
AN ABSTRACT OF THE THESIS OF

ALAN ROBERT LYONS for the M, S.
(Name of student) (Degree)

in Plant Pathology presented on August 30, 1968
(Major) (Date)

Title: EXAMINATION OF NECROTIC FLECK-DISEASED

LILIUM LONGIFLORUM

Abstract approved:
Redacted for privacy

T, C. Allen, Jr.

Previous research has provided substantial circumstantial

evidence that the lily symptomless virus (LSV) and cucumber mosaic

virus (CMV) are the infectious agents responsible for necrotic fleck,

Either LSV or CMV alone did not elicit necrotic fleck symptoms.

In my research infected lily sap elicited local lesions on cow-

pea, Vigna sinensis (L, ) Endl. 'California', indicating the presence

of CMV. However, LSV was not transmitted by abrasion methods to

any of the plant species tested. Grafting of leaves from a diseased

lily onto a seedling lily did transmit LSV-like rods. Apparently

CMV was not transmitted since symptoms failed to develop.

Inhibition of transmission was indicated when lily sap markedly

reduced the number of lesions induced by TMV on Pinto bean leaves.

This inhibition was reversible as evidenced by an increased infectivity

upon dilution of the TMV + lily sap.



Electron microscopy of necrotic fleck-diseased leaf exudates

revealed LSV-like rods, but not CMV particles. Size measurements

of long virus-like rods were similar to those of previous workers.

No virus-like particles were seen in exudates of the control seedling

lily leaves.

In ultrathin sections of diseased leaves, long rods were dis-

cerned in epidermal, mesophyll and vascular tissues. CMV-like

particles were seen only in vascular tissue and their size ranged

from 20-31 mj.. Virus-like particles were not seen in seedling lily

leaf sections.

Particle assays showed that severely flecked lilies did not

have higher concentrations of virus-like rods than milder diseased

lilies. Of leaf areas, basal, upper epidermis seemed to contain

relatively higher concentrations of virus-like particles.

Serological tests did not establish a relationship between the

LSV antisera and infected lily sap.

More information on the necrotic fleck disease on lilies has

been provided in this research. This information should be useful

for obtaining direct evidence of the role of CMV and LSV in necrotic

fleck disease of L. longiflorum.
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EXAMINATION OF THE NECROTIC FLECK DISEASE
LILIUM LONGIFLORUM

INTRODUCTION

Through symptomology and extensive transmission trials

Brier ley and Smith (8) concluded that the necrotic fleck-diseased

Li lium longiflorum Thunb. was caused by a complex of cucumber

mosaic virus (CMV) and lily symptomless virus (LSV). LSV did not

elicit any symptoms in many transmission attempts on numerous test

plants of different genera and families (8; 11, p. 72-73). In Easter

lilies, necrotic fleck symptoms materialized only when CMV and LSV

were present together; either one alone did not induce the necrotic

fleck disease (8).

Civerolo (11, p. 104-108) found long rod-shaped particles with

a normal length of about 636 mp, in extracts of necrotic fleck-diseased

lily. Because of presence in preparations for electron microscopy,

detection in symptomless field lilies, association with CMV in the

necrotic fleck disease, failure to be transmitted mechanically, and

absence in seedling lilies, these virus-like particles were resolved

to be LSV.

The objectives of this research were to: (a) implicate LSV and

CMV directly as causal agents; (b) find a suitable host for LSV; (c)

test for inhibition of virus transmission; and (d) visualize the viruses
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in necrotic fleck leaf tissue for possible elucidation on viral distri-

bution and interaction.
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LITERATURE REVIEW

In the majority of the literature on Lilium longiflorum Thunb.,

there usually was an account or mention of the once thriving Bermuda

lily industry and its subsequent collapse due to virus diseases (19, p.

111-112; 22, p. 10; 25, p. 50). In Woods' (29, p. 50) evaluation of the

lily disease in Bermuda, he described leaf symptoms as,

marked with small yellowish-white, often longitudinal,
and more or less shrunken spots or streaks. These
increase slightly in size, continue to grow paler, and
finally collapse, dry out and turn brown.

This description typified the disease now called necrotic fleck, and

the downfall of the Bermuda lily industry demonstrated the signifi-

cance of necrotic fleck on the history of lily culture. Woods (29, p.

8-15) failed to recognize that viruses were involved; instead, he

attributed the disease to other factors including fungi, insects, poor

quality bulbs, and worn-out soil.

Ogilvie and Guterman (26) recognized the aforementioned symp-

toms to be of virus origin and classified the disease as a mosaic type.

Guterman was the first to transmit the disease, by inarching and

needle prick (14) and by Aphis gossypii Glover (15).

Price (27) isolated a strain of cucumber mosaic virus (CMV)

from diseased lily by mechanical inoculations into Turkish tobacco.

He was successful in inducing necrotic fleck symptoms in Easter
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lilies with the isolated CMV. Thus he concluded that CMV alone

was the infectious entity causing necrotic fleck.

It was Brier ley (6) who recognized the separate significance

of necrotic fleck symptoms previously classified as a mosaic type

(26). He coined the name "necrotic fleck" to this disease in lily (6).

Brier ley and Smith (8) could induce necrotic fleck symptoms on

only one of 512 seedling lilies inoculated with CMV. However, when

CMV was inoculated into commercial Easter lilies, 97 of 132 pro-

duced necrotic fleck symptoms. With this information combined

with other data on extensive transmission trials with sap and aphids

and symptomology of indicator plants, they concluded that the necrotic

fleck disease was caused by a complex of CMV and lily symptomless

virus (LSV). They attributed Price's failure to recognize that two

viruses were involved to his use of contaminated, but symptomless

test plants. Price (27) reported that he had used both seedling lily

and lilies selected from "cage-grown stock. " Brierley and Smith

(8) maintained that only those lilies grown from seed and suitably

protected would be virus-free, while those from "cage-grown stock"

could easily be infected with LSV and still be symptomless. It was

this failure to use entirely virus-free seedling lilies that caused

Price to err in naming CMV as the sole factor responsible for the

necrotic fleck disease.

The term "symptomless" was advanced for this virus because
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extensive transmission tests with 56 plant species representing 40

genera and nine families failed to produce symptoms (8). However,

"symptomless" was employed with reluctance since any induction of

symptoms would render the term incorrect. Brier ley and Smith (8)

would have preferred using "latent, " but McWhorter (20) already had

used this term with reference to a virus in the lily mottle or tulip-

breaking group.

Civerolo (11, p. 11-108) utilized techniques unavailable to

Brier ley and Smith to further clarify the problem. With ultracen-

trifugation and electron microscopy Civerolo was able to isolate and

visualize two distinct virus-like particles from the necrotic fleck-

diseased lily. These two viruses, isometric and anisometric, were

not extractable from seedling lilies. The isometric particles were

diagnosed to be CMV and the anisometric particles, LSV. Civerolo

used many different mechanical inoculation methods to transmit

LSV, but failed. He performed physical, chemical, and serological

studies on the two particle types and worked out a purification tech-

nique that comparatively yielded the highest concentration of long

virus-like particles. It was reported that no apparent increase

in LSV ensued when CMV was inoculated into the symptomless

field lilies. He concluded that these long virus-like particles were

indeed LSV by their appearance in preparations for electron

microscopy, their detection in symptomless field lilies, their
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association with CMV in the necrotic fleck disease, their failure to

be transmitted mechanically, and their absence in seedling lilies.

Fleck remains an important problem to lily growers and

forcers, since it markedly affects the salability of Easter lilies.

Having no method of restoring flecked lilies to a symptomless

state necessitates roguing of the diseased individuals in the fields.

The lily grower considers roguing a terrible waste because of the

time, effort, and money. But the grower cannot risk selling necrotic

fleck-diseased bulbs for the justifiable fear of losing his lily bulb

market.

The symptoms can range from a severely flecked lily to one

which barely exhibits flecks on the leaves. It is reported that the

variations of symptoms represent essentially the same disease

complex, and shifts from the milder to more severe symptoms may

be expected without additional outside contamination (8). The symp-

toms are a chlorosis of isolated areas of the leaves. These areas

usually end in a necrosing and sometimes there is a joining of two

necrosed areas, giving an elongated appearance on the infected

leaves (Figure 1).
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MATERIALS AND METHODS

Source of Easter Lilies

Naturally infected Easter lilies, L. longiflorum 'Ace' and

'Nellie White', were supplied by two lily growers, Kenny Lee of

Albany, Oregon and Robert A. Magee of Dayton, Oregon. These

were potted in the same soil mix and placed in the greenhouse.

Healthy seedling lilies (hybrids of Nellie White and Ace) were pro-

vided by Dr. A. N. Roberts, Oregon State University. These also

were grown in the soil mixture, but were isolated from the diseased

lilies in a separate glass house with insect-proof screening. Dis-

eased plants which had been bulb-propagated for two to three years

also were used for the various projects in this thesis.

Examination of Transmission

Inhibition of Transmission

Dr. R. 0. Hampton, U. S. D. A. and Dr. T. C. Allen, both of

Oregon State University, kindly supplied the "Pinto" bean seeds,

Phaseolus vulgaris L. 'Pinto U. I. III', and the purified TMV prepa-

ration respectively. The seeds were planted in pots containing a

standard soil mix and grown in an environment chamber kept at 21°

C temperature and a 12 hours per day photoperiod. The TMV
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preparation was refrigerated at a constant 1. 7° C temperature.

Lily sap was prepared by first rinsing the lily leaves in tap

water and drying these with Kimwipes. The "cleaned" leaves then

were ground with a mortar and pestle and the crude sap .filtered

through four layers of cheesecloth. Potassium phosphate buffer

(0. 1M), pH 7. 0, served as the extraction solution, 5/1(V/W). The

lily extracts were pH 6. 7.

The same phosphate buffer was utilized as a diluent for the

water + TMV control solution and the lily sap + TMV mixture, The

apical meristems always were pinched off the bean plants. When

inoculated these plants were seven to ten days old. After the leaves

had been dusted with Carborundum they were rubbed with the thumb

wet with inoculum. The inoculated leaves then were rinsed gently

with tap water. Each treatment was inoculated to at least eight

half-leaves and the half-leaves were so distributed that there was

no left- or right-handed bias for any one mixture. Local lesions

were counted seven days after inoculation.

Electron Microscopy

Leaf Exudates

Preparations of virus-like particles from infected lily leaves

were made with techniques of Brandes (5) and of Hitchborn and Hills
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(1 7). The leaves were first swabbed with cotton soaked in 95% alco-

hol. They were then sliced with a sterile razor blade and the sap

was allowed to exude into a drop of distilled water. After one minute

the excess liquid was blotted off and allowed to dry. A drop of sodi-

um phosphotungstate, pH 7.0, then was placed on the dried prepara-

tion, drawn off in ten seconds and dried before examination with the

Philips EM-300 electron microscope.

Ultrathin Sections

Small pieces of Easter lily leaves were cut in a solution of 3%

glutaraldehyde and 0. 07M phosphate buffer, pH 7.0. The tissue then

was placed in a plastic vial containing additional 3% phosphate-

buffered glutaraldehyde and aspirated to insure rapid killing and

fixing. An overnight wash in phosphate buffer followed the three

hour fixation. The material was post-fixed for four hours in 1%

phosphate-buffered osmium tetroxide and dehydrated in a series of

graded alcohol solutions. Having been washed twice with propylene

oxide for 15 minutes each, the material was prepared for final

embedding by systematically introducing it into two mixtures of

propylene oxide plus plastic (DDSA, Araldite 6005, dibutyl phthalate,

and Epon 812 combination). The first mixture consisted of two parts

propylene oxide to one part plastic with addition of twice the normal

amount of DMP 30; the second contained the same ingredients, but
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with the proportions reversed. The final embedding in plastic was

set at room temperature for several hours before being heated at

60° C for 24-36 hours.

Sections were cut with glass knives provided by Dr. Patricia

Harris, Oregon State University, and stained with uranyl acetate and

lead citrate. Observations were made with a Philips EM-300 electron

microscope.

Serology

Two vials of antisera, one prepared against seedling lily leaf

extract and the other prepared against LSV, were sent to Dr. T. C.

Allen who generously made these sera available. The microprecipi-

tin tests were carried out as described by Ellen Moorhead Ball (2,

p. 5-7). A checker-board pattern was drawn with a grease pencil on

plastic, disposable Petri dishes. Dilutions of both antigen and anti-

serum were made in physiological saline (0. 85% NaC1 in neutral

0. 01M phosphate buffer). Saline also was employed as a control

for both antigen and antiserum. Micropipettes were fitted with 26

gauge needles to deliver an identical volume to each square. The

prepared Petri dishes were incubated at room temperature for four

hours before being placed in the refrigerator overnight. The reac-

tions were read after an incubation of two, four, and approximately

24 hours.
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With the exception that crude sap was used, the "modified"

chloroplast agglutination tests were conducted similarly to the mi-

croprecipitin tests. The crude extract was prepared by squeezing

sap from a bundle of leaves with "Vice-grip" pliers. The sap was

then appropriately diluted with the same saline used above and de-

livered in the same fashion.
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Examination of Transmission

Host Range
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Attempts to mechanically transmit the necrotic fleck complex

to other hosts have been unsuccessful. Even the supposedly readily-

transmitted CMV involved in the complex failed to infect tobacco in

numerous transmission trials. However, local lesions were induced

in cowpea,Vigna sinensis (L.) Endl. 'California', indicating the pres-

ence of CMV. Various combinations of buffers and additives were

utilized in trying to transmit the causal agents.

Necrotic fleck tissue was ground in different solutions; 0. 1M

sodium phosphate buffer, pH 7.0, and 0. 01M sodium diethyldithio-

carbamate (DIECA); tap water (8); 0.1M borate buffer, pH 8.0,

0.0IM DIECA and 0.0IM thioglycollate; and liquid nitrogen (28)

and 0. 1M borate buffer, 0.01M DIECA and 0. OIM thioglycollate.

Both rubbing inoculum on Carborundum-dusted leaves and injecting

inoculum into stem and leaves were employed. In some trials par-

tially purified preparations or light scattering bands from sucrose

density gradient centrifugation served as inoculum. Also, different

intervals of inoculation onto the same target plants were tried.

The plants inoculated which failed to produce symptoms



were: Amaranthaceae- Gomphrena globosa L. ; Apocynaceae -

Vinca rosea L. ; Chenopodiaceae - Chenopodium amaranticolor

Coste and Reyn., Chenopodium quinoa Willd. ; Crassulaceae

Kalanchoe diagremontiana Hamet and Perrier, K. pinnata Pers. ;

Cruciferae - Brassica pekinensis (Lour.) Rupr. ; Cucurbitaceae -

Citrullis vulgaris Schrad. 'Stone Mountain', Cucumis sativus L.

'National Pickling', Cucurbita maxima Duch. 'Buttercup'; Gerani-

aceae - Pelargonium sp.; Gramineae Hordeum vulgare L. 'Atlas

46', Zea mays L. 'Golden Cross Bantam'; Leguminoseae Cassia

occidentalis L., Phaseolus vulgaris L. 'Bountiful', P. vulgaris L.

13

'Pinto U. I. III', Trifolium hybridium L., Vicia faba L., Liliaceae

Lilium longiflorum Thunb. 'Ace'; Plantaginaceae - Plantago lance-

olata L. ; Scrophulariaceae Antirrhinum majus L. ; Solanaceae -

Datura stramonium L., Lycopersicon esculentum Mill. 'Marglobe',

Nicotiana tabacum L. 'Samsun', 'Samsun N N' and 'Necrotic Turk'.

Leaf Graft

McWhorter and Allen (21) were successful in transmitting lily

curl stripe using a leaf-union method applicable to monocots. In

this technique the distal portion of a curl stripe diseased leaf was

taped onto the basal portion of a leaf on the target lily plant so that

the cut ends of the parallel veins were joined and a leaf union re-

sulted. These grafts were done quickly before drying of the cut ends
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could occur. Even though they were able to transmit the curl stripe

disease to a symptomless lily plant, no claim of a graft union was

advanced.

Under the supervision of Dr. Thomas C. Allen, the same type

of leaf-union inoculation was performed by the author. A total of

eight symptomless seedling lilies (Nellie White X Ace) were used as

target plants, and two naturally-infected field lilies were used as

inoculum sources. Leaf-unions involved the basal, middle and tip

portions of the target leaves. Three leaf grafts were performed on

each test plant using only one of the three types of leaf-unions, i.e.

basal, middle, or tip. Since four plants were available for each

inoculum source and only three graft types were utilized, the mid-

dle portion graft type was duplicated for both inoculum sources.

The target plants were in the three-to-five leaf stage of growth

when grafted. Control plants included three symptomless seedling

lilies; one was uninoculated and two were sap-inoculated by the two

inoculum sources respectively.

Some of the grafted leaves remained green and turgid for at

least 30 days, similar to those leaves in McWhorter and Allen's

experiment. After a six-month period no visible symptoms were

observed. To test for transmission of the symptomless virus, dip

preparations were taken from the test and control plants. Two

plants inoculated by one of the sources and representing the
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middle- and basal-type grafts were the only lilies containing particles

similar to LSV.

Inhibition of Transmission

Several trials were run to find the optimum dilution of TMV

solution which would elicit sufficient numbers of lesions on Pinto

beans. Having determined it to be 1:100, experiments were conduct-

ed to see if this dilution of TMV would be inhibited upon addition of

lily sap. Several experiments indicated the presence of an inhibitor

or inhibitors in lily sap. See Table 1 for results of one such experi-

ment.

Subsequent tests were conducted to see if TMV inhibition by

lily sap could be reversed with dilution. It was possible to increase

infectivity with moderate dilution (Table 2, Figure 14). Highest

infectivity was obtained by diluting TMV + lily sap mixture between

1:32 and 1:64. It was possible to dilute completely away from inhibi-

tion, since the infectivity of the control and TMV + lily sap mixture

were approximately the same from 1:32 and higher.

There was an indication (Figure 14) that high concentrations of

virus may over-ride the inhibitory effect of lily sap. At a dilution

of 1:1 there is a slightly higher infectivity than the following: 1:2,

1:4, and 1:8 dilutions.



Electron Microscopy

Leaf Exudates
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Diseased leaf exudates revealed long virus-like rods (Figure

13a, b) with lengths approximating the modal length (636 mp,) pro-

posed for LSV (11, p. 42) and widths varying from 15 - 17 mp.,

again =,:irnilar to the dimes ions obtained by Ciyeroir, (12).

An inclusion body (Figure 12b) was found which exhibited stri-

ations seemingly interwoven into a compact meshwork. Neither the

length nor width of the striations could be determined.

CMV particles have eluded visualization in lily leaf exudates

despite many attempts from numerous leaves.

Control seedling lily leaves did not contain any virus-like

particles.

Ultrathin Sections

Previous investigations on the necrotic fleck disease have not

included in situ studies of diseased and symptomless seedling lily

tissue. In undertaking this project the author was concerned with

the distribution of viruses in leaf tissue, the intracellular location

of viruses, and the appearance of these virus particles in the cells.

Long virus-like particles were discerned in necrotic fleck

tissue, but not in control symptomless lily tissue (Figures 2, 3).
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These long rods were distributed in epidermal (Figures 5, 6),

mesophyll (Figure 4), and vascular (Figures 7, 8) tissues. They

are typical of the majority of viruses thus far examined, not being

restricted to phloem or xylem cells (13 .

No long virus-like rods were seen in any of the cell organelles.

Rather, these particles were strictly intracytoplasmic, again char-

acteristic of most of the viruses studied in situ (13). In the cytoplasm

these particles tended to be aggregated, although some sections have

revealed free particles. Perhaps these occur free in early stages of

infection and as aggregates in later stages. An inclusion (Figure 12a)

from an epidermal cell was composed of viruses arranged in a nearly

parallel mass, bending in places along their lengths.

Isometric particles resembling CMV were encountered only

in diseased tissue. After examination of numerous sections, the

author finally discovered a mass of CMV-like particles in the vascu-

lar region, presumably in the phloem (Figure 9). It appears that

these isometric particles are restricted to vascular tissue. How-

ever, since free CMV particles are almost indistinguishable from

ribosomes, there is a possibility that these CMV-like particles

occur free in tissue other than vascular tissue. For the same rea-

son no precise statement could be made on intracellular location,

although these seem restricted to cytoplasm. The particles appear

in a mass with no particular pattern of aggregation. The sizes
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ranged from 20 mp_ to 31 1114, similar to Civerolo's measurements

of 23.1 mkt to 29.4 mp (11, p. 96).

Virus-like particles were detected in cells which tended to be

relatively undamaged. More obviously damaged cells, such as that

shown in Figure 11, did not contain virus-like particles.

Concentration Comparison in Dips

A comparison between lilies with late breaking fleck and severe

fleck was conducted within a three-day period. The purpose of this

study was to find the best tissue to obtain the highest concentration of

rod-shaped, virus-like particles in dips. The two naturally infected

Ace lilies were examined four weeks after flower blooming.

As a basis for comparison, several areas of the upper, middle

and basal leaves of both lilies were sampled. The leaf areas exam-

ined included necrotic tissue; symptomless tissue; basal, lower

epidermis; and basal, upper epidermis. The necrotic and symptom-

less tissues were obtained from the middle portion of the leaves.

The same staining procedure was used as described for leaf exudates.

For accuracy in the comparison a total of ten grid squares per

grid were examined and the virus-like particles tallied. The virus

like rods were classified as either free particles or as aggregates,

virus-like rods clumped into a mass of numerous, impossible-to-

count particles. Although this count was hampered by counting
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errors and broken particles, it still indicated the concentration of

each tissue sampled.

Preliminary work indicated that the late breaking fleck lily

exhibited higher concentrations of long virus-like particles; this

continued to be true as evidenced in the total particle average of

both plants (Table 3). The general hypothesis that the necrotic tis-

sues would yield the highest concentrations among the three other

areas was disproved. The figures in Tables 4 and 5 showed that

the basal, upper epidermis was apparently highest. The figures

(Table 3) also showed that the middle leaves' particle total of both

plants seemed to have a higher concentration than the other two

leaves' total.

Serology

Civerolo, the aforementioned researcher on the necrotic fleck

disease, kindly sent Dr. T. C. Allen two vials of antisera, prepared

against partially pure LSV particles and partially pure seedling lily

extract. Dr. Civerolo was unable to differentiate between reactions

caused by normal host components and by the virus-like particles

employing these two antisera in ring interface, Ochterlony agar

double-diffusion, and microprecipitin tests.

This difficulty cast a shadow of doubt for securing a valid

serological test with the antisera. However, Dr. T. C. Allen was
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successful in eliciting positive reactions when extracts of the curl

stripe diseased lily leaf were tested with the viral antiserum. Nega-

tive results were obtained on combining the curl stripe leaf extract

with the seedling lily antiserum. Because of this success, the author

used these antisera in hopes of demonstrating that the virus examined

here is similar to the particles resolved to be LSV.

Four partially pure preparations, two from seedling lily leaves

and two from necrotic fleck lily leaves, were involved in micropre-

cipitin tests with Civerolo's antisera. Electron microscope obser-

vations revealed long virus-like particles in the diseased leaf prepa-

rations and an absence of virus-like particles in the seedling leaf

extract. In addition, four crude extract preparations from young and

old tissue of both symptomless seedling and necrotic fleck lilies

were used in "modified" chloroplast agglutination tests. Unfortu-

nately, in all these tests no differentiation could be made between

normal host and viral reactions. There was no distinction of reac-

tions between viral antigen tested against lily antiserum and against

LSV antiserum. The seedling lily extracts reacted positively to

both viral antiserum and seedling lily antiserum.
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DISCUSSION

The objectives of this research have been partially fulfilled.

Inhibition of virus transmission was indicated when lily sap markedly

reduced the number of lesions induced by TMV on Pinto bean leaves.

Electron microscopic examination of lily leaves was successful in

providing information on distribution of virus-like particles in situ.

Long virus-like rods were seen in epidermal, mesophyll and vascu-

lar tissue. However, direct evidence for LSV and CMV as causal

agents and the discovery of a new host for LSV have not been deter-

mined.

Several explanations may be advanced as to why CMV failed to

infect tobacco. From the present results, it is clear that inhibitors

of virus transmission could be a factor. However, other workers ( 8 ;

11, p. 77; 27) encountering the same inhibitors were successful with

CMV transmission to tobacco. Possibly this strain of CMV was

more labile than others in Easter lilies (7, 9) or the tobacco

varieties tested may not have been susceptible to this strain.

The reversibility of inhibition is an indication of the mechan-

ism of inhibition. Bawden (3) mentioned two schools of thought

on the action of inhibitors on virus infections; one, that inhibitors

affected the resistance of the inoculated host plant, and the other,

that they acted directly on the virus. Inoculations of TMV onto
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Pinto bean leaves before and after dipping or spraying with lily sap,

and application of lily sap on the underside of bean leaves before

inoculating with TMV on the upper leaf surfaces (1) would pro-

vide useful information on the mechanism of inhibition. It also

would be useful to see if host variation has any effect on TMV inhi-

bition.

Of practical significance would be a test for inhibitors in the

flowers, stems, bulbs and roots. Perhaps future transmission and

purification attempts then could use plant tissue free of inhibitor

effects. Isolation of the inhibitory substance also could be tried.

Grafting of leaves from a diseased lily onto a seedling lily

represented another method for transmitting LSV-like rods. Mechan-

ical transmission is not unusual since both CMV and LSV have been

sap inoculated to seedling lilies, although in low proportion, six of

144 (8) Apparently CMV was not transmitted in my grafts since

symptoms failed to develop.

Electron microscopy of necrotic fleck-diseased leaf exudates

did not reveal CMV. Two factors may have been operative. One

may have been the seemingly localized nature of CMV. Considering

that the vascular cells represented only a small proportion of cells

in a leaf and that only one or two cells may have been infected in

the vascular bundle, it is highly probable that CMV would be absent

in many leaf exudates. Even if CMV were present in the exudates,
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concentrations may have been too low for detection in negative stains.

Another consideration is the suitability of the staining technique.

However, the present technique was successful in detecting CMV-

like particles in leaf exudates of wild cucumber, Marah oreganus

(T. and G.) How.

Size measurements of the CMV-like particles ranged from 20-

31 quite similar to Civerolo's measurements of 23.1-29.4 rnp

(11, p. 93-96). These measurements are lower than those reported

for other strains of CMV (16; 24). More measurements of CMV-

like particles in lily leaf exudates and ultrathin sections are needed

for comparison with the above measurements.

The indication that CMV is restricted to the phloem needs to

be studied. Dr. T. C. Allen, personal communication, stated that

CMV-like particles seen in roots also seem restricted to the phloem.

An in situ project to examine other plant organs, such as the flower,

stem, and bulb should be interesting and may substantiate this local-

ization hypothesis.

The visualization of LSV-like rods in diseased leaf exudates

was notable in that Civerolo (11, p. 42-45) was unable to do the

same. He resorted to stem segment extracts obtained by the method

of Chambers and Francki (10). Even with this method the virus

concentration was low. From both the author's in situ and leaf

exudate study, it was clear that long virus-like rods were abundant
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in leaf tissue.

Studies of ultrathin sections revealed aggregations of rods.

These aggregates were classified into one of four categories pro-

posed by Matsui and Yamaguchi (23); 1) fibrous mass of regular

particle arrangement, 2) fibrous mass of interwoven particles,

3) dense bands, and 4) ring forms. I placed these LSV-like parti-

cles into the first category, thereby indirectly supporting their clas-

sification system.

There was an indication that lilies with severe symptoms did

not necessarily have higher concentrations of long virus-like parti-

cles than milder diseased lilies. Also, the upper epidermis of leaf

bases had relatively higher concentrations of long virus-like rods.

This information may be useful for further exudate and purification

experiments.

The inability to distinguish reactions of LSV antisera against

both infected and healthy lily sap suggest that the antisera contained

antibodies to normal host antigens. Better antisera should be devel-

oped. However, lily sap inhibitors could prevent serological rela-

tionships from being established. (4)

Ultimately, future research should lead to direct evidence

that LSV and CMV are indeed the infectious entities causing necrotic

fleck. For this evidence, it will be necessary to induce necrotic

fleck symptoms in virus-free lilies, then reisolate CMV and LSV

from these induced infections.
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SUMMARY

1. Symptoms could not be induced on 23 plant species represent-

ing 13 families, even though inoculation techniques and attempts

were extensive. Local lesions were induced on cowpea, indi-

cating the presence of CMV.

2. Some of the grafts of diseased lily leaves onto healthy seedling

lilies resulted in the transfer of long virus-like rods as evi-

denced by electron microscope examination of leaf exudates.

However, no symptoms were induced. CMV-like particles

were not seen in exudates of target leaves.

3. Studies on TMV transmission with buffer and with lily sap indi-

cated the presence of an inhibitor or inhibitors in lily sap. The

inhibitory effect could be reversed upon dilution of the TMV +

lily sap mixture.

4. Long virus-like rods were seen in leaf exudates of necrotic

fleck lilies. No CMV-like particles were encountered in leaf

exudates despite numerous attempts at visualization of the

isometric particles. Virus-like particles were not seen in

exudates of symptomless, seedling, lily leaves.

5. In situ examination of necrotic fleck-diseased leaves revealed

long virus-like rods in the epidermal, mesophyll and vascular

tissue. CMV-like particles seemed restricted to the vascular
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tissue. No virus-like particles were discerned in symptomless

seedling lily tissue.

7. Concentration comparison results indicated that lilies with

severe symptoms did not necessarily have higher concentra-

tions of long virus-like particles than lilies with milder symp-

toms. There was a tendency for the basal, upper epidermis

of leaves taken from the middle portion of the plants to have

relatively higher concentrations of long virus-like particles..

8. Civerolo's LSV antisera reacted positively to both infected and

healthy lily sap. Thus, serological relationships were not

determined.
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APPENDIX



Figure 1. Li lium longiflorum exhibiting the necrotic
fleck symptoms.





Figure 2. Cells of the vascular bundle from a young,
symptomless seedling leaf, L. longiflorum.
X 13, 816

N = nucleus
CW = cell wall
P1 = plastid
M = mitochondrion
V = vacuole





Figure 3. Portion of a mesophyll cell from symptomless
leaf of L. longiflorum. X 12,266

N = nucleus
C = chloroplast

CW = cell wall
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Figure 4. Long virus-like particles in a mesophyll cell
of necrotic fleck-infected L. longiflorum leaf,
X 86, 776

C = chloroplast
M = mitochondrion
V = virus
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Figure 5. Portion of an epidermal cell of necrotic fleck-
diseased L. longiflorum. X 12,312

N = nucleus
CW = cell wall

V = virus
C = chloroplast
I = intercellular space





Figure 6. a. Necrotic fleck-infected leaf epidermal cell.
The cytoplasm is seen pulled away from the cell
wall, presumably due to the viral infection.
X 15, 048 b. Higher magnification of the virus-
infested cytoplasm. X 77, 155

CW = cell wall
VC = virus-infested cytoplasm
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Figure 7. Portion of a cell from the vascular region of a
necrotic fleck-diseased leaf, X 33,497

CW = cell wall
V = virus
M = mitochondrion
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Figure 3. Aggregate of particles in an infected leaf cell
from the vascular bundle. X 30, 1C9

N = nucleus
CW = cell wall

V = virus in cross section
M = mitochondrion





Figure 9. Portion of a cell from the vascular bundle
of a necrotic fleck-infected leaf exhibiting a
mass of CMV-like particles. X 48,529

CW = cell wall
V = virus-like particles
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Figure 10. a. High magnification of a virus aggregate
from Figure 8 to show cross-section of these
long virus-like particles. X 366, 795 b. High
magnification of CMV-like particles from the
same cell shown in Figure 9. X 366, 795
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Figure 11. Mesophyll cell from the necrotic area of
diseased leaves. Chloroplast and mito-
chondria show advanced degradation, pre-
sumably caused by viral infection.
X 22, 986

C = chloroplast
M = mitochondrion
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Figure 12. a. Viral inclusion from an infected epidermal
cell exhibiting nearly parallel rods bending in
places along their lengths. X 48, 016. b. Viral
inclusion obtained by dip of a necrotic fleck leaf.
Stained with potassium phosphotungstate, pH 7.0.
X 58, 68 7





Figure 13. a. Mass of virus-like rods from infected
lily leaf exudate. X 69, 266. b. High
magnification of another preparation from
necrotic fleck-diseased lily leaf. X 186, 697
Both negatively stained with sodium phospho-
tungstate, pH 7. 0.





Figure 14. Effect of dilution on TMV + lily sap mixture as
indicated by local lesion development on Pinto
bean half -leaves.
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Table 1. Average number of lesions induced on Pinto bean
half-leaves by TMV + lily sap mixture.

Mixture

Lesions /half -leafa

Trials
1 2 3

TMVb + Phosphate Buffer

TMV
b + Lily Sap c

206.6

1.5

131.4

1. 0

173. 0

2.5

a. Each figure represents the mean number per half-
leaf, based on eight half-leaves.

b. The TMV preparation (5. 81 mg. /ml. ) was diluted
1:50 in distilled water before mixing an equal volume
of lily sap or buffer.

c. One gram of lily tissue was ground in 5 ml. of
phosphate buffer.
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Table 2. Effect of dilution on mixture of TMV and lily sap indicated
by local lesion development on Pinto bean half-leaves.

Dilution

Lesions /half -leafa

TMVb + lily saps TMVb + PO4 buffer

1:1 5.9 166.3

1:2 3.3 129.6

1:4 3..8 127.1

1:8 3.5 49.8

1:16 7,4 55.1

1:32 9.5 12.9

1:64 8.4 7.4

1:128 2.9 4.0

1:256 1.8 2.4

1:1000 1.0 0.3

a. See Table 1.
b. The TMV preparation (5.81 mg. /ml. ) was diluted 1:25

in distilled water before mixing an equal volume of lily
sap or phosphate buffer.

c. See Table 1.
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Table 3. Comparison of concentrations in the leaves of both the
severely flecked lily and the late breaking fleck lily.

Tissue
Av. no. free No.

virus-like particlesa aggregates b

Late Breaking Fleck

Upper leaf

Middle leaf

Basal leaf

Severe Fleck

Upper leaf

Middle leaf

Basal leaf

5. 6

85,0

19.3

109.9 total ay.

1,9

3_7

26,6

32.2 total ay.

1

8

3

12

0

9

3

12

a. Each figure, except the total averages, represents the
average of free virus-like particles per grid square,
based on four grids or 40 grid squares.

b. Each figure represents totals of aggregates, based on
the same conditions as in "a".
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Table 4. Concentration comparison in the different tissue of leaves
of both severe and late breaking fleck.

Av. no. free No.

Tissue virus-like particlesa aggregates

Late Breaking Fleck

Necrotic tissue

Symptomless tis sue

11.5

12.4

1

1

Basal, lower epidermis 22. 3 2

Basal, upper epidermis 100.3 8

Severe Fleck

Necrotic tissue 38. 7 5

Symptomless tis sue 7. 0 4

Basal, lower epidermis 20. 7 1

Basal, upper epidermis 15.8 2

a. Each figure represents the average number of free
virus-like particles per grid square, based on six
grids or 60 grid squares.

b. Totals of aggregates based on the same conditions as
in "a".
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Table 5. Comparison of concentrations of virus-like particles in
different tissue; severe and late breaking fleck tissue are
combined.

Combination of Av. no. free No. of
severe and late virus -like aggregatesb
breaking fleck particlesa

tissue

Necrotic tissue 25. 1 6

Symptomless tissue 9. 7 5

Basal, lower epidermis 21. 2 3

Basal, upper epidermis 58. 1 10

a. Figures represent the average of free virus-like
particles per grid square, based on 12 grids or 120
grid squares.

b. Totals of aggregates based on conditions described
in "a".


