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I. INTRODUCTION 

White ash, Fraxinus americana L., is the largest, most common, 

and most useiul ash species in North America. Its native range ex¬ 

tends throughout the eastern part of the United States and Canada, 

from Nova Scotia to Minnesota to Texas and Florida, Although white 

ash is seldom abundant or makes up a large part of the stand, it is 

seldom absent from any of the forest types of the East that have fairly 

moist, well-drained soils. White ash is an important timber tree with 

straight-grained and tough wood which is used chiefly for tool handles, 

furniture, wagons, baseball bats, interior finish, cooperage and fuel. 

It is also used for landscape plantings. 

White ash is said to be attacked by few major pathogens, almost 

all of them being leaf-spotting ofc. wood-rotting fungi. Evidence has 

been accumulating, however, that other pathogens such as viruses, 

nematodes, bacteria, and mycoplasma-like organisms may also be im¬ 

portant biotic stress factors of white ash trees. 

Earlier reports called attention to an ash decline (Tegethoff 

and Brandt, 1964) or ash dieback (Ross, 1966) condition in the New 

England states. The causes of these conditions, however, had been 

considered to be various non-specific factors such as drought and 

other unknown causes. More recently, a witches* broom disease of 

white ash that is probably caused by a mycoplasma—like organism 

(Hibben and WolansRi, 1971) has been reported as a possible important 

factor in the decline and death of white ash trees in New York and in 

Massachusetts (Schall and Agrios, 1973). 
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A virus disease of white ash was described from New York by 

Hibben (1966a, 1966b) and was shown to be caused by tobacco ringspot 

virus (Hibben and Bozarth, 1972). Similar virus-like conditions were 

observed on white ash trees in Massachusetts in the late sixties. A 

more systematic survey in 1972 showed that a disease causing a mosaic¬ 

like pattern on white ash leaves (Fig. 1) was quite widespread in cen¬ 

tral and western Massachusetts forests (Lana and Agrios, 1973). It 

was therefore considered desirable to attempt to identify the, apparently, 

viral causal agent of the disease in white ash and to investigate its 

transmission, host range, importance and properties. This dissertation 

contains the results of such an investigation. 



II. REVIEW OF LITERATURE 

Virus diseases of herbaceous plants have received a great deal 

of attention and most plant pathologists and even many growers are 

quite familiar with some of them. However, virus diseases of trees 

and shrubs, with a few exceptions, are poorly understood or generally 

unknown. The existence of many of these tree viruses is often not 

suspected, although Atanasoff (1935) and Schmelzer et al (1966) men¬ 

tion that reports of virus-like conditions on trees have appeared for 

at least the last two hundred years. 

Seliskar (1964), listed 56 virus diseases and 30 virus-like 

disorders known to affect forest species of commercial importance. 

However, Fulton (1966) and Schmelzer et a^ (1966), present evidence 

that suggests that this figure greatly underestimates the importance 

of viruses as disease agents on trees. Not only is information lack¬ 

ing with respect to the number of virus diseases of trees, but the 

information available on those that have been described is concerned 

With little more than a record of its occurrence and a description of 

its symptoms. 

The first report of a virus-like disease of ash is attributed to 

Bradley who in 1774 (as cited by Atanasoff, 1935) transmitted a varie¬ 

gation disease of ash by grafting. Schmelzer (1966) cites a report by 

Syme and Baur who in 1877 
nsmitted the same disease condition from 

green ash to white hsh also by grafting. Based on their findings, 

Syme and Baur called this abnormal condition "ash mosaic." 
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Of the reported virus and virus-like disorders of forest trees, 

only five are associated with ash. These include: (1) ash infectious 

variegation (Cifferri et^ al, 1961); (2) ash necrotic leaf curl (Cifferri 

et al, 1961); (3) ash leaf marbling (Cifferri et al, 1961); (4) ash 

chlorotic-necrotic leaf spotting (Cassalichio, 1965); and (5) ash 

witches* broom (Plakidas, 1949). While the last of these is now known 

to be associated with a mycoplasma (Hibben and Wolanski, 1971) no re¬ 

search besides sympton description has been reported on the other four. 

In addition, a new virus disease of white ash was reported from 

New York (Hibben, 1966a, 1966b, and 1970). The virus causing this 

disease has been identified as an ash strain of tobacco ringspot virus 

(TRSV-A) and has been shov/n to have a nematode vector, Xiphinema ameri— 

canum (Hibben, 1971). 

Several viruses originally and commonly found on herbaceous 

plants have also been found to affect trees. Kirkpatrick (1955) re¬ 

ported recovering tobacco mosaic virus (T.MV) particles from symptom¬ 

less apple seedlings. Gilmer and Kelts (1965) successfully transferred 

a TMV isolate from symptomless grape clones to Chenopodjum quinoa by 

mechanical inoculation. Using a Sephadex extraction method, Nienhaus 

and Yarwood (1972) isolated TMV from symptomless oak trees. From the 

crude sap of petals and leaves of infected apple, pear and apricot, 

Uyemoto and Gilmer (1972) were able to mechanically transmit to C. quinoa 

a virus they identified as tobacco necrosis virus. And even more recently, 

clover yellow mosaic virus (CYMV) was isolated from the cambial and fruit 

tissues of apple trees affected with leaf pucker disease (Welsh, et al_, 

1973). These reports suggest that perhaps other known or suspected virus 
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conditions of trees may also prove to be caused by the same viruses 

that are known to cause diseases on herbaceous plants. 

Even though transmissibility by grafting has been demonstrated 

for the majority of the known virus diseases of trees, few have been 

transmitted mechanically to herbaceous hosts and even fewer have been 

characterized thoroughly by physico-chemical methods. The factor re¬ 

sponsible for the slow pace of this research seems to be the presence 

in tree leaves of relatively large amounts of tannins and gums which, 

upon oxidation, inactivate viruses. More recently, however, it has 

become possible for viruses to be transmitted from forest as well as 

other trees to herbaceous plants, thus permitting their properties to 

be studied and their identities to become established. For example, 

Berg (1962) transmitted a mosaic virus of poplar to many herbaceous 

hosts, and Cassalichio (1965) transmitted a virus resembling tobacco 

necrosis virus from Fraxinus excelsior. Other viruses of trees trans¬ 

mitted to herbaceous plants include black locust mosaic (Schmelzer and 

Milinko, 1963), elm mottle virus, elm mosaic virus (Moline et al, 1971) 

and viruses of cacao (Brunt and Kcnten, 1971). 

Mechanical transmission of viruses affecting woody plants has 

been obtained on a few species of plants such as Chenopodium amaranti- 

color_, C. quinoa, Cucumis sativus t Nicotiana tabacum. Petunia hybrid a, 

Phaseolus vulgaris and Vigna sinensis (Hollings. 1959, 1966, Fulton, 

1966). However, while the choice of host for many viruses is not 

critical, certain viruses from woody plants infect particular herbaceous 

hosts easier than others. For instance, rose mosaic virus in rose ex¬ 

tracts is known to infect Vigna sinensis more readily than cucumber 
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(Fulton, 1952) while Petunia hybrida and Chenopodium amaranticolor_ are 

particularly susceptible to raspberry leafroll virus (Cropley, 1961) 

and tobacco is known to be particularly susceptible to cherry leafroll 

virus (Cropley, 1963). 

The presence of different levels of inhibitors in woody plants 

has been given as the reason for the difficulty in mechanical trans¬ 

mission of woody plant viruses (Diener and Weaver, 1959). Some of 

these are preformed virus inhibitors and some arise as a result of oxi¬ 

dation. For instance, tannins, gums, and phenolic compounds, which 

oxidize to quinones when extracts of infected leaves are exposed to 

air, are known to be the most frequent inhibitors present in woody 

plants (Grant and Corbett, 1960). To counteract the action of these 

inhibitors, certain anti-oxidant compounds have been used. For example, 

Fulton (1952) succeeded in transmitting rose mosaic virus from rose 

leaves to herbaceous plants by adding .01 M sodium diethyldithiocarbamate 

(Na DIECA) and .02 M sodium thioglycollate into the buffer solution. 

Caffeine (1-5%) added to a buffer solution aided the mechanical trans¬ 

mission of Prunus necrotic ring spot virus from fruit trees to cucumber 

(Diener and Weaver, 1959). Similarly, 3% nicotine sulfate solution was 

used as a virus stabilizer in the mechanical transmission of plum line- 

pattern virus to many herbaceous hosts (Kirkpatrick et al, 1964). 

Since 1958 (Hewitt et^ al_, 1958), there have been reports of nema¬ 

todes serving as vectors of plant viruses. An ash strain of tobacco 

ringspot virus is reported to have the nematode Xiphinema americanum 

as its vector (Hibben, 1971). This virus produces foliar symptoms on 

ash similar to the ones observed in Massachusetts, but the two viruses 
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seem to be unrelated. Tobacco mosaic virus, although it can be trans¬ 

mitted through the soil, has not yet been reported to have a nematode 

vector. 

Nearly 50 viruses are known to be seed -transmitted and 14 of them 

are viruses of woody plants (Bennett, 1969). It is interesting that 

certain strains of viruses, originally isolated from, but not trans¬ 

mitted through the seed in herbaceous plants, have been found to be 

seed transmitted in woody plants. For instance, TMV, which is commonly 

found in or on embryos and seeds of tomato, but does not usually infect 

the seedlings without prior injury, has been reported present at high 

percentages of seeds of apple, peach and grape (Gilmer and Wilks, 1967; 

Gilmer and Kelts, 1968). Unlike tomato, infection of apple and peach 

seedlings with TMV appears to be direct since seedlings were infected 

prior to transplant or handling - indicating that perhaps invasion of 

apple and peach seeds by the virus is more extensive than invasion of 

tomato seeds (Gilmer and Kelts, 1968). 

Two different procedures have generally been applied in purifying 

tobacco mosaic virus (Steere, 1959; Francki, 1966). Electron microscopic 

observations of purified TMV have established that the virus consists of 

rods measuring 15 x 300 mu (Steere, 1963). Purification of TMV by 

differential cycles of centrifugation is often accompanied by density 

gradient centrifugation to separate the mixture of rods (Steere, 1963; 

Francki, 1966). 
% 

The identification of viruses is greatly assisted and enhanced 

through serological reactions between viruses and their antisera. 

Through serology, many viruses of woody plants have been found to react 

positively to antisera of known viruses of herbaceous plants and it has 



thus been possible to identify these viruses. 

Tobacco mosaic virus has been investigated more than any other 

virus and many strains of this virus have been isolated. Strains may 

be partly distinguished by physical and chemical properties (Ginoza 

and Atkinson, 1955). Jensen (1936) described the range of symptoms 

produced by 12 representative strains of TMV and indicated the most 

outstanding characteristic of each strain as well as the characteristics 

that distinguish the various strains from ordinary TMV. 

In comparing 35 laboratory strains of TMV with the type, green, 

aucuba, ribgrass, and rosette strain, Price (1954) found evidence for 

6 heritable characteristics or factors that varied independently; these 

are (1) ability to cause yellowing in Nicotiana tabacum var. * Turkish1; 

(2) localization in Nicotiana sylvestris; (3) production of ringspots 

in 'Turkish’ tobacco; (4) ability to infect Phaseolus vulgaris L.; 

(5) production of large lesions in Nicotiana glutinosa; and (6) produc¬ 

tion of strap leaf in 'Turkish* tobacco. It seems, therefore, that the 

main biological criterion by which strains are differentiated involves 

the presence and persistence of a particular morphological characteristic 

in a natural infection of one or more host species of the type TMV. 



III. MATERIALS AND METHODS 

A, Materials: 

The original virus source used in all experiments was obtained 

from three white ash trees (Fraxinus americana L) found in a forest 

near Amherst, Massachusetts and the leaves of which were showing virus - 

like symptoms. The trees were about 5, 7 and 10 years old and about 6, 

8 and 25 feet tall. Considering that white ash trees are dioecious, 

the sex of these trees was not determined. Leaves, buds, twigs and 

roots of the infected trees were used as inoculum. For comparative 

studies, three other virus isolates were used. One was an isolate of 

tobacco mosaic virus collected in tobacco fields near Amherst and designa¬ 

ted here as "field TMV". An old purified preparation of tobacco mosaic 

virus was supplied by Dr. R. F. Bozarth of the Boyce Thompson Institute 

(originally obtained from Dr. F. 0. Holmes and designated herein as 

"Holmes TMV"). The third was a purified preparation of the ash strain 

of tobacco ringspot virus, supplied by Dr. C. R. Hibben. 

One or two-year-old seedlings of various forest and fruit tree 

species were obtained from Mount Arbor Nurseries, Shenandoah, Iowa. Seeds 

of white ash, green ash, European ash (Fraximus excelsior L.) and American 

elm (Ulmus americana L) were obtained from F. W. Schumacher Co., Sandwich, 

Massachusetts. 

Tobacco mosaic virus and tobacco ringspot virus antisera were 

obtained from the American Type Culture Collection (ATCC), Rockville, 

Maryland. Antiserum to the ash isolate of tobacco mosaic virus was ob¬ 

tained from Mr. William E. Kuriger, Department of Plant Pathology, Univcr- 
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sity of Massachusetts, who prepared it by injecting rabbits with our 

purified preparation of the ash isolate of TMV produced in tobacco, 

B, Methods: 

(a) Attempts at transmission of the virus. 

(1) Grafting: The tree seedlings were potted in 6" 

diameter plastic pots containing a mixture of equal amounts of steril¬ 

ized soil, sand and peat moss. Seedlings were inoculated with the 

virus by budding at the time of bud break. 

Budding was done with buds or bark patches about 1 inch long 

which were removed from twigs of infected trees and were placed on 

cuts of similar dimensions on the stems of the seedlings used as indi¬ 

cators. The buds or bark patches were kept in place with rubber strips. 

Unbudded seedlings were used as control. 

Inoculated and control seedlings were divided into 3 groups. One 

group was kept in the greenhouse where the temperature varied from about 

70°F at night to about 90°F during the day. The other two groups were 

kept in growth chambers, one at 80° and the other at 85°F. The budding 

rubber strips were left on the inoculated seedlings for periods ranging 

from 18 days to 4 weeks before they were removed. Records were kept of 

the number of buds that took, of the date on which symptons first appeared 

and of the total number of the inoculated seedlings that produced viral 

symptoms. 

This experiment was carried out both in the greenhouse and in the 

field during the 1971 and 1972 growing seasons. 

Retransmission experiments were also carried out by inoculating 

new healthy seedlings with buds or bark patches from the previously inocu- 
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lated seedlings. 

(2) Mechanical inoculations: Several attempts were made 

to mechanically transmit the virus from leaves and roots of infected 

white ash trees growing in the field and from inoculated seedlings grow¬ 

ing in the field or greenhouse and showing foliar symptoms. Ash leaves 

showing rings, chlorotic spots and line pattern symptoms were collected 

periodically from March to September cf 1971 and 1972 and were used for 

mechanical inoculations immediately or were frozen and used as inoculum 

when needed. 

Portions of the inoculum were homogenized in neutral phosphate 

buffer solution (0.01 M) or buffer solution containing one or more virus 

stabilizers such as 3% nicotine sulfate, 1-5% caffeine, 0.02 M sodium 

thi glycollate and 0.01 M sodium diethyldithiocarbamate (Na DIECA). The 

mixture of sap and buffer was passed through 2 layers of cheesecloth. 

Inoculations were made by lightly rubbing 4-6 leaves of Chenopoaium amar- 

anticolor and C. quinoa plants growing in the greenhouse and previously 

dusted with 600 mesh carborundum. The inoculum was applied with a pad 

of cheesecloth moistened with the inoculum. Inoculated plants were 

either left in the greenhouse or were moved into growth chambers set at 

temperatures 80° and 85°F. 

Chenopodium amaranticolor and C. quinoa plants were grown in pots 

in the greenhouse. The greenhouse was supplied with auxiliary tungsten 

lights during the winter months. 

The effect of pre-inoculation darkening on the susceptibility of 

the test plants to the virus was assessed by putting plants in the dark 

for 24 or 48 hours. The effect of rinsing inoculated leaves with distilled 
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water on their susceptibility to the virus was assessed by rinsing them 

at 0, 10 and 20 minutes after inoculation. 

Virus transmission to Chenopodium leaves was also attempted with 

juice of ground bark patches or roots from infected ash trees and seed¬ 

lings, following the same procedure as above. 

Retransmission of the virus from infected Chenopodium to healthy 

Chenopodium plants was performed using the same procedure as above and 

also by using infected tissue ground m distilled water alone. The 

same procedures were also employed when attempts were made to retransmit 

the virus from Chenopodium back into young ash seedlings raised from 

seed. 

All control plants received the same treatments except that no 

virus infected tissue was used. 

(3) Soil transmission experiments: Soil used in this ex¬ 

periment was obtained from near the base of naturally infected forest 

trees - 18 inches or more from the main trunk and 6 inches deep. The 

soil samples were collected periodically in the fall of 1970, spring, 

summer and fall of 1971 and 1972 and were kept at 4°C in a cold storage 

room until needed. The nematode population in each soil sample was 

determined before use in other experiments. 

Portions of the forest soil were transferred into 4 and 6” plastic 

pots in which seeds of various herbaceous plants were sown. Some pots 

were kept in the greenhouse and some in the growth chamber at a cooler 

temperature of 60°F. Seeds grown in similar pots containing greenhouse 

soil (steam sterilized for 45 minutes) served as the control. The plants 

in this experiment were observed for local lesions or systemic infection 
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for 3 months. The seeds used had an average percentage germination of 

about 92%. 

In another experiment devised to determine if the virus is soil- 

borne, seeds of herbaceous plants and of trees were sown around the in¬ 

fected ash trees in the forest natural habitat. While the herbaceous 

plants were observed for 2 months from the time of germination, the 

tree seedlings were observed for symptom development for a period of 

2 years. At the end of the observation period, the roots and leaves of 

those seedlings not showing symptoms were used as inoculum for mechanical 

transmission attempts onto Chenopodium plants. 

In still other experiments, seedlings of herbaceous plants and 

of trees grov/ing in steam sterilized soil in the greenhouse were inocu¬ 

lated with sap from systemically infected Chenopodium and tobacco plants. 

The inoculum was applied by gently rubbing the roots with cheesecloth 

moistened with the virus sap, avoiding injury as much as possible. 

Another set of these seedlings were inoculated by pouring 40 ml 

of crude leaf sap containing virus into the soil around the roots of the 

seedlings, or by adding and mixing into the soil of each pot ground, sys¬ 

temically infected leaf tissue. The infectivity of the sap used was 

checked by mechanically inoculating leaves of another set of test plants 

while control plants, in all cases, received only distilled water or 

buffer as inoculum. Inoculated plants in this experiment were observed 

for 10 weeks. 
% 

(4) Nematode transmission experiments. 

To study the possibility of soil transmission of this virus by 

nematodes, soil was obtained from around infected and healthy trees in 

f 
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the forest and the nematodes v/ere recovered using Seinhort's elutria- 

t^.on method followed by the Baermann funnel method (Seinhorst, 1956). 

A 400-500 gm sample of soil was processed each time and the nematodes 

obtained were examined 24 hrs after the solution containing the nematodes 

had been drawn off from the Baermann funnel. Examination and identifica¬ 

tion of the nematodes were made in Syracuse dishes and the nematodes were 

counted. In order to make certain that the nematodes obtained were a 

representative sample, the sugar flotation method (Caveness and Jensen, 

1965) was also used for some samples and the nematodes obtained were 

identified and compared to the ones isolated with the procedure described 

earlier. 

Tree and herbaceous seedlings of uniform size were used. Their 

roots were washed and examined and those with any type of damage were 

discarded. In all experiments involving inoculating of seedlings with 

nematodes, 600-700 nematodes, mostly Xiphinema, were added to 10" pots 

containing the seedlings. 

For inoculation, the nematodes were allowed to feed on the roots 

of infected seedlings for a month. The infected seedlings were then re¬ 

placed with healthy seedlings whose roots had been previously washed. 

Some of the plants were kept in the greenhouse and some under trees out¬ 

doors to simulate the cooler forest habitat. 

For observation of nematodes feeding on the roots of ash seedlings, 

the nematodes extracted from forest soil were placed into a rectangular 
t 

glass box containing test plants in sterilized sand. The seedlings in¬ 

oculated with nematodes were observed from 2-4 months and the observations 

recorded. 
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(5) Seed transmission experiments: Because all the in¬ 

fected ash trees observed in their natural location were young and of 

small size, no seeds were produced by them and, therefore, none could 

be used for virus transmission studies. In order to obtain some infor¬ 

mation on the transmissibility of the virus through seeds of other hosts, 

seeds of Chenopodium amaranticolor and C. quinoa plants infected with 

this virus were planted and the new plants were observed for symptoms. 

Similar observations were made on plants produced from healthy seeds 

of white ashy bean (Phaseolus vulgaris L.) ’Scotia*, cowpea (Vigna sinensis 

L. *early ramshown') soybean (Glycine max 'Harasoy') and C. amaranticolor 

that had been soaked overnight in clarified virus sap and then planted in 

4” pots in the greenhouse. 

(b). Identification and Characterization of the Virus. 

(1) Maintenance of virus culture: The virus from ash was 

transmitted to and then maintained in Chenopodium amaranticolor and 

Nicotiana tabacum *211* growing in the greenhouse and growth chamber. 

Chenopodium amaranticolor plants were inoculated with the virus at the 

6-8 leaf stage and Nicotiana tabacum ’211* at the 2-4 leaf stage. The 

inoculum consisted of one part of fresh or frozen, systemically infected 

leaves of Chenopodium and/or tobacco ground with 4 parts by weight of 

water or buffer. The time for systemic symptom appearance varied with 

environmental conditions but it usually occurred on the younger leaves 

about 3 weeks after inoculation. Leaves showing good symptoms were har- 
t 

vested 4 weeks after inoculation, weighed in lots of 10 g, 25 g and 100 g 

and kept in polyethylene bags in the freezer until needed. 
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(2) Host range experiments 

(i) Grafting to woody hosts: In order to deter¬ 

mine the possibility whether this virus, which was found in ash, might 

be able to infect other forest trees, bark patches were taken from 

twigs of infected ash trees and were immediately placed on 1-2 year 

old seedlings of the following species: Black locust (Robinia pseudo¬ 

acacia L, ), American elm, and apple (Malus sylvestris ’McIntosh’). 

Some inoculated seedlings of each species were kept in the greenhouse 

and some in the field. The latter were observed periodically for up 

to two years. 

(ii) Mechanical transmission: All host range 

experiments involving herbaceous plants were carried out in the green¬ 

house or in the growth chamber. Systemically infected Chenopodium 

amaranticolor, C. quinoa, and Nicotiana tabacum ’211* plants were used 

as source of inoculum. Four to six plants of each species were inoculated 

per experiment. Back inoculations were done on C. amaranticolor and 

Nicotiana glutinosa. 

Altogether, 44 species or varieties of plants were inoculated 

mechanically by the method described earlier. 

In order to retransmit the virus back to ash, similar transmission 

attempts by mechanical inoculation, using purified virus suspension or 

crude sap, were made onto leaves and roots of white ash, green ash and 

European ash seedlings. 

(3) Properties in Crude Sap 

(i) Dilution end point: Ten-fold serial dilutions 

1 —8 
ranging from 10 x to 10 were made by using crude sap of systemically in- 
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fected Chenopodium amaranticolor leaves ground in 4 parts by weight 

of distilled water. Inoculations were made by applying each dilution 

to haIf-leaves of C. amaranticolor. Whole leaves of Nicotiana glutinosa 

and N. tabacum varieties ’Havana 425’ and’Samsun NN’ were also inoculated. 

The number of local lesions and the number of systemic infections pro¬ 

duced by each dilution were observed and recorded 7 days and 3 weeks 

after inoculation, respectively. 

(ii) Thermal inactivation point: The thermal death 

point of the virus was determined by heating infective crude sap in 

narrow, thin walled, 10 x 75 mm Pyrex tubes in a water bath, at tempera¬ 

tures ranging from 55° to 98°C for exactly ten minutes. The heated sap 

was cooled in an ice bath upon removal from the heated water bath. Im¬ 

mediately after the sap was cooled, it was inoculated to leaves of C. 

amaranticolor, N. glutinosa and N. tabacum varieties ’Havana 425’ and 

’Samsun NN’. 

(iii) Longevity in vitro: To determine how long the 

virus could survive in vitro, crude sap, obtained by grinding systeraically 

infected C. amaranticolor leaves in distilled water, was stored at room 

temperature at about 22°C starting December 6, 1971. The infectivity 

of the virus in the stored sap was assayed by periodically inoculating 

C. amaranticolor leaves with portions of the stored virus crude sap. 

The local lesions caused by the virus on each leaf and the number of 

inoculated plants that became systemically infected were counted and re¬ 

corded. The same sap was also tested on C_. quinoa, N. glutinosa, and 

N. tabacum varieties 'Havana 425' and 'Samsun NN'. On June 19, 1972, 

infected ash leaves were ground in neutral 0.01 M phosphate buffer con — 
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taining 0.01 M Na DIECA and 0.02 M sodium thioglycollate. The virus- 

containing sap was then stored at room temperature and was subsequently 

used for periodic inoculations on C. amaranticolor. 

(4) Purification. 

Purification of the virus under study was carried out according 

to the method of Steere (1959), with some minor modifications. Frozen 

leaves of systemically infected Nicotiana tabacum ’211’ was used as 

the virus source. Powdered B^HPO^, equivalent to 3% of the original 

weight of leaves, was added to 200 gms of frozen infected tobacco 

leaves, the midribs of which had been removed. The tissue was ground 

manually with mortar and pestle, or occasionally, in a Waring blendor 

or with an electric mortar and pestle. The homogenate was strained 

through two layers of cheesecloth. The preparation was centrifuged at 

8,000 g for 15 minutes in a Sorvall RC2B refrigerated centrifuge. The 

supernatant was then centrifuged at 44,000 g for 1 hour in a Beckman 

L2-65B preparative ultracentrifuge. Pellets were suspended in 3 ml of 

0.03 M phosphate buffer pH 7 and the suspension was homogenized in a 

glass homogenizer. The homogenate was then centrifuged at 8,000 g 

for 10 minutes. Pellets were discarded and the supernatant was centri¬ 

fuged at 80,000 g for 1 hour. Pellets were again suspended in 3 ml of 

0*03 M neutral phosphate buffer. After another centrifugation at 80,000 g 

for one hour and pellets were suspended once more, homogenized, and 

centrifuged at 8,0(J0 g for 10 minutes. This alternate high and low 

speed centrifugation was repeated until the pigment was completely re¬ 

moved from the virus preparation. The final pellet was suspended in 5 ml 

of water, homogenized and run at 10,000 g for 10 minutes (Francki, 1966). 



-19- 

The supernatant constituted the purified virus preparation. 

The quantity of virus in the preparation was determined by 

using a Beckman DB-G grating spectrophotometer set at 260 mu. An 

optical density of 3.0 was taken to correspond to a virus concentra¬ 

tion of 1.0 mg/ml. After quantification, the virus solution was stored 

in the refrigerator for further purification by density gradient centri¬ 

fugation or other use. 

(i) Density gradient centrifugation 

The method of density gradient centrifugation used in this study 

was that of Francki (1966) with minor modifications. Rate zonal density 

gradient tubes were prepared by manually layering 40%, 30%, 20% and 10% 

sucrose solutions in distilled water and left overnight in the refrigera¬ 

tor, or by layering 40% and 10% sucrose solutions in distilled water 

using an ISCO model 570 gradient former. When the density gradient 

tube was ready, 1 ml of purified virus suspension was layered on top 

of the gradient and centrifuged at 44,000 g for 2 hours in an SW 40 

rotor in a Beckman L2-65B preparative ultracentrifuge. After centrigu- 

gation, the content of the tubes was monitored with an ISCO Model UA2 

ultra-violet analyzer and was fractionated using an ISCO Model 640 den¬ 

sity gradient fractionator. 

The purity of each fraction in the tube was determined by scanning 

it in the ultraviolet range in a Beckman DB-G grating spectrophotometer. 

The absorbance of e^ch fraction at 260 mu and 280 mu was recorded and 

the 260/280 ratio was noted. Portions of the fractions were diluted 

and inoculated on leaves of C. amaranticolort *Pinto’ beans and ash 

seedlings for infectivity assay tests. 
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(5) Electron Microscopy 

In order to observe the shape and measure the size of the virus 

particles, purified virus preparations and partially clarified sap of 

white ash leaves from one of the originally infected white ash trees 

were examined under the electron microscope. Similar observations were 

also made on purified and partially clarified sap preparations obtained 

from C, amaranticolor and N. tabacum var, 211 infected with the virus 

from ash. 

A drop of virus sample was placed on a carbon-stabilized formvar 

film coating a 300 mesh grid and negatively stained with 1% w/v phos- 
i 

photungstic acid pH 7.0. This was allowed to stand for 45 seconds, at 

which point excess liquid was removed with filter paper. The grid was 

then examined with a Phillips EM 200 electron microscope. 

(6) Serology 

Purified virus preparations from tobacco and C. amaranticolor 

leaves, and partially purified virus preparations from white ash 

leaves, were tested as antigens against antisera of three tobacco 

mosaic virus strains using the Ouchterlcny gel double diffusion method 

and the microprecipitin test (Ball, 1961). 

The^ gel for the double diffusion method was prepared by dissolving 

0.9 g agarose in 100 ml 0.05 M Tris-saline buffer pH 7,2 and autoclaved 

for 15 minutes. Eleven ml of agarose gel was pipetted into plastic 

petri dishes and allowed to remain flat with lids ajar until it jelled. 

Two ml of Thimerosol diluted 1:1,000 was pipetted onto the surface of 

the agar to prevent any bacterial of fungal growth on the gel. 

A central well was made by first puncturing the surface of the 

t 
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gel with a cork borer and then removing the gel plug by means of a 

narrow glass tube attached to a vacuum pump (Sheperd, 1972). Six 

wells of slightly smaller diameter were made in the same way around 

the central well at a distance of 2.3 mm from it and 3.00 mm from 

each other. 

Antisera of the ash isolate of TMV and of three different TMV 

strains were used. The antiserum to the ash isolate of TMV was pre¬ 

pared in our Department, while the other antisera were obtained from 

the American Type Culture Collection (ATCC) and included PVAS 1, TMV 

antiserum; FVAS 31, the type TMV antiserum; and PVAS 52, the common 

TMV antiserum. 

The antigen and antisera were placed in their respective wells, 

with the antisera usually in the central well and the antigens in the 

surrounding wells. The reaction or lack of reaction between the anti¬ 

gen and the particular antiserum was recorded. 

(7) Strain comparison 

In order to determine the relationship of the ash virus with 

other TMV strains, some of them naturally occurring in Massachusetts, 

a comparison was made of the herbaceous host range of the viruses. The 

host range of a TMV isolate obtained from the Boyce Thompson Institute 

and originally obtained from Dr. F. 0. Holmes was also compared to 

those of the other two. 

The virus obtained from ash and the field TMV isolate were 

purified by the same method, using the same host plant species as 

inoculum source. Their sedimentation properties were then compared 

through concurrent density gradient centrifugation and subsequent frac¬ 

tionation and ultraviolet light monitoring. 



IV. RESULTS 

(1) Description of the Disease on White Ash 

The leaves of three young white ash trees located in a forested 

area near Amherst, Massachusetts, were first observed to show virus - 

like symptons in July 1969. These trees were about 25 ft., 8 ft., 

and 6 ft. tall, respectively. The foliar symptons were characterized 

by chlorotic spots, chlorotic rings, line patterns, mottling and oc¬ 

casional reddening of the foliage. White ash trees showing similar 

symptoms were observed in several locations in central and western 

Massachusetts forests. 

The first symptoms were observed in the middle of May. The 

leaves of infected trees began to show chlorotic spots (Fig. la) 

which progressively increased in number and severity until early 

June when chlorotic ringspots appeared on some of the older leaves 

(Fig. lb-d). Old and new leaves showed pale green coloration and 

occasional interveinal chlorosis. After the middle of June or early 

July, a few leaves began to show a general mottling (Fig. 2) and 

some even showed an occasional red discoloration. By late July • 

line pattern symptoms (Fig. 13-h and Fig. 3) could be observed on 

about 10% of the foliage. Meanwhile, much of the chlorotic spotting 

and mottling appeared to develop into chlorotic rings. 

Except for these foliar symptoms, no other macroscopic symptoms 

were evident on the infected trees. The €;ffect, if any, of the disease 

on the growth and survival of the affected white ash trees could not 

be determined in this study. 
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Fig. 

Fig. 

Fig. 

1. White ash leaves showing chlorotic spots, rings and 

line patterns caused by the ash isolate of tobacco 

mosaic virus on the naturally infected trees in the 

forest. 

2. Leaf mottling symptoms induced by the ash isolate 

of tobacco mosaic virus on naturally infected white 

ash trees in the field. 

3. White ash leaves showing line pattern symptoms caused 

by the ash isolate of tobacco mosaic virus on naturally 

infected trees in the field in late July. 

« 
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(2) Results of Transmission Experiments 

(i) Grafting: Each inoculated seedling received 

two buds or bark patches. Forty-seven of the 54 buds of diseased ash 

grafted on healthy white ash seedlings survived. Altogether, 8 of 27 

inoculated seedlings produced foliar symptoms - 5 out of 16 (31%) in¬ 

oculated and kept in the greenhouse and 3 out of 11 seedlings (27%) 

inoculated in the greenhouse and then moved into the growth chambers. 

The first symptoms on inoculated seedlings were observed 18-32 

days after inoculation. They consisted of faint chlorotic spots about 

2—4 mm in diameter which later became more distinct although they rarely 

changed their size. Occasionally, ringspots appeared and were also 

about 3-4 mm in diameter (Fig. 4). Only a small percentage (about 5%) 

of the symptomatic leaves produced ring symptoms. None of the 27 seed¬ 

lings inoculated and kept in the greenhouse or growth chamber repro¬ 

duced the type of line pattern observed in the forest. 

Graft transmission of this virus was verified by inoculating 

new healthy white ash seedlings with two buds from each of the 8 

inoculated seedlings that showed symptoms. However, only 2 out of 

9 such inoculated seedlings developed symptoms. 

(ii) Mechanical inoculations: The virus from ash 

was successfully transmitted through sap to Chenopodium amaranticolor 

on which it caused local lesions (Fig. 5) and systemic symptoms (Figs. 

6a & 6b). Table I contains the results obtained from attempts to 

transmit the causal agent from symptomatic ash leaves to Chenopodium 

amaranticolor using phosphate buffer and certain virus stabilizer. 
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Fig. 4 

Fig. 5 

\ 

. Leaf of white ash seedling showing chlorotic spots 

and rings induced by budding from forest tree in¬ 

fected with the ash isolate of tobacco mosaic virus 

(TMV). 

. Local lesions produced on Chenopodium amaranticolor 

leaf seven days after inoculation with the ash iso¬ 

late of TMV. 

% 
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Attempts to transmit the causal agent by using infected ash 

leaves ground in 0.01 M neutral phosphate buffer alone, or phosphate 

buffer pluc 3% nicotine sulfate or 0.5-1% caffeine as additives, were 

not successful. Both levels of caffeine caused severe injury to the 

leaves. 

A few local lesions were produced on Chenopodium leaves when 

0.02 M sodium thioglycollate was addeu to inoculum in 0.01 M phosphate 

buffer. The number of local lesions was greater when 0.01 M Na DIECA 

was added to the inoculum containing 0.01 M neutral phosphate buffer 

and greatest, although still very low, when equal volumes of 0.02 M 

sodium thioglycollate and 0.01 M Na DIECA were added together to 

0.01 M neutral phosphate buffer. 

The first symptoms on inoculated C. amaranticolor leaves con¬ 

sisted of chlorotic local lesions and appeared 4 to 7 days after in¬ 

oculation. The size of local lesions varied with the age of the plant 

and leaf and the concentration of virus in the inoculum. some of the 

C. amaranticolor plants showing local lesions proceeded to become in¬ 

fected systemically but depending on the size of the plants and the 

number of local lesions produced on the inoculated leaves, the systemic 

symptoms appeared within 16 to 30 days after inoculation. Systemic 

infection started out as a type of mottling on C. amaranticolor leaves 

at first appearing as veinclearing on parts of veins, then looking 

more as veinbanding and interveinal chlorosis (Fig. 6a). Sometimes, 

however, the mottling progressively turned into a type of interconnected 

ring patterns as the inoculated plants became older (Fig. 6b). On C. 

quinoa inoculations also produced local lesions and systemic infection. 
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Fig. 6a. Mottling of C. amaranticolor leaf induced by the 

ash isolate of TMV sixteen days after inoculation. 

Fig. 6b. Chenopodium amaranticolor leaves showing chlorotic 

mottling (right) and interconnected rings (left), 

both induced by the ash isolate of TMV. 

% 

i 
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the latter sometimes appearing as chlorotic and occasionally 

necrotic rings. 

All retransmission attempts from C. amaranticolor to C, 

amaranticolor and C. quinoa were successful when the inoculum was 

ground in water or plain neutral phosphate buffer. When inoculum 

was ground in equal volumes of water or phosphate buffer, inoculated 

leaves produced extremely high numbers of local lesions that eventually 

caused the death and fall of these leaves about 10 days after inocula¬ 

tion. The inoculated plants, however, still developed systemic symptoms 

which usually appeared 4-8 days after the inoculated leaves began to 

fall. 

Of 8 attempts to mechanically transmit the virus from roots of 

infected ash trees or seedling to Chenopodium amaranticolor and C. 

quinoa, 5 were successful. 

(iii) Soil Transmission Experiments 

(a) When herbaceous plants and forest tree seedlings were 

grown for 3 months in pots containing soil obtained from near the 

base of infected ash trees in the forest, none of them developed 

symptoms. At the end of 3 months, the seedlings were freed from 

soil under a stream of tap water and the sap of both roots and leaves 

was tested for infectivity by inoculating onto Chenopodium amaranlicolor. 

All such inoculation attempts produced negative results. 

(b) When herbaceous plants and forest tree seedlings were grown 
« 

directly in the soil around infected trees in the forest, again none 

of them developed symptoms by the end of the growing season. The ash 

seedlings remained symptomless through the second growth season also. 

i 
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(c) Pots containing soil from around infected ash trees in 

the forest were leached with water and the leachate was collected 

and centrifuged at low speed. This was done to ascertain whether 

any virus was released in a infectious state by the roots of the 

infected plants and it was assumed that the virus would be present 

in the supernatant of the centrifuged leachate. The supernatant 

was then used to inoculate C. amaranticolor leaves. The results 

of these inoculations were also negative. 

(d) Table II presents the number of plants that became in¬ 

fected when the inoculum, consisting of crude sap of leaves or 

chopped tobacco leaves infected with the ash isolate of tobacco 

mosaic virus, was applied to the leaves, roots or in the soil of 

various test plants including Nicotiana tabacum *211', N. tabacum 

*Turkish1, N. sylvestris and Chenopodium amaranticolor. 

In successful infections of plants inoculated through the 

soil or roots, systemic (mosaic) symptoms appeared after 6 weeks 

in tobacco and after 9 weeks in Chenopodium. 

(iv). Nematode Transmission Experiments 

Table III presents the fluctuation in the numbers of certain 

% 

plant parasitic nematodes recovered per 400 g of soil obtained from 

around infected and healthy ash trees at various times of the year, 

over a 27 month period. The nematodes recovered included Xiphinema 

sp., Criccnemoides sp., Tylenchus sp. and Hemicyliophora sp. 

% 

Since Xiphinema had been reported as a vector of the ash strain 

of tobacco ringspot virus isolated in New York (Hibben, 1971), efforts 

were made to recover additional numbers of these from the soil around 

i 
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infected ash trees for nematode transmission experiments. 

After the nematodes, mostly Xiphinema, had been allowed to feed 

on infected ash seedlings for 30 days and were subsequently allowed 

to feed on healthy seedlings for 3 months, the roots of the latter 

were washed and ground. The sap was then inoculated onto C. amaranti— 

color leaves to determine whether the roots of the seedlings had be¬ 

come infected with the virus through the feeding nematodes. 

Of 35 ash and 118 herbaceous seedlings thus tested, none pro- 

dueed symptoms on C. amaranticolor indicating that no virus trans¬ 

mission by nematodes had occurred. When the nematode populations 

were checked after the experiment was terminated, about the same 

number of nematodes used in the experiment were recovered. When 

nematodes were ground and used as inoculum on C. amaranticolor 

leaves, no infection developed. 

Only once was a Xiphinema nematode observed in the glass ob¬ 

servation box to be feeding on the roots of ash seedlings. 

No difference was observed in the rate of growth of plants 

inoculated with suspected viruliferous nematodes and plants growing 

in steam-sterilized soil. 

Seed Transmission Experiments 

When seeds obtained from systeraically infected Chenopodjum 

plants were planted, no symptoms developed on any of the plant pro¬ 

duced, Results were also negative when seeds from infected plants 

were ground in neutral 0.01 M phosphate buffer and were inoculated 

mechanically to leaves of healthy C. amaranticolor, C. guinea, Nicotiana 

glutinosa and Phaseolus vulgaris L. ’Pinto*. 

f 
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(vi) Local Lesion Assay Hosts 

Of the numerous herbaceous plant species and varieties inoculated 

with crude sap of Nicotiana tabacum *211' infected with the virus from 

ash, C. amaranticolor, C. quinoa, N. glutinosa, N. tabacum ’Havana 425’, 

N. tabacum ’Samsun NN’ and Phaseolus vulgaris L. ’Pinto* produced good 

local lesions. Sap dilutions of 1:4 generally produced too many local 

lesions to count easily. Except for Phaseolus vulgaris L. ’Pinto' and 

N. glutinosa, the other species produced systemic infection at this 

dilution. Beyond this dilution, systemic symptoms (death of the plant) 

_2 
appeared on N. tabacum 'Samsun NN' up to a dilution of 10 , and on 

—5 
C. quinoa and C. amaranticolor up to a dilution of 10 • 

Pre—inoculation darkening of assay plants for different lengths 

of time produced no change in the number of local lesions per inoculated 

leaf except in Phaseolus vulgaris L. 'Pinto'. In the latter, plants 

that had received 48 hrs. of darkness prior to inoculation produced 

twice as many local lesions as non-treated plants (Table IV). 

3. Properties in Crude Sap 

(i) Thermal inactivation point: C. amaranticolor was 

used as both virus source and assay host for most studies of the 

properties of the ash isolate of tobacco mosaic virus in crude sap. „ 

Different C. amaranticolor plants, however, and even different leaves 

on the same plant, show a great deal of variability to infection by 

the virus (Table V); therefore, other hosts such as N. glutinosa and 
% 

N. tabacum varieties 'Havana 425' and 'Samsun NN’ were also used as 

assay hosts. 
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When inoculations were made on C. amaranticolor leaves, the 

virus in crude sap retained its infectivity when heated for 10 

minutes at 97°C but not at 98°C (Table VI). Essentially identical 

results were obtained when inoculations were made on leaves of N. 

glutinosa and N. tabacum varieties THavana 425’ and ’Samsun NN’, on 

which the virus was still infective after heating for 10 min. at 

96°C (Table VIlb) but not at 97°C. 

Although at lower temperatures the number of local lesions 

produced was quite large and infections became systemic, the numbers 

of local lesions declined as the temperatures increased and no sys¬ 

temic infections were observed on test hosts inoculated with crude 

sap heated above 85°C (Table Vila). This experiment was repeated 10 

times on C# amaranticolor and 3 times on Nicotiana spp. 

(ii) Dilution end point: The virus in freshly 

expressed sap retained its infectivity and produced local lesions 

at a dilution of 10“7 but not at 10~8 (Tables VIII and IX). Only 

local lesions were produced on N_. glutinosa and N. tabacum ’Samsun NN , 

but on N. tabacum 'Havana 425* and C. amaranticolor plants systemic 

—2 —5 
infections v/ere produced by dilutions of up to 10 and 10 , respec¬ 

tively. The experiment was repeated 11 times using C. amaranticolor 

plants and 3 times using Nicotiana plants. 

(iii) Aging in vitro: A preparation of crude sap 

of the ash isolate of tobacco mosaic virus from both C. amaranticolor 

and ash leaves was stored at room temperature. The virus was still in¬ 

fective after 13 months and 9 months, respectively, when it was inocu¬ 

lated on C. amaranticolor and N. glutinosa (Table X). For each periodic 

t 
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Table VHb. Local lesion and systemic infections produced on 
Nicotiana glutinosa and N. tabacum varieties ’Havana 

425’ and ’Samsun NN’ inoculated with N. tabacum ’211’ 

crude sap containing the ash isolate of TMV and heated 

for 10 min. at various temperatures (b). 

Temp. 
N. tabacum 

’Havana 425’ 

No. local Systemic 

lesions infection 

per leaf 

N. tabacum 

'Samsun NN' 

No. local Systemic 

lesions infection 

per leaf 

N. glutinosa 

No. local Systemic 

lesions infection 

per leaf 

Unheated * stem nec¬ 

rosis 

* death 

of apical 

me ri-stem 

* 

90°C 93 — 7 - 8 - 

95 3 - 3 - 5 - 

96 2 - 2 - 4 

97 0 - 0 - 0 - 

98 0 - 0 - 0 - 

100 0 - 0 - 0 - 

Check 0 0 • 0 

* a too many local lesions to count. 

(a) s Numbers of local lesions represent averages of four leaves on 4 

plants replicated 3 times. 

f 
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Table IX. Summary of data showing local lesion and systemic infections 

produced by serial dilutions of crude sap of the ash isolate 

of tobacco mosaic virus inoculated on Chenopodium amaranth- 

color, Nicotiana tabacum 'Havana 425’, h* tabacum 'Samsun 

NN* and N. glutinosa. 

Dilutions Chenopod ium N. tabacum N. tabacum N. glutinosa^b) 

amaranticolor(a) ’Havana 425’(b) ’Samsun NN(b) 

No.L.L. S.I. No.L.L. S.I. No.L.L. S.I. No.L.L. S.I. 

per | per leaf per leaf per leaf 

leaf 

Crude sap 

co 

* * stem 

necro¬ 

sis 

* death * 

10”1 * 4 * 
ft * 

ft * — 

10”2 * 4 * 
ft * 

ft * - 

10”3 69 4 61 - 55 - 52 - 

10*4 23 4 46 - 30 - 14 - 

10“5 18 

1 mo.) 

13 - 12 — 6 — 

10“S 6 - 8 - 10 - 3 - 

«> 1 o
 

r*H 2 - 2 - 3 - 2 - 

M
 

O
 1 CO
 

0 - 0 - 0 - 0 - 

10“9 0 — 0 - 0 - 0 - 

Check 

(distilled 

water) 

0 0 0 0 

* s Local lesions too numerous to count ’ • 

(a) — Numbers of local lesions represent averages of 6 half leaves per 

4 plants replicated 11 times. 

(b) - Numbers of local lesions represent averages of 4 whole leaves per 

4 plants replicated 3 times. 

(c) : Crude sap r One part of Chenopodium leaves plus 4 parts of dis¬ 

tilled water. 

S.I. = Systemic infection. 

L.L. * Local lesions. 

i 
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inoculation 4 plants each of C. amaranticolor and N. glutinosj^ were 

used. 

Frozen crude sap of the ash isolate of tobacco mosaic virus in 

Chenopodium was still infective after 20 months and continued to pro¬ 

duce local and systemic infections on the appropriate hosts. 

4. Host Range Studies 

(i) Grafting to woody hosts: Thirty-five of 

287 seedlings budded with infected bark developed symptoms (Table XI), 

Of the 13 species inoculated, only white ash and green ash developed 

symptoms• 

Figure 7 illustrates the early symptoms of green ash seedlings 

inoculated by grafting with the virus from white ash. Chlorotic 

spots and rings were observed about 32 days after inoculation. hone 

of the inoculated seedlings developed line-pattern symptoms under ex¬ 

perimental conditions. Of 136 green ash seedlings inoculated, 26 pro¬ 

duced symptoms. Retransmission attempts were successful in 2 out of 

28 inoculated green ash and 2 out of 9 white ash seedlings. 

Chlorotic rings were produced on 1 of 23 inoculated Norway 

maple seedlings, but attempts to retransmit the virus to 4 each of 

green ash and white ash and 10 maple seedlings were not successful. 

Seedlings of the following tree species were inoculated with 

buds from infected white ash, but developed no viral symptoms: hack- 

berry (Cel >:is occidentalis), apple (Malus sylvestris ’McIntosh* 1), 

sugar maple (Acer saccharum), black locust (Robinia pseudo-acadia), 

American elm (Ulmus americana), witch hazel (Hamamelis virginiana), 

peach-leaved willow (Salix amygdaloides), white oak (Quercus alba) 

f 
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Table XI. Results of graft inoculation experiments of woody hosts 

with the ash isolate of tobacco mosaic virus. 

Plants In field 

inoculated 

In green¬ 

house 

In growth 

chamber 

Kinds of 

symptons 

White ash 

(Fraxinus amerr- - 

cana L.) 

5/16(a> 3/11 Chlorotic spots- 

ringspots 

Green ash 

(Fraxinus 7/50 

Pennsylvania) 

17/72 2/14 Chlorotic spots- 

rings, mottling 

Norway maple 

(Acer plan- 0/5 

tanoides L.) 

l/12(a) (b) 0/6 Ring spots 

(a) s Number of plants showing symptons over number of plants inocu 

lated. 

(b) s Symptoms could not be retransmitted. 

« 
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Fig. 7. Green ash leaf showing rings produced in response 

to bud inoculation from white ash infected with 

the ash strain of tobacco mosaic virus. 

f 
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Table XII. Host range studies and types of symptoms produced by 

susceptible plants inoculated mechanically with the 

_ash isolate of tobacco mosaic virus.__ 

Species tested (a) Symptoms(b) 

On inoculated Systemic 

leaves 

Chi. L.L. Chlorosis, occasional 

killing of apical meri- 

_stem_ 

Apocynaceae 

Vinca rosea - 

’Dwarf rosea1_ 

Chenopodiaceae 

Beta vulgaris 

’Baby canning’ 

Chenopodium amaranticolor 

C. quinoa 

L.L. 

Chi. L.L. 

Chi. L.L. 

Killing of plants 

Mottle, ringlike 

pattern 

Chi. rings, mottle 

Compositae 

Zinnia elegans L.L. - 

'Exquisite’ 

Cucurbitaceae 

Cucumis sativus L. 

'National Pickling’ - - 

'Marketer' - - 

Cucurbita moschata Dene. 

’Butternut* 

C. pepo L. (Alex) - - 

'Zucchini Hybrid’ - - 

'Early Gold Summer Crookneck* - - 

'Early Prolific Straightneck' - - 

Leguminosae 

Glycine max. - - 

Medicago sativa - - 

Phaseolus oliraensis (Macfad) - - 

'Burpee's Fordhook* - - 

Phaseolus vulgaris L. 

'Pinto*_ L.L. — 

'Scotia * - — 

'Red Kidney* - - 

'Harvester* - — 

'Tendercrop' - - 

'Topcrop' - - 

'Garden Bean* - — 

Vigna sinensis L.« 

'Early Ramshorn’ - - 

Amaranthaceae 

Gomphrena globosa 

(Continued) 

* 



(Continued) 

Species tested (a) 
Symptoms(b) 

On inoculated Systemic 

leaves 

Chi. L.L. Chi. sp. 
Oleaceae 

Fraxinus atnericana 

F. pennsylvanica 

F. excelsior 

Solanaceae 

Capscicum frutescens L. 

Datura stramonium L. 

Nicotiana glutinosa 

N. rustica L. 'Pricilla' 

N. rustica L. 'Brasilia’ 

N. sylvestris Speg & Comes 

Nicotiana tabacum L. 

^Bel~W3' 

lBel-W4 * 

'Havana 38* 

'Havana 425’ 

*211' 

'J. W. Broadleaf* 

' K-l' 

'Samsun NN' 

*T-48* 

'Turkish' 

Petunia hybrida Juss. (Little 

Giant) 
Solanum melongena L. Super-hybrid 

Chi. L.L. & Local systemic rings 

Chi. concentric 

rings 

+ 

L.L. — 

L.L. - 

Necrotic rings Stem necrosis 

L.L. Mosaic 

L.L. Stem necrosis 

— Mosaic 

— Mosaic 

L.L. . Stem necrosis 

— Mosaic 

— Mosaic 

_ Mosaic 

L.L. Occasional killing 

of plants 

Mosaic 

- Mosaic 

L.L. 

L.L. Stem necrosis 

(a) a Four plants of each species were inoculated in each experiment. 

The experiment was repeated at least 10 times. 

(b) a Chi. L.L. - chlorotic local lesion. 

Chi. sp. ss chlorotic spots 

L.L. - necrotic local lesions. 
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stem was killed. 

• Beta vulgaris produced local lesions with white centers. Sys 

temic infection developed ten days after inoculation. 

Chenopodium amaranticolor and C. quinoa produced the types of 

symptoms recorded under transmission experiments. 

Zinnia elegans ’Exquisite* produced only necrotic local lesions 

4 days after inoculation. 

Phaseolus vulgaris ’Pinto’ produced dark brown local lesions 2-3 

days after inoculation. Number of local lesions doubled when plants 

received 24-48 hours of darkness before inoculation (Table IV). 

Green ash and white ash seedlings inoculated with crude sap of 

tobacco and Chenopodium leaves infected with virus from ash produced 

no infection, but inoculation with purified virus produced chlorotic 

local lesions on inoculated leaves 7 days after inoculation and systemic 

chlorotic spots 2 weeks after inoculation. 

European ash leaves inoculated with purified virus from ash 

produced chlorotic spots six days after inoculation. Later, rings 

and line pattern symptoms appeared on the same leaves (Fig. 8). Sub¬ 

sequently produced new leaves remained symptomless. 

Njcotiana glutinosa produced necrotic local lesions on the 2nd or 

3rd day after inoculation. 

N_. rustica ’Pricilla* produced necrotic local lesions 10 days 

after inoculation. 

« 

N. rustica ’Brasilia* produced necrotic rings on inoculated leaves 

7-9 days after inoculation. These were followed by stem necrosis and, 

two weeks later, by death of the entire plant. 
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Fig. 8. Chlorotic concentric ring patterns produced on inoculated 

leaves of European ash 11 days after inoculation with the 

ash isolate of tobacco mosaic virus. 
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Fig. 9. Local lesions produced on a half-leaf of Nicotiana 

sylvestris six days after inoculation with the ash 

isolate of tobacco mosaic virus. 

Fig. 10. Nicotiana sylvestris leaf showing yellowish-green 

mosaic symptoms induced by the ash isolate of to¬ 

bacco mosaic virus (18 days after inoculation). 

« 



ft 
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N. sylvestris first produced necrotic local lesions on inoculated 

leaves 3-6 days after inoculation. The lesions appeared yellowish with 

darker margins (Fig. 9). About 10 days after inoculation the plants 

developed a systemic infection appearing as a yellowish-green mosaic 

(Fig. 10). 

Nicotiana tabacum varieties : 

(a) ’Havana 38' produced a typical systemic mosaic infection 

about 21 days after inoculation. 

(b) 'Havana 425' produced local lesions 4-6 days after inocu¬ 

lation followed by stem necrosis. 

(c) 'Bel-W3' produced necroticlocal lesions followed by sys¬ 

temic apical and stem necrosis (Fig. 11). 

(d) 'Bel-W4f produced mosaic symptoms 14-21 days after inocu¬ 

lation. 

(e) ’211’ tobacco produced a systemic mosaic 14-16 days after 

inoculation. 

(f) *J. W. Broadleaf’ tobacco produced a systemic 14-21 days 

after inoculation. 

(g) 'Samsun NN' produced large, tan necrotic local lesions 

4 days after inoculation. Peticoles of inoculated leaves became necrotic. 

Young plants were sometimes killed by the virus. 

(h) ’T-48' and 

(i) 'Turkish' tobacco produced a systemic mosaic 14-21 days 
« 

after inoculation. 

Capsicum frutescens ’Burpee's Hybrid* produced only dark brown local 

lesions 6 days after inoculation. 



-60- 

Fig. 11. Local lesions and systemic apical necrosis produced 

on Nicotiana tabacum 'Bel-WS* following inoculation 

with the ash isolate of tobacco mosaic virus. 

« 
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Petunia hybrida ’little giant* produced necrotic local lesions 

with white centers. 

Solanum melongena "egg plant" produced necrotic local lesions 

followed by stem necrosis. 

All other species of plants inoculated with the virus from ash 

and listed in Table XII developed no symptoms. 

5. Purification 

The procedure employed for purification of the ash isolate 

of tobacco mosaic virus resulted in highly infectious purified virus 

preparations with a 260:280 absorbancy ratio of 1.23 (Fig. 12.). 

Yields of purified virus were much higher when frozen systemically 

infected leaves of Njcotiana tabacum ’211’ rather than Chenopodium 

amaranticolor were used. Using tobacco tissue, virus concentrations 

up to 36 mg/ml were obtained. The infectivity of the virus, however, 

was not as high proportionately as the virus concentration as measured 

by ultra-violet absorption. 

Rate zonal sucrose density gradient centrifugation concentrated 

the ash isolate of TMV in a single opalescent band about 3 cm below 

the meniscus. When the gradients were fractionated and monitored with 

ultraviolet light set at 254 mu, only one distinct peak was recorded. 

The fraction containing that peak was used for electron-microscopic 

observation. 

6. Electron Microscopy 

Figure 13 shows an electron micrograph of a negatively 

stained preparation from partially clarified virus sap obtained from 

originally infected ash leaves. Preparations made by the described 
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Fig# 12. Ultraviolet absorption curve of purified virus pre¬ 

paration of the ash isolate of tobacco mosaic virus 

obtained from systemically infected Nicotiana tabacum 

*211* leaves. 

i 
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Fig. 13. Electron micrograph of negatively stained partially 

clarified sap from infected ash leaves revealing rod- 
%- 

shaped particles. Arrows point to particles similar 

in size to tobacco mosaic virus particle. Magnification 

at 54,000. 
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! 
! 

Fig. 14* Electron micrograph of a purified preparation of 

the ash isolate of TMV obtained from systemically 

infected Chenopodium amaranticolor leaves. Arrows 

point to particles with lengths equal to the TMV 

particle. 482, 400 X. 
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purification procedure from systemically infected Chenopodium 

amaranticolor or tobacco leaves, followed by sucrose density 

gradient centrifugation and fractionation, were found free of con¬ 

taminants upon examination in the electron microscopy (Fig. 1*±). 

Electron micrographs revealed that the particles of the virus 

causing the disease in white ash are rod-like in form. However, 

considerable fracturing and end-to-end aggregation of virus particles 

were evident. Most particles in the electron micrographs are of varying 

length and relatively few of them have the length corresponding to TMV 

(Figs. 13 and 14). 

7. Serology 

In microprecipitin tests, all three antisera against TMV, 

which were obtained from American Type Culture Collection, reacted 

positively with the ash virus present in clarified sap of infected 

plants (Table Xllla). The antiserum to the ash isolate of TMV reacted 

positively and in very high dilutions to the ash isolate of TMV antigen 

either as purified virus (Table XIII(b)(i)), or in clarified sap of ash 

leaves infected with the ash isolate of TMV (Table XII1(b)(ii)). 

Using the gel double diffusion serological test, purified prepara¬ 

tions of the ash isolate of tobacco mosaic virus obtained from tobacco 

and clarified sap of ash leaves infected with the same virus reacted 

positively with PBAS 31 and 52 antisera against TMV by producing the 

typical white band,between the virus and vhe antisera. 

8. Strain Comparison 

(i) Comparative host range study: Table XIV lists the 

hosts plants used in comparative host studies of the virus from ash, 
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ash strain of tobacco ringspot virus, the TMV isolate obtained from 

Boyce Thompson Institute which was originally supplied by Dr. F. 0. 

Holmes and field isolate of TMV. The signs ( + ), (-) and (0) in the 

table indicate the presence or absence of symptoms or plants not tested, 

respectively. 

It is apparent from Thble XIV that the virus isolated from ash is 

different from ash strain tobacco ringspot virus because of the symptoms 

produced by the tobacco ringspot virus on cucumber and the legumes, 

especially on National pickling* and 'Marketer* varieties of cucumber 

and beans and cowpeas. 

In most hosts the virus from ash produced reactions similar to 

those produced by the *field TMV* and 'Holmes TMV* isolates. This 

supports the view that the virus from ash is probably Tobacco Mosaic 

Virus. However, certain differences are also evident in the host re- 
•» 

to these three inocula* Thus, the isolate from ash differed 

from the 'field TMV' in that the former produced local lesions on 

'Pinto' bean and systemic symptoms on egg plant while 'field TMV' 

did not. The ash isolate differed from both 'field TMV* and ’Holmes 

TMV' isolates in that it did not infect Datura stramonium L.. while 

the other_ two strains caused the formation of local lesions on Datura 

stramonium L. 

(il) Density gradient centrifugation: Figure 15 presents 

photometric scanning tracings of the location and amounts of particles 
« 

and substances absorbing at 254 mu in sucrose density gradient tubes 

following centrifugation. On top of each density gradient tube had 

been placed 1 ml of either clarified sap of healthy tobacco (A) or 

t 
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Table Xllla. Typical results of microprecipitin test carried out 

using PVAS 31 TMV antiserum against clarified sap of 

tobacco leaves systemically infected with the ash 

isolate of tobacco mosaic virus,_____ 

Antigen Dilutions 

16 32 64 128 256 512 1024 Saline 

16 4 4 4- 4“ 4 4 4 
- 

cn 
G 32 4 4 4 4 4* 

4 4 
- 

o 
•H 
+J 
3 64 4 4 4 4 4 4 4 - 

i—< 
•H 
G 128 4 4 4 4 4 4 4 - 

£ 
3 
in 
<D 256 

4 4 4 4 4 4 4 - 

cn 

G 512 4 4 4 — — — - - 

< 

1024 4 4 
— — — 

Saline 

Table XIHb. Typical results of microprecipitin test carried out 

using antiserum to the ash isolate of tobacco mosaic 

against the same virus purified from tobacco and against 

clarified sap of ash leaves infected with the ash isolate 

__of TMV.___ 

ll Purified Ash TMV III. Ash TMV in Ash Leaf S 

Antigen Dilutions_Sa- Antigen Dilutions Sa- 

01 64 128 256 512 1024 2048 4096 line 64 128 256 512 line 
G 
O 
•H 

64 4 4 4 4 4 4 4 — 4 4 4 — 

+-> 
3 
rH 
•H 

128 t 4 4 4 -4 4 - - 4 4 4 - - 

G 

E 
3 
U 

256 4 4 4 t 4 4 - - 4 4 4 — - 

O 
01 
•H 

512 4 4 4 4 4 — — 4 4 4 

G 
< 1024 4 4 4 4 4 - - - 4 4 - - - 

2048 4 4 4 4 4 - - - + 4- - - - 

A 
tn 
< 4096 4 + • 4 4 — — — — 4 + — — 

Saline - - - - - - - - - - - — - 

+ = Positive reaction 

- ^Negative reaction 

i 
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Table IV. Comparison of susceptibility or resistence of selected host 

plants to infection by the ash isolate of tobacco mosaic 

virus (TMV), the TMV isolated from field tobacco, Holmes 

isolate of TMV and the ash strain of tobacco ringspot virus 

Host used Virus 

la ted 

ash 

LL 

iso- 

f rom 

SI 

Field 

TMV 

isolate 

LL SI 

Holmes 

TMV 

isolate 

LL SI 

TobRSV 

ash 

strain 

LL SI 

Amaranthaceae 

Gomphrena globosa 4 4 4 4 0 0 0 U 

Chenopodiaceae 

Beta vulgaris 4 4 4 4 0 0 0 0 

Chenopodium 

amaranticolor 4 4 4 4 4 4 0 0 

C. quinoa 4 4 4 4 4 4 0 0 

Compositae 

Zinnia elegans 

’Exquisite' 4 4 0 0 0 0 

Cucurbitaceae 

Cucumis sativus 

‘National Pickling’ 

’Marketer’ 

Cucurbita moschata 

’Butternut' 

Cucurbita pepo 

’Early Gold Crook- 

neck' 

'Burpee Golden 

Zucchini 

4 
4 

4 

4 

4 4 

Leguminosae 

Phaseolus vulgaris 

’Pinto’ 

’Scotia* 

'Red Kidney’ 

’Harvester’ 

'Tendercrop' 

* Toperop’ 

'Pole Bean' 

Vigna sinensis 

'Early Ramshorn* 

4 
4 

4 

4 

4 
4 

4 
4 
4 

(Continued) 
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(Continued) 

Host used Virus iso- Field Holmes TobRSV 

la ted 
ash 
LL 

from 

SI 

TMV 
isolate 
LL SI 

TMV 
isolate 
LL SI 

ash V 
strain 
LL SI 

Solanaceae 
Datura stramonium - - - 4 — 0 0 

Nicotiana glutinosa 4 - - 4 - 4 — 

N. sylvestris 
Nicotiana tabacum 
'Bel-W4' - 4 - 4 - 4 0 0 

'K-l' — 4 - 4 - 4 0 0 

'211* — 4 - 4 - 4 0 0 

1 Samsun NN* 4 - 4- — 4 - 4 - 

'Turkish* - 4 - 4 ~ 4 - 4 

Solanum melogena 4 4 4 - 0 0 0 0 

(a) s this table represents the results i from inoculations of four plants 

in each of 3 replications. 

4 - symptom development. 

— no symptom development. 

0 c Host not tested, 

LL sr local lesions. 

SI a Systemic infection. 
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Fig. 15. Comparative photometric scanning tracings of sucrose 

density gradient tubes on which 1 ml of clarified 

healthy or infected tobacco sap or purified virus had 

been layered and centrifuged at 44,000 g for 2 hours. 

(A): Healthy tobacco sap. (B): Purified preparation 

of the ash isolate of TMV obtained from tobacco. (C); 

(D), and (E): Clarified sap from tobacco infected with 

(C) : the virus from ash; (D) : ’Holmes !W’ ; (E) : 

’field TMV’. 

*» 

PC: Top plant component. (a): Another plant com¬ 

ponent, probably ribosomes. (b): The virus peak. (c): 

Bottom component, probably nuclear materials plus some 

virus. 

Peak (b) contained most of the infectivity, with 

some infectivity in peak (c). 

« 

/ 
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latter at the same level as peak (b) in tube (B) containing purified 

virus. 

These results indicate that the virus from ash has the same 

sedimentation properties as the ’field TMV’ and the ’Holmes TMV 

isolates. 

(iii) Serology: The virus from ash reacted positively 

against the antisera to all three strains of TMV obtained from ^TCC. 

Positive reactions were also observed v/hen the antisera to the three 

TMV strains were reacted with virus of the ’field TMV’ isolate and 

’Holmes TMV' isolate. For example, the titer of the ash isolate of 

TMV in clarified sap was at least 1/1024 or was the titer of antiserum 

PVAS 31 of ATCC TMV strain. 



V. DISCUSSION 

The mosaic-like disease observed on white ash trees was proved 

to be caused by a virus through successfux transmission from infected 

ash twigs, buds, leaves and roots to ash seedlings and to Chenopodjum 

leaves. Retransmission from both infected ash seedlings and Cheno- 

podium was also successful. 

The virus was successfully transmitted by grafting infected 

bark patches and buds of the originally infected ash trees in the field 

to white and green ash seedlings in the greenhouse and in the field. 

Inoculated seedlings of 9 other tree species did not produce macro¬ 

scopic foliar symptoms and were, therefore, regarded as insusceptible, 

although no recovery of the virus from these symptomless seedlings was 

attempted to determine if the virus was latent in them. The possibility 

of-'latent infections is indicated by the work of Yarwood and Hecht- 

Poinar (1970) and Nienhaus and Yarwood (1972) who successfully recovered 

TMV from symptomless oak trees, and Kirkpatrick and Lidner (1964) and 

Gilmer and Kelts (1965) who also recovered TMV from symptomless apple 

and grape seedlings, respectively. It might, therefore, be misleading 

to conclude that the virus from ash, which was subsequently shown to 

be an isolate of TMV, is restricted to the ash trees. 

The transmission of the virus from symptomatic ash leaves from 

the field and from the greenhouse was a relatively simple matter al¬ 

though Hemberg (194*9) called attention to the large amount of inhibitory 

substances in the apical meristems of ash trees and Hibben (1966b) cor¬ 

related the presence of these inhibitors to his difficulty in frequently 

recovering the ash isolate of tobacco ringspot virus from ash leaves. 
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In the present work, the ash isolate of tobacco mosaic virus could be 

transmitted mechanically simply by removing with a cork borer areas 

of chlorotic spots on symptomatic ash leaves and grinding them in 

distilled water. However, for unknown reasons, no transmission was 

obtained when line pattern areas of the symptomatic ash leaves were 

used for mechanical inoculations. 

The approximately equal numbers of nematodes recovered from 

soil samples taken from around roots of both healthy and virus-infected 

ash trees and the negative results obtained from the nematode trans¬ 

mission experiments suggest that the ash isolate of TMV does not ha\e 

a nematode vector. This agrees with the generally accepted fact that 

tobacco mosaic virus does not have a nematode vector and it points to 

a further difference between this virus and the tobacco ringspot virus 

found in ash by Hibben (1971). This worker found fewer nematodes around 

roots of infected ash trees than around roots of healthy ash trees, and 

also found that these nematodes could and did transmit the ash strain 

of tobacco ringspot virus. 

The behavior of tobacco mosaic virus in the soil was studied 

as early as 1936 (Hoggan and Johnson, 1936) when it was demonstrated 

that TMV has the capacity to remain infective in the soil for long- 

periods of time. While soil transmission of the ash isolate of TMV to 

herbaceous plants was successful, transmission to ash seedlings in the 

same experiment an,d under forest conditions was negative; yet, the virus 

could be mechanically transmitted from roots of infected ash trees. If 

this virus is soil-transmissible among forest tree seedlings, the mode 

of transmission through the soil is presently unknown. 
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When seeds of systemically infected Chenopodium plants were 

grown to determine whether the virus is seed transmitted, results 

were negative. However, no seed could be obtained from the infected 

ash trees in the field, and therefore, results obtained using herb¬ 

aceous plants are inconclusive since TMV has been reported to be seed 

transmitted in grape, apple and peach (Berks, 1967; Gilmer and Wilks, 

1967; ana Gilmer and Kelts, 1968). 

The foliar symptoms of the white ash trees in the forest sug¬ 

gested that this ash virus was the same with the one identified by 

Hibben and Bozarth (1972) as a strain of tobacco ringspot virus. For 

this reason, initial experiments were directed towards isolating to¬ 

bacco ringspot virus. The results of the experiments, however, indicate 

that the ash virus isolated in Massachusetts has completely different 

properties from the ash strain of tobacco ringspot virus found in New 

York. 

In the early stages of identification of this virus, several 

problems were encountered. V/hen Chenopodium amaranticolor plants were 

used as local lesion hosts to determine the properties of the virus in 

crude sap, there was considerable variability in the reaction of dif¬ 

ferent plants and of different leaves on the same plant to the virus. 

For this reason, it was necessary to run many replications of many of 

the experiments to ascertain the validity of the results and of the 

data collected (Tables V and VII). Later, when the virus had been 

transmitted to other herbaceous hosts, in order to double check the 

results obtained with Chenopodium amaranticolor as test plants, Nico- 

^ l^na & lut in os a., N. ta ba cum 425* and N. tabacum *Samsun NN* were also 

used (Tables VII-X). 
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Early attempts to determine the thermal inactivation point of 

the virus indicated that the ash virus was quite resistant to heat. 

Common tobacco mosaic virus is known to be infective at a temperature 

as high as 93°C; and the ash isolate often retained some infectivity 

at 97°C. The dilution end point experiments showed that the ash virus 

_7 
isolate retains some infectivity even at the high dilution of 10 • 

The ability of this virus to infect at such a high dilution is compar¬ 

able to i,hat of many of the more infectious strains of tobacco mosaic 

virus; for instance, type TMV has a dilution end point of 10 (Jensen, 

1937). Figure 13, which is an electron micrograph of clarified sap of 
n 

infected ash leaves gives an indication of the density of the virus par¬ 

ticles in ash sap and perhaps an explanation for its high dilution 

end point. 

The experiments attempting to determine the properties of the 
•i 

virus in crude sap and the characteristic local lesions on Nicotiana 

glutinosa gave the preliminary evidence that the virus from ash is a 

strain of tobacco mosaic virus. From that point on, extra-ordinary 

precautions were taken to ascertain that this was not a contaminant. 

Mortars and pestles were scrupulously washed and sterilized and hands 

were washed with soap twice in warm water before each mechanical trans¬ 

mission experiment. Numerous mechanical transmission experiments were 

performed with sap from infected ash leaves inoculated on Chenopodium, 

even the symptomatic ash leaves used were rinsed with water to ascer- 
« 

tain that no contaminating material was present on the surfaces of the 

leaves - and, in all cases the results were positive and identical. Par¬ 

tially clarified leaf sap from the infected ash trees in the forest was 
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taken for electron microscopy along with purified virus preparations 

from Chenopodium amaranticolor and Nicotiana tabacum '211* to make 

sure that the same type of virus particles were present. Electron 

micrograph of all preparations showed that the virus particles were 

rod-shaped. Furthermore, partially clarified sap of infected ash 

leaves was tested against TMV antisera along with sap of Chenopodium 

and Nicotiana infected with the virus from ash. The antigen from all 

these sources reacted positively and similarly with the TMV antisera. 

The results from electron microscopy and from serology with this virus 

were taken as positive and conclusive evidence that the virus from 

ash is an isolate of TMV and that the virus transmitted to and studied 

j 

*n Chenopodium and Nicotiana was not a contaminant. 

Tobacco mosaic virus is known to have several hundred strains. 

Some of them have been studied in detail and shown to have quite dis¬ 

tinct properties. However, there is no generally acceptable way of 

distinguishing and classifying TMV strains in groups. In this study, 

therefore, the ash isolate of TMV was only compared to a field isolate 

of TMV Obtained from tobacco and to a TMV strain originally obtained 

from Dr. F. 0. Holmes. 

Table XIII shows the similarities and the differences in the 

host reactions caused by these different isolates of TMV and by the 

ash strain of tobacco ringspot virus. It is apparent that the ash 

isolate of TMV produced different results from the other TMV strains 

in several of the host inoculated. For example, the ash isolate failed 

to infect Datura, stramonium L., while the two other strains of TMV in- 

fected it. 
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Once it became apparent that the virus from ash was an isolate 

of TMV, purification procedures used for TMV (Steere, 196a; Francki, 

1966) were employed to purify the ash isolate of TMV. It soon became 

evident, however, that this virus had a propensity for fragmentation 

and end-to-end aggregation. These properties of the virus have made 

some phases of its characterization more difficult. Figure 14 is an 

electron micrograph of purified virus prepared from Chenopodium amarjm- 

ticolor ^nd the degree of fragmentation of the virus is evident. The 

amount of aggregation and fragmentation was not reduced even when 

Njcotiana tabacum ’211* was used as a source of virus for purification. 

However, the ultra violet readings of purified preparations were good 

and the 260/280 ratios were similar to that of purified tobacco mosaic 

virus. 

It would appear, therefore, from the host range results, the 

’» 

properties of the virus in crude sap, from electron microscopical ob¬ 

servation and the results of the serological tests that the virus iso¬ 

lated from white ash tree leaves is a strain of tobacco mosaic virus. 

This is the first case in which TMV has been found to cause disease 

symptoms on a tree. 



VI. SUMMARY 

White ash trees in several locations in Massachusetts were 

found showing ring and line pattern mosaic symptoms. These symptoms 

were shown to be caused by a virus which was transmitted both by, 

grafting to green and white ash seedling and through sap to Cherw- 

podium amaranticolor and from Chenopodium to plants in 25 of 46 species 

tested including Nicotiana tabacum, N. glutinosa, Gomphrena globos^, 

Petunia hybrida and Phaseolus vulgaris. The symptoms produced in 

these hosts paralleled in most respects the symptoms produced by 

known TMV isolates. 

When sap of herbaceous leaves infected with the virus from ash 

was incorporated in soil in which susceptible herbaceous plants were 

grown, the virus was successfully transmitted to these plants through 

the soil, but seed and nematode transmission results were negative. 

However, due to lack of seeds from the virus-infected ash trees, it 

was not possible in this investigation to determine whether the virus 

would be seed-transmissible in ash. 

In crude Chenopodium and tobacco sap, the virus has a dilution 

end point of 10”6-10-7 and thermal death point between 96° and 98°C. 

In crude sap from herbaceous plants infected with the virus from ash 

and from infected ash leaves, the virus remained infective at room 

temperature for more than 20 months and was still infective at the 

conclusion of the Experiments. 

The virus from ash was purified after transmission to Chenopodium 

and tobacco. The 260:280 absorbancy ratio of the purified virus was 
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1.23. Resuspended purified virus pellets gave one band when centri¬ 

fuged at 44,000 g for 2 hrs. in 10-40% linear log density gradients. 

Density gradient tubes upon fractionation and ultraviolet light moni¬ 

toring, gave only one peak which was infectious. 

Partially clarified preparations from infected ash leaves re¬ 

acted positively with TMV antiserum in gel double diffusion tests 

and in microprecipitin tests. Electron micrographs of partially 

clarified virus sap from infective ash leaves and of purified ash 

virus preparations from Chenopodium and tobacco revealed that the 

shape and size of the virus particles are similar to thos2 of TMV. 

Based on the results of host range studies, the properties 

of the virus in crude sap, its serological properties and electron 

micrographs of partially clarified virus sap from infected ash leaves, 

the ash virus isolate is identified as an ash strain of the tobacco 

•• 

mosaic virus. This is the first evidence that TMV can cause disease 

symptoms on a tree. 
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