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ABSTRACT

In 1950 and 1951, inspectors of the Bureau of Entomology and

Plant Quarantine found a Colletotrichum sp. associated with lesions

on the bulb scales of a number of species of lilies being imported from
the Orient. These lesions resembled somewhat those found in black
scale disease of Easter lily bulbs. Colletotrichum isolates obtained
from the imported bulbs could not be differentiated from the black scale
fungus, g__l'lﬂli_z on the basis of size, shape, or the color of their
conidia. Since the black scale disease had only been found in Bermuda
and Liouisiana, and had never been reported as occurring on bulbs other
than those of the Easter lily, these isolates were subjected to patho-
genicity tests on the black scale susceptible Creole Easter lily, in

comparison with C. 1ilii,

Sixteen isolates from various bulbs and plant materials were
found to be non-pathogenic to the Creole Easter lily during two suc-
cessive growing seasons. It was also found that these isolates were
non-~pathogenic to bulbs of the types from which they were originally
isolated. In host range studies with C. lilii it was found that bulbs of

L. callosum, L. candidum {(Cascade and White EIf strains), L. cernuum,

L. Davidii 'Maxwill', L. formosanum, L. Henrvyi, L. japonicum, L.

regale, L. speciosum var, album, and L. speciosum var. rubrum were

not susceptible. However, bulbs of L. amabile, L. dauricum var.
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sanguineum, L. martagon var. album, L. pumilum, L. umbellatum,

and the Creole, Croft, Estate, and Georgia varieties of Easter lilies

(L. longiflorum) were found to be susceptible to the disease. In the

case of_L_. concolor, it was found that the fungus could be isolated

from the necrotic scale tips of the bulb, although the scales showed
no typical black scale lesions,

In an effort to differentiate between pathogenic and non-pathogenic
forms of the fungus, critical morphological and growth studies were
made. These studies revealed that all isolates could be differentiated
from the pathogenic form by growth studies in liquid medium. Morpho-
logical differences were found in only four isolates.

Studies with the pathogenic fuz.lgus to determine its effect on the
growing lily plant indicated no adverse effects on flowering, plant
vigor, bulb development, or forcing ability. Bulblet production how-
ever, was significantly increased in plants whose bulbs were infected
by C. lilii. At no time was the fungus observed on any part other than

the bulb scales.



INTRODUCTION

Black scale is a disease known to affect the bulb scales of at

least two commercial varieties of the Easter lily, Lilium longiflorum

Thumb. Until 1937 when the disease was first observed in this country
in southern Louisiana, it was known only in the lily growing areas of
Bermuda. The causal organism was first described in 1944 and de-

signated as a new species, Colletotrichum lilii Plak,

In 1949 and 1950, a Colletotrichum sp. was isolated from the

bulb scales of Croft Easter lilies grown in Cregon and was found to

be morphologically similar to Colletotrichum lilii. Later, a series

of isolations were madé from lesions on scales of imported bulbs
intercepted by Federal inspectors at ports of entry in San Francisco,
Seattle, and Hoboken. Although the conidia of these isolates were
found to be identical in size and shape to those of C. lilii, »_the scale
lesions were different.

Between 1951 and 1953, investigations were conducted with ten
of these isclates to determine their pathogenicity to the black scale
Suscgptible Creole Easter lily. None of these isolates caused black
scale. In the laboratery, various studies were conducted in an effort
to determine a means of differentiating between the pathogenic and non-

rathogenic isolates. One isolate was differentiated from C. 1ilii on the




basis of morphological features, two on the basis of colony size on
solid media, and all were found io produce significantly better growth in
liquid medium. Efforts to obtain bulb scale infection in the laboratory
were unsuccessful even with the pathogenic fungus.

Investigations were also conducted to determine whether or not

Colletotrichum lilii was the same fungus as Colletotrichum liliacearum

{Schw.) Duke. It was found that the morphological features of three

isolates thought to be C. liliacearum were different from those of C.

lilii, and they were not pathogenic to Creole Easter lily bulbs.

The present investigations deal with additional isolates; their
pathogenicity to Creole lilies, their pathogenicity to bulbs of the type
from which they were originally isolated, and methods of distinguish-

ing them from C. lilii. Other work included a host range study of C.

lilii with a number of commercially available lilies, and certain aspects

of the effects of the pathogenic fungus on the growing Easter lily and its

bulb.



REVIEW OF LITERATURE

Previous to the isolation and description of the black scale
fungus by Plakidas (10, 11), references related to this disease and
its symptoms were limited to reports and brief notes. All reports
were from the lily growing areas of Bermuda or concerned with bulbs
and plants grown there. The fact that much of this information origi-
nated prior to our present information concerning plant viruses asso-
ciated with lilies, led tuv an apparent confusion between the etiology
and symptoms of the black scale disease and those characteristic
of the various virus entities.

In 1895, Halsted (1) found a Vermicularia sp. and Phyllosticta

sp. associated with older and browner leaves of plants sent to him

from Bermuda. Stewart (16) reported mites and Vermicularia sp. on

diseased bulbs, 'but by no means constantly and seldom in numbers
sufficient to account for the damage.' Whetzel (18) stated that in some
respects black scale was the mdst serious disease of lilies in Bermuda.
He also stated, '"the disease is caused by a fungus, but the identity of
the pathogene has not yet been determined. " According to Plakidas (11},
Whetzel had tentatively identified the causal organism of black scale as

Volutella sp. or Vermicularia sp. Later unpublished data, however,

convinced him that the primarv cause of disease he was experimenting
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with was a mosaic and that the organism associated with the bulbs was
actually secondary to the virus infection. Attempts by Whetzel to pro-
duce black scale infection in the laboratory were unsuccessful.

Ogilvie (8) reported that infection of the bulbs was due to
Volutella sp., but later (9} decided that the condition was due to a
physiological disturbance brought about by asphyxiation of the bulb
scale tissue as a result of heavy or water-logged soil. He added that
the Volutella sp. previocusly suspected as the causal organism was the

result of secondary invasion.

Waterston (17) designated Colletotrichum gloeosporioides Penz.

as the probable cause of black scale. He evidently entertained some

doubt because he stated, '"Black scale, ? Colletotrichum gloeospor-

ioides Penz. has been provisionally named as the fungus responsible

for this condition in the bulb and for pre-mature die-back of the plant
in the field.' Pre-mature die-back is a condition frequently associated
with certain virus infections of the Easter lily, but has never been noted
in connection with black scale infected plants.

The first report of the occurrence of black scale in this country
was by Plakidas (10Q), Her stated that the disease was apparently soil-

borne and found Penicillium sp., Fusarium sp., and Vermicularia sp.

associated with scale lesions. In pathogenicity studies with these

organisms, he found that the Vermicularia sp. was responsible for

the disease. The latter was later determined to be a Colletotrichum




rather than Vermicularia, In a later publication, Plakidas (11) re-

ported that the disease probably occurred in Liouisiana as early as

1934 but remained virtually unobserved until 1937 when it became
serious in many areas of the southern parishes of the state. Losses

as high as 80 per cent were reported, with one grower producing only
8,000 salable bulbs of 40, 000 harvested. In pathogenicity studies he
found that bulb lesions were due to i'nva.s ion by a fungus which he desig-

nated 2s a new species, Colletotrichum lilii Plak. Further work indi-

cated that no successful method or chemical had been found for control
of the disease. His attempts to produce the disecase on bulb scales in

the laboratory were unsuccessful, although bulbs were readily in-

fected when permitted to grow a season in soil inoculated with C. 1ilii,

A control for black scale disease was reported by LeBeau (3, 4)
and later by LeBeau and Reynolds (5). It was foulnd that the disease
ccula be controlled by the use of Puratized N5X and N5E {Phenyl
mercuri friethanol ammonium lactate). This treatment consisted of
soaking the bulbs in a 1:1000 to 1:2000 solution of the 10 per cent forimu-
lation for 24 hours, foliowed by washing in running water for three to
four hours. To protect the treated bulbs from reinfection by soil-
borne inoculum after planting, the bulbs were dusted with Arasan
(tetramethyl thiuram disulfide).

Reynolds {14), reporting on various aspects of the black scale

disease, stated that the optimum temperature for the growth of the



Creole lily was 16°C., the optimum temperature for disease develop-
ment was 30°C., the optimum growth temperature for the growth of
the fungus on potato-dextrose agar was 22°C., and that the fungus pro-~
duced a toxin which was evident by the fact that tissue showed dis-
coloration in advance of the invading fungus. In support of this
contention he reported that a toxin produced in liquid culture was able
to cause disease symptoms on healthy bulb scales under laboratory
conditions. In other experiments he was able to obtain infection and
black scale symptoms on scales in moist chambers at temperatures
ranging from 6°C. to 30°C. His data showed that infection was ap-
parently possible at all temperatures within this range, and that only
six days were required for infection to take place at 30°C. Attempts
by Whetzel, Plakidas (11) and later Sobers (15) were unsuccessful in
similar efforts. Reynolds also reported that the optimum growth
temperature for C. lilii on potato-dextrose agar was 22°C. This fact,
however, is not consistent with the 85°F. maximum reported by
McClellan and Marshall (6) or the optimum growth range of 27°C. to
31°C. reported by Sobers (15).

Plakidas (12) reported a Colletotrichum sp. similar to the

black scale fungus associated with lesions on the scales of Croft
Easter lily bulbs grown in Oregon. Growth studies on various solid
media indicated that the fungus was apparently not C. 1lilii. In patho-

genicity studies it was found that the Oregon isolate was not pathogenic



to the Creole Easter iily bulb. These facts were confirmed by
Sobers (15) and in addition it was found that the optimum growth
temperature for the isolate waé 23°C. to 27°C. as cqmpared to 27°C.
to 31°¢. for C. 1lilii. In another report by Plakidas (13), it was fe—

vealed that an isolate from bulbs grown in California was non-

pathogenic. He also noted that additional Colletoirichum isolates
had been made from various species of lily bulbs grown in the Orient.
Investigations by the author (15) showed that of thirteen iso-

lates similar to C. 1ilii, none was pathogenic to Creole Easter lily

bulbs, and only four could be differentiated from the pathogenic form
on the basis of morphological features. It was shown that C. lilii and

C. liliacearum were different on the basis of morphological features,

and the inability of C. liliacearum to cause black scale symptoms on

Easter lily bulbs. Oregon isolates were readily distinguished from

C. 1lilii by comparative colony diameter increase on solid media, and
on the basis of optimum growth with respect to temperature. All iso-
lates were found to produce significantly better growth in liguid culture

when compared with C. 1lilii,

In 2 recent publication, McWhorter {7) describes a condition on
Easter lily bulbs which he calls "brown scale.! He suggests that the
organism causing this condition is a probable variety of C. 1lilii. He
notes that this fungus type is being studied in Liouisiana, and un-

doubtedly is referring to the Oregon isolates investigated by Plakidas



(12) and Sobers (15). It has been shown by both workers that while this
isolate does resemble C. lilii morphologically, it shows important dif-
ferences physiologically and has never been found to produce any type
of scale lesion on the Creole Easter lily bulb grown under Louisiana
conditions.

Irr addition to "brown scale, ' McWhorter describes a scale tip
rot. This condition has been observed here on the Croft variety but no
particular fungus has been found associated with the condition.
McWhorter also states that the condition is apparently peculiar to the
Croft variety and that no virus or mineral deficiency has been asso-
ciated with it. In the author's brief experience, it has been a rare ex-
ception to find Croft bulbs whi_ch did not show this condition, even those

bulbs originating from areas other than Oregon or Louisiana.



MATERIALS AND METHODS

Source of Isolates
Prior to and during the course of these investigations, a number
of Colletotrichum isolates were accumulated from a variety of plant
materials grown in several different areas of this country and from
several oriental countries. All were selected because of their mor-

phological similarity to Colletotrichum lilii Plak. Where possible the

isolates are listed with the plant material from which the isolation was
made, the person responsible for the isolation, and the country or area
from which the plant material originated. The isolates used in these
studies are listed below.

Isolate 49-33. A single spore isolation sent to this depart-
ment from the government quarantine station at Hoboken, N. J., the
original isolation having been made from thé bulb scales of Lilium
speciosum bulbs grown in Japan.

Isolate 7793-A. Isoclations made by the author from the bulb

scales of Lilium formosanum {(Wilson Strain) bulbs grown in southern

Alabama.

Isolate 13076. Isolations made by Dr. A. G. Plakidas from

scales of Lilium auratum bulbs grown in Japan.

Isolate 13077. Isolations made by Dr. A. G. Flakidas from

9



scales of Lilium speciosum bulbs grown in Japan.

Isolate 13081. Isolations made by Dr. A. G. Plakidas from

scales of Liliurm Hansonii bulbs grown in Japan.

Isolate 25530. Cultures sent to this department from Beltsville,
Md., the original isolation having been made from bulb scales of an un-
identified Lilium sp. grown in China.

Isolate 27534. Isolations made by Dr. A. G. Plakidas from

scales of Lilium cleimerii bulbs grown in Japan. A search of avail-

able literature for a description of this lily was made without success.
In an effort to gain information concerning L. cleimerii, various
authorities were contacted. It was suggested that the lily was prob-
ably a hybrid of oriental origin. An inquiry was made to the quarantine
authorities requesting information concerning the importer of the bulbs
from which this isolate was taken. The importer informed the author
that the bulbs had been grown in Japan and that they were hybrids
which were not available in this country. He also stated that the bulbs
were of unknown parentage and that they did not survive the first years
growth under Alabama growing conditions.

Isolate 27535, Isolations made by Dr. A. G. Plakidas from

scales of Lilium concolor bulbs grown in Japan.

Isolate 27536, Isolations made by Dr. A. G. Plakidas from

scales of Lilium dauricum bulbs grown in Japan.

Isolate 27538, Isolations made by Dr. A. G. Plakidas from
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scales of Lilium umbellatum bulbs grown in Japan.

Isolate 27884, Isolations made by Dr. A. G. Plakidas from

scales of Lilium sikkimensis bulbs grown in India. This lily is thought

to be a hybrid since no information under this name was found in the
literature. Efforts to gain information from the importer of the bulbs
were unsuccessful.

Isolate Ore. '49. Isolations made by Dr. A. G. Plakidas from
bulb scales of a Croft Easter lily grown in Oregon in 1949. The speci-
men was submitted by Dr. Frank P. McWhorter of Oregon State
College at Corvallis, QOregon.

Isolate Ore. '50. Isolations made by Dr. A. G. Plakidas from
bulb scales of a Croft Easter lily grown in Oregon in 1950. The speci-
men was submitted by Dr. Frank P, McWhorter. Both of the Oregon

specimens were sent because of a Colletotrichum sp. associated with

what Dr. McWhorter calls a ''die-back!' of the scale tips of the Croft
Easter lily. He stated that the fungus looked much like C. lilii.

Isolate La. Isolatiuvns made by Dr. A. G. Plakidas from bulb
scales of Creole Easter lilies grown in Louisiana and naturally infected

by C_olletotrichum 11111 Plak.

The next three isolates were selected as being representative

of Colletotrichum liliacearum (Schw.) Duke, Thev were collected to

be used in pathogenicity tests because of the similarity in the size of

spores when compared to those of C. lilii,
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Isolate Ham. Isolations made by the author from the dried

leaves and flower stalks of a Hemerocallis sp. collected by Dr. A. G.

Plakidas in Hammond, La.
Isolate Pa., Isolations made by the author frcm dired leaves

and flower stalks of a Hemerocallis sp. collected on a field trip in the

vicinity of Bethlehem, Pa. in 1952, The material collected was com-
pared with the type specimen in the Schweinitz collection at the Academy
of Natural Sciences in Philadelphia, Pa. This comparison indicated no
significant differences between the two specimens, On the basis of this
comparison and the fact that the material had been collected in the same
general area as the type specimen, it was assumed that the isolate was
the same as described by Schweinitz to which he gave the name

Colletotrichum liliaceorum or Colletotrichum liliacearum (Schw.) Duke.

Isolate Wash. Isolations made by the author from the dried
leaves of an Iris sp. collected by Mr. Stevenson, mycologist with the

.USDA. Mr. Stevenson considered the Colletotrichum &p. found on this

material to be typical of Colletotrichum liliacearum.

The last group of isolates were made from vall'ious lesions and
necrotic areas found on bulbs which had been grown in soil infested by
C. lilii during the course of these investigations.

Isolate LU-1 to LLU-5. Isolations made by the author from

lesions resembling black scale on the scales of Lilium umbellatum bulbs

grown in sterilized soil infested by C, lilii.
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Isolate LD-1to LD-5. Isolations made by the author from
lesions resembling black scale on the scales of L. dauricum var.

sanguineum bulbs grown in sterilized soil infested by C. lilii,

Isolate LC-1 to LLC-5. Isolations made by the author from dried
scale tips of L. concolor bulbs grown in sterilized soil infested by C.

lilii. The tips of the scales resembled the scale tip necrosis frequently

associated with the Croft Easter lily. The fungus was evident by the

presence of numerous acervuli on the scale tips:

Source of Bulbs
The Creole and Georgia lily bulbs used in the various experi-
ments were purchased from Mrs. Henry Blatt, Slaughter, La. These
were certified bulbs known to be free of black scale, Bulbs of the
Croft and Estate varieties were obtained through the courtesy of Dr.
Frank P. McWhorter, Oregon State College, Corvallis, Oregon.

Bulbs of L. dauricum var. sanguineum were purchased from Dr.

F. L. Skinner, Dropmore, Manitoba, Canada. All other bulbs were

purchased from the Oregon Bulb Farms at Corvallis, Oregon.

Soil Treatment and Infestation
In all.pathogenicity studies, river bottom soil was used. Soil
was brought in from an area where no bulbs had ever been grown.
When practical, the soil was sterilized along with the container in

which the bulbs were to be planted. Sterilization was affected by
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autoclaving at i5 pounds pressure for two hours., After sterilization
the soil was left in the containers for ten days prior to use.

Due to a lack of sufficient containers of proper depth, it was
necessary to plant some bulbs in large cold frames. These were filled
with soil and sterilized by fumigation with methyl bromide at the rate
of one pound to 72 cu. ft. of soil. After treatment, the soil was al-
lowed to stand unused for ten days. During this period the soil was
turned frequently to allow residual methyl bromide to escape.

Soil infestation was accomplished by raixing a 250 ml. beaker
full of inoculum to a gallon of soil. Inoculum: consisted of cultures of
the fungus on a sterilized mixture of oats and ground peanut medium.
Holes were made at the proper depth to accommodate the bulbs and the
inoculum mixture was used to cover the bulbs along with any additional
soil needed. A sterile oat-peanut mixture was similarly mixed and

used to cover bulbs serving as controls.

Preparation of Soil Inoculum
The inoculum for soil infestation was prepared by growing the
desired isolate on an oat and peanut mixture autoclaved at 15 pounds
pressure for two hours in 1600 ml. Erlenmeyer flasks. The mixture
consisted of 3 parts of oats, and 1 part of whole ground peanuts.
Enough of the dried mixture was placed in the liter flask so as to

occupy about 20 per cent of the volume. A one per cent aqueous
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solution of sucrose was added to just cover the contents. At this time
the flasks were seeded with the appropriate isolate and permifted to
incubate for two weeks at 22°C. During this time the contents in the
flasks were agitated frequently to insure greater area exposure to the

growing fungus.

Bulb Planting
The following bulbs were planted 3-4 inches deep in gallon con-

tainers of sterilized river bottom soil: L. callosum, L. candidum

(Cascade and White EIf Strains), L. concolor, L. dauricum var.

sanguineum, L. umbellatum, and the Creole, Croft, Estate and Georgia

Easter lilies.

Bulbs of L. auratum var. Platyphyllum were planted in two gal-

lon crocks, 5-6 inches deep in a sterilized mixture of equal parts of
peat moss and river bottom soil,

The following bulbs were planted 5 inches deep in 2 gallon crocks
of sterilized soil: L. amabile, L. cernuum, and L. pumilum. Bulbs of

L. formosanum (Wilson Strain) and L. Hansonii were planted six inches

deep in 5 gallon crocks of sterilized river bottom soil.

The remaining bulbs: L. Davidii '"Maxwill", L. Henryii, L,

regale, L. speciosum var. album, L. speciosura var. rubrum and 1.

martagon var. album were planted in cold frames containing river

bottom soil.
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The bulb plantings indicated above are those used for patho-

genicity tests. In some cases other plantings were used and will be

discussed at the appropriate time.

Culture Media
Various types of media were used in cultural studies. They are
listed with their constituents and the method by which they were pre -

pared.

Potato-Dextrose Agar

Peeled and sliced potatoes 200 grams
Agar (Difco) 17 grams
Dextrose USPF 20 grams
Distilled water to make 1 liter

Carrot Agar

Scraped and sliced carrots 200 grams
Agar (Difco) 17 grams
Dextrose USP 20 grams
Distilled water to make 1 liter

Lily -Dextrose Agar

Sliced Creole Kaster lily scales 200 grams
Agar (Difco) 17 grams
Dextrose USP 20 grams
Distilled water to make 1 liter

In preparation of these media, the potatoes, carrots, and the
lily scales were treated in the same manner as follows: pieces were
suspended in 500 mls. of distilled water and maintained just below the

boiling point of the solution for 15 minutes. The resulting suspansion
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was filtered through two thicknesses of cheese cloth, the previously
melted agar added, and the final volume brought to one liter. Fifteen
milliliters of the media were burretted into each test tube (20 X 150
mini. pyrex'),_ stoppered with cotton, and autoclaved at 15 pounds pres-
sure for 20 minutes. Prior to use in growth studies, the agar in the
tubes was melted and the contents of one tube poured into a sterile
Petri dish.

A buffered potato-dextrose agar was prepared using the same
method of preparation described previously with the exception that ap-
propriately buffered solutions were used in place of distilled water.
These solutions were prepared according to Sorenson's method as
described by Hawk, Oser and Summerson (2}. Solutions buffered at
PH 5.0, 5.5, 6,0, 6.5, 7.0, 7.5, and 8.0 were prepared. After pre-
paration and sterilization, the final pH of each batch of agar was
checked. The pH determinations were made at 6006. Final pH values
were as follows: pH 5.0 increased to 5.48;'5.5 to 5.70; 6.0 to 6.02;

6.5 decreased to 6.39; 7.0 to 6.75; 7.5 to 7.25; and 8.0 to 7.72.

Oatmeal Agar

Oatmeal (Quaker Cats Co.) 200 grams
Agar (Difco) 17 grams
Dextrose USP 20 grams
Distilled water to make 1 liter

The oatmeal was placed in a 1000 ml. Erlenmevyer flask with

500 mls. of distilled water and maintained at 60°C. for one hour. The
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resulting suspension was gently squeezed through two thicknesses of
cheese cloth and added to the previously melted agar. Final volume
was adjusted to one liter. Fifteen milliliters of this medium were
dispensed into each test tube, stoppered with a cotton plug, and

sterilized by autoclaving for 20 minutes at 15 pounds pressure.

Czapeck's Agar

Sodium nitrate 3.0 grams
Monobasic potassium phosphate 1.0 gram
Potassium chloride o 0.5 gram
Magnesium sulfate , THOH 0.5 gram
Ferrous sulfate 0.0l gram
Agar {Difco) 17.0 grams
Sucrose USP 30.0 grams
Distilled water to make 1.0 liter

This medium was dispensed into test tubes and sterilized in the

same manner as described for the previously mentioned media.

Fries Minimal No. 3

Ammonium tartrate 3.0 graims
Ammonium nitrate 1.0 gram
Monobasic potassium phosphate 1.0 gram
Magnesium sulfate . THOH 0.5 gram
Sodium chloride 0.1 gram
Calcium chloride .2HOH 0.1 gram
Glucose 20.0 grams
Ferric chloride (1% aqueous soln.) 0.5 ml.
Trace element solution 1.0 ml,
Distilled water to make 1.0 liter

The trace element solution was prepared to contain the follow-
ing quantities per liter of solution: boron, 0.0l mg.; copper. 0.1 mg.;

manganese, 0.02 mg.; molybdenum, 0.02 mg.; and zinc, 2.0 mgs.



