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INTRODUCTION

Sooty canker of mulberry (Morus alba L.) was first ob
served by the writer in Tucson during the fall of 1952. An 
infected tree was found in the yard of a private estate lo
cated a short distance from the University of Arizona campus. 
The earliest record of the disease is September 12, 1950. 
However, Dr. R.B. Streets and other members of the Plant 
Pathology Department had observed sooty mulberry branches 
shortly before this time. No specimens of the diseased wood 
were preserved before May, 1951• Since the initial discovery, 
a number of infected trees have been found growing in differ
ent parts of the city. The disease is known to have killed 
two mulberry trees in the Phoenix area, but as yet the ex
tent of other infections is not known. The disease has not 
been reported from the Tucson area before and as yet has not 
reached serious proportions. New infections are being dis
covered periodically, and it is logical to assume more dis
eased trees will appear with the spring and warmer weather.

The mulberry has been grown in Southern Arizona for 
many years and has proven to be one of the few shade trees 
with the adaptability to provide the home owner dense, quick 
shade and at the same time withstand the combined effects of 
a hot summer sun and caliche soil.

Should sooty canker continue to spread even at its



present rate, many beautiful shade trees will be lost. A 
good shade tree is indeed a valuable asset toward comfort 
during the hot Arizona summers.
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The sooty appearance of branches of diseased mulberry 
trees was at first thought to be due to a "sooty mold," These 
fungi are placed in the Order Erysiphales (Perisporiales of 
most authors), Family Capnodiaceae by Bessey (3)• The dark 
colored, characteristically beaded, mycelium of the sooty 
molds is usually superficial and in many cases saprophytic 
on "honey dew," the sugary deposit formed on plant parts by 
the excretions of aphids and scale insects. Stevens (22) 
states, in referring to sooty molds, "They, so far as is 
known, do not penetrate the host at all and probably, strict
ly speaking, do not cause disease." Sooty molds occur mostly 
in tropical or subtropical regions. Capnodium salicinum 
Mont, occurs upon willow (Salix) leaves and twigs in Europe, 
and Capnodium citri Berk, and Desm. causes sooty mold on 
oranges in regions where citrus is grown.

Due to the peculiar nature of the mulberry fungus and un
usual symptoms accompanying the disease, suspicion was 
aroused and further work indicated (Fig. l). This thesis is 
an outgrowth of that interest, and its purpose was to study 
this peculiar and novel disease of mulberry in Arizona.



LITERATURE REVIEW

Literature on diseases of mulberry is meager, despite 
the fact that mulberry leaves have served as food for the 
silkworm for many centuries.

Perhaps the best known disease of mulberry is a bacter
ial disease (mulberry blight) caused by Pseudomonas mori 
Boyer and Lambert. Smith (19, 20, 21) in his early work on 
mulberry blight states that in many respects the disease re
sembles fire blight of pear, but is slower in its action and 
has a correspondingly greater tendency for spotting and dis
torting the leaves, in that it resembles walnut blight and 
leaf-spot of beans. According to Dr. J.G-. Brown, former head 
of the Department of Plant Pathology of the University of 
Arizona, "Mulberry blight was known in the Tucson area as early 
as 1925, and probably occurred here before that time." The 
majority of bacteria isolated during the work on sooty canker 
were "yellow bacteria" which, according to Smith (21), "are 
very common on mulberry trees and are often present in the 
diseased areas." Growth of P. mori on potato-dextrose agar 
is white.

Gregory and Waller (13) describe and illustrate a pre
viously unknown disease of sycamore (Acer pseudoplatanus L.) 
which was first observed in Essex, England in 1945 by Waller 
and briefly described by Gregory, Peace and Waller (12). The



Fig. 1. The main trunk of a young mulberry
seedling showing typical sooty canker 
symptoms 72 days after inoculation
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most obvious symptom of the sycamore disease, Cryptostroma 
corticale Gregory and Waller, is peeling of the outer layers 
of bark to expose a mass of dry, brownish-black spores. The 
infected sycamore also shows a definite succession of symp
toms before death of the affected trunk or branch. These 
symptoms closely parallel those of mulberry trees affected 
with sooty canker. Due to the remarkable resemblance in ap
pearance of the two diseases, specimens and cultures were 
sent to England for comparison. The following differences 
in the two diseases were outlined in a letter from Dr. F.A. 
Townrow of the Botany School, University of Cambridge, Cam
bridge, England:

(a) In Cryptostroma corticale there is a well 
marked and regular layer of phialides, springing 
from a black stromatic layer; and the phialide and 
stromatic layers extend evenly over the whole area 
of a blister. A regular stroma and phialide layer 
is absent in the mulberry fungus. The spores of 
the mulberry fungus would appear to be produced ex
ternally, as if by septation from a hypha: whereas 
in £. corticale they are produced internally and 
extruded from a phialide.

(b) The roof stroma and columns, joining the
roof and floor, which are clearly distinguishable 
in Ĉ. corticale seem to be absent in the mulberry 
disease! Some spores from the mulberry fungus were 
septate (about 20 per cent), whereas the spores of 
£. corticale are non-septate: Furthermore the
spores of the mulberry fungus are less regular in 
shape than those of Cryptostroma and may be some- 
what larger on the average.

(c) On three per cent malt agar, and on Dox 
agar, £. corticale gives a fluffy, buff or light- 
yellow mycelium, turning chestnut-brown, when 
viewed from underneath, as it ages.
Growth of the mulberry fungus on potato-dextrose agar
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is white at first, turning olive-citrine and finally a dark 
blackish-brown. It is never buff or yellow in color. In 
view of these and other differences, it is apparent that the 
two diseases are caused by different fungi.

Diller and Davidson (10) report a canker disease of 
honey locust (Gleditsia triacanthos L.) in Ohio which produces 
external symptoms similar to those of sooty canker. The out
er bark of the honey locust peels back, revealing masses of 
dark fruiting bodies beneath. Both the perithecial and 
pycnial stages occur in the same stroma; the pycnial stage 
belongs to the genus Sendersonia. The pycnospores of the 
mulberry fungus are unlike those of Sendersonia.

Descriptions of various species of Cucurbitaria set 
forth by Tulasne (23) do not suggest a relationship between 
Cucurbitaria and the sooty canker fungus.

Smith and Smith (18) describe several leaf diseases of 
sycamore caused by various species of Stigmina and Stigmella. 
At certain times and in certain localities the leafspots are 
conspicuously abundant, and affected trees are prematurely 
defoliated. The leaf spot caused by Stigmella Platani- 
racemosae Dearn. and Barth, apund Dearn. is manifest by the 
presence of small, effuse, black colored areas on the lower 
surfaces of the leaf blades and stipules. The blackening is 
evidence of conidiophores and conidia on the affected area.
The conidia and conidiophores form small fruiting masses; 
the conidia are frequently irregularly septate, and the
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mycelium is thick, dark and massed. The vegetative growth 
of the sooty canker fungus is similar to Stlgmella Platani- 
racemose in some respects.

Dearness (9) recounts sooty blotches occurring on both 
sides of the leaves of Eriodictyon tomentosum Benth. in Cali
fornia. The causal organism, Coniothecium eriodiotyonis 
Dearn. and Barth, produces brown, uneven or rough conidia, 
muriform and sarciniform, sometimes phragmosporous, which 
coalesce into irregular dictyosporous masses. The conidia of 
the sooty canker fungus also form irregular masses; however, 
muriform spores are not present.

Guramosis and die-back of stone fruits in Egypt is caused 
by a new species of Torula, for which the name Eendersonula 
toruloidea Nattrass has been proposed for the sphaeropsid form 
(15). Early symptoms are a wilting and "die-back" of twigs and 
branches. Isolations from diseased trees invariably yielded 
a pure culture of a Torula. Growth of this fungus on agar 
closely resembles that of sooty canker. The growth is at 
first white, turning a dusky olive-green with a white pul
verulent margin after the third or fourth day, and finally 
becoming olivaceous-black. Fructifications of the Torula 
stage in nature consisted of slightly raised, oval blisters 
with a longitudinal crack in the tissue above. Within the 
blister cavities are found masses of black, powdery thallo- 
spores. The developing stroma causes the outer tissues to 
burst and Torula spores are liberated. The pycnidial stage
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also occurs; but conditions under which the Torula stage ap
pears in conjunction with the pycnidial stage have not been 
determined. Spores of the sooty canker fungus are also 
formed beneath the surface. They are liberated by the peel
ing back of the bark. Both fungi form knotty chains of 
mycelium which are hyaline at first, becoming citrine-drab 
and later turning bone-brown. The two diseases are very 
similar.

Spores of Stemphylium and Alternaria types set forth by 
Brett (5) are similar in some ways to the thallospores of the 
sooty canker fungus. The younger spores being irregularly sep
tate and forming dense fruiting heads agrees with the fruit
ing habit of the mulberry fungus. However, the size and 
shape of mature Alternaria and Stemphylum spores would indi
cate a positive difference between the two and the mulberry 
fungus.

Wilt of persimmon (Diospyros virginiana L.) occurring 
throughout the eastern and east-central United States is 
caused by Cephalosporium diospyri Crandall. Internally the 
diseased host is characterized by fine, brownish-black 
streaks throughout the wood of the outer annual rings, this 
streaking being present throughout the wood from the time 
first external symptoms appear. Dry, orange-pink masses of 
spores are produced abundantly in the cambial region and are 
extruded when the bark is deccorticated from the tree (7, 8).
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Internal discoloration of sooty canker is localized around 
the sooty areas, and the fungus is morphologically unlike 
Cephalosporium diospyrie



SYMPTOMS

Descriptions of symptoms are based on macroscopic ob
servations of mulberry trees in various stages of infection. 
Symptoms were first observed on September 27, 1952, and dur
ing the following eight months a variety of host changes was 
noticed. Symptoms on artificially-inoculated trees and twigs 
grown in the greenhouse proved helpful in view of the fact 
that naturally-infected trees growing under natural conditions 
became dormant shortly after the work was started. Colors 
depicted are those of Ridgway (16).

Leaf Symptoms

The foliage on infected trees may undergo various 
changes, depending on their location and the extent of the in
fection.

The leaves above the infected area may wilt slightly and 
the margins curl downward. Such leaves show yellowing and 
considerable marginal browning, later turning light cinnamon- 
drab and finally dying. After death, the leaves do not 
absciss but remain attached to the tree. These dead leaves 
remain on infected scaffolds and are a reliable indication 
of the disease. This symptom proved to be of valuable assis
tance in discovering infected trees during the winter after 
healthy leaves were shed. The dead, hanging leaves were
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easily seen from some distance, and infected trees were found 
which might otherwise have been overlooked. In some cases 
young leaves directly above and below an infected area show 
a slight chlorosis, similar to that of iron deficiency. The 
veins remain deep, dull yellow-green while the remainder of 
the blade turns a lighter lime-green.

Stem Symptoms

A succession of stem changes takes place prior to or in 
conjunction with the leaf changes. Apparently healthy leaves 
have been observed on newly-infected branches, but they die 
as wood is invaded and killed by the fungus. The following 
sequence of stem symptoms was observed by the author.

Bark Necrosis: Elongated, dark colored areas may be seen
on branches shortly after invasion by the fungus. These areas 
are usually slightly sunken, narrow and pointed. This stage 
may exist for only a very short time and pass unnoticed. The 
invaded bark dies in place without conspicuous surface 
change, and the fungus fruits beneath the outer layers. The 
fungus growing saprobically appears as sooty flecks on the 
bark surface, being especially noticeable during the later 
stages of the disease.

Blister: Close examination of trees which show wilting
and bark necrosis will reveal a shriveled, blister-like 
appearance of the bark. The blisters may be slender and 
elongated, giving the bark a rough, wavy appearance; or, as
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the fungus invades and gradually encircles the branch, the 
bark m y  be raised evenly over the twig surface and, though 
unchanged in external appearance, forms a loose covering over 
the sooty spore layer. Slicing through this thin layer of 
bark will cause it to split and peel away, revealing an 
abundance of sooty spore masses (Fig. 2). In the early 
stages of disease the blisters are localized and form direct
ly over the sooty canker. On artificially-infected twigs, 
blistering of the epidermal layer has been observed. Such 
blisters were usually preceded by small cracks on the twig 
surface, which elongate and remain parallel to the surface. 
Later typical bark blisters are formed.

Die-back: Dead and dying branches m y  be found at any
time of the year in the tops of infected trees above, al
though occasionally below, the sooty cankers. In early 
stages the tips of sooty branches m y  appear unaffected, but 
as the disease progresses the branches are slowly girdled and 
the tips soon die back (Fig. 3) • The branch portion below 
the sooty canker usually shows no external symptoms and may 
appear to be quite healthy until after the upper portion of 
the branch is dead. The sooty canker may then develop slowly 
downward, invading and killing the entire scaffold. Sooty 
spore masses of the fungus are found beneath the outer bark 
of all dead twigs and branches. They remin after the death 
of the branch and are known to be viable for at least three
years
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Fig. 2. Mulberry branches showing saprophytic 
surface growth of the fungus, peeling 
of the outer bark to expose underlying 
pycnidia and sooty spores (xl)



Fig. 3« Mulberry branches showing peeling of the 
outer bark to expose the dark pycnidia, 
sunken cankers formed prior to peeling, 
and discoloration of exposed internal 
wood (xl)
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Sooty Canker: The most outstanding and characteristic
symptom of the disease is the presence of the powdery, 
blackish-brown to sooty-black spore masses and pycnidia on 
infected scaffold branches or young tree trunks (Fig. 4)0  

These spore masses are produced shortly after infection is 
visible and are constantly associated with the canker as it 
invades the healthy tissues. The infected outer bark gradu
ally cracks and peels back to reveal the spore masses (Fig. 
5). The spores are very abundant and adhere readily to the 
fingers. Once the outer bark starts to peel, it is blown 
away by the wind and large areas of the sooty cankers are ex
posed. The disease is then easily recognized from a consid
erable distance. Generally the largest infected branches 
lose the outer bark quite quickly, while that of the small 
branches may remain intact for a considerable period of time 
even though they are completely dead.

Histopathology: There is considerable internal dis
coloration of infected branches, correlated with the progress 
of the fungus in the host tissue (Fig. 6). When a slanting 
cut is made into the wood adjacent to a sooty canker, the ex
posed tissue is Vandyke-brown in color (Fig. 7 )• Cross- 
sections of infected stem show oil-yellow to olive-brown 
areas extending from the cork cambium to the pith. The dis
colored areas assume crescent-like shapes which gradually 
form olive-brown rings in the outer portion of the sapwood.
It is not uncommon to see one portion of the branch



Fig. 4 . A mulberry twig with the outer bark removed 
showing the pycnidia scattered over the 
surface. Ostiole depressions are plainly 
visible. (x4)



Fig. 5• A mulberry branch showing symptomstypical of the advance stage of sooty 
canker. The cortex is beginning to crack, 
and the fungus is abundant on the cortex 
and epidermis, (xl)



Fig. 6. Cross- and longitudinal-sections of por
tion of a mulberry branch showing internal 
discoloration (xl)



Fig. ?• Naturally-infected mulberry branches
showing necrotic tissue adjacent to sooty 
cankers and saprophytic surface growth (xl)
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cross-section discolored while the remainder is normal 
creamy-white to yellow. The inner sapwood and the heart- 
wood of twigs infected early may also be discolored. The 
larger xylem elements are surrounded with oil-yellow rings 
and later turn completely cinnamon-brown. The cross-section 
then manifests a spotty or patch-like appearance. The dis
coloration does not extend into the pith. Following death, 
the infected wood turns mummy-brown, and the internal dis
coloration is indistinguishable from the surrounding area.



EXPERIMENTAL METHODS AND RESULTS

Isolations

All isolates were obtained from living mulberry trees.
The majority of isolates were taken from trees which actually 
showed sooty spore masses. However, prevalence of bleeding, 
sunburn, and other troubles of mulberry in this area did war
rant some investigation in the event of their possible rela
tionship to sooty canker.

On September 29, 1952 several representative sooty mul
berry twigs and branches were obtained from an infected tree 
and taken to the laboratory. After preliminary examination 
under the binocular microscope, small lengths of sooty 
branches which still retained their bark were taken to a 
sterile inoculation chamber, where the loose outer bark was 
peeled back to reveal the dark spore masses. Several dilu
tion series of four tubes were prepared using warm, semi
liquid potato-dextrose agar. The fourth dilution was cultured 
in sterile petri dishes. Several colonies of similar aspect 
appeared on each plate, and after six days growth transfers 
were made from the young, white, marginal mycelium of these 
colonies to potato-dextrose agar slants. The dark fungus de
veloping from these colonies appeared to be morphologically 
uniform when examined microscopically, and was labeled 
Organism Ao
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Twigs and branches which showed considerable internal 
discoloration were treated in another manner. The bark was 
split longitudinally and removed. The twigs were cut into 
short pieces approximately two inches long and placed in the 
sterilized inoculation chamber. The sections then were im
mersed in a solution of 1:1000 mercuric chloride for approxi
mately two minutes, then rised twice in sterile distilled 
water. The twigs were split with a flamed knife and pulled 
apart carefully to avoid touching the discolored internal 
wood. Minute slivers of wood from the advancing margin of the 
discolored area were out with a flamed knife and placed on 
potato-dextrose agar slants. Thin cross-sections of the 
smaller discolored twigs were cut with a flamed razor blade 
and placed on potato-dextrose agar in sterile plates (Fig. 8). 
The majority of organisms isolated proved to be a dark-colored 
fungus similar to Organism A. Bacterial colonies isolated 
were yellow or white, and were infrequent in their appearance.

In later work, pure cultures of Organism A were obtained 
easily by direct transfers from sooty spore masses to potato- 
dextrose agar slants, provided the outer bark of the specimen 
was intact at the time of collection.

Freshly dug roots of various sizes were treated in the 
same manner as the twigs, except that they were washed in tap 
water to remove soil, then surface sterilized with a 50 per 
cent alcoholic mercuric chloride solution. A number of dif
ferent bacterial growths were isolated from the roots, but



Fig. 8. A pure culture of Organism A growing from 
small cross-sections of mulberry twigs 
taken from a naturally-infected tree (xl£)
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none appeared consistently; the majority of cultures produced 
no growth of any kind.

The roots of the majority of trees studied in this in
vestigation were found to be infected with root-knot nema
tode (Meloidogyne spp.); while a nematode, identified by 
Dr. Harold W. Reynolds, Hematologist with the U.S.D.A. Field 
Station at Sacaton, Arizona, as a member of the genus Neoty- 
lenchus was discovered among the sooty spore masses of a dis
eased mulberry branch approximately 20 feet from the ground.

On November 10, 1952 the elongated, dark-brown cankers 
found on the large branches of an infected mulberry tree were 
treated in the following manner: The surface of the lesions
was sterilized with 1:1000 mercuric chloride; the bark was 
cut away with a flamed knife to expose the underlying, ne
crotic tissue; small slivers of this wood were then trans
ferred to potato-dextrose agar slants. Two days later fine, 
hyaline mycelium was observed under the binocular microscope 
growing from all slivers. After approximately seven days, 
the slants were covered with a snowy-white fungus growth. 
Microscopic examinations showed the cultures to be pure, and 
they were labeled Organism B.

Inoculations

A series of inoculations was made using Organisms A and 
B since these occurred most consistently on cultured material. 
The inoculations were made on healthy mulberry twigs which
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were growing under various conditions.

Inoculation Series A: Five mulberry seedlings were
inoculated over a period of seven weeks. The trees were 
grown in a greenhouse and under natural conditions in the 
yards of individuals. Temperature and moisture requirements 
were maintained in the greenhouse to promote vigorous growth 
of the plants.

The bark of each tree was surface-sterilized with a solu
tion of 50 per cent alcohol and 1:1000 mercuric chloride. 
Slanting cuts were made into the trunk and scaffolds with a 
flamed knife. The cuts were approximately one-eighth inch 
deep and one-half inch long. Tree 1 was inoculated on Octo
ber 9» 1952 with Organism A by placing small pieces of sooty 
bark directly into the fresh cuts. Trees 2, 3, and A were 
inoculated with pure cultures of Organism B, which were grow
ing on potato-dextrose agar slants. The transfers were made 
with a flamed needle from the slants to the cuts. Tree 5 was 
a volunteer seedling found growing under natural conditions. 
This tree was inoculated in the previous manner with Organism 
B and allowed to remain outdoors.

Ten inoculations were made on each tree. Each inocula
tion was covered with sterile cotton saturated with sterile 
distilled water to prevent contamination and to promote growth 
of the fungus. Scotch tape was used to secure the cotton and 
to prevent rapid evaporation.

Symptoms typical of the blister stage previously de
scribed were noticed on Tree 1 72 days after it was inoculated
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with Organism A, the dark fungus (Fig. 9)• The blisters were 
found adjacent to all inoculation points and extended from 
two to four inches up and down the branch. During the days 
that followed, the blisters grew longer and wider and began 
to encircle the infected branches. The bark of the earliest 
formed blisters peeled back and sloughed off, exposing the 
sooty spore layer. At the present time, seven months after 
the inoculations were made, the entire top of Tree 1 is dead 
and all branches are covered with sooty spore masses of the 
fungus. The infection has progressed slowly down the main 
trunk (diameter one and one-half inches) at an average rate 
of three inches a month. The trunk area below the infection 
appears green and healthy; however, it is only a matter of 
time before it too will be killed. All previously described 
symptoms were noted on Tree 1 during the progression of the 
disease.

Trees 2, 3 > k t and 5 to date have shown no disease symp
toms. All the cuts which were inoculated with Organism B 
have callused over and are completely healed. There is no ap
parent infection of the surrounding tissues. Table 1 tabu
lates the above results.

Inoculation Series B: On January 31, 1952 four mulberry
seedlings were inoculated with pure cultures of Organism A, 
previously recovered from Tree 1 (Fig. 10). The seedlings 
were growing in various locations on the University of Arizona 
campus and varied in size from one-half to one and one-half



Fig. 9. Artificially-inoculated Tree 1 showing 
typical sooty canker symptoms after 72 
days (xt)



Fig. 10. Pure cultures of Organism A on potato-
dextrose agar slants. The center culture 
was isolated from a naturally-infected tree 
and inoculated into Tree 1. The young out
side cultures were recovered from Tree 1 
70 days later (xli)



19

inches in diameter. Ten inoculations were made on each tree 
after surface-sterilizing the bark with 1:1000 mercuric 
chloride. The knife and transfer needle were sterilized and 
wrapped in gauze soaked with mercuric chloride. Various 
methods adopted were as follows:

Trees 6 and 7: Small cuts were made through the bark,
parallel to the surface and extending into the cortex of each 
twig. The inoculum was transferred to the interior of each 
incision.

Tree 8: Small side branches were cut off at their bases.
The inoculum was smeared on the resultant wounds, which were 
adjacent to the main branches.

Tree 9: The tips of small branches were split with a 
sterile knife, and the inoculum inserted into each split tip.

All inoculations were covered with moist, sterile cotton 
as described previously.

Regular examinations were made of all trees during the 
following months. The first symptoms of disease were noted 
on April 15, 1953 (Table 1)> and the ’bark,’ adjacent to the 
inoculation points, was beginning to develop small cracks and 
blisters similar to those previously described in Inoculation 
Series A. The tissue surrounding the cuts, branch wounds, 
and tips was necrotic, and there was no evidence of callus 
formation. While the trees are still healthy in outward ap
pearances, infection has taken place and formation of typical 
disease symptoms should follow shortly.
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TABLE 1
Results of Inoculations of Mulberry 

Trees with Organisms A and B

Tree
no.

Date
inoculated

Date
results

Organism were
used recorded Results

Series A
1 10- 9-52 A 12-20-52 Typical symptoms form

ed in 72 days
2 10-28-52 B 4-15-53 No infection resulted
3 11-18-52 B 11 i t  11

4 11-20-52 B i t if if

5 11-28-52 B i t f f  i f

Series B
6 1-31-52 A 4-15-53 Symptoms visible 

after 75 days
7 1-31-52 A 4-15-53 i f  ff

8 1-31-52 A 4-15-53 f f  ff

9 1—31—52 A 4-15-53 i f  ff
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Inoculation Series C: Thirty young twigs one-fourth to
one-half inch in diameter and approximately 18 inches long 
were cut from healthy mulberry trees. These twigs were 
surface-sterilized inside with a solution of 1:1000 mercuric 
chloride. Two slanting incisions extending into the cortical 
region were made with a flamed knife into each twig. The in
cisions were made approximately six inches apart. The fol- 
owing transfers were made with a flamed needle:

Group 1: Ten twigs were inoculated with Organism B
from pure mature cultures which were growing on potato- 
dextrose agar slants.

Group 2: Ten twigs were inoculated with pure mature
cultures of Organism A which were growing on potato-dextrose 
agar slants.

Group 3: Ten twigs were inoculated with sooty spore
masses of Organism A scraped directly from a sooty branch.

The inoculations were covered with sterile cotton which 
had been dipped into sterile distilled water and were then 
bound securely with scotch tape.

The twigs were placed in separate containers of water 
and covered with bell jars. After the twigs began to leaf 
out, they were removed to the greenhouse and retained beneath 
the bell jars. The water in the containers was changed fre
quently.

All twigs inoculated with Organism A developed typical 
disease symptoms 62 days after they were inoculated (Fig. 11).



Fig. 11. Artificially-inoculated mulberry twigs 
showing peeling of the bark adjacent to 
cuts to expose pycnidia of the fungus 
(xl)
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However, the first signs of disease were noticed 15 days be
fore in the form of very tiny, light gray eruptions of the 
epidermis adjacent to the inoculations. Small cracks in the 
cork were also observed running parallel to the twig surface. 
Symptoms on twigs inoculated with pure cultures of Organism 
A were identical with symptoms shown by those inoculated di
rectly from sooty branches. Twigs inoculated with Organism B 
did not develop disease symptoms; the inoculation cuts have 
callused over, and the surrounding tissue appears healthy. 
Results are tabulated in Table 2.

Inoculation Series D: One hundred young, green mulberry
twigs of various types were inoculated with a spore suspen
sion of Organism A, isolated from Tree 1. Sterile distilled 
water was poured into test tubes containing young, sporulat- 
ing cultures'of Organism A. The tubes were agitated vigor
ously and the resulting spore suspensions were poured into a 
sterilized atomizer. The light brown suspension was sprayed 
on the surface of the twigs in a fine mist. The twigs were 
grouped as follows:

Group 4: Terminal twigs—  Fifty tender twigs approxi
mately one-eighth inch in diameter were cut from the extreme 
tips of branches. The twigs were in the green bud stage, 
and the buds were beginning to burst. There were no visible 
breaks or wounds of any kind on the surface or tips of the 
twigs.

Group 5: Paraffined twigs—  Twenty-five twigs approxi
mately one-fourth inch in diameter were cut, and the basal
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ends sealed by dipping them into paraffin. The side branches 
were retained. The twigs were not wounded in any other man
ner.

Group 6: Wounded twigs—  Twenty-five twigs approxi
mately one-half inch in diameter were cut, and the side 
branches were removed; therefore, each twig was wounded in sev
eral places in addition to the base. The twigs were sprayed 
with spore suspension while the cuts were fresh.

Each group of twigs was placed in a separate container 
of water and covered with a bell jar in order to provide am
ple humidity and reduce contamination. The twigs remained in 
the greenhouse.

Results of the spray inoculations were apparent in 21 
days (Table 2). Eleven of 50 terminal twigs sprayed devel
oped an abundance of small eruptions which covered the twig 
surface. Peeling back the outer bark revealed sooty spore 
masses and pycnidia. The pycnidia in some cases protruded 
through the epidermis and were visible from above. The re
maining terminal twigs were covered with mycelium of the 
fungus, and the epidermis was beginning to blister and crack 
(Fig. 12). The tips of all wounded twigs developed typical 
symptoms extending one to two inches down the twigs. The 
infection had completely encircled the apical ends. The 
outer bark was loose and peeled back readily, exposing the 
sooty spore layer (Fig. 13). The tissue next to wounds made 
by removal of side branches was necrotic; however, the



Fig, 12, Young terminal mulberry twigs 21 days
after sprayed with a spore suspension of 
Organism A. Small cracks in the epider
mis and pycnidia of the fungus are 
visible, (x2)



Fig. 13. Mulberry twigs 21 days after freshly-cut 
tips were sprayed with a spore suspension 
of Organism A. Typical symptoms of sooty 
canker are quite apparent. (x2)
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blister stage had not yet developed. The paraffined twig 
tips did not develop disease symptoms. The myoelima of the 
fungus can be seen growing on the surface of all twigs 
sprayed with the spore suspension and is especially abundant 
near the waterline.
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TABLE 2
Results of Inoculations of Mulberry 

Twigs with Organisms A and B

Twig
group
noo

Date
inoculated

Dateresults
Organism were

used recorded Results

Series C
1 1-15-53 B 4-15-53 No infection resulted
2 1-15-53 A 3-18-53 Symptoms appeared in 

62 days
3 1-15-53 A 3-18-53 w n

Series D
4 3-1-53 A 3-22-53 Symptoms appeared in 

21 days
5 3-1-53 A 4-15-53 No infections to date 

fungus growth visible 
on surface

6 3-1-53 A 3-22-53 Symptoms appeared in 
21 days



DISCUSSION

This study has shown that Organism A is the cause of 
sooty canker of mulberry (Morus alba L.). The fungus not 
only grows saprophytioally on the surface of mulberry branches, 
but is an active pathogen capable of infecting and progres
sively killing an entire tree. The time elapsing between the 
initial infection and development of typical symptoms depends 
on such factors as temperature, moisture, size of the af
fected branches, susceptibility of the host, and initial 
point of infection. Inoculations with Organism A made on m -  
terial retained in the greenhouse, exposed to high tempera
ture and moisture, developed disease symptoms ten to $0 days 
earlier than inoculated material growing in natural environ
ment. Branches of small diameter show disease symptoms be
fore larger branches, as they offer least resistance to pene
tration and progress of the fungus.

The fungus is obviously spread by wind-blown spores 
which may penetrate the small terminal twigs if favorable tem
perature and moisture conditions exist, or saprophytic infec
tion reservoirs may maintain it in a vegetative state outside 
the host (11). However, since the initial point of infection 
of many trees occurs on large branches, usually adjacent to 
pruning cuts or other wounds, a main avenue of entry is 
through these media. The mulberry is normally a sturdy tree,
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tolerating windy conditions. Few branches are broken by 
winds. Heavy, indiscriminate pruning of the mulberry has 
been a common practice in the Tucson and Phoenix areas for 
many years; the cuts are for the most part untreated, and 
their surfaces are thereby exposed to spores of the sooty 
canker fungus. Infections take place very readily through 
wounds (as experiments have shown), and disease symptoms 
follow.

It is interesting to note that many mulberry trees 
found infected with sooty canker were suffering from sunburn, 
lack of water and fertilizer, nematodes, and other troubles. 
These trees were obviously in a weakened condition and there
fore more susceptible to disease than would be those in a 
healthy, vigorous state. "There is no factor more important 
in relation to tree disease than tree vigor" (k)•

Various types of insect galleries were found beneath the 
outer bark of infected branches, and miscellaneous beetles 
and mites were found among the sooty spores. It is possible 
that "epizoic contact transmission" (11) of spores may con
tribute to the spread of the disease. No particular insect 
was found constantly associated with the disease.

Any explanation of how the first tree became infected 
must remain purely speculative, unless new information is dis
covered. One of the following theories may be explanatory.
The fungus is a previously overlooked saprophyte which has 
produced a strain pathogenic to Morus alba, or has encountered
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a group of mutant hosts which are susceptible to infection. 
It is also possible that the fungus had its origin in Cali
fornia, as large numbers of mulberry trees and nursery 
stock of all types are shipped from there to Arizona each 
year.

The dry Arizona climate may be one reason why the dis
ease is apparently not spreading rapidly, although twigs ex
posed to humid conditions develop disease symptoms quite 
rapidly.



CONTROL MEASURES

During the early portion of this work an effort was 
made to control the disease by removal and burning of all 
visibly infected wood. Sooty branches were removed well be
low infected areas until all internal discoloration was 
eliminated. In one case where the disease had progressed 
down the main trunk, the wood adjacent to the infected area 
was cut away until healthy tissue was revealed. At the 
last inspection a call us & roll had developed and there was 
no sign of further progress of the disease. An asphalt-type 
wound dressing was applied to all cuts after they had air- 
dried to eliminate the possibility of re-infection. The 
disease was "temporarily controlled" in the above manner. 
However, due to the saprophytic fungus growth on the bark sur
face and the large number of spores produced, a fungicidal 
spray such as bordeaux or one of the organic sulphurs is 
recommended; the logical time for application is after remov
al of all spore-bearing wood and possibly again during the 
dormant period.

Common-sense precautions would be advisable: judicious
and limited pruning of the mulberry; sterilization of pruning 
tools; and prompt treatment of wounds of any type.

Since the disease progress is relatively slow, it should 
be easily controlled in the above manner if treated during
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the early stages. Once a main scaffold or the trunk becomes 
infected and the fungus has penetrated to the cambium (Fig. 
14), it is obviously too late to apply any of the recog
nized control practices other than removal and destruction 
of the diseased specimen.



Fig. 14. A mulberry branch showing symptoms typical 
of the advance stage of sooty canker. The 
cortex is beginning to crack and peel away, 
and the fungus is abundant on the cortex 
and epidermis, (xl)



THE FUNGUS

The description of the fungus is based on microscopic 
observations of fresh and fixed material. Fresh sections 
were but by hand or with the freezing microtome and mounted 
in lactophenol or Orseillin BB in Sartory's fluid, as sug
gested by Alcorn and Yeager (1). Material was fixed in 
formalin-proprionic acid and embedded in paraffin according 
to Johansen (14). Several different staining procedures 
were tested in an effort to discover the most satisfactory 
combination for differentiation of the fungus and host. 
Safranin with such counterstains as Orange-G, Gentian Violet, 
and Fast Green proved to be unsatisfactory. The most suc
cessful combination proved to be 0.25 per cent Orseillin BB 
in 3 per cent acetic acid with Fast Green as a counterstain. 
The mycelium and spores are stained a brilliant rose-red; 
the xylem, deep rose-pink; and parenchyma, sea-green.

Mycelium

Two distinctly different types of mycelia are formed; 
both are hyaline in early stages of growth, becoming bone- 
brown and thick-walled later. One type consists of charac
teristically catenulate cells which break up into single 
spores or chains of thallospores (Fig. 15). The other type 
is occasionally septate, the cells being elongated and



Fig. 15• Catenulate hyphae and thallospores 
characteristic of the conidial form 
of Organism A Va '2C5°>
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straight walled; the hyphae are profusely branched and occa
sionally knotted and grouped together. The epidermis of the 
host becomes filled with dark, contorted hyphae which 
gradually invade the underlying tissues. The hyphae are 
intercellular and intracellular, with a brownish discolora
tion being produced when the cells are penetrated directly. 
Initial entrance is directly through the cuticle of young 
twigs or through wounds of older branches.

Pycnidia and Stroma

The pycnidia develop in a stroma which originates be
neath the cork cambium and in the outermost layer of the 
cortex (Fig. 16). The stromata gradually enlarge beneath 
the outer bark, causing it to rise, forming typical blisters; 
or they may erupt directly through the bark and extend 0.5 to 
1.0 mm. above the surface (Fig. 17). The stromata when 
mature are remarkable for their comparatively large volume, 
a considerable portion of which may extend laterally below 
the part bearing the pycnidia (Fig. 18). Great variation 
occurs in the shape and size of the stromata. They may be 
completely covered by the bark, with the ostiole of a single 
large pycnidium showing from the surface.

Similar variations occur in the size, shape, and loca
tion of the pycnidia. They may be spherical, cuneiform, 
oval or elongated vertically, depending on the pressure ex
erted by the stroma. One to several pycnidia are formed in



Fig. 16. A portion of a mulberry twig cross-
section showing young stromata formed 
beneath the outer bark causing it to 
rise, resulting in the blister stage 
of the disease (x?0)



m *

• Section of an elongated stroma erupting 
through the phellem from the cortex 
(x240)

Fig. 17



Fig. 18. Section through an erupting stroma show
ing locules and pycnospores within 
(x240)



33

each stroma, usually in the upper portions but occasionally 
lower (Fig. 19). The stroma at first may contain only a 
single large pycnidium with daughter-pycnidia developing 
later, the original central locale becoming filled with stro- 
matic cells.

Spores

The thallospores are irregular in shape, from globose
(4.5-6 u in diameter) to oblong (up to 8 x 4.5 u); the latter

-

have one cross septum. They are hyaline at first, becoming 
cinnamon-drab, later turning chocolate and developing a thick 
wall. Numbers of characteristic cuneiform cells are included 
among them. The thallospores form abundant black, powdery 
masses beneath the outer bark and adjacent to the pycnidia. 
They are also found in irregular masses on the surface of the 
bark. The compact masses of thallospores, aided by the de
veloping pycnial stroma (Fig. 20), cause the blister-like 
swelling of the overlying tissue which eventually cracks and 
peels away, liberating the thallospores.

The pycnospores are borne on hyaline, tapering, slight
ly flexuous conidiophores. They are hyaline at first, ex
tremely granular in appearance, and contain many vacuoles. 
These hyaline spores later develop two septations, thereby 
becoming three celled; the central cell gradually turns 
dark brown in color (Fig. 21). In moist atmosphere the pyc
nospores are extruded through the ostiole of the pycnidium
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Fig. 19. Section through an erupting stroma showing location of various pycnidia and
pycnospores within (x240)



Fig. 20. Section through a stroma showing an 
apical locale and pycnospores (x240)



Fig. 21. The two different types of pycnospores
characteristic of the sooty canker fungus
(.X 5700)
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in white tendrils or in a globular mass.

Cultures

The fungus grew readily on all culture media tested 
(Table 3; Figs. 22, 23, 24), but failed to produce the pyc- 
nial stage. Brown, knotted aerial hyphae which break up 
into chains of thallospores are visible in from four to six 
days on the surface of the media. The immersed mycelium 
colors potato-dextrose and Czapek's agar delft-blue.

Great numbers of thallospores are produced in black, car
bonaceous masses which may resemble the strome of the pyonial 
stage. Small pieces of potato-dextrose agar on which the 
masses were growing were fixed in formalin-proprionic acetic 
acid and embedded in paraffin, as previously described. 
Microtome sections showed the masses were not pycnidia but 
irregular masses of beaded, chocolate mycelium and spores.

Identity

In anticipation of eventual identification of the fungus, 
several pure cultures were sent to various institutions in 
the United States and Europe shortly after they were first 
isolated. Replies were quite conflicting in that no two 
persons suggested the same genus name for the fungus. Sug
gested names included Torula, Coniothecium. Thielaviopsis, 
and Chalara. It is apparent that the fungus is not one of
the more frequently encountered and familiar genera



TABLE 3
Growth of Organism A on Various Media at 70° Centigrade

Media
No* of 
days' 

growth
Diameter(mm.) Type of growth Color*

Potato- 3 60 Oppressed, slightly zonate White
dextrose
agar

k 90 Oppressed, zonate Light Helleborne-green, 
white fringe

5 90+ Zonate, felty Dusky olive-green
6 90+ Felty Olivaceous •*black

Czapek 3 15 Oppressed, slightly stringy White
agar 4 17 Oppressed, stringy White

5 90 Oppressed, very stringy White
6 90+ Felty Deep olive-gray

Yeast 3 10 Oppressed, slightly stringy White
starch 4 25 Oppressed, stringy White
agar 5 60 Oppressed, very stringy Light mouse-gray

6 80 Very stringy Dark mouse-gray
Yeast 3 10 Cottony Whit#
agar 4 20 Cottony, zonate Dark ivy-green

5 40 Cottony, very zonate Deep mouse-gray
6 55 Felty, sectoring Blackish mouse-gray

^Colors are those of Ridgway



Fig# 22. Growth of the sooty fungus (Organism A) 
on potato-dextrose agar after three 
days (xl)



Fig. 23. Growth of the sooty fungus (Organism A) 
on potato-dextrose agar after four 
days (xl)



Fig. 24. Growth of the sooty fungus (Organism A) 
on potato-dextrose agar after five 
days (xl)
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The conidia are obviously not produced endogenously, 
therefore the genera Thielaviopsis or Qhalara would not ac
commodate the fungus.

The conidial form of the fungus is very similar to the 
genera Coniothecium and Torula, which are described by 
Saccardo (17) as follows:

Torula: Sterile hyphae sinuous; fertile hyphae short,
very short, or scarcely different from the conidia. Conidia 
are separated into chains which break apart singly or into 
small chains; both are of the same form, continuous, dark 
brown or black, globose, oblong or subfusoid. The genus 
should be revised in the future and should perhaps be di
vided. There are to be found species with conidia subcuboid 
which deviate from the type. These last, when they have 
conidia sufficiently cohering to each other, scarcely differ 
from the genus Hormiscio to which is added Gyrooeras.

Coniothecium: Conidia sarciniform, variously septate,
cross or oblique, usually several coalescing to one another 
forming black dots or spots on the upper surface of the leaf 
or bark. Conidia are frequently so varied that they may be 
taken for buds. Because of this fact the species is defined 
with difficulty, or perhaps it is not to be defined. The con
fusion is increased by the fact that frequently the cells are 
taken for conidia.

The morphological characters of the sooty canker fungus 
are most similar to those of the genus Torula; the mulberry
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fungus also has two types of hyphae, one of which is appar
ently sterile, the other separating into chains of globose 
or oblong individuals. Both fungi produce similar growth 
on artificial media. Masses of black, powdery thallosphores 
of both fungi are known to occur in cavities beneath the 
bark. Perhaps the most distinguishing single character 
common to both fungi is the frequent formation of cells of 
a subcuneate form and two apices at which the branching of 
the chain originates. This character is figured by 
Nattrass (1 5), who considers it to be characteristic of 
Torula.

In view of these and other reasons, the author would ten
tatively place the conidial form of the sooty canker fungus 
in the genus Torula until such time as comparisons and fur
ther studies may indicate otherwise.

The sphaeropsid form of the fungus was compared with 
various keys and references of Fungi Imperfect! and found to 
agree closely with the morphological characters of the genus 
Hendersonula, as set forth by Clements and Shear (6) and by 
Bender (2).

Saccardo (17) describes the genus Hendersonula as fol
lows: Stromata covered or erumpent, black; osteoles dot
like, not well differentiated; round or misshapened locules 
within which are produced spore-bearing conidiophores.
Spores elliptical, many septa, colored, typically stalked.

Hendersonula mori Saco, occurs on Morus alba in Italy.
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Saccardo gives the following description: Pycnidia grouped
into stromatical, sub-cutaneous, minute, black acervuli, 
raising the epidermis in a blister-like fashion and finally 
breaking through; 4-10 in each acervulus, sub-globose,
100-200 u in diameter, not or scarcely obtuse papillate, 
texture dark blue to sooty; spores oblong ellipsoid, both 
ends somewhat obtuse, 3-septate, non-constricted, 16-18 x 
7 u, light sooty; conidiophores scarcely visible.

The fungus lives in living corticated branches of Morus 
alba which it injures. Dendrophoma and Phomopsis species 
are often found associated with H, mori.

Sendersonula mori and the sooty canker fungus are 
similar in some respects; however, the following differences 
were noted by the author: The pycnidia of our fungus are
immersed in a stroma which originates in the cortex; the pyc- 
nospores are hyaline and granular at first, later developing 
two septa and a dark central cell; the conidiophores are 
plainly visible; a Torula form also occurs in conjunction 
with the sphaeropsid form of our fungus.

Until such a time when an extensive study of the fungus 
can be accomplished and species comparisons made, it is sug
gested that the sooty canker fungus be placed, tentatively, 
in the genus Hend ersonula.



SUMMARY

This study of a previously unreported disease of mul
berry in Arizona showed the causal organism to be a "sooty 
mold-like" imperfect fungus possessing both a conidial and 
a sphaeropsid form, which were tentatively identified as be
longing to the genera Torula and Hendersonula, respectively.

The disease is characterized by leaf browning, bark 
necrosis, bark blisters, die-back, sooty cankers, and internal 
discoloration of infected members. The symptoms occur in 
succession, eventually resulting in splitting and peeling of 
the outer bark to expose masses of povtiery, black spores and 
erumpent stromata resulting in a sooty covering over the af
fected member.

Over 200 inoculations were made on mulberry seedlings 
and twig lengths by inserting the fungus into knife wounds 
and by surface spraying with a spore suspension.

Typical disease symptoms were produced on 90 per cent 
of all material inoculated in from 21 to 72 days, depending 
on the environment and nature of the material inoculated.

The disease, apparently not spreading rapidly at the
present time, is, however, a lethal disease of mulberry and
could become serious in the future,

V r X  of Arizona Library



Further studies of the fungus, especially regarding 
the relationship between the Torula and Hendersonula forms, 
are planned for the future.
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