of the fungus in culture, The -canker

lesions developed more rapidly on young succulent stems than on

older canes. Rose varieties differed in susceptibility to infection

by C. fuckelii.

High levels of nitrogen in unbalanced nutrient solutions had a

significant effect on size of lesions produced on inoculated rose

stems. Whether the increased severity of infection was the -result

of an effect on the pathogen or increased succulence of the host

tissue was not indicated.

The callus which sometimes formed above the canker lesion

resulted from proliferation of parenchymatous cells in the lower

areas of the cortex but was not directly as-s ociated with the Conlo-

thyrium infection. -

Germinating conidia began to send out a single hyaline germ

tube after 18 hours-incubation. Five percent sucrose solution

proved to be the best medium for germination of conidia. Conidia

germinated over a: range of pH from 3 to 10 with maximum



germination at pH 5. In general, acidity seemed to favor germina-

tion. Continuous darkness was more or less inhibitory.

Minimum temperature for mycelial growth and for formation

of pycnidia on PDA was approximately 5 ° C, the maximum was

approximately 350 C and the optimum was 250 C. Coniothyrium

fuckelii utilized fructose and mannose as sources of carbon and

ammonium tartrate, casein hydrolysate. and urea as sources of

nitrogen. Growth occurred within a pH range f 3. 0 to 9. 0, wIth

optimum growth at a initial pH of 4. 0. Numerous pycnidia were

formed in media with initial pH values from 3.0 to 7. 0.

White light exerted a strong effect on pigment production in

themycelium and on pycnidial formation. It also enhanced canker

development on the rose canes. Young cultures of the fungus pro-

duced both submerged and aerial mycelium that was at first white

and fluffy but became buff colored, then light brown as the culture

aged. White light caused formation of adark-green colored mycel-

ium.
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CONIOTHYRIUM ROSE CANKER IN OREGON

INTRODUCTION:AND OBJECTIVES OF THE STUDY

The rose (Rosa spp.) has a very wide geographical distribution

and is a popular ornamental plant. In the United States the rose holds

a major rank among commercial flowers because its showy flowers

are popular and suitable for all occasions.

Rose plants were grown long before history was written, and

roses are indeed among the most ancient ornamentals. The discov-

ery of fossil specimens in rocks of the Oligocene Epoch in Colorado

and Oregon definitely established their presence on this continent

at least 35 million years ago, even before the arrival of man upon

the earth. As man advances in civilization, as he moves about from

place to place, he always takes with him his roses.

Roses, like most other plants, are subject to a number of dis-

eases which may impair the beauty of the flowers or of the bushes

or may even kill the plants. The most common and destructive

diseases are powdery-mildew (Sphaerotheca pannosa), black-spot

(Diplocarpon rosae), Anthracnose (Elsinoe rosarum), Stem canker

(Coniothyrium sp.), rust (Phragmidium mucronatum), cane blight

(Botryosphaeria ribis), crown gall (Agrobacterium tumefaciens)

and blossom blight (Botrytis cinerea).

Three species of Coniothyrium have been reported to cause



canker of rose in various parts of the United States. Coniothyrium

wernsdorffiae Laub. causes a stem canker, commonlyknownas

brand canker. The initial symptoms are small, pale-brown oval

spots surrounded by a purple border. Later the spots increase in

size, the diseased bark becomes dry arid slightly sunken and tends

to crack longitudinally. Small black pycnidia protrude through the

cracked bark. Older cankers are brown in color with a reddish

brown or purple margin. The cankers frequently girdle and kill

the entire cane.

Stem canker caused by Coniothyrium fuckeili Saccardo first

appears as small, pale brown or da.rk spots on the bark. These

later increase in size and become dark brown in color. The bark

of older cankers dries out, cracks and becomes sunken. Numerous

small black pycnidi.a protrude through the bark of the cankered area.

The plants usually become infected through wounds caused by prun-

ing, cutting flowers, and breaking off of prickles. The fungus may

also gain entrance through dormant buds.

Graft canker, caused by Coniothyrium rosarum Cke. and

Hark., appears on the scion, or just above the union, resulting in

the sudden wilting and death of the young scion. Lesions appear

first as water soaked areas near the base of the scion or where it

joins with the stock. Lesions are light yellow in color, later

becoming dark brown. As the sub-epidermal tissues die, the

2



epidermis becomes loosened and changes from dark to light brown

in color. Pycnidia develop in the light brown areas

The purpose of the present work was to study the identity of

the Coniothyrium sp. isolated from rose stem cankers in Oregon,

and to attempt to correlate certain physiologic characteristics o

the fungi with the processes of infection and disease development.
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REVIEW OF LITERATURE

History and Range of the Disease

Coniothyrium fuckeiji was first described by Saccardo in 1879,

and was separated from other species on the basis of- spore size and

other characteristics of the spores. In 1884 Saccardo (30) rede-

scribed the fungus, giving pycnidia sizes and a new range of spore

measurements.

Grieve (11) recorded a rose disease caused by C. fuckelii in

Australia in 1931. In 1932, Van Poeteren (35) reported severe

damage by the fungus to cuttings in Holland. In 1934, stem canker

of rose due to C. fuckelli was first recorded in Japan (1). In 1939,

Servazzi (32) described C. fuckelii as the cause of stem canker on

rose in South Africa. A serious outbreak of the disease was reported

in South Rhodesia in 1940 (15). By 1947 the disease was found to be

prevalent in Uganda (i3). Simmonds (33) in 1953 found the-fungus

associated with rose scions in Queensland.

In the Jnjted States of America, Coniothyrium fuckeiii causing

stem canker has been reported from several states (6, 40). Martin

(24) in 1926 mentioned that the disease caused particularly severe

damage in New Jersey. In 1940 it was a major pathogen on rose in

Texas (19). Butterfield (5) in 1950 identified C. fuckelii as the cause
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of stem canker of rose in California.

Page (27) and Vazlino (37) reported that naturally induced infec-

tion by C. fuckelii on rose occurred through wourtds on any part of

the stem (27, 37). Longree reported that the fungus produced pyc-

nidia on rose leaves previously attacked by Diplocarpon rosae, the

leaf-spot fungus (18), but this seems to be an unusual case as

normally Coniothyrium fuckelii does not infect rose leaves.

Stem canker losses were reported among varieties of the

Rambler type such as Emily Gray, Alberic Burbier, American

Pillar (27). In 1959 Protsenko (28) found that in addition to roses

C. fuckelii could infect apple, European dewberry, willow and

raspberry.

The stem canker disease caused by C. fuckelii has not proved

amenable to direct control by fungicides, but excellent results have

been obtained by careful pruning and excision of the cankers at the

node below the visible disease area (20, 25, 27).

Coniothyrium rosarum was first described by Cooke and

Harkness (7) in 1884 in California as the causal agent of graft canker

of rose. The fungus is not as well known as the previous species,

and some workers consider C. rosarurn and C. fuckelii to be iden-

tical.

In the United States Vogel (36) in 1919 found a Coniothyrium

in association with a graft canker on roses and identified the fungus



as C. rosarum Cke. and Hark. In 1930 Werterrnan (41) mentioned

graft canker caused by C. rosarum, and in 1936 Westcott (43) re-

ferred to C. rosarurn as the causal fungus of graft canker on rose.

6

InEngland Bewley and Orchard (4) in 1934 found that C. rosar-

urn caused stem and root rot on rose and produced a striking amount

of damage. Bewley (3) and Ramsbottom (29) ajso found that the fungus

caused graft canker on rose. In Italy the fungus was found to cause

dried stumps in glasshouse roses in 1935 (22).

Green (10) recommended the control of graft canker caused

by C. rosarurn through sanitation and fungicidal treatments.

Cia s sification

The genus Coniothyrium belongs to the family Sphaerioidaceae,

in the order Sphaeropsidales of the Fungi Imperfecti. It is charac-

terized by small pycnidia and many small conidia which emerge from

the ostiole in a black cirrus. The perfect stage has been found for

only C oniothyrium fucke lii ( Leptos phaeria c oniothyrium (Fckl.)

Sacc.). Pycnidia of C. fuckelii range from 180 to 200 sand spores

from 2.4-5. 0 X 2. 0-3.5 microns.

Vogel (36) found a Coniothyrium sp. causing a graft canker

on:roses and identified the fungus as C. rosarum Cke. and Hark.

without having seen the type specimen. He indicated thatthe pyc-

nidia of his fungus were somewhat larger and the spores slightly



dif.erent from those of C. fucbelii. Waterman (41) studied Vogel's

specimen as well as other graft canker fungi and concluded that

there is no significant difference between the graft canker fungus

and C. fuckelii. Westcott (43) examined the type specimen of

C. rosarum obtained from theRoyaiHerbarium, Kew England and

concluded that C. rosarum and C. fuckelii might not beidentical;

the spores of C. rosarum were longer in proportion to their width

than those of C. fuckelii. She also found the ratio of the length of

the spore to its width in C. rosarurn to be 1. 7, while in C. fuckelii

the ratio was usually 1. 3 or 1. 4. The spore size of C. rosarum is

generally 4 X 3 microns (7). Protsenko (28) after careu11y studying

C. fuckelii and C. rosarum material, concluded that these fungi are

identical.

The original measurements and descriptions as they appear

in the literature are as follows:

Author Species Size of Size of Spore
pycnidium spore description

inji

Saccardo, 1879

Saccardo, 1884

Cooke and
Harkness, 1884

Laubert, 1905

C. fuckelii - 3. 5-x.3. 0 . Globose or ovOid, olivaceous

C. fuckelii 180-200 2.4-5, 0x 2.0-3. 5-- Globose or short elliptical

C. rosarum 4 x 3 Pale brown, subg1oose
or oval

C. wernsdorffiae 400-600 5.0-8. 5 x 4. 5-6.0 Egg shaped, colorless or

yellow-brown



MATERIALS AND METHODS

Source of the Isolate

Stem cankers on the varieties First Love, Forty Niner, Noc-

turne, Poinsettia, Signora, Texan and White Knight were collected

from rose plots at the Plant Pathology Department Farm near

Corvallis in July 1965. Diseased tissues of the sunken lesion

canker type and the callus tissue type were excised, surface disin-

fested with 20 percent Clorox solution for four minutes and plated

on Potato Dextrose Agar (PDA). After four days growth at room

temperature the fungus isolates were transferred to fresh plates

and allowed to grow for a few days to determine whether contami-

nants were present. Stock cultures were maintained on FDA in

tubes and were transferred periodically to keep them in vigorous

condition.

Preliminary observation of the isolates showed a high degree

of uniformity. in growth characteristics, suggesting that all isolates

comprise a single species, and for the sake of convenience a single

isolate obtained from the variety Nocturne was selected and used

throughout the course of the investigation.
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Plant Materials

Twenty-five rose varieties were obtained from the Plant

Pathology Farm and rooted cuttings were prepared with the aid of

gibberellin powder. They were: Burnaby, Christopher Stone,

Countess Vandal, Crimson Glory, the Duke, First Love, Forty-

NIner, Fred Howard, Golden Wings, Hawaii, Joanna Hill, Lemon

Chiffon, Mc Gredy's Yellow, Mirandy, Nocturne:, Peach Glow,

Picture, Pink Favorite, Poinsettia, Signora, The Texan, Texas

Centennial, Tiffany, K. A. Victoria and White Knight.

In general the rose prefers sandy loam soil that is richin

humus and well drained. Drainage seems to be very important,

and plants do not grow well even in sandy soil if the drainage is

poor. In these experiments the rooted cuttings were transferred

into sandy loam soil in No. 10 cans each of which had three large

holes at the bottom to provide drainage. Growth was rapid in the

greenhouse, the young shoots appearing within one to two weeks.

For the study of the effect of mineral nutrition on host reac-

tion, the rooted cuttings were transplanted to 8 inch plastic pots

containing fine washed sand, one plant for each pot. Holes in the

bottom of the plastic pot were plugged with glass wool to retain the

sand but permit drainage of excess nutrient solution. Different

combinations of nutrient stock solutions were added each day at a

9



rate of 1 liter per pot per week, and the plants were grown in a

greenhouse for three months before inoculations were made.

Culture Media Used

PDA was used in studies of the effects of temperature on

growth of the fungus in vitro. Basal Semisynthetic Medium was

employed in the investigation of carbon and nitrogen source require-

ments as well as the effect of hydrogen-ion concentration. The

formulas for the basal medium and the microelement solution were

obtained from Lilly and Barnett (27).

Potato Dextrose Agar

Potato 2O

Dextrose 20

Agar 20

Distilled water to make 1, 000

Basal Semisynthetic Medium

Carbon source (e.g. dextrose) 10

Asparagine 2 gm

KH2PO4 1 gm

MgSO4 7H20 0.5 gm

Biotin 5 mg

10



Thiamine 100 mg

Microelement Solution 2 ml

Distilled water to make 1 liter

Microelement Solution

The following were dissolved in 600 ml distilled water.

Fe(NO3)3 9 H20 723. 5

ZnSO4 7H20 439.8 mg

MnSO4 4 H20 203.0 mg

C. P. sulfuric acid was added -to make a clear solution and the

volume was made up to 1 liter with distilled water. The final solu-

tion contained 0. 1 mg Fe+++, 0. 1 mg Zn++ and 0. 05 mg Mn++.

When necessary, the pH of the medium was adjusted with

citrate phosphate buffer. The medium was then sterilized by pas-

sage through a millipore filter, Type H. A., with a pore size of

0.45-v, -into sterilized 125 ml Erlenmeyer flasks. The filter was

placed inside the millipore micro-syringe holder 30-02500 attached

to an Adams Manual Aupette mounted on a ring stand. The mounting

of the Aupette facilitated freedom of movement so that the cotton

plug could be removed, flask mount flamed, medium injected, and

the plug replaced. The medium was then allowed to stand at room

temperature for a few days before inoculation, to ensure that no

11



contamination had taken place.

Inoculation Procedures

12

Inoculation techniques varied according to the plant parts being

studied. Usually a piece of inoculum 5 X 5 mm in size, was taken

from ten-day old cultures on potato-dextrose-agar. Sometimes a

mat of mycelium scraped from the cultures was placed on the wounded

plant parts. At other times only spores were taken from the cultures

and suspended in sterile distilled water, then filtered through cheese-

cloth to remove mycelial fragments Inoculations with the spore sus-

pensions were made by spraying with an atomizer onto the area of

the plant to be inoculated.

Histological Procedures

Histological preparations were made to study the early and

advanced stages of infection. Samples of infected tissue were placed

in fresh FAA, the killing and fixing solution. When possible, a

partial vacuum was used to increase the rate of penetration of the

killing and fixing solution. The tissue was left in this solution for

24 hours, then washed thoroughly withwater. In all cases dehydra-

tion was gradual through the ethyl alcohol and tertiary butyl alcohol

series. The details and formulas for killing and fixing, and for

dehydration are in the appendix. Also in the appendix are the
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procedures for infiltration and errbedding in paraffin.

Sections ten microns thick were cut on a rotary microtome and

were affixed to glass microscope slides with Haupt's adhesive. Tis-

sues were stained with saf ranin and fast green (16). Staining schedules

used in this work are in the appendix.



PREVALENCE OF THE FUNGUS

During the summer of 1966 a survey of Coniothyrium rose

canker was made at the rose test plots at the Botany Department

Farm near Corvallis, and at the Corvallis Municipal Rose Garden

in Avery Park, to determine the relative prevalence of the Conio-

thyrium disease on roses in these locations. The prevalence and

the distribution of the disease over the state:óf Oregon has not been

determined.

Plants of 25 horticultural varieties at the Botany Farm were

examined. Percentage of disease was calculated from total stem

counts and counts of diseased canes on each plant.

Two types of symptoms were found. The canker type with

brown to dark lesions usually occurred on the lower part of the

mature stem, approximately four inches above ground, but some

lesions developed above and below this location. A callus type symp-

tom in which a gall formed just above the canker was noted also.

In some cases the galls were as much as two inches in diameter.

Both types of disease were recorded separately. The percentages

of disease on various varieties are in Table 1.

The highest counts of canker type disease were on Crimson

Glory. A moderate number of cankers were found on Burnaby,

Christopher Stone, First Love, Fred Howard, Lemon Chiffon,

14
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Nocturne and Tiffany. Certain varieties of rose such as Texan,

Countess Vandal, Joanna Hill, Picture and Signora showed a high

degree of field resistance. Only a small amount of callus type

disease was recorded on varieties Nocturne, Pink Favorite and

White Knight.

At the Municipal Rose Garden in Avery Park the writer made

only general observations without recording the number of cankers

on the plants. A heavy incidence of canker was found on the vari-

eties Crimson Duke, Columbus Queen, Jamaica, Orange Flame and

Sutter 's Gold; moderate numbers on John S. Armstrong, Matterhorn

and War Daxice The varieties Christian Dior, Golden Slipper,

Gov. Rosellini, Lucky Piece, Peace, Farmer's Wife, Royal High-

ness, Saratoga, Simon Bolivar, Spartan, Summer Sunshine and

Woburn Abbey had no sign of disease.



Table 1. Estimation of the percentage of disease on various varieties of rose at Botany Farm.

16

Variety Total
stems

Canker type Callus type
Disease Percentage
counts

Disease Percentage
counts

Burnaby 8 1 12

Christopher Stpne 16 2 12

Countess Van4al 7 -

Crimson Glory 22 6 27

The Duke 12 1 8

First Love tO 1 10

FortyNiner 13 1 8

Fred Howard 1 ii
Golden Wing 14 - -

Hawaii 85 8 9

Joanna Hill 10 - -

Lemon chiffon 8 1 12

Mc Gredy's Yellow 5 1 20

Mirandy 7

Nocturne 866 92 11 17

Peach Glow 36 1 3

Picture 20

Pink Favorite 283 1 0.35

Poinsettia 595 37 6

Signora 23

The Texan 215

Texas Centennial 15 1 8

Tiffany 20 2 10

K. A Victoria 6 1 17

White Knight 621 45 7 0.16
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CHARACTERISTICS OF THE ISOLATE USED IN THIS STUDY

Myceliurn

An isolate of Coniothyrium from the variety Nocturne was used

in this investigation. The isolate grew well and produced abundant

mycelium on potato dextrose agar. The aerial mycelium was white

and fluffy at first but became darker as the cultures aged, first a

buff color and then light brown. The hyphae were septate and

branched (Figure 1). Two hundred hyphal cells were measured

after growth on potato-dextrose agar for four days. Cell length of

this isolate ranged from 13.28 to 21.58 microns and averaged 16.37

microns; cell diameter ranged from 2.99 to 4. 15 microns and aver-

aged 3.52 microns.

Sporulation

Coniothyrium belongs to the Fungi Imperfecti. Conidia are

produced within asexual fruiting structures known as pycnidia. On

potato-dectrose agar the isolate used in these studies began to pro-

duce pycnidia in the center of the colony after four days, but eventu-

ally pycnidia occurred over the entire surface of the colony. The

mature pycnidia are black, carbonaceous, and may occur singly

or as groups of two, three or four packed closely together with the



Figure 1. Young branching hyphae of isolate
from Nocturne variety grown on PDA.
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pycnidial walls fused (Figure 3). The pycni.dial wall is psue4o-

parenchymatous and five to six cells thick (Figure 2). Measure-

ments were made on pycnidia from a colony grown on potato-dextrose

agar for 30 days. The diameters varied from 116 to 833 microns and

averaged 256 microns; the height ranged from 333 to 933 microns and

averaged 286 microns. The pycnidia produce short papillae that

rarely extend above the agar surface. In Figure -2 an attempt is

made to show what was actually seen in preparations, but the exact

nature of the tissues lining the pycnidial cavity is not clear. Other

sections show that the innermost cells the pycnidial wall are

somewhat smaller, and function-as a sporogenous layer. There

are no specialized conidiophores. Conidia are borne at the ends of

small projections on certain of the hyphae.

Conidia are typically unicellular, oval and hyaline, and are

borne singly on the stalk-like projections. When mature the -coni.dia

are released into the pycnidial cavity and accumulate there. Subse-

quently such masses of conidi.a move out through the ostiole. Two

hundred conidia from a 30 days old culture on potato dextrose agar

were measured. They were very uniform in size; length varied

from 3.32 to 4.98 microns and averaged 4. 18 microns; width var-

ied from 2.49 to 3.32 microns and averaged Z. 95 microns. The

California isolate, identified as Coniothyrium rosarum by Cooke

and Harkness (7), produced conidia that averaged 4 X 3 microns.

These measurements compare favorably with the isolate in the
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Fi.gure 2. A pycnidium showing pycnidial wall,
conidia and ostiole. Section ten
microns thick.
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Figure 3. Two pycnidia with the pycnidial
walls fused together. Section
ten microns thick.
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present work. Our measurements also correspond reasonably well

with measurements of spores of Coniothyrium fuckelii from rose

according to Saccardo (30) whorecorded spores sizes as 2.4-5.0

X 2. 0-3. 5 microns. Satisfactory separation of the two species based

on spore size alone was not possible. However, Waterman (41) in

the United States and Protsenko (28) in Russia consider Coniothyrium

fuckelii and Coniothyri.um rosarum to be identical. The writer

agrees with this opinion, and according to the rules of nomencla-

ture Coniothyrium fuckelii retains priority.



REACTIONS OF VARIETIES OF ROSE
TO CONIOTHYRIUM FUCKELII

Plants of 25 horticultural varieties of rose that are commonly

grown in Oregon were inoculated with the Coniothyrium fuckelii iso-

late to determine their reactions to infection. The cuttings were

planted in the greenhouse in August 1965, and the plants were inocu-

lated six months later when the shoots were fully developed and after

the plants had produced flowers. The varieties were urnaby,

Christopher Slone, Countess Vandal, Crimson Glory, The Duke,

First Love, Forty-Niner, Fred Howard, Golden Wings, Hawaii,

Joanna Hill, Lemon Chiffon, Mc Gredy's Yellow, Mirandy, Noc -

turne, Peach Glow, Picture, Pink Favorite, Poinsettia, Signora,

The Texan, Texas Centennial, Tiffany, K. A. Victoria and White

Knight. One of these varieties, Texan, was liown to be highly

resistant to Coniothyrium under field conditions.

Inoculum was 5 x 5 mm squares of rnycelium plus agar taken

from ten day old PDA cultures. Each inoculated stem was pricked

ten times in a 5 x 5 mm area about 5 cm above the base, and the

inoculum was pressed onto the wounded area. Inoculated plants

were then covered with plastic bags to provide a saturated atmos-

phere for 24 hours. Four stems of each variety of rose were inocu-

lated.
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Disease symptoms appeared on all inoculated plants within

four to five days. Many varieties showed typical oval, dark colored,

sunken lesions 1 -2. 5 cm long; others produced superficial lesions

of approximately the same size. Pink Favorite and Texan produced

only small lesions under the conditions of these tests. The most

severe symptom, necrosis of the inoculated canes, occurred on

the varieties Christopher Stone, The Duke and Mc Gredy's Yellow

(Table 2). In the field where conditions are not always so favorable

for infection and where wounding might not always occur some vari-

eties remain entirely free from infection,



Table 2. Varieties of rose inoculated with an isolate of Coniothyriuni fucbelii.

Varieties Severity of disease
development

Burnaby

christopher Stone

Countess Vandal ++

Crimson Glory

The Duke

First Love

Forty-Niner

Fred Howard

Golden Wings ++

Hawaii

Joanna Hill ++

Lemon Chiffon

Mc Gredy's Yellow

Mirandy ++

Nociiirne +++

Peach Glow ++

Picture ++

Pink Favorite 1+

Poinsettia +++

Signora ++

The Texan +

Texas Centennial

Tiffany

K. A. Victoria

White Knight

+ slight infection
++ superficial lesion 1-2cm

-H-+ sunken lesion l-2 cm
++++ necrosis of inoculated canes
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INOCULATION PROCEDURES

These tests were designed to compare spore suspensions and

myceli.al mats as inoculum and to test three different methods of

inoculation. The tests were performed in the greenhouse in August

1966.

Mycelial Mats as Inoculum

Coniothyrium cultures grown on potato-dextrose agar for ten

days at room temperature were used as inoculum. A square of

mycelium plus agar, approximately 5 X 5 mm, was placed on the

rose stem with the mycelial mat toward the stem. When pressed

lightly against the stem, the agar held the inoculum firmly in place.

One year old plants of the variety Hawaii growing in No. 10 cans

were used for these experiments. Three canes approximately the

same age were maintained on each plant. As a rule inoculations

were made on the lower part of the canes about two inches above

the crown.

The plants were divided into three groups of four plants each.

The first group of plants was inoculated without wounding. The

second group of plants was wounded with a hypodermic needle, ten

punctures per 5 X 5 mm area on the cane, and a square of inoculum

was placed on each wounded area. The third group of plants was
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wounded with a razor blade, four incisions each one centimeter long

within 5 mm width and parallel to the cane. A square of inoculum

was placed over each wounded area.

The inoculated plants were covered with plastic bags for 24

hours to provide an environment favorable for infection. The meth-

ods of inoculation were compared principally by size of canker on

the rose cane 7 and 14 days after inoculation. The data are summar-

ized in Table 3.

Table 3. Comparison of three methods of inoculation of Hawaii
variety with mycelial mass.

Method inoculation Percent infection
14 days

Diameter of lesion in mma

7days l4days

aEach measurement is an average of 12 inoculations.

Small dark spots appeared on wounded canes within four days,

gradually enlarged and became darker, and the margins became

gradually more definite. As the cells died, the centers of the spots

turned light in color. Infection occurred on all of the wounded canes,

but lesions formed on canes wounded with the hypodermic needle

more closely resembled those occurring in nature and enlarged

Not wounded 0
Wounded with needle 100 14.67 29.36
Wounded with razor blade 100 13.17 23.45



Figure 4. Typical symptoms of cane canker
variety Hawaii inoculated with
mycelial mass. Right, uninocu-
lated. Left, inoculated.

28



more rapidly than those on canes wounded with the razor blade.

No infections occurred on canes inoculated without wounding.

Spore Suspensions as Inoculum

The variety Nocturne was used for this experiment. The

general procedures of the experiment were the same as in the pre-

vious test except that a spore suspension was used as inoculum.

Spores were taken from 30-day-old cultures on potato-dextrose

agar. Tap water sufficient to cover the culture was added to each

petri dish, and spores were scooped free with a needle. The crude

suspension was filtered through cheese-cloth to remove mycelial

fragments and adjusted to 3, 000, 000 spores per ml as determined

with a hemacytometer (ultra plane Clay Adams:ILY. No. 3001-F).

Inoculations were made by spraying the spore suspension as

evenly as possible on rose canes with an atomizer. An attempt was

made to provide the maximum spore load without appreciable runoff.

After inoculation the plants were immediately covered with plastic

bags for 24 hours to provide an environment favorable for infection.

The sizes of lesions were recorded 7 and 14 days after inoculation

(Table 4).

All plants wounded with the needle became infected. Small

dark spots appeared in five days. The spots gradually enlarged in

size, and the margins became distinct. On plants wounded with the
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razor blade no symptoms of infection were visible after seven days.

After 14 days 25 percent of the plants had small dark areas on the

canes, but no measurement could be recorded. There was no thfec-

tion on plants that were not wounded.

Table 4. Comparison of three methods of inoculation on Nocturne
variety with spore suspensions.

Not wounded
Woundedwithneedle 100 11.28 21.27
Wounded with razor blade 25 small,

indefinite

aFach measurement is an average of 12 inoculations.

Inoculation of Pruning Lesions

This experiment was designed to determine the ability of the

Coniothyrium isolate to infect the cane through pruning lesions. The

experiment was performed in November 1966 under greenhouse con-

ditions using two varieties of rose, Hawaii and Nocturne.

Twenty-six stems of the variety Hawaii, and 39 stems of the

variety Nocturne were pruned approximately six inches above the

crowns. Inoculations were made immediately after pruning by plac-

ing 5 X 5 mm squares of mycelium plus agar on the surface of each

pruning scar and pressing with a needle to make it adhere to the

Method inoculation Percent infection Diameter of lesion in mma

14 days 7 days l4days



Variety Total Number Percent Length of
stems stems infection lesion

inoculated ixfected in mm

A low incidence of infection resulted from these inoculations,

particularly with the variety Nocturne. Dark lesions appeared at

the point of pruning and increased progressively downward. After

14 days the average size of lesions on variety Hawaii was 14.42 mm.

Inoculations of the Leaves of Rose
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fresh wound. The inoculated plants were immediately covered with

plastic bags for 24 hours to provide a saturated atmosphere. The

plants were then left on the greenhouse bench and results were re-

corded 14 days after inoculation (Table 5).

Table 5. Canker lesions produced on pruned stems of Hawaii and
Nocturne rose plants.

On one occasion Longee (18) reported development of fruiting

bodies of Coniothyrium fuckelii in black spot lesions on rose leaves

which had been inoculated with a rnixture of Coniothyri.um fuckelii

and Diplocarpon rosae. In this investigation inoculations with spore

suspensions and with suspensions of mycelial fragments of

Nocturne 39 1 2.56 6.00
Hawaii 26 7 26.92 14.42



Coniothyrium sp. failed to produce any infections on the leaves of

either Hawaii or Nocturne, and it is doubtful that Coniothyrium sp.

should be considered a foliar parasite on roses.
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STEM INFECTION STUDIES

Morphology of Rose Stem

The samples for this study were taken from immature stems

on 14-month old Hawaii rose plants grown in the greenhouse. Imma-

ture stem tissues were fixed in FAA solution, then processed for

sectioning as described in the appendix. Cross and longitudinal

sections of the young stems were made with a rotary microtome.

The sections were examined with a light microscope.

The epidermis is a uniseriate layer of closely packed, elongat-

ed, thin-walled cells, and there is a heavy cuticle layer on the outer

surface of the cells which undoubtedly protects against Coniothyrium

infection. Beneath the epidermis lies a cylindrical zone consisting

of six to seven rows of collenchyma cells and immediately below that

extending inward to the phloem, eight to ten rows of thin-walled

parenchyma cells.

The vascular system at this stage was completely differenti-

ated. An interfascjcular cambium joined the fascicular cambiums

to form a complete ring of vascular cambium, with a continuous

layer of phloem on the outside and xylem on the inside. In cross

section the cambial cells were uniformly bricklike with thin walls.

Internal to the vascular cylinder was the pith, consisting of
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large and small thin-walled parenchyma cells.

Inoculations

34

Four immature stems of Hawaii rose approximately the same

height, 11 to 12 inches, were selected for inoculations. With a hypo-

dermic needle five wounds were made,. on inch apart, on each im-

mature stem. A 2 X 2 mm piece of myceliuni plus agar from a ten

day old culture on PDA was pressed onto each fresh wowid. The

inoculated plants were covered with plastic bags to provide a satur-

ated atmosphere during the incubation period.

The symptoms of disease began to appear four days after inocu-

lation. A small dark spot appeared at each wound and rapidly:in-

creased in size.

Tissue samples were collected 1, 2, 3, and 7 days afterinocu-

latlon to determine how imfection occurred. These tissue samples

were fixed in FAA, carried through the norm3l histological pro-

cedures and sectioned on the rotary microtome. Both cross and

tangential sections were made to trace the entry of hypha through

the wound and to observe the mechanism oL infection.

As expected, the fungus hyphae entered the stem through the

mechanical wounds. Rapid penetration of fungus hyphae occurred,

primarily through the walls of parenchyrna cells in the cortex. With-

in 24 hours the invading hyphae had penetrated for a distance of five
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to six cells (Figure 5) and in 48 hours to a distance of eight to nine

cells from the wound.

Seventy-two hours after inoculation the hyphae within the tissue

produced numerous branches and progressed rapidly through the

cortical cells (Figure 6). At this time the cells which had been

infected first turned dark-brown in color, and the two to three

cells adjacent to the wound began to collapse.

Seven days after inoculation, the epjdermal cell and the par-

enchyma and collenchyma cells of the cortec had collapsed and were

darkin color. There was an abundance of fungus mycelium through-

out the tissues. Collapse of these tissues produced a sunken appear-

ance on the imfected stem. At this time the infection had extended to

part of the vascular cylinder and cells of the pith. No hyphae were

observed in the vessels beyond the margin of the lesion and no pyc-

nidia had formed yet.



Figure 5. Tangential section of infected immature
stem 24 hours after inoculation, showing
hyphae within the cell (H), and penetrating
the cell wall five to six cells away from
the wound (w).
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Figure 6. Tangential section of infected immature
stem 72 hours after inoculation, showing
the densely branched hyphae penetrating
the cells.

37



ORIGIN OF CALLUS TISSUE

During the spring and summer of 1966 several attempts were

made without success to induce formation of callus tissue on vari-

eties of rose with pure cultures of Coniothyrium under greenhouse

conditions. Our inoculations in the gre e nh o . se, produce d

only canker lesions and were never followed by callus formation.

Although Westcott (43) suggested that infection occurring in late

spring often results in formation of galls just above the lesion, our

observations at the Botany and Plant Pathology Department Farm

revealed that only a small percentage of infected plants produced

callus tissue above the canker lesion. Under field conditions the

callus outgrowth sometimes increased in size to a diameter of about

two inches, and death of the cane followed soon thereafter. Perhaps

callus formation could be a symptom complex produced by common

crown-gall bacteria in association with Coniothyrium fungus but

Agrobacterium tumefaciens was never isolated from the galls.

Studies of the origin of callus formation were made with young

callus tissue from Nocturne rose collected at the Botany and Plant

Pathology Department Farm. The callus gall was about 0.30 inch in

diameter. One part of the gall tissue was used to isolate the fungus,

and Coniothyrium was shown to be present. The other parts of the

gall tissue were immediately fixed in FAA solution and processed
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as indicated previously Both longitudinal and cross-sections, ten

microns in thicless, were prepared, and sections were stained with

safranin and fast green. The sections were examined with the light

microscope.

The gall was composed of thin-walled parenchyma cells, and

there were partly developed xylem elements scattered throughout

(Figures 9 and 10). The hyphae of Coniothyrium sp. were observed

primarily in the outer disintegrating tissues of the cortex. Distinct

meristematic layer developed in the inner layer of the cortex and

gave rise to the callus tissue. The gall was formed as a result of

proliferation of parenchyma cells which were produced by the meris-

tematic layer (Figures 7 and 8). The sizes of the galls gradually

increased until some reached a diameter of two iflches.



Figure 7. Longitudinal section at the base of
a young callus, showing a) parenchyma
cell, b) meristematic layer, c) disin-
tegrated cortex. The callus cells are
initiated from a meristematic layer
between the wood and cortex.
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Figure 8. Cross-section at the base of a young
callus of Nocturne rose, showing
a) parenchyma cells, b) rneristematic
layer, c) disintegrated cortex. The
callus cells are initiated from the
meristematic layer between wood and
cortex.
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Figure 9. Longitudinal section through the
young callus of rose variety Nocturne,
showing the internal structure and
cell type.
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EFFECT OF VARIOUS FACTORS
ON DISEASE DEVELOPMENT

Effect of Temperature

The effect of temperature on development of rose canker has

not been reported. In many instances optimum temperature for

disease development coincides with that for growth of the pathogens

in vitro, but in other cases this is not true. The present experiments

were performed to determine the effect of temperature on canker

development on rose canes.

Mycelial Mass as Inoculum. Cuttings of the Hawaii variety

rose, each about 14 cm in length and approximately the same age

and diameter were wounded with a needle and inoculated by pressing

a 5 X 5 mm square of mycelium plus agar over the fresh wounds.

Four inoculated cuttings were planted 4 cm deep in a Mason jar

containing sterile sand moistened with half strength Hoagland's

solution. Each jar was covered with aluminum foil with five needle

holes to provide aeration, and the jar was transferred to a constant

temperature chamber. Eight cuttings were prepared for each of

five temperatures.

Disease development was measured as lesion size 7 and 14

days after inoculation (Table 6).
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Table 6. Effect of temperatures on Coniothyrium canker development
on Hawaii variety rose inoculated with mycelial mass.

aFach measurement is an average from eight inoculated cuttigo.

Production and rate of increase in size of lesions definitely

were influenced by temperature. No symptoms developed on cuttings

held at 5°C. Only superficial cankers developed at 10°C, and severe

cankers were produced at temperatures from 15 0 to 300 C. By far

the largest and most severe cankers were produced at 25 0 C (Figure

11). This temperature coincides well with the optimum for growth

of mycelium and production of pycnidia reported in a later experi-

ment.

Spore Suspensions as Inoculum. In this experiment, cuttings

of the Nocturne rose variety were used. Spore suspensions were

prepared by washing 30-day-old Coniothyrium cultures with tap

water and adjusting to 3,000, 000 spores per ml using a hemacytome-

ter. The inoculum was applied to the needle-wounded canes with an

Temperature
OC

Size of lesion in mma
7 day 14 day

5 -
10 7.00 10.60
15 8.62 11.00
20 12.62 14.00
25 14.37 42.00
30 13.37 15.50



Figure 11. Lesions produced on Hawaii rose
cuttings at various temperatures,
14 days after inoculation.
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atomizer. Results were taken 7, 14, and 21 days after inoculation

(Table 7).

Table 7. Effect of temperature on canker development on Nocturne
rose stems inoculated with a spore suspension of ..
fuckelii.

aFach measurement is an average from eight inoculated
cuttings.

Canker development was somewhat slower than when mycelial

mats were used as inoculum. During the first 14 days symptoms

appeared onlyonthe plants heldat 15°, 20°, 25° and30°C. As

in the previbus tests, 250 C was the appro,cimate optimum tempera-

ture for canker development although canicers which developed at

20° and 30° C were almost as large. Very little disease develop-

ment occurred at 10° C and no symptoms appeared on the plants

held at 5 ° C.
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Temperature
OC

Size of lesion in mma
7 day 14 day 21 day

5
10 6.80
15 566 7.75 19.37
20 6.00 14.75 30.50
25 11.00 29.60 37.85
30 10.00 24.28 34.37



Effect of Light and Darkness

Light was shown to influence the growth and sporulation of

Coniothyrium in agar culture. The purpose of this experiment was

to determine the effect of light on development of canker lesions on

rose.

The white sand used as a substrate in these experiments was

prepared by saturating with half-strength Hoagland's solution and

sterilizing in an autoclave at 15 pounds for one hour. After ster-

ilization the sand was transferred to sterilized plastic crisper chests

to a depth of about 4. 5 cm, the excess Hoagland's solution was

drained off and the chests were allowed to stand 12 hours in the lab-

oratory.

Cuttings 20 cm long and approximately uniform in size and age

of tissues, were made from one-year old greenhouse grown plants

of the variety Nocturne. The cuttings were wounded with a hypo-

dermic needle, ten punctures per 5 X 5 mm area, and immediately

inoculated with a 5 X 5 mm square of mycelium plus agar from a

ten-day old culture grown on potato-dextrose agar at room temper-

ature. The inoculated cuttings then were pushed into the sand to a

depth of 4 cm. Twelve cuttings were planted in each of two crisper

chests.

Oue crisper chest with its 12 cuttings was incubated at room
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temperature under continuous white light supplied by four 40-watt

fluorescent tubes hung 32 inches above the crisper chest. The

second chest was kept in complete darkness at room temperature.

During the period of the experiment the sand was sprayed regularly

with half-strength Hoagland's solution to maintain a suitable moisture

level for growth of the cuttings.

Measurements of canker lesions were made 7 and 14 days after

inoculation (Table 8). Reading of results of dark treatment were

made under red light in the dark room.

Table 8. Effect of light and darkness on disease development on
Nocturne rose cuttings.

Replication
Lesion size inrnm

Light Darkness
7 day 14 day 7 day 14 day

1 19 39 11 25
2 21 38 15 26
3 18 37 9 16
4 22 33 8 18
5 18 38 12 21
6 22 31 11 16
7 24 35 9 18
8 23 34 10 19
9 19 31 8 19

10 16 38 7 21

11 17 32 7 20
12 23 32 8 24

Means - 20.16 34.83 9.58 20.25
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There were significant differences in sizes of canker lesions

produced on rose stems exposed to white light and darkness. Seven

days after inoculation the cankers on plants incubated under white

light were approximately two-fold larger than those on plants in

darkness. At 14 days the difference was about 1. 7-fold.

There was considerable variation of lesion sizes among repli-

cations within each treatments. These variations may have been

due to slight differences in age of the tissues.

Further investigations should be made to determine the manner

in which white light influences the inoculum, entrance of the pathogen,

the infection process, susceptibility of host tissue, or other factors

leading to rapid development of disease.

Effect of Tissue Age on Disease Development

In the previous experiment, there was considerable variation

in size of lesions on different canes within a treatment, perhaps due

to differences in age of tissue of the stems used. An experiment

was set up to determine whether the age of tissues influences the

size of lesions formed on rose cuttings.

The varieties Hawaii and Texan were used in the studies. The

Texan was known to be highly resistant to Coniothyrium rose canker

under field conditions; Hawaii was known to be susceptible.

Cuttings were made from selected stems from the plants grown
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in No. 10 cans in a greenhouse for 14 months. Each stem was cut

into 20 cm sections numbered consecutively from the base of the

stem, number I representing the most mature tissues and numbers

III or IV the youngest.

Preparation of inoculum, wounding of the plants, inoculation

and handling of the inoculated cuttings followed the procedures used

in the previous tests.

Fifteen stems of the variety Hawaii were used, and ten of the

variety Texan. They were incubated under white light from four 40-

watt fluorescent tubes 32 inches above the crisper chest. Measure-

ments of canker lesions were made 14 days after inoculation (Tables

9 and 10).

There was a distinct correlation between tissue age and disease

development. Lesions were smaller on mature cuttings at the base

of the stems and larger on younger cuttings near the tip.

On the variety Hawaii the lesion size on cuttings from the base

of the stems varied only slightly, but the extent of lesion develop-

ment on the cuttings derived from the tip portion of the stems was

quite variable. Since these tissues were of various degrees of

maturity the variation would be expected. On cuttings of the variety

Texan, normally resistant to Coniothyrium infection under field con-

ditions, lesion sizes were much smaller, but again there was a cor-

relation between age of tissue and disease development, the largest



lesions developing on the youngest tissues.

Table 9. Effect of tissue age on disease development on Hawaii
rose cuttings.

Table 10. Effect of tissue age on disease development on Texan
rose cuttings.
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Stem
number

Diameter of lesion in mm after 14 days

I
Cutting number

II III Iv

1 8 9 34
2 9 16 29 38
3 11 40 42
4 8 17 21 23
5 12 14 21 26
6 19 26 37
7 8 26 38
8 7 8 26
9 18 22 31

10 19 29 38
11 6 7 7

12 7 23 42
13 45 48 51
14 7 9 37
15 23 42 47

I II III Iv

1 6 6 6

2 7 7 14
3 6 6 7 10
4 7 7 26
5 7 7 7 28
6 8 8 9 9

7 7 8 11 11

8 7 7 8

9 7 8 16 28
10 7 9 34 36

Stem Diameter of lesion in mm after 14 days
number Cutting number



Effect of Mineral Nutrition on Disease Development

These studies were conducted to determine the influence of

varying levels of N, P and K supplied to the plant upon development

of Coniothyrium canker on t1 rose varieties Hawaii and Nocturne.

The plants used in the tests had grown in No. 10 cans, con-

taining sandy loam soil, in a greenhouse for 18 months. Each plant

was removed from the can, washed carefully. in tap water to remove

the soil and soaked in cool water for three hours. While the plant

was in the water all stems were pruned back to six inches above the

crown, the old roots were removed and only vigorous new roots were

left attached to the plants. After washing twice in distilled water,

each plant was transplanted to a 8 inch plastic pot containing fine

washed sand.

The basal nutrient solution used was that described by Hoagland

and Snyder (14) as modified by Ghabrial and Pirone (9) (Table 11).

In the preparation of the unbalanced nutrient solutions high ni-

trogen (N), high phosphorus (P) and high potassium (K) solutions

were prepared by increasing the amounts of the respective ions up

to three times that of the basal solution. Low N, low P andlow

K solutions were prepared by decreasing the amounts of the ions

to 0. 1 of the basal concentration. All other necessary elements were

kept at the concentration of the basal solution, and none of the

5.3



Table 11. Chemical composition of the basal nutrient solution and the unbalanced solutions.

Stock Amount stock solution! 10 liter of nulxient solution
solution Basal High N Low N High P Low P High K Low K

M ml ml nil nil ml ml ml

Ca(NO3)2. 4 H20 50 50 50 50 50 50

KNO3 50 50 15 50 50 50

KH2PO4 10 10 10 10 1 10

MgSO4 20 20 20 20 20 20 20

Cad2. 2 H20 SO

NaNO3 300 50

KC1 35 9 120 6

NaH2PO4, H20 20 10

NaC1 300 300 280 300 180 294

Note: Ten nil of minor-element stock solution (H3B03 1. 546 g; MnSO4 H20 0. 845 g; ZnSO4 7 H20 0. 575 g; KC1 3.726 g; CuSO4 S H20

0. 125 g; (NH4) M070244H00, 018 g; and 1 liter distilled water) and 20 ml of 0. 002 M. FeSO4 7 H20 solution were used per 10 liters

of nutrient solution.
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elements was completely lacking. The osmotic value of the unbal-

anced solutions was kept uniform by the addition of proper amounts

of sodium chloride. The same amount of microelement stock solution

was added to each solution.

Each pot was flushed with distilled water before it was replen-

ished with nutrientsolution to remove any accumulated salts. The

various nutrient solutions were applied at the rate of 1 liter per

pot per week. The plants were allowed to grown under the various

nutrient regimes for three months in the greenhouse before they

were inoculated. When new growth started each plant was limited

to three vigorous shoots which were maintained until the time of

inoculation.

Inoculations were made by making ten needle pricks in a 5 X

5 mm area approximately four inches above the base of the canes,

covering the wounded area with a square of mycelium plus agar from

a ten-day old culture on PDA, and pressing to make the inoculum

adhere to the plants. Plastic bags were placed over the plants to

provide a high humidity for 24 hours. Temperatures in the green-

house during the month of May 1967 varied from a minimum of 12°

C at night to ashigh as 50° Cin the daytime. Lesion sizes were

recorded 7 and 14 days after inoculation (Table 12).

Only the high level of nitrogen had any significant effect on the

size of lesions produced. On the susceptible variety, Nocturne, the



56

lesions on plants receiving the high level of nitrogen were approxi-

mately twice as large as on the plants receiving the standard basal

nutrient solution or the low level of nitrogen. On the relatively sus-

ceptible variety Hawaii the lesions on the high N plants were only

slightly larger than on low N plants. Whether this was an effect on

the pathogen, or resulted from increased succulence of the host

tissue was not determined.

Table 1Z. Effect of high and low amounts of N, P and K on lesion
development on rose varieties Hawaii and Nocturne.

Nutrient
solution

Variety Hawaii
Size of lesion in mm

Variety Nocturne
Size of lesion in mm

7 day 14 day 7 day 14 day

Basal 11 23 10 15

High N 14 32 16 34
LowN 13 28 9 20
High P 13 19 12 16
LowP 11 17 8 17
High K 12 16 12 20
LowK 12 16 12 20



EFFECT OF VARIOUS FACTORS ON
SPORE GERMINATION

It has long been known that fungus conidia cause infection when

brought into contact with susceptible plant parts. But before the

development of disease can take place, the conidia must germinate,

enter the host and establish a parasitic relationship with it. Envi-

ronmental factors such as moisture, hydrogen-ion concentration,

nutrient, light and darkness affect both germination and host pene-

tration.

The purpose of these experiments was to determine the effects

of certain nutrients, hydrogen-ion concentration, arid light and dark-

ness on germination of conidia of Coniothyrium fuckelii.

Conidia that are shaken or scraped from their sporophores

before they are fully mature may germinate poorly or not at all,

The same spores left for a longer period of time or until they are

liberated naturally may germinate readily. To avoid this problem

only mature pycnidia from 30 day-old cultuies on potato-dextrose

agar were used in the experiments.

Effect of Nutrients
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Conidia were germinated either on plain glass slides or on

agar block preparations made by coating new clean slides with warm
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agar, allowing the agar to solidify, then using a razor blade to cut

away excess agar from the edge of the slide.

Spore suspensions were prepared by placing pycnidia from 30-

day-old cultures directly in each of the following media and adjusting

the concentration to 38, 000, 000 spores per ml: tap water on plain

slide, tap water on agar block, distilled water on plain slide, dis-

tilled water on agar block, maltose two and five percent on plain

slides, dextrose two and five percent on plain slides, sucrose two

and five percent on plain slides, Czapek solution (34) on plain slide

and on agar block. Three or four drops of spore suspension were

placed on each slide and each treatment was replicated four times.

The slides were placed in sterilized petri dishes, provided

moisture with wet filter paper and incubated in a plastic crisper

chest at room temperature (approximately 26-27° C). The results

were recorded after 20 hours. Data are in Table 13.

After several hours the conidia were swollen to four to six

times their original sizes. The conidia began to send out germ

tubes after as little as 18 hours incubation and measurements were

made after 20 hours. One hyaline germ tube grew from each con-

idium.

The highest percentage germination occurred in five percent

sucrose solution (Table 13). The Czapek solution was a very poor

medium for germination of conidia of this fungus even on agar blocks.



aEach percentage value is an average of four replications.
Two hundred conidia counted for each slide.

Effect of Hydrogen-ion Concentration

A five percent sucrose solution was dividedinto nine portions

and the hydrogen-ion concentrations adjusted to pH 2, 3, 4, 5, 6,

7, 8, 9, and 10, using a 0.01 M HC1 or 0.01 M NaOH and a Beckman

Zeromatic pH meter. Since results were recorded within 20 hours,
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Conidia germinated better in tap water than in distilled water alone,

probably due to stimulus from unknowii impurities in the tap water.

The water agar block on the slides seemed to promote conidial ger-

mination to some extent.

Table 13. Germination of Coniothyrium conidia in different nutrient
media.

Medium Percent of germinationa

Tap water 18.5
Tap water on agar block 27 0
Distilled water 15. 5
Distilled water on agar block 21. 0
Maltose 2% solution 10. 5
Maltose 5% solution 24. 0
Dextrose 2% solution 1 2. 5
Dextrose 5% solution 18. 5
Sucrose 2% solution 15.0
Sucrose 5% solution 40.0
Czapek 1.0
Czapek on agar block 2. 0



Figure 12. Germinating conidia with germ tubes
in tap water after 20 hours incubation.
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no attempt was made to buffer the solution.

Spores were added to each solution and adjusted to a concen-

tration of 38, 000, 000 spores per ml, Three or four drops of each

suspension were placed on each of four new clean slides. The slides

were placed in sterilized petri dishes which had been provided with

wet Lilt e r paper, and the dishes were incubated in a plastic crisper

chest at room temperature (26-27° C). Percentage germination was

determined after 20 hours of incubation by counting 200 conidia per

slide (Table 14).

Germination was recorded at every pH level tested except pH

2. Maximum germination was recorded at pH 5. In general, acidity

seemed to favor germination of conidia.

aEach percentage is an average of four replications.

Table 14. Germination of Coniothyrium conidia at various hydrogen-
ion concentrations.

pH Percent germinationa

20 -
3,0 20.25
4.0 36.25
5.0 39.67
6.0 33.00
7,0 21.00
8.0 15.00
9.0 9.33

10.0 5.00



Effect of Light and Darkness

Conidia were suspended in five percent sucrose solution ad-

justed to pH 7. The spore su3pension was adjusted to a concentra-

tion 38, 000, 000 conj.di.a per ml and three or four drops were pipetted

onto each of eight new clean slides. The slides were placed in ster-

ilized petri dishes and provided moisture with a wet filtered paper,

One lot of four slides was incubated under fluorescent white

light from four 40-watt tubes hung 32 inches above the plates, and

a second lot was kept in darkness in a black metal box. Both lots

were kept at room temperature (26-27° C). Germination was re-

corded after 20 hours incubation (Table 15).

In this experiment germination under continuous fluorescent

light was almost four times higher than in complete darkness.

Table 15. Germination of Conlothyrium conidia under conditions
of light and darkness.

Condition Percent germinationa

aEach percentage is an average of four replications.
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Light 37. 55
Darkness 10. 75



EFFECT OF VARIOUSFACTORS
ON MYCELIAL GROWTH

Effect of Temperature

The fungus was grown on potato-dextrose agarin petri dishes

90 mm in diameter. The pH of the medium, after sterilization, was

5.4.

Inoculum was taken with a No. 2 cork borer from the edge of

a one week old fungus colony grown on potato-dextrose agar at room

temperature (26° -27° C). A small disc was placed in the center of

each petri dish, and all plates were kept for 24 hours at room tem-

perature before being transferred to an experimental temperature.

For each experiment four plates were transferred to each of seven

incubators held at 5°C, 10°C, 15°C, 20°C 25°C and 35°C± 1°C.

Growth of the fungus was measured by colony diameter at one

day intervals (Table 16). Observations also were made on character

of the vegetative mycelhim, color changes, and sporulation.

Mycelium covered the surface of the agar within 12 days at

the optimum temperature 25° C (Table 16). The low temperature

used in the present work, 5 ° C is an approximate minimum for the

fungus; there was very little growth beyond what occurred during the

24 hours that the plates remained at room temperature before being

placed at 5°C. The high temperature used, 35° C appeared to be
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Table 16. Growth of an isolate of Coniothvrium at different temperatures.

Temp. Colony diameter in mma

a
Each measurement is the average for four replications.

S indicates pycnidia formed on the inoculum disc.

SS indicates pycnidia formed in agar beneath the colony.

disc of an inoculum is 6 mm in diameter.

1 day 2 day 3 day 4 day 5 day 6 day 7 day 8 day 9 day 10 day 11 day 12 day

5 14 15 16 17 18 18 19 20 20 21 22 22

10 15 17 19 20 22S 23 26 27 29 31 32 34

15 18 22 26 29 34S 37 41 45 48 51 55 56

20 19 24 28 33 37S 42 46 51 54 59 63 66SS

25 23 31 37 45 51S 55 63 70 74 80 84 9OSS

30 20 23 25 27 29S 30 33 35 39 41 43 45SS

35 15 15 15 15 15S 15 15 15 15 15 15 15



Figure 13, Colonies of Coniothyrium fuckelii. grown
on potato-dextrose agar at 15°C, 25°C,
and 30°C for ten days.
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Since the fungus grew luxuriantly on potato-dextrose agar, it

seemed likely that it would be able to use many readily available
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the maximum temperature for the fungus.

The aerial mycelium of the isolate was fluffy. The colonies

were white at first, but color changed slightly after 48 hours at

some temperatures. The tips of hyphae at the center of colonies

on the original disc of inoculum appeared slightly dark at tempera-

tures from 100 -30° C inclusive and somewhat darker at 50 and 35

C. The minor changes in color are difficult to observe in the black

and white figure. At 30°C the edges of colonies became irregular,

and a very light brown color appeared in the center within 72 hours.

The rest of the colonies except the disc of inoculum, remained white

throughout the course of the experiment..

Sporulation at Different Temperatures. The fungus produced

pycnidia at all temperatures where the mycelium grew well: within

five days pycnidia appeared in the original disc of inoculum at the

center of colonies at 100 -30° inclusive and a few at 35°C. Within

12 days numerous pycni.dia were observed in the agar beneath the

colonies at 25° C, and a few were formed at 20° and 30° C. No

pycnidia were produced under colonies incubated at 5°, 10°, 15°

and 350 C.

Effect of Carbon Source
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nutrients and would not require special carbon sources. These tests

were conducted to determine its ability to utilize fructose, galac-

tose, lactose, maltose, mannose and starch as well as dextrose and

to determine whether it could thrive on Basal Semisyiithetic Medium

alone. Each carbon source was adjusted to supply carbon equivalent

to that in ten grams of dextrose per liter of medium. After adding

the carbon source to the basal medium the hydrogen ion concentration

was adjusted to pH 7. 0 with 0. 2 M citric acid. In this experiment

malt-yeast extract medium was used as standard for comparison of

growth. Starch and malt-yeast extract were sterilized by auto-

claving at 15 pounds for 20 minutes. All other nidia were ster-

ilized by millipore filtration. Malt-yeast extract was prepared

with 20 g malt extract, 2 g yeast, and 1000 ml distilled water,

adjusted pH to 7.0 with 0.2 M citric acid. Eight 125 ml Erlenmeyer

flasks, each containing 20 ml broth, were prepared for each carbon

source. The media were allowed to stand two to three days to ob-

serve contamination.

A No. 2 cork borer was used to take discs of inoculum from

the edge of a seven-day-old colony of Coniothyrium on potato-dex-

trose agar. One disc was transferred into each flask and the cul-

tures were grown in the liquid media for 12 days at room tempera-

ture. The fungus mass of four replications of each treatment was

filtered off individually, washed thoroughly with distilled water,



and its weight determined after drying in the oven at 1000 C for

24 hours. The final pH of the liquid medium was determined at

that time. The second harvest was made with four other replica-

tions after 24 days (Table 17).

Table 1 7. Growth of an isolate of Coniothyrium in basal semi-
synthetic media containing different carbon sources.

Each figure is an average of four replications.
S indicates numerous pycnidia.
S indicates a moderate number of pycnidia.

No growth occurred on the basal semisynthetic medium alone

or in the synthetic medium plus dextrose, galactose, lactose,

maltose, sucrose or starch.

Fructose was the most favorable carbon source among those

used. The mycelium grew well and the aerial mycelium turned
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No carbon 7. 00 7. 03 6. 90
Dextrose 7. 00 7. 00 6. 90
Lactose 7. 00 6. 98 6. 75
Galactose 7.00 7.00 - 6.90
Maltose 7.00 7.03 - 6.90
Starch 7.00 6.97 6.90
Sucrose 7.00 7.00 6.80
Fructose 7.00 7.36 949.005 8.57 625.505
Mannose 7. 00 6. 97 6. 72 703. 505
Maltyeastextract 7.00 7.03 1315.75S 7.36 1250. 75S

Carbon Initial First harvested Second harvested
source pH Final Dry Final Dry

pH weight pH weight
mg mg
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slightly dark after 48 hours. A few pycnidia appeared at the center

of the colonies five days after inoculation. Within 12 days black

pycnidia were observed scattered throughout the colonies. Growth

of mycelium in basal medium containing mannose did not start until

about 14 days after inoculation, the aerial mycelium turned slightly

dark and black pycnidia were observed after 24 days.

In malt-yeast extract the fungus mycelium grew abundantly, the

slightly dark aerial mycelium appeared at approximately the same

time as in basal medium plus fructose, Pycnidia were abundant

throughout the colonies after 12 days.

Effect of Nitrogen Source

These tests were performed to determine the ability of the

fungus to utilize certain nitrogen sources such as ammonium sulfate,

glutamate, potassium nitrate,asparagine, glycine, ammonium tar-

trate, caseine hydrolysate, urea and malt yeast extract.

The basal semisynthetic medium used in this experiment is

described in the Materials and Methods section. In these experi-

ments the medium was solidified with 2% agar. Each material was

used at a concentration that would furnish 0. 3952 gm nitrogen

(equivalent to 2 gm of asparagine)per liter of medium. The nitrogen

content of the various nitrogen sources taken from The Merck Index

(6th edition) are as follows:
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The media was adjusted to pH 7. 0 with the citrate-phosphate

buffer, autoclaved at 15 pounds for 20 minutes, then poured into

sterilized petri dishes of 90 mm diameter.

Inoculum was taken with a No. 2 cork borer from the edge of

a seven-day-old colony grown on potato-dextrose agar at room

temperature. A disc was placed in the center of each petri dish.

Sixteen plates were prepared for each nitrogen source, and for the

basal semisynthetic medium without nitrogen. The plates were

incubated at room temperature.

Growth of fungus was determined by dolony diameter measure-

ments taken at two-day intervals (Table 18). Observations also were

made on character and color of the vegetative mycelium. Production

of pycnidia was noted at the end of the experiment.

Compound Percent Nitrogen

Ammonium sulfate 21. 20

glutamate 9. 52

Potassium nitrate 13.86

Asparagine 18. 76

glycine 18.66

Ammonium tartrate 15.21

Casein hydrolysate 15.80

Urea 46. 65

malt yeast extract 9. 00



Table 18. Growth of Coniothyrium fuckelii on solid basal semisynthetic medium containing different nitrogen sources.

a Each measurement is an average of 16 replications

+-i-++ Pycnidia very abundant

--i-+ Pycnidia abundant

-H- Pycnidia sparse

+ Pycnidia few

no pycnidia

Nitrogen
source

Colony diameter in mma Pycnidial
production2 days 4 days 6 days 8 days 10 days 12 days 14 days

(NH4)2SO4

Glutamate

17. 80

10. 40

22.80

18.20

24.00

25.00

25. 20

52. 20

27.00

38. 00

29. 40

42. 40

29.00

46. 40

KNO 18.17 28.83 37.50 43.17 47.00 53.66 56.33 ++

Asparagine 18. 17 29.00 35, 67 41. 33 51.00 58. 83 62. 33

Glycine 19.00 31. 57 39. 86 47.71 57. 17 63. 14 67.67

NoN2 17. 50 28.62 39. 87 49.87 59. 25 65. 37 71. 12 +

Amm, Tart. 19. 57 33.25 43. 00 54.00 65.00 79.00 75. 14

Casein Hy. 18. 50 30. 75 39. 75 49.62 60. 71 69. 43 76. 57 -H-

Urea 18.78 31.67 42.33 54.00 61.80 71.20 79.20 +-l-f-

Malt-yeast 18. 17 31. 33 42. 50 54.83 66.83 78. 17 87. 17
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The mycelium of the fungus grew best at first on the medium

containing ammonium tartrate, but growth decreased after 192 hours,

while rate of growth on malt-yeast extract increased. Little growth

of mycelium occurred on the medium containing ammonium sulfate.

Nitrogen sources produced marked effects on mycelium char-

acter and color. Fluffy aerial mycelium was produced on media

containing ammonium tartrate, asparagine., casein hydrolysate,

potassium nitrate or malt-yeast extract, but was suppressed on

media containing ammonium sulfate, glutamate or glycine. On

media with ammonium tartrate, asparagine, glycine, potassium

nitrate or urea, the mycelium remained white, but turned dark on

media with malt-yeast extract. Orange colored mycelium was pro-

duced on media containing glutamate and casein, and yellowish green

mycelium on media containing ammonium sulfate.

Pycnidial production was determined after 14 days. Cultures

grown on medium containing ammonium tartrate produced the great-

est number of pycnidia. Only a few pycnidia were produced on

media with no nitrogen and none were produced on media containing

ammonium sulfate or glutamate as nitrogen sources.

It should be noted that on medium containing no nitrogen the

mycelial growth was thin. If growth were measured by dry weight

of mycelium, growth on the no nitrogen medium probably was no

greater than on media containing KNO3,asparagine or glycine. All



colonies undoubtedly received a small amount of nutrients from the

original disc of PDA.

Effect of Hydrogen Ion Concentration

The basal semisynthetic medium used in these studies, was

the same as previously described except that K2HPO4 was used

instead of KH2PO4.

A citrate-phosphate buffer was used at pH 3, 4, 5, 6 and 7

while a boric acid-borax buffer was used at pH 8 and 9. The buff era

were prepared as follows:

Stock Solution for Citrate Phosphate Buffer

0.2 M solution of citric acid (19.21 gm/500 ml water)

0.45 M solution of dibasic sodium phosphate (53. 65 gm

of Na2HPO4 7 H20 or 71. 7 gm o Na2HPO4 12H20/

500 ml H20.).
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Solution A-mi B-ml Desired pH

39.8 10.2 3

30.7 19.3

24.3 257

17.9 3.l 6

6.5 43.6 7



Fifty ml of buffer was then added to 450 ml of medium, and

if necessary minor adjustments were made with stock solution as

determined with a Beckman Zeromatic pH meter.

Stock Solution for Boric Acid-Borax Buffer
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0.42 M solution of boric acid (12.4 gm 500 ml water).

1.0 M solution of borax (19.05 gm/SOO ml or 1.2 M

solution in terms of sodium borate).

Fifty ml of solution A was added to 400 ml of culture media and

the pH was adjusted with stock solution B as determined with a pH

meter.

The buffered medium was sterilized by millipore-filtration.

Twelve l25-mlErlenmeyer flasks, each containing2O ml buffered

medium, were prepared for each pH value. The medium was allowed

to stand two to three days at room temperature to observe contamina-

ti on.

The inoculum was prepared by growing the fungus in petri

dishes containing potato-dextrose agar for seven days at room tem-

perature. A No. 2 cork borer was used to take a disc of inoculum

from the edge of the fungus colony. One disc was transferred to

each flask.

After growing for eight days at room temperature the fungus

mass from each flask was filtered off with fiberglass filter paper



(Whatman GF/A 7. 0 cms), washed thoroughly with distilled water,

and its dry weight determined after drying in the oven at 100°C for

24 hours and cooling in a desiccator. The pi of the medium also

was determined. The second harvest was made after 11 days and

the third after 14 days (Table 19).

Table 19. Growth of Coniothyrium, in basal semisynthetic buffer
medium at various pH concentrations.

Each pH and dry weight is an average of four replications.

S indicates pycnidial production.

At the first harvest, eight days after inoculation, the fungus

produced maximum dry weight in the basal liquid medium with an

initial pH value 4. 0. Excellent growth also occurred at pH 5. 0
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Initial
pH

8 day 11 day 14 day Total
dry wt

mg
pH Dry wt.

mg
pH Dry wt.

mg
Final pH Dry wt.

mg

3.0 3. 48 443.25 4.05 1031. 50S 7.42 986.00 2460.75

4.0 5. 47 960. SOS 7 40 861. 00 7. 98 922. 25 2743. 75

5.0 6. 23 803. OOS 6.87 788.25 7.55 828. 50 2419.75

6.0 6.49 727.25S 6.27 62467 7.09 559.25 1911.17

7.0 6.93 451.25 679 401.00S 7.14 480.75 1333.00

8.0 7. 94 31.25 7. 90 20. 50 7. 79 68. 75 120. 50

9.0 9.00 20.00 9.00 12.66 8.80 38.00 70.66
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and 6. 0 respectively. At these three initial p}I ranges the fungus

tended to make the medium slightly alkaline, while at 7. 0 and 8. 0

it had the opposite effect. Pycnidia were numerous in media with

an initial ptI value of 4. 0, 5. 0 and 6. 0. Aerial mycelia were

slightly dark in media with an initial pH of 3.0 to 7. 0.

At lhe second harvest, 11 days after inoculation, the fungus

produced the greatest dry weight of mycelium in the basal liquid

medium at initial pH value 3. 0 which represents the peak of growth

in the experiment. Numerous pycnidia were observed at this time

in media with an initial pH of 3 0 and 7. 0.

At the third harvest the dry weight of the mycelial mass in-

creased, especially, in the media with an:initial pH of 4. 0, 5. 0, and

7. 0 but declined in culture media with an initial pH of 3. 0 and 6. 0.

There was very, little mycelial growth in basal liquid medium with

an initial pH of 8. 0 and 9. 0.

The fungus was able to grow oser a wide range of pH particu-

larly on the acid side.

Effect of Light and Darkness

A study oeffects of light and darkness on growth of the fungus

was made in March 1 966. Growth of an isolate wa.s compared prin-

cipally by colony diameter measurements on potato-dextrose agar

recorded daily for 12 days.
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Inoculum was taken from the edge of a seven-day-old colony

on potato-dextrose agar grown at room temperature (26-27° C). A

6 mm disc of inoculum was placed at the center of each petri dish

containing standard PDA. The inoculated plates were leftin the

laboratory for an adjustment period of 24 hours.

The plates were divided into three lots of 16 plates each. The

first lot of 16 plates was exposed to white light from four 40-watt

fluorescent tubes at a distance of 32 inches. Plates of the second

and third lots were transferred to black metal boxes with double

walls at the side of the cover to provide ventilation.

Plates in the second lot were examined under red light in a

photographic dark room each day. Plates in the third lot were ex-

amined in daylight each day from the ninth to the 12th day of the ex-

periment (Table 20).

There were only minor differences in rate of growth under

light and darkness. The most striking effects of exposure to light

and dar1zess were pigment production in the aerial mycelium and

pycnidial formation. Under continuouslight the color of the mycel-

lum began to turn from white to yellowish-green vithin 48 hours,

and to dark-green:at the center after 72 hours, while the edge of

the mycelium remained white. The dark g.reen center and white

margin remained until the mycelium filled the petri dish (Figure .14).

Cultures held in continuous darkness remained white throughout the



Figure 14. Effect of light on color of mycelium.
Dark-green under continuous light,
white under continuous darkness.
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12 days of the test.

Under continuous light pycnidial formation began at the center

of colonies after five days incubation and increased progressively.

At the end of the experiment abundant pycnidia were observed

throughout the colonies. Pycnidia were not produced in the plates

held in continuous darkness.

Table 20. Effect of light on radial growth of Coniothyrium fuckelil.

aEach measurement is an average of 16 replications.
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Day Colony diameter in mma
Continuous light Darkness read

in red light
Continuous

darkness

1 22.78 20.18 -
2 30.57 27.09
3 37.07 34.73
4 45.00 41.73
5 51.00 48.91
6 57.07 55.64
7 63.57 62.54
8 69.07 7018
9 74.93 7745 81.53

10 81.64 85.00 88.12
11 86.43 89.45 89.81
12 90.00 90.00 90.00



DISCUSSION

There has been confusion in the identification of the species of

Coniothyrium pathogenic on rose. C. rosarum and C. fuckelii can-

not be differentiated on the basis of spore size, and the same fungus

has been determined sometimes as C. rosarum and at other times
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as C. fuckelii. Waterman (41) and Prosenko (28) consider C. rosa.r-

um and C. fuckelii to be identical. The writer agrees, and according

to the rules of nomenclature Coniothyrium fuckelii has priority.

Mycelium o C. fuckelii grew on PDA from 10 to 300 C and

pycnidia formed at all temperatures where the myceliurn grew well.

The optimum for both processes and for development of disease on

rose canes was about 25 0 C. In the field, the disease is most severe

during spring and summer, when temperatures are near the opti-

mum determined for artificial infection in-the laboratory.

Probably the most significant fact revealed by these studies

is that Coniothyriurn £uckelii infection on rose is confined to wounds.

Wounds on rose canes, therefore, are highly significant since they

determine the amount of disease that develops under field conditions.

No matter how much inoculum is available or how favorable the en-

vironment may be for growth of the pathogen or for development of

disease, without wounds no disease will occur. This fact is impor-

tant in considering methods of control for the disease.
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Artificial inoculum of rose canes wounded with a needle pro

duced symptoms closely resembling those occurring in nature, sug-

g.esting that many natural infections result from the pricking of a

cane by the thorns on another cane during cultivation or during move-

ment of the plants in high velocity winds.

Considerable differences were found in susceptibility to rose

canker. Observations during spring and summer 1966 at the Botany

Department Farm and at the Corvallis Municipal Rose Garden in

Avery Park, indicate that Crimson Glory is especially s4sceptible.

The Texan is highly resistant under field conditions and would be

an ideal source of resistance in a breeding program for disease

resistance. Under greenhouse conditions plants react to inoculation

rather more severely than in the field, even on varieties that are

liown to be highly resistant.

Severity of Coniohyrium canker is also affected by the age of

the host tissue. Canker lesions develop much more rapidly on young

succulent tissues than on older tissues. Presumably the young cells

with thin, delicate walls and without secondary thickening. facilitate

penetration of the fungus hyphae from cell to cell within the infected

tissue. Natural infectioxs are caused almost exclusively by germ

tubes from conidia. Because of their small size conidia are dis-

seminated readily by wind from field to field or from plant to plant,

or they may be transmitted by splashing water or by insects. In the
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inoculation trials, however, masses of mycelium plus agar had a

greater infection potential than spore suspensions. This is not

surprising since the small amount of agar provided a nutrient base

for the fungus during infection; the spores had no such base.

In the field extensive growths of callus tissue occur commonly

above Coniothyrium cankers on certain rose varieties but are found

on only a very small percentage of plants of other varieties. Isola-

tions from the callus tissue almost invariably yield C. fuckelii. Yet

inoculation of many rose varieties unde:r greenhouse conditions failed

to produce any callus tissue. There can be nO doubt that C. fuckelii

invades the developing callus,tissue, bit it is doubtful that the fungus

is either directly or indirectly responsible for its formation.

It would be worthwhile to conduct inoculation experiments with

the common crown gall bacteria Agrobacteriurn turrefaciens alone,

and in combination with C. fuckelii to determine whether the fungus

is essential for formation of the callus tissue or is merely a resi-

dent", in no way connected with its formation.

High levels of nitrogen in the nutrient solution with which the

plants were watered favored rapid and severe disease development.

A high level of nitrogen caused abundant, prolonged growth of weak

succulent stems which may have been particularly subject to attack

by the pathogen. Young stems were more susceptible to infection

than older stems when the host was supplied with high nitrogen.



However, the rapid development of disease lesions may also have

been due to a direct effect on the pathogen.

Rose canker cauéd by Coniothyrium wernsdorffiae has been

studied by Westcott (43) in some detail, but there has been no thor-

ough study of the canker disease on rose caused by Coniothyrium

£uckeiii. The present investigation has attempted to provide some

fundamental information about this disease.
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SUMMARY

An isolate of Coniothyrium obtained from a stem canker on

Nocturne rose from the Botany Department Farm near

Corvallis, Oregon was studied with respect to morphological

and cultural characters, pathogenicity and mineral nutrition.

The mycelium of the isolate was smooth, septate, and

branched. The hyphal cells averaged 16.37 X 3.52 microns.

The conidia are produced wIthin black, carbonaceous pycnidia

with pseudoparenchymatous walls five to six cells thick. Pyc-

nidia averaged 286 X 256 microns. Conidia were unicellular,

oval-shaped and hyaline, borne singly on stalk-like projections

from the innermost cells of pycnidial wall. The conidia cells

averaged 4. 18 X 2.95 microns. On the basis of conidial char-

acter, the isolate was conside.red to be Coniothyrium fuckelii,

and synonymous with Coniothyrium rosarum.

C. fuckelii gains entrance into the host only through wounds.

At first penetra.tion is primarily from cell to cell in the cortex,

but later extends to part of the vascular cylinder and the pith.

T1e fungus is intracellular. Incubation period is four to five

days.

The pathogen readily invades stems, rarely enters through

pruning wounds and does not infect leaves of rose plants.
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Disease development occurred at temperatures from 10 to 300

C, the optimum being 25 C. This coincides with the optimum

for growth of the fungus in culture. The lesions developed

more rapidly on young succulent stems than on older canes.

A number of rose varieties were tested for susceptibility to

infection by C. fuckelil. Some varieties are highly resistant.

High levels of nitrogen in unbalanced nutrient solutions had a

significant effect on size of lesions produced on inoculated

rose stems. Whether the increased severity of infection was

the result of an effect on the pathogen or of increased succu-

lence of the host tissue was not indicated.

Callus formed above the canker lesion results from prolifera-

tion of parenchymatous cells between the cortex and the woody

tissue, but is not directly associated with the Coniothyrium

infection.

Conidia began to send out germ tubes after 18 hours incubation.

A single hyaline germ tube grew from each conidium. Five

percent sucrose solution proved to be the best medium for

germination of conidia, tap water was better than distilled

water, and Czapeks solution proved to be a very poor medium.

Conidia germinated over a range of pH from 3 to 10 with maxi-

mum germination at pH 5. In general, acidity seemed to favor

germination. Continuous darkness was more or less inhibitory.
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10.. Minimum temperatures for mycelial growth and for formation

of pycnidia on potato-dextrose-agar, was approximately 5 ° C,

maximum approximately 35 C and the optimum was 250 C.

Of the materials tested fructose and mannose were utilized

most readily as sources of carbon, and ammonium tartrate,

casein hydrolysate and urea as sources of nitrogen.

Growth occurred over a pH range from 3.0 to 9,0, with opti-

mum growth at an.initial concentration of 4. 0. Numerous

pycnidia were formed in media with initial pH values from

3. 0 to 7. 0.

White light exerted a strong effect on pigment production in

the mycelium and on pycnidial formation. It also enhanced

canker development on the rose canes.

Young cultures of the fungus produced both submerged and

aerial mycelium that was at first white and fluffy, but as the

culture aged it became first a buff color and then light brown.

Formation of dark-green colored mycelium was strongly influ-

enced by white light.
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APPENDIX

Killing and Fixing Fluids used for Histological
Preparations

FAA 70 percent

Acetic Acid 28 ml

Formalin 40 ml

70% Alcohol 340 ml

Rinse thoroughly in 70 percent alcohol, then start dehydration.

Dehydration

Materials were dehydrated gradually through ethyl alcohols to

tertiary butyl alcohol in which melted paraffin is miscible.

95 percent
alcohol 170 ml

Tertiary Butyl
Alcohol 40 ml
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Ethanol 15 percent 30 mm

30 percent 45 mm

50 percent 1 hr

#1 Johansen 2 hrs

water 200 ml



#4 Johansen

#5 Johansen

Tertiary butyl alcohol

95 percent
alcohol

Tertiary Butyl
alcohol

95 percent
alcohol

Tertiary Butyl
alcohol

Tertiary Butyl
alcohol

100 percent
alcohol

3 changes

200 ml

140 ml

2 hrs

180 ml

220 ml

2 hrs

300 ml

100 ml

12 hrs
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# 2 Johansen 12 hrs

water 120 ml

95 percent
alcohol 200 ml

Equal volumes of tertiary
butyl alcohol and paraffin
oil 4 hrs

Tertiary Butyl
alcohol 80 ml

#3 Johansen 2 hrs

water 60 ml
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Infiltration with paraffin

Shell vials were half filled with solidified Parowax on top of

which was poured the mixture of tertiary butyl alcohol and paraffin

oilin which the tissue materials had been for four hours. Vials then

were placed at 6O C, so that the Parowax would melt and the tissue

materials would gradually sink to the bottom of the vial and become

infiltrated with paraffin. In three hours the mixture was poured out

and replaced with melted Parowax. This replacement was repeated

four times during the next six hours and the final replacement was

with melted tissue-mat (56-58°C melting point) in which the tissue

material remained for three hours before it was ready for embedding.

Embedding in paraffin blocks

Embedding trays were made of white card paper and the hot

plate was set at approximately 540 C. The pieces of rose tissue

were arranged in an orderly fashion in the hot melted paraffin with

a heated needle. Cooling began at the bottom of the tray, which

was removed to a vessel of cold water as soon as the cooling was

sufficient to maintain the arrangement of tissue pieces. The tray

was plunged beneath the water as soon as the surface of the paraffin

became firm enough. Paraffin blocks, removed from the trays,

were left in cold water for one-half hour and then stored in a re-

frigerator at 5°C.

Sections ten microns thick were cut on a rotary microtome



and were affixed to glass microscope slides with Haupt's adhesive,

which was prepared by dissolving 1 gm gelatin in 100 ml distilled

water at 30° C, adding 2 gm phenol crystals, and 15 ml of c. p.

glycerin. A small drop of the adhesive was smeared evenly over

the surface of the slide with the finger and the excess was wiped off

so that only a thin film remained. A drop of four percent formalin

was added just before the ribbon was placed on the slide. Placing

the slide on the warm plate (45 ° C) served to flatten the ribbon and

to generate fumes of formalin to help coagulate the gelatin of the

adhesive. When the slides were completely dry, they were ready

for staining.

Preparation of mounted sectiozs for staining

Paraffin was removed from the mounted sections before stain-

ing the materials. One stain Safranin and fast-green was employed

and found to he very satisfactory. Staining schedules used in this

work are following.

Safranin and fast-green schedules, slide must dry

completely.

--xylol 5 minutes, to remove paraffin.

--Flood slide 2-3 times with 100 percent alcohol to

remove xylol.

--95 percent alcohol 1 minute.

--Water, since stain is in water.
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--Safranin (1% in water) 2 hours.

- -Water to rinse off excess safranin.

--50 percent alcohol destain until parenchyma is light

pink, wood tissue red, check on microscope, use alcohol

if necessary.

--95 percent alcohol 2 minutes.

- -Few drops of fast-green in 95 percent alcohol. Rock

slide back and forth, check on microscope that parenchy-

ma tissue is green.

- -Rinse slide three times with 100 percent alcohol to

remove all water.

- -Xylol, to remove alcohol and prepared for balsam.

- -Mount in balsam.




