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The tomato disease of Southern Oregon, which was dis- 
covered and named. tip-blight by Dr. F. P. McWhorter, has 
been studied. Experiments have been conducted to determine 
the nature of the causal agent, the means of overwintering, 
the natural method of field transmission, and measures for 
controlling the disease. Tip-blight is characterized by a 
sudden blighting of the terminal tips, the formation of 
black, necrotic lesions on the young foliage, necrotic 
streaks on the stems, and brown necrotic pockets in the 
pith. The disease can be readily transmitted to healthy to- 
mato plants by various methods of grafting. It is also pos- 
sible to transmit the disease mechanically \ith juice from 
infected plants by using a special carborundum method. The 
absence of fungous or bacterial organisms and the infectious 
nature of the juice proves that the causal agent is a virus. 
Extracted juice loses its activity when heated for lO mm- 
utes at 4l.5 C., or when diluted 1 to 50, or when allowed 
to stand for 60 minutes before inoculation. The virus pro- 

duces its rrìost characteristic effects on various tomato var- 
ieties and on Solanum capsicastrum, jimson weed and Bliss 
Triumph potato. Thes four plants have been selected as 
the best differential host plants for this virus. All other 
tomato viruses are readily distinguished from the tip-blight 
virus either by physical properties or by differences in 
siptom manifestation on differential host plants. The 

spotted wilt virus is closely related to the tip-blight 
virus, but the two viruses are distinguishable by: (a) the 

sharp contrast of symptoms produced by the two viruses on 

the tomato plant under identical experimental conditions; 

(b) the different behavior of the two viruses on certain 

differential host plants; (e) the fact that mechanical 
transfer of spotted wilt is possible under conditions which 
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TOMATO TIP-BLIGHT VIRUS 

INTROIIUCTI ON 

DiLandiami of the Disease 

tTjp_b1jg.1ttt is the name applied by Dr. F. P. McWhorter 

in 1932 to a newly xeeognized and important tomato disease 

observed in Southern Oregon. The choice of this name was 

an extremelj good one, as it is suggestive of the character- 

istic symptom by which the disease is readily recognized. 

The growers and canners have adopted this name, and it is 

herein used as the technical name of the disease. 

This disease was first called to the attention of Dr. 

McThorter late in the summer of 1932 . At that time many of 

the plants were dead, and others had been badly damaged by 

picking, making the disease indistinguishable from tcombin- 

ation streak. The following year Dr. McWhorter again 

visited these tomato fields, but at this time, which was 

early in June, the plants were still in an active growing 

condition. The same disease noted the preceding summer was 

again present, but the plants were in a more favorable con- 

dition to make an accurate diagnosis. It was at this time 

that he formulated the theory that the disease was newtt to 

the tomato and probably of virus origin. This theory was 

further strengthened when microscopical examination failed 

to disclose the presence of bacteria or other probable 

fungus pathogenes, although field symptoms superficially 
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resembled both bacterial canker (Bacterium michiganense 

E.F.S.) and early b1i-it (Macrosporium solani E. and M.) 

in some respects. Primary inoculation tests by McVIiorter 

failed to transmit any infective principle by a mechanical 

method, thus eliminating streak viruses as possible causa- 

tive agents, since these are readily transmitted. The 

present paper establishes the individuality of tip-blight 

among the numerous other virus diseases of tomato. 

Economic Importance 

With the exception of a few years when tip-blight was 

unusually severe, it has not been the tomato industry of 

Southern egon but the individual grower who has suffered 

most from this disease. The collective loss to the industry 

may not exceed 5 to 10 per cent, but at the same time in- 

dividual growers might lose as much as '75 to 80 per cent of 

their crop. In many instances the grower, depending on 

this crop for his chief source of livelihood, would lose 

his tomato planting too late in the season to replace it 

with soiie other crop. This had discouraged so many of the 

growers that it had become almost impossible for the canner- 

les to contract enough acreage to insure a sufficient supply 

for tneir demand. The manager of one of the largest canner- 

ies had already begun a search for some tornato area free 

from the disease, nd equally adapted for tomato culture. 



The decreasing severity of the disease during the past two 

years has relieved the situation, but the disease is still 

present and a menace to the industry. A few more severe 

outbreaks might eliminate the annual growing of 750 acres of 

tomatoes in this locality, and be the cause of the closing 

of two canneries that support several hundred workers dur- 

ing the canning season. 

Purpose of Investigation 

This investigation was made to determine the cause and 

nature of tomato tip-blight, the source of infection, the 

method of natural transmission and possible control measures. 

arly observations on the nature of the disease and 

its vector indicated that the control of the disease by 

spraying or dusting would be hopeless. Since the disease 

was found to be a virus, protective fungicidal sprays would 

be useless. The insect that transmits the virus proved to 

be the onion thrip. This insect feeds on many different 

kinds of plants, and moves freely from one to the other. 

Field control of this insect is impracticable. Therefore, 

this phase of control has been omitted. However, many dif- 

ferent varieties of tomatoes have been tested for suscepti- 

bility. 



Plan of the Present Work 

The present paper is based upon studies that were in- 

itiated. in June 1934, and continued as an Oregon Experiment 

Station project under the supervision of Dr. F. P. McWhor- 

ter and F. C. Reimer. Field observations and inoculation 

studies have been conducted during the months of June, July 

and August at the Southern Oregon Experiment Station. Dis- 

eased plant materials were transferred to Oregon State Col- 

lege where inoculation and other studies have continued 

under greenhouse conditions up to the present time. 

Materials and Methods 

Al]. tomato plants used, unless otherwise stated, were 

of the variety Indiana Canner. Likewise, the tobacco 

plants were of the Connecticut Havana variety grown from 

seed furnished by James Johnson. ll inoculations, unless 

othervjise stated, have been made by the use of the finest 

grade o1 crborundum powder obtainable, and the juice has 

been applied by the Jones (9) cotton-swab method. The seeds 

used for various tests were obtained from various sources; 

the weed seeds were collected from plants growing in the 

vicinity of Talent, Oregon. Material used as inocula was ob- 

tained directly from the field, whenever possible; at other 

times it was taken frou experimental plants that originally 

had been inoculated with tip-blight from diseased field 

plants. The spotted wilt used for comparison with tip-blight 
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was transferred from a Calla lily, collected by Dr. McThor- 

ter from a Portland greenhouse. This plant was affected 

with pure strain of spotted wilt which prockces the typi- 

cal bronzing of the young tomato plant leaves, and a typi- 

cal dwarfing of the growing plant. 

To provide space in which to grow and inoculate toma- 

toes free from insect contaminatïon, a cloth cage was con- 

structed at the Southern Oregon ixperiment Station. The 

framework was twenty-eight feet long, eight feed wide and 

six feet high; this was covered with a fine-woven muslin. 

(Plate XIX, Fig. 1.) The land for these cages and for field 

plots was furnished by the Southern egon Experiment Sta- 

tion. The plants used at Oregon State College were grown 

and inoculated in the College greenhouses. 

S.1PT OMAT OL OGY 

Description and Development on Natural Host Plant 

The name tip-blIght has been adopted by the tomato 

growers of Southern Oregon, and there are very few growers 

who are unable to distinguish this disease from other corn- 

mon diseases present. The tips of the large tornato plants 

become blighted and stand upright above the lower foliage 

in such characteristic manner that the disease is quite 

conspicuous in the field. In general, the blighted tips 



resemble those of the pear trees where fire blight is present, 

and it has been difficult to convince some of the growers 

that tip-blight of tomatoes is not related to the pear malady. 

The spotted condition of the fruit is another symptom famil- 

iar to the grower, and they have appropriately called the dis- 

eased fruits 11pintos". 

On the foliage of older plants, the disease is first 

noticeable as black specks, visable on both the upper and 

lower sides of the leaves. In the ensuing twenty to thirty 

hours these specks become quite numerous, fifty to a hundred 

spots per leaflet having often been noted. In the following 

twenty-four to forty-eight hours the spots increase in dia- 

meter until many of them coalesce. This coalescence of spots 

does not always occur since under the high temperature and 

low humidity conditions prevalent at this season, leaflets 

may begin to wither and die before the spots become large 

enough to merge. The line of delimitation between the liv- 

ing and necrotic cells is sharp, so that the leaf retains 

its normal green color to the very margin of the necrotic 

spots. (Plate XVII, Fig. 1.) The black, necrotic spot, 

which closely resembles that produced by Macrosporium solani, 

is the only leaf symptom exhibited on the various varieties 

of tomatoes. The bronze-like discolorations of spotted wilt 

never develop. The black spots are not always of even con- 

sistericy so that they appear smooth, but are often slightly 

rough arid even zonate, thus simulating closely the appearance 
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of a Macrosporiwu lesion. After these spots begin to appear, 

the leaf is killed before it has had tiiie to become chioro.- 

tic. Occasionally a chiorosis results if a large lesion on 

the stem partially blocks the free movement of food mater- 

lais. Lesions may form on the petiole of the leaflets, in 

which ease that leaflet soon withers and dies. Epidermal ne- 

crosis and girdling of the main leaf stalks is a common fea- 

turc; this type of injury brings about a rapid wilting of 

that portion of the leaf beyond the injured area. 

A unique method of studying the development of this leaf 

necrosis was accidentally discovered when necrotic arid. non- 

necrotic leaves were removed from a diseased plant and float- 

ed on water. These leaves had been removed for photographing 

but the light conditions were unfavorable so the leaves were 
left in the pan of water over night. The next morning the 

leaf chosen to illustrate the pre-necrotic stage had devel- 

oped the first black spotting, characteristic of tip-blight. 

These necrotic spots continued to develop in the same manner 
as noted fox leaves that had been left on the plant. This 

offered an ideal way to study the development of these spots, 

since the leaves could be removed from the water and photo- 

graphed and then returned to the water where their develop- 

ment would continue. 

The type of leaf spotting is very typical for tip-blight 

and serves as a method of identifying the disease in doubtful 

cases, but the most striking feature in a field of affected 



tomatoes is the characteristic effect on the terminal shoots 

or tips. (Plate I, Fig. 1.) These blighted tips can be 

seen for some distance, and it is possible to pick t the 

blighted. plants when driving past an infected. field. Six 

to eight inches of the tip iegion show external effects of 

the disease, while the lower portion of the stem and the 

older leaves may appear normal. Brown, epidermal streak- 

ings that bleach to a silver gray are a prominent feature. 

The last three to four inches of the tip becomes necrotic 

and bends downward with the weight of the withered and dead 

leaves. (PLite II, Pig. 1.) If the tip is very succulent 

when attacked by the disease, the pith cells seem to col- 

lapse and the stem becomes limp and appears crushed before 

tne leaves have had time to wither. (Plate III, Fig. 2) 

If the stem is split open longitudinally, brown streaks and 

hollow necrotic pockets are found in the upper part of the 

tip, while the older portion of the stern becomes hollow 

without any apparent necrosis. The pith cells have disap- 

peared, but there is no indication of any necrotic break- 

down in these older sterns. 

The lateral branches seem to be the part of the plant 

most resistant to the disease. uite often the terminal tip 

of these branches is able to withstand the killing effects 

of the virus and remain more or less normal, while exhibit- 

ing considerable yellowing and occasional spotting. It is 



suggested that this portion of the plant, being the last 

part affected, is in a poor stage of growth due to a dis- 

turbed physiological process, and that the virus is one that 

apparently affects only the growing tissues; it is, there- 

fore, unable to develop in these regions of limited growth. 

The presence of the virus in the roots has not been demon- 

strated, but ït has been noted on several occasions that tip- 

blight plants often wilt suddenly. The roots of such plants 

are in poor condition and exhibit considerable rot. Potted 

plants that have been inoculated with tip-blight virus, die 

and the roots become brown. It is believed that in some 

cases the virus moves into the roots and destroys the living 

tissue. 

The fruit of the tomato plants show the effects of the 

disease from the time the fruit spur is being formed until 

the fruit ripens. If the plant becomes affected when the 

flowers are forming, lesions develop on the fruit spur and 

calyxes, causing the flowers to blight, or the lesions may 

be formed in such a manner that the entire fruit spur 

blights. If small fruits are present when the disease first 

becomes apparent, internal, brown, necrotic spots are formed, 

that show as purple discolorations through the epidermis. 

These small fruits do not develop, and are soon shed from the 

plant. If the fruits have reached a diameter of one or more 

inches, they do not show any visible necrosis, but proceed to 

ripen abnormally. They do not seem to increase much in size, 
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but soften and show various patterns of yellow, orange and 

red. (Plate XIV, Fig. 1.) The larger fruit may ripen 

unevenly, either on one side or at intervals around the 

fruit. The seeds in the small fruits are undeveloped, but 

the larger fruits will produce apparently normal seeds, 

from which can be grown healthy normal plants. 

some of the larger vines that showed very little 

indication of tip-blight, a peculiar type of spotting has 

been noted. In many cases only one small blighted tip 

could be found on the plant, yet several branches might 

show fruit bearing this peculiar type of spotting. These 

spots consisted of a series of concentric bands, formed by 

the necrosis of epidermal cells. These areas might be 

present as numerous circular spots, one-half to one inch 

in diameter (Plate XIV, Fig. 2) or limited to a band extend- 

ing about the fruit. Some of the fruit on such a plant show 

an internal breakdown; this would extend to the surface and 

appear as watery spots. it is possible that these fruits 

have been inoculated by thrips feeding underneath the calyx, 

as is their habit, and since most of the food materials have 

been movïng into the fruit, the disease has not been car- 

ried to the rest of the plant. 
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Effects on Inoculated_Plants 

It has been possible to inoculate young seedling tornato 

plants with tip-blight; these ethibit srnptorns in a definite 

sequence : Six to seven days after inoculation black lesions 

appear on the inoculated leaf and the effects of the disease 

can be observed to spread through the petiole and into the 

main stern. The path of invasion can be followed by observing 

the black streaks that form on the stem. These streaks ong- 

mate near the base of the inoculated leaf and move upwards 

towards the tip on one side only. Then signs of the disease 

reach the tip such a severe internal necrosis of the stem has 

already occurred that it begins to collapse. The opposite 

side of the stem may remain green until the disease spreads 

to the leaves on that side of the stem, unless the stem necro- 

sis proves severe enough to cause a wilting and collapse of 

the entire plant. This invasion is usually completed in five 

to six days after the appearance of the first symptoms, and 

the plant is killed approximately fourteen days after inocu- 

lation. 

ETI OLOGY 

Causative_n_ 

Then the tip-blight disease was first reported, careful 

microscopic examinations by Dr. F. P. LïcWhorter showed no 

likely etiological relationship of bacteria or fungi. His 
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attempts to isolate an organism were also unsuccessful. From 

this work he concluded that the disease was not due to a 

definite organism, but must be of a virus nature, or due to 

some physiological disturbance. He attempted to transfer 

the disease by juice inoculations, using the multiple needle 

method, but these inoculations were unsuccessful. During 

the present work, many slides have been prepared and examined 

microscopically, but no evidence of bacterial or fungus acti- 

vity related to the disease has been found. it was concluded 

that the disease was due to a virus or some physiological 

disturbance. 

As Dr. McWhorter's work had indicated that the disease 

was not readily transmitted mechanically, an experiment was 

planned to transmit the disease by grafting. i July 24, 

1934, fifteen healthy tomato plants that had been grown in 

an insect-free cage, were used as the test plants; diseased 

tips were taken from the field to be used as the scion. At 

the end of seven days one of the plants showed evidence of 

the disease being present in the tips of the grafted plant, 

and at the end of ten days the entire plant had collapsed in 

a similar manner as noted for the blighted tips of the field 

plants. (Plate IV, Fig. 1.) By this time eleven of the fif- 

teen plants grafted had become noticeably affected with the 

tip-blight disease. Five of these tips were removed soon 

after they had begun to show evidence of the disease, and 



were regrafted. to healthy plants. These five plants became 

affected in the same manner as those grafted with scions 

originally from the field. 

This experiment seemed to eliminate the possibility of 

a physiological trouble, and strongly supported. the theory 

that the cause was a virus The experiment showed that the 

toxic factor was being reproduced or distributed in the stock 

plant, and. apparently at a very rapid rate. In this behavior 

the tip-blight disease resembled other plant maladies caused 

by viruses. Assuming that the disease was caused by a virus, 

several attempts were made to transmit tue disease mechani- 

cally, by using different methods often resorted to by virus 

workers. On August 1, 1934, the multiple-needle method was 

tried on ten thrifty tomato plants. No transfer of the dis- 

ease was obtained. Twelve petunia plants were inoculated by 

the same method, but no symptoms developed. Juice was ex- 

tracted from diseased leaves, and 46 tomato plants in differ- 

ent stages of growth were inoculated by dipping a cotton. swab 

in the juice and gently rubbing the surface of the leaf. 

Likewise, seventeen jimson weeds (Datura stramonium) and 

twelve tobacco plants were so inoculated by this method., and 

later twenty-five nore tomato plants were inoculated. None 

of these plants develod any abnormal growth that might sug- 

gest a diseased condition. Then on Aust 23, 1934, twenty- 

one tomato plants were inoculated by dipping little wads of 

cotton in the juice extracted from diseased leaves, and these 
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little pieces of cotton were forced into the sterns at the 

axils of the leaves. This method has been used successfully 

by Doolittle (5) for the transmission of spotted wilt dis- 

ease of tomato, but it failed to transmit the tip-blight 

disease. Twenty tomato plants were inoculated by the ground 

glass sp.tu1a method, as used by Samuel (16), but no tip- 

blight developed on these inoculated plants. 

Rawlins and Tompkins (14) have reported the use of pow- 

dered carborundum to greatJ.y facilitate the transmission of 

spotted wilt of tornato and virus diseases of cauliflower. 

These two viruses are transmitted mechanically with diff i- 

culty, but could be readily transmitted with this technique. 

This method of inoculation proved successful for the tip- 

blight disease when certain factors are properly controlled 

This subject will be further discussed ïn detail under the 

section on Physical Properties of the Virus. 

The demonstration that tip-blight could be transmitted 

by grafting is not proof that the cause is a virus, but the 

transfer by carboruridum technique, the absence of a visible 

causal agent and finally the determination of the juice- 

borne etiological agent (as herein described) is considered. 

to be proof that the disease is o± virus origin. The virus 

has proven to be different fiorn any of the known viruses that 

affect tomato plants. (see Comparison of Tomato Viruses.) It 

is closely reïated to the spotted wilt virus, axmaybecisi- 
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ered a form of spotted wilt, but tue properties of the tip- 

blight virus are distinct enough to classify it as a dis- 

tinct virus. 

All tue experimental evidence obtained so far, indi- 

cates the tip-blight disease to be caused by a single virus, 

although other viruses are often present which give a corn- 

posite disease effect under field conditions. When work was 

first started, the disease appeared to consist of a complex 

of srnptoms, since two types of symptom development were 

noted, but as work progressed the variation was found to be 

due to the presence of the spotted wilt virus. This virus 

was apparently present on some vines which were affected with 

the tip-blight virus also, and the resulting symptoms were 

not those typical of spotted wilt or tip-blight. In various 

inoculation tests with this mixed type of variation, called 

A type in contrast to B type or true tip-blight, the tip- 

blight factor was lost, so that the usual spotted wilt 

sjmptom was exhibited by tornato inoculates. No xrethod has 

been devised whereby tip-blight virus can be separated from 

spotted wilt virus when they are both present in the same 

plant, but the reverse has been accomplished since the spot- 

ted wilt is less delicate and more easily transferred. 

Further evidence to support the single virus theory was 

found when the virus was obtained in its pure form after 

passing through various test plants. Combination viruses 

often separate when înoculated in certain plants, since the 
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particular plant species may '0e susceptible to one of the 

fractions, but not the other. Viruses often move through 

the plants at different rates, and it is possible to follow 

the virus separation by different simptom development. 

Such a separation has been made by MCTh'ter (12) in his 

work with tulip ttbreakfl. No indication of tip-blight virus 

separating by either of these methods has been found. The 

fact that the tip-blight virus only exhibits one type of 

symptom, that of necrosis, further strengthens the single 

virus theory. The constancy of the physical properties, 

with no tendency for separation or breakdown of the typical 

symptoms, adds proof that the disease is due to a single 

virus. 

mptomsProduced the Tip-B 4t Virus onVariousPlant$ 
Recent research has emphasized the necessity of using 

various differential host plants to distinguish similar and 

closely related viruses. It has been found that a certain 

virus may produce one type of symptom on one host, but an 

entirely different type of symptom on another hoe t. For in- 

stance, the spotted vilt virus will produce an epidermal 

bronzing on the tomato plant, a mottling on the nasturtium 

plant, zonate leaf spots on Solanum capsicastruin, and no ef- 

fects on the petunia except small local lesions on the inocu- 

lated leaves. 
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If two different viruses are tested. on only one kïnd 

of plant they may show identical sjinptoms, but if several 

are used, sorne plant is likely to give a different sjrnptorn 

reaction which will distingu.ish the two viruses. Sorne plants 

have also been used extensively for separating the components 

of virus complexes. An example of this is the use of Datura 

for separating the mosaic virus (tobacco virus 1) from the 

other component of the combination-streak disease of tomato. 

The Datura plant acts like a filter, retaining the mosaic in 

a local lesion on the inoculated leaf, and distributing the 

other virus in the secondary leaves where it is apparent as 

a mottle. The responses of susceptible plants thus become 

tests for their respective viruses. 

In studying tue nature of the tip-blight virus many 

plants have been inoculated in an attempt to find some dii'- 

ferential plant, or plants, that would readily separate this 

virus from all other viruses. Likewise, if the tip-blight 

disease proved to be caused by a virus of a dual nature, it 

should be possible to find some plant that would separate 

the component parts. A discussion of the results of these 

tests is given below. 
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Tomato Varieties as Test Plants.--Tip-blight produces 

the same general snptom picture on the tomato plant regard- 

less of the varietal type; that is, the inoculated leaf 

shows a few local necrotic lesions, the secondary leaves 

usually with more numerous but smaller lesions, and there is 

always a general blighting of the tips, stems and petioles. 

However, when several varieties of tomato are studied, varia- 

tïon has been found in the type of necrotic lesions formed on 

the leaves ( Plate XVIII ) . The lesions may form in two ways: 

(a) the spot nay first appear as a small necrotic dot that 

gradually enlarges, or (b) necrosis may first appear as a 

ring of dead cells leaving a center of green tissue which 

later becomes necrotic. The former type is common to the 

varieties Indiana Canner, Red Plum, Red Peach and varf 

Champion (Plate XVIII, Figs. 1, 2 and 7), while the latter 

type is found on the Yellow Pear, Wayahead, and Red Pear 

(Plate XVIII, Figs. 3, 5 and 6). Both types may sometimes 

appear on the same variety. 

As to size, the spots may be large, medium or small. 

If the lesions are large there are very few on the leaves; 

if the lesions are medium or small they may be very numerous. 

The large type of spotting is found on the Pritchard, Waya- 

head and Bozeman (Plate XVIII, Figs. 5 and 8); the medium 

type on the Indiana Canner (Plate V, Fig. 1), Bonny Best and 

Red Plum, and the small type on Santa Clara Canner, Dwaïf 

Champion and Red Peach (Plate XVIII, Figs. i and 2). 
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other variation in the leaf symptoms is the presence 

or absence of chiorosis about the necrotic area. Dwarf 

Chnpion and Eked Peach show this type of chiorosis, while the 

margin between the green tissue and. the necrotic areas is 

very sharp in the Indiana Canner and Dwarf Yellow Prince var- 

iety. 

Connecticut Havana Tobacco (Nicotiana tabacum).--When 

Connecticut Havana tobacco is inoculated with the tip-blight 

virus, local, black, necrotic lesions become visible in four 

to five days after inoculation. When they first appear the 

lesions are small, sunken, circular and black (Plate VIII, 

Fig. 1) . The number of lesions formed is proportionate to 

the concentration of the inoculum. Juice taken from vigor- 

01-ls plants exhibiting early stages of the disease, will pro- 

duce many lesions on the tobacco plant; juice taken from 

plants in later stages of disease development, or juice in 

which the virus has been partially inactivated, causes only 

a few of the local lesions. In the former case the numerous 

spots soon coalesce and the leaf withers and dies, but when 

only a few spots are produced they may continue to develop 

ïn size until they are nearly an inch in diameter. 

The development of secondary symptoms may, or may not, 

take place, depending chiefly on the age and vigor of the to- 

bacco plant at the time of inoculation. When secondary 

symptoms do develop they appear as necrotic areas similar in 



form to those produced on the inoculated leaf, but the lat- 

ter are more numerous and much smaller. The leaf may be 

uniformly spotted on both sides of the midrib, or the spot- 

ting may be limited to one side only. (Plate IX, Fig. 2.) 

A severe form of stem streaking usually develops if the dis- 

ease becomes secondary. some plants this lesion formation 

has so weakened the stem, that the top of the plant topples 

over. Eventually the growing point is killed and the plant 

dies. If the plant does not develop secondary symptoms with- 

in two weeks after inoculation, the plant continues to grow 

in an apparently healthy condition, except for the local le- 

sions on the inoculated leaves. 

The tobacco plant offers one of the best mediums for 

detecting the presence of the tip-blight virus. The period 

between inoculation and first symptom development is short; 

if the virus is present local necrotic areas begin develop- 

ing in four to five days after inoculation. Also, it has 

been possible to produce local lesions on the tobacco plant 

when portions of the same inoculum failed to produce tip- 

blight on the tomato. Therefore, the tobacco plant is a 

more reliable test plant when using inoculum of low virus 

concentration. The tobacco plant cannot be used as a dif- 

ferential host if the spotted wilt virus is present, as this 

virus gives the saine local lesion effect. (Plate VIII, Pig. 

2.) There is a slight variation shown by the two viruses if 

secondary symptoms develop, (Plate IX, Fig. 1 and Fig. 2) 
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but as this difference is not sharp, and, secondary simptoms 

do not always develop, this can not be used as a reliable 

character for separation. 

Then tomato plants are inoculated with the virus re- 

covered from tobacco plants, the symptom development cor- 

responds with that obtained by using an inoculum taken di- 

rectly from tomato. Apparently the virus is not changed in 

any mam'ier by passing through the tobacco plant. 

Nicotiana glutinosa..--On Nicotiana glutinosa the tip- 

blight virus produces necrotic lesions on the inoculated 

leaves that aro almost identical with those produced on to- 

bacco. The lesions first become noticeable in about four 

days, nd they continue to increase in size until they co- 

alesce. As the spots become quite numerous and begin to 

coalesce, the leaf becomes chlorotic and soon dies. Only 

ten of these plants have been inoculated with tip-blight 

virus, but none of these developed secondary symptoms. 

Then a mixture of tip-blight virus and mosaic virus is used 

to inoculate this species, two distinct types of local le- 

sions develop, each characteristic of its respective virus. 

(Plate XIII, Fig. 1.) There was no distinctive feature in 

the benavior of the virus on this plant. 

Jimson Weed, Datura stramonium.--'The symptoms induced 

by the tip-blight virus on Datura are quite specific. Four 

to five days after inoculation the inoculated leaf becomes 

yellowed, either throughout or else in numerous circular 
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spots. These leaves become generally necrotic in a few days 

and fall from the plant at the junction of the stem and pet- 

joie. Aftei 10 to 12 days the secondary snnptoms begin to 

show on the younger leaves . In the basal half of the lower 

leaves, numerous, round areas start changing from the normal 

dark green color to a pale green color, and soon a light ne- 

crotic spot appears in the center. (Plate XV, Fig. 1.) Ne- 

crosis spreads from this point until the entire spot has be- 

come necrotic. The spots soOn coalesce and the leaf drops 

from the plant. In the younger leaves the yellowing is more 

general, the necrosis is more restricted and the spots more 

numerous. Eventually these leaves also fall from the plant, 

leaving the bare green stem standing without a leaf. That 

the apical meristems are destroyed, is apparent from the ex- 

tent of the visible external necrosis. The other meristem- 

atic regions appear to be inhibited as there is no Írther 

growth development, even though the stems remain green for 

months after the leaves have fallen. The type of spotting 

and. the effect on growth is different from that induced by 

spotted wilt virus. A Jimson weed affected with spotted. wilt 

sends out new growth which is misshapened and mottled. 

If the Datura plant is in blossom at the time of infec- 

tion, fruit may be produced, but the capsule is dwarfed and 

misshapened; the spines are twisted, necrotic or even ab- 

sent. The seeds appear normal, and will produce normal 

healthy plants. 
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Although the Datura plant 1ia been used extensively as 

a filter plant for separating some viruses, it has failed to 
have this ability for the tip-blight virus. Vhen tomato 

riants are inoculated with juice from diseased specimens of 

Datura, typical tip-blight develops. This plant has been 

used to separate a mixture of mosaic and tip-blight virises. 
The mosaic is left on the inoculated leaves as local lesions, 
and the tip-blight virus can be recovered in pure forni from 

the younger foliage; it is the mosaic virus, not the tip- 
blight, that is tifiltered OUt'S. 

Petunia.--The tip-blight virus produces the same effect 
on the petunia as the spotted wilt virus. Four days after 
inoculation, black, necrotic spots appear on the inoculated 
leaves. These spots are usually few in number and circular 
in outline. (Plate XIII, Fig. 2.) This is the only snptom 
produced; the disease has never been observed to become 

systemic. 

B1Nihtshade (Solanumnium) . - -The re ac t i on of the 
nightshade plant to the tip-blight virus is quite similar to 
that of the tomato plant. Five to six days after inoculation 
the inoculated leaf develops a local lesion, and the sur- 
rounding tissue becomes a pale green. The inoculated leaves 
fall from the plant shortly after the appearance of these 
simptoms. Secondar, infection occurs as a necrotic spotting 
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of the remaining leaves and a blighting of the tips. A 

severe internal necrosis of the stems brings about a killing 

of the upper portion of the shoots. Many of the fruit spurs 

become blighted by lesion formations near their base. The 

fruit present at the time of infection, unlike the tomato, 

remains unmarked. 

Bliss Triumph Variety of Potato (Solanum tuberosum) . -- 

Then the Bliss Triumph variety of potato is inoculated with 

the tip-blight virus, necrotic lesions begin forming on the 

inoculated leaves five to six days after inoculation. The 

spots are few in number, and consist of a series of rings of 

light and dark bands of dead tissue. (Plate VII, Fig. 2.) 

These necrotic spots enlarge until they are nearly one-half 

inch in diameter. In the meantime, the surrounding tissue 

has become chiorotic; the leaf soon wilts and drops from 

the plant. The disease has not been observed to become sys- 

temic at any time during these studies. 

The spotted wilt virus also produces a local effect, 

but the spots are smaller, and more irregular in outline. 

It does not induce the concentric banding or zoning effect, 

characteristic of tip-blight, on this plant. (Plate VII, 

Fig. 1.) 

Nasturtium.--The inoculated leaves of nasturtium become 

chiorotic about seven days after inoculation, but they do 

not develop the necrotic lesions that are so characteiistic 
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for this disease on many other oossjble ho$ts. After a week 

or ten days, secondary symptomz develop on sorne of the other 

leaves. This consists 01' a pronounced mottling, with very 

little distortion or dwarfing of the affected leaves. The 

mottling at times forms as concentric spots, but usually it 

i of irregular mosaic pattern. (Plate X, Fig. i.) Small 

necrotic spots with paie green margins may develop on un- 

mottled leaves as well as on the mottled leaves (Plate X, 

Fig. 2) . The necrosis is not of tne severe, spreading type, 

common to the tomato, but is confined to small and often 

quite numerous spots. The characteristic blighting of the 

active meristematic regions recorded for other test plants, 

is not apparent on this plant, and in this respect the nas- 

turtium is unique. The stem continues to elongate and new 

foliage is produced. The new leaves soon show evidence of 

the presence of the virus. 

The general mottling produced by the tip-blight virus 

and the spotted wilt virus appear identical. The spotted 

wilt virus does not produce as much necrosis as noted on 

the leaves affected with tip blight; in fact, there is 

some doubt that typical spotted wilt will produce any necro- 

sis. (See Comparison of Tomato Viruses for a discussion 

of this point.) 

innia.--Large, black, local lesions form on the inocu- 

lated leaves of the zinnia. The disease is slow in spread- 

ing to the other leaves, where the first symptoms show as a 
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fading of the normal green color to a pale green. These 

areas ma,r take the form of a circular spot, or they may be 

triangular if the spot originates on a vein. The entire 

area may appear as a bronze discoloration, or it may be lin- 

ited to a band about the outer extremities of the spot. 

(Plate XII, Fig. 2.) This necrosis may remain epidemial, or 

it may spread through the leaf so that it is visible from be- 

low. The stems show a brown discoloration, apparently from 

a necrosis of the epidemmal and cortical cells. No mottling, 

as noted for spotted wilt by Kenneth M. Smith (21), has been 

observed on zinnia plants inoculated with the tip-blight 

virus. 

Solanumcapsicastrum.--The type of "ring spOttt produced 

by the spotted wilt virus on Solanu.m capsicastrum is classic 

for the large number of concentric rings produced. If the 

tip-blight virus would produce a similar spot on this host, 

the close relationship of the two viruses would. be indicated. 

Plants were grown from seed obtained from K. M. Smith and 

parallel series were inoculated with tip-blight and spotted 

wilt viruses. A very low percentage of transfer was obtained 

with both viruses, but the type of symptoms produced were 

quite distinct. The typical concentric ring type of spotting 

was produced by spotted wilt (Plate XVI, Fig. lB) on the in- 

oculated leaves. Later, similar ring spots appeared on the 

younger leaves. The leaves inoculated with tip-blight pro- 
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d.ucecl tui.e uniform, black, spreading type of necrotic lesions 

typical for this virus on other test plants. (Plate XVI, 

Fig. lA.) The virus did not become systemic on any of the 

plants inoculated with tip-blight. 

Red-Rooted Pigweed (Amaranthus retroflexus).-- With the 

exception of a local lesion effect on the inoculated leaf, 

the s'piptoms produced by the tip-blight virus have been un- 

certain and not well differentiated, either on inoculated 

plants or diseased plants occurring in the fields. Two to 

three black necrotic lesions usually appear four to five days 

after inoculation. These areas never become more than one- 

quarter inch in diameter before the leaf becomes yellow and 

falls off. (Plate XII, Fig. i.) It is believed that there 

is a secondary spread of the virus which causes a general 

chiorosis, but the tip-blight virus has never been obtained 

from such plants. These tests, however, have nob been exten- 

sive, and were conducted under summer temperature conditions, 

which are not favorable for the recovery of the virus. 

Catnip (Nepeta cataria).--Several large branches of a 

single potted plant of this species were inoculated with the 

tip-blight virus. Black, local lesions appeared first on the 

inoculated leaf; two weeks later similar lesions developed 

on scattered leaves on various parts of the plant. (Plate 

XVI, Fig. 2.) Tomato and tobacco plants were inoculated with 

juice from these leaves, but no symptoms developed. These 



shoots were removed, and when new growth developed many of 

the leaves showed a marginal and some interveinal necrosis. 

Again a test was made for the tip-blight virus, but the re- 

suits were negative. The old shoots were removed several 

times and each time the new growth showed the necrotic-le- 

sion effect, but the virus was never recovered. 

Garden Peas (Pisum sativum).--Five pea plants were in- 

oculated. Six days later all the plants showed a local le- 

sion effect on the inoculated leaves. The spots were black 

and circular at first, becoming tan-colored with age; the 

leaf soon withered and died. No secondary symptoms devel- 

oped so no attempt was made to reinoculate tomato plants. 

Lettuce (Lactuca sativa).--The inoculated leaves of 

this plant developed no symptoms, but in two to three weeks 

after inoculation various other parts of the plants became 

necrotic. On the older leaves the necrosis was limited to. 

the margins, while on the younger leaves the spotting was 

quite general. (Plate XI, Fig. 2.) In some cases the grow- 

ing point became affected with a soft-rot type of decay, 

which may or may not have been the effects of the virus. 

Return inoculations to tomato have been successful, and the 

symptoms produced were typical. 

Wild Lettuce (Lactuca scariola interata).--Symptoms 

did not develop on the inoculated leaves of this plant until 



29 

ten days after inoculation. Then local, black, necrotic 

lesions formed and. enlarged until they were about one-fourth 

inch in diameter. A chlorosis developed about these areas, 

and spread rapidly over the entire leaf (Plate XI, Fig. 1.). 

The leaves withered and died soon afterwards. No secondary 

symptom-development was noted for nearly a month later, 

Then necrotic lesions in the form of raised or swollen brown 

spots were noted. These spots were o± the consistency of 

the brown latex fluid that forms on injured areas of this 

plant. Several attempts have been made to recover the virus 

on tomato, but all have been negative. Here again we have 

apparent positive transfer of the virus as shown by symptom 

development, but we cannot be certain the virus is present 

until it has been recovered. 

Cheese-Plant (Malva rotund.ifolia) .--When potted plants 

and field plants of this species were inoculated, characteris- 

tic necrotic lesions formed on the inoculated leaves. Usu- 

ally only one fairly large spot formed and chlorosis spread 

from this point until the leaf withered and died. Even 

though the plants were allowed to grow for several months 

after inoculation no secondary symptoms developed. 

Garden Cabbage.--The inoculated leaves of young cabbage 

plants failed to show any symptom development other than a 

tendency for callous formation, due apparently to the effects 

of injury by carborundum . Over one month later four of the 
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inoculated plants showed a tendency to appear purple, with 

some clearing or mottling of some of the leaves. One plant 
showed definite circular reddish to purple spots. The 

plants were held for some time, but no further development 

of snnptoins was noted. The test was inconclusive. 

China Aster (Callistephus chinensis).--.lthough several 
attempts have been made to determine the effect of tip- 
blight virus on the aster, no clear-cut picture has been ob- 

tamed. The symptoms are erratic and doubtful. Usually one 

or two fairly large local lesions are produced on the inocu- 
lated leaves, the plants tend to be dwarfed, and mildly 
chlorotic. Occasionally necrotic spots have been noted on 

some of the younger leaves. Attempts to recover the virus 
on tomato have failed. 

OttherPlantslnoeulated.--The following plants have been 

inoculated with tip-blight virus, but no visible effects have 

been produced: gray sage (Artemisia heterophyla), hore- 

hound (Marrubium le), nettle (Urtica allii), plantain 
(Planto 2i:ja), yellow dock (Rumex cri8pus), Calla 

lily, dahlia, corn, radish, sunflower and stocks. The tip- 
blight virus has been very difficult to transfer to its more 

susceptible plants, such as the tomato; therefore, one should 

hesitate before saying any of the above plants are not sus- 

ceptible to the virus. The limited tests made are not suffi- 

cient to warrant such conclusions. Then the insect vector 
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relationships have been carefully worked out, these tests 

should be repeated, using insects as the method of trans- 

ferring the virus. 

Tablel. Summary of tne symptoms produced by the tip- 
blight virus on various plants tested. 
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Plants inoculated : : g : ; : : :o;.: o ; ) : 4- : *OH:ZCF)C: (_ 

: : 
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Tomato : M : S : S : - : S z - 
Jimson weed : M : S : S" : M : - : - 
Tobacco : S : S" : S" : - : S" : - 

M : - : - : - : - 
Nasturtium : - : LI : - : S : - : S 
Zinni a : S : LI : M " : - : M : M 
N. glutinosa : S : - : - : - : - : - 
Potato : S : - : - : - : - : S' 
Morning glory : M : - : - : - : - : - 
Pigweed : M : - : - : - : - : S 
Nightshade : M : S : S : - : S : - 
Catnip : M : Ivi : - : - : - : - 
Gardenpea ; S : - : - : - : - : - 
Lettuce M : S : ? : - - - 
Wild lettuce M : S : - - : - : M' 
Cheese-plant : M : - - : - - M' 
Solanum capsicastrum : M : - - - - : M' 

Letters refer to S - severe, M - mild, - when 
present, ' - on inoculated leaves only. 

It is quite apparent from the above tests that the pos- 

sible host range of the tip-blight virus is extensive and 

that several plant faniilies are involved. In this feature 

the relationship to the spotted wilt virus is shown. Many 

of the plants tested and found to be susceptible to the tip- 
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blight virus are also susceptible to the spotted wilt virus. 

It has not been possible in this work to obtain all the 

plants known to be susceptible to spotted wilt; further 

work of this nature would probably tend to clarify the re- 

lationship of these two viruses. 

These studies xìave shown that various varieties of torn- 

atoes make the best differential host plants. The symptoms 

produced on the tornato are distinct and should not be con- 

fused with any of the closely related tornato troubles. The 

local lesions produced on the inoculated leaves, the develop- 

ment of necrotic lesions as secondary sjmptoms, and the 

blighting of the stems, petioles and tips are the character- 

istics that establish this virus as a new and different 

tomato malady. 

Physical Properties of the Virus 

Transmission by Grafting.---In the preliminary work with 

tip-blight, ordinary mechanical methods failed to transmit 

the disease. Grafting was therefore tried to determine 

whether the disease was transrnìssible. The first grafting 

method used as the march method; the diseased plant was 

grafted to a healthy plant without cutting the roots from 

the stem on either plant. This procedure proved quite suc- 

cessful in transmitting tip-blight, in that six of the eight 

plants so treated developed the disease. This method was 
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cumbersome arid of little value for experimental work; there- 

fore, it was abandoned for a more suitable method. 

The next method tried was the moist-chamber method. 

Using a di$eased tip as the scion, a side graft was made to 

a healthy plant; the scion was held in piace by rubber tape 

from the interior of a golfball. The plant was then placed 

in the moist chamber for seven days to allow organic union 

to take place. The vinis rst have invaded the stock rapid- 

lT, since the plants were killed seven to ten days after 

grafting. The efficiency of the method was limited by sev- 

eral factors which made it undesirable. As the temperature 

increased, the efficiency of transfer by grafting decreased; 

with outdoor temperatures of 90° to 100° it was impos- 

sible to keep the teiporature very low in the moist chamber. 

Under this high temperature and high humidity soft rots aten 

destroyed the scion. iioreover, the plants grown in this 

moist chamber for a week, became very succulent and spind- 

ling, making the plants undesirable for symptom studies. 

The stem spiit or tissue-insertion method (27) was 

tried next. Two different types of procedure were followed: 

(1) a portion of diseased stem was placed in the split so 

that the cainbiums joined; (2) a portion of the diseased 

leaf was placed in the split. The stem was then bound to- 

gether with rubber bands and the wounded portion tightly 

covered with tinfoil to prevent drying out. In the first 
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case, 13 positive transfers were obtained out of 30 attempts, 

the efficiency being 43 per cent. The latter method gave 

only 5 positive out of 32 attempts, the percentage being 

15.6. It was significant that $ome transfer was obtained 

in this case, since organic union was not apparent and 

therefore presumably unnecessary for transfer of the virus. 

Tissue insertion was superior to the first meths, since 

it could be used in the field; the plants remained in a nor- 

mal growing condition, but the low percentage of transfer 

suggested the need for a better method. 

A method of side grafting was devised to eliminate the 

necessity of a moist chamber, and to permit successful graft- 

ing either in the field or the greenhouse. A diseased shoot 

was used for the scion; it was prepared by cutting a diseased 

tip from a field plant and removing ali the leaves except the 

very small ones about the growing tip. A flat, smooth slice 

was removed from one side of this shoot, nd a similar area 

removed from the stem of the plant to be grafted. The two 

cut surfaces were placed together, and tightly bound in 

place with rubber tape taken from a golfball. The injured 

area was then covered with tinfoil to prevent the drying out 

of the scion before organic union had taken place. In the 

preliminary test of this method, 31 tomato plants were so 

grafted, and 25 of them developed tip-blight; this was an 

efficiency percentage of 80.6 per cent. This method was 

adopted for later work and with a little care and experience 
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became loo percent efficient. This method was tried for 

grafting Jimsori weed to tomato; the union took place readily. 

e other meth. was developed which can be used to an 

advantage when working with plants that are . ow to make or- 

ganic union. This method is essentially the same as the 

side graft method, with the exception that the cut end of 

the scion is submerged in a test tube full of water. This 

method prevents the death of the scion by preventing it from 

drying out before organic union lias taken place. 

Table 2. 
Blight. 

Summary of Grafting Experiments with Tip- 

Method No. Plants No. Plants Per cent 
Inoculated Positive Transmission 

1 8 6 75.00 
2 94 40 42.64 
3 31 25 80.64 
4 32 5 15.62 
5 5 3 60.00 
6 30 13 43.00 

Explanation of Table 

Method 1 is the march method; 2 is the side graft 

method in which the moist chamber was used; 3 is the im- 

proved side graft method where the moist chamber was elimi- 

nated; 4 is the stem-split or tissue-graft method in which 

a leaf spot uas introduced into the tissue; 5 is the test 

tube method; and 6 is the stem-split meth. in which a por- 

tion of the diseased stem was introduced. 
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Iechanica1 Inoculations.--The first attempts to trans- 
fer the tip-blight virus by mechanical methods were con- 

ducted by Dr. McWhorter, shortly after the disease was called 
to his attention. He obtained his inoculurn from tornato 

leaves showing the typical necrotic lesions produced by tip- 
blight, but when young tornato plants were inoculated by the 
needle prick or scratch method, the disease was not trans- 
mitted. In 1934, Seints (17) multiple needle method was 

tried. Juice was extracted from leaves showing tip-blight 
snnptorns, and inoculations were made on petunia and tornato 

plants by pricking leaves through a drop of the juice con- 

taining the virus. Twenty tornato plants and twelve petunia 
plants were inoculated in this manner, but no smptorns de- 

veloped on any of these plants. Likewise, the cotton swab 

method introduced by Jones (9) failed when applied to 71 

young tornato plants, 11 petunia plants, 12 tobacco plants and 

17 Jimson weeds. 

Samuel (16) uses flat glass spatulas for general inocu- 

lation work. These are made by heating a glass rod until 
its tip can be flattened and bent to an angle of 135°. The 

bottom surface is then roughened by grinding with carborun- 

durn. These are dipd into the virus extract and the sur- 

face of the leaf is gently rubbed. Twenty tomato plants were 

inoculated in this manner but no symptoms developed. This 

negative result is deemed important since spotted wilt may be 

readily transferred by the spatula method. 
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McKinney (11), in describing methods in virus studies 

with tobacco mosaic, recommends the dipping of cotton lint 

into the virus extract and inserting this into the vascu- 

lar region of the stem and petiole. Doolittle (5) used 

this method successfully in the study of spotted wilt. 

Twenty-one young tomato plants were inoculated with tip- 

blight in this manner, but none of them developed any symp- 

toms of the disease. 

A fine abrasive was prepared by grinding a volcanic 

rock; some of this was sprinkled on the leaves of twenty 

young tomato plants and the leaves rubbed gently with a cot- 

ton swab that had been dipped into some juice from a tip- 

blight plant. None of these plants became diseased. Like- 

wise, twenty young tomato plants were inoculated with a 

coarse carborundum abrasive without success. These methods 

are comparable to that used by Rawina and Tompkins (14) 

with the exception that a dust of volcanic origin nd a 

coarse instead of a fine carborundum were used. 

Then Rawlins and Tompkins (14) reported the use of fine- 

ly powdered carborundum to greatly facilitate the mechani- 

cal transmission of spotted wilt virus, an experiment was 

planned to test this method with tip-blight. November 3, 

1934, twenty young tomato plants were inoculated by dusting 

the leaves with fine carborundum, nd then gently rubbing 

the surface of the leaves with a cotton swab that had been 

dipped in juice from a tip-blight plant. Seventeen of these 



plants developed typical tip-blight snptoms. Since that 

time a total of 290 tomato plants have been inoculated by 

this method under various conditions. . total of 145 of 

these plants have developed tip-blight. These studies have 

shown that under proper conditions and with the right tech- 

nique lOO per cent transfer of the viru.s is possible by this 

carborundum method. The success of this method is con- 

trolled by several factors, the most important of which is 

the temperature at the time of inoculation. It has been 

found that at temperatures below 7O , is possible to 

get a high percentage of transfer unless one of the other 

limiting factors is present. Some of the other limiting 

factors in the order of their importance are: (a) general 

vigor of the plant at time of inoculation; (b) the condition 

of the plant used as a source of inoculum; (c) the vigor oÍ' 

the plants following inoculation; (d) the type of plant from 

which the inoculum is taken; and (e) the time that elapses 

between juice extraction and inoculation. If young vigorous 

tomato plants are used, and the inoculum. taken from plants 

within a day or two after symptoms have developed, 100 per 

cent transfer of the virus can be expected if the temperature 

at the time of inoculation is below 70° F., and the plants 

remain in luxuriant growth for at least two weeks after in- 

oculation. These studies have repeatedly demonstrated that 

the establishment and activity of the virus is related to 
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the rapidly growing regions, and that its more conspicious 

effects are evidenced in such regions. If for some reason 

the normal physiological processes of the plants become dis- 

turbed in any way during the two-week period between inocu- 

lation and the appearance of early symptoms, a low percent- 

age of tip-blight will develop. 

Samuel, Bald and Pittman (15) were unable to transmit 

spotted wilt virus by injecting it into the leaves and leaf 

axils. Twenty-seven tomato plants have been inoculated by 

this method, using juice extracted from tip-blight plants; 

five of the twenty-seven plants have developed typical tip- 

blight symptoms. This small percentage of transfer is too 

low to be of value in inoculation work, but it is of interest 

when considering the properties of the virus. 

Table 3 gives a summary of the results obtained by 

mechanical inoculations. 



Table 
fions with 

3. Summary of the Data on Mechanical Inocula- 
Tip-Blight Virus. 

Inoculated.: Method ol' : No. of ; No. of : Per cent 
Plant : Inoculation : Plants : Plants : of 

: :Inoculated: Positive: Transfer 

Tornato : Sein's needle : 20 : O : O 
Petunia : Sein's needle z 12 z O z O 
Tomato : Jones' cotton- z z o : o 

¡ swab : z : 

Petunia z Jones' cotton- : z o o swab : z 

Jimson z Jones' cotton- : 17 o z 

Weed z swab : : z 

Tobacco z Jones' cotton- z z : 

swab z z 

Tomato z Samuel's 
20 : 

o : 

O glass-spatula : : : 

Tomato : LcKinney's : 

21 : z 

¡ cotton-insert z z 

Tomato : Rock abrasive : 20 : O z O 
Tomato ¡ Coarse : 20 o O 

carborundum z z 

Tomato z ne csrboxmdum : 307 : 162 z 52.76 
Petunia : 36 z 13 : 36.11 
Jünson Weed: " 35 : 20 z 57.14 
Tobacco ¡ 

u 
: 34 : 28 : 82.35 

Nasturtium: 11 u 
: 74 : 18 z 24.32 

Tomato z Hypodermic 
27 ¡ 

18.51 
¡ needle ¡ : ¡ 

Tobacco ¡ Hypodermic z : : 

needle : z : 

Transmission by Insects.--During the tuee summer 

months of 1934 and 1935, considerable tine was spent in the 

field making studies of the number and kind of insect vec- 

tors present. It soon became apparent that a species of 

thrips was the most common insect of the virus-carrier type, 

and this insect was present in far greater numbers than any 

other species. Other possible insect vectors included twQ 
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species of aphis, at least six species of leafhoppers, and 

several species of larger Hemiptera. Besides the insects 

mentioned above, there was a daily influx of numerous Dip- 

tera, Hnenoptera, Lepidoptera and Coleoptera, none of which 

have been connected with the transmission of virus diseases. 

It was possible to eliminate the two species of aphis 

as probable carriers of the tip-blight virus by careful 

field observations. Many of the tip-blighted tomato plants 

were free from aphis, which would seem quite improbable if 

they were spreading the virus. During both summers, the 

natural parasites were sufficiently abundant to destroy the 

aphis during the first part of the season, but the tip- 

blight virus would spread as rapidly as ever throughout the 

entire summer. The aphis did not become abundant enough 

eitner summer to account for the rapid spread of the tip- 

blight virus. Attempts were made to colonize the aphis, but 

the colonies failed to develop under the experimental cornil- 

tions necessitated by the prevailing climate. Definite 

proof of any relationship between these aphis and the tip- 

blight virus cannot be given, as this point did not seem to 

be of sufficient importance to be within the scope of this 

experiment. 

From field observations it was concluded that the 

thrips were the probable vector of the virus. Although 

there viere several species of leafhoppers present, no single 

species was prevalent enough to be responsible for the 
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corresponding spread of tÎ-ie virus. The species of the lar- 

ger iferniptera were for the most part, insects that had not 

been connected with virus transmission and were not consid- 

ered worthy of nrch study. Therefore, the major proportion 

of insect investigation has been with the species of thrips 

present in the tornato fields. 

ie of the species of thrips, which has been identified 

by Professor J. R. Watson as Frankliniella moultoni Hood, 

was found only occasionally, while the otier species, Thrii 

tabaci Lindeman, was very numerous on tomato as well as 

practically all other plants in the vicinity. Tornato plants, 

both diseased and healthy, showed an abundance of feeding 

marks made by the rasping mouthparts of the thrips. In some 

cases the upper surfaces of the leaves would take on a gray- 

ish cast, due to these marks. Vìerever there was a large 

number of plants affected by the tip-bliat virus, there 

would be found numerous thrips and feeding marks. It is 

true that fields showing no tip-blight also had numerous 

thrips, but this could be explained by the lad: of the virus 

in the vicinity, nd the thrips being non-viruliferous. No 

field has been found that was free from thrips and affected. 

with tip-blight. There was very little tip-bliit present 

during the l96 eason, and counts made of thrips were also 

low as compared to the two previous years. This was probably 

one of the factors that would account for the small percent- 

age of tip-blight during that season. 
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One of tne first experiments conducted, was to take 

thrip larvae from diseased field plants and place them on 

healthy tomato plants, confining the thrips to definite leaf 

areas with small cages. Three to five thrips were placed in 

each cage, and left for twenty-four hours, or until the 

tbiips had fed on the leaf tissue. f the thirty-one plants 

so inoculated thirteen developed black necrotic lesions 

where the thrips had fed. ily four of the plants developed 

typical secondary sjmptoms, but this work was done before it 

was known tnat the plants had to be in very active growing 

condition before the virus would spread to the secondary 

leaves, and therefore sorne of the plants used were not the 

best type to be used for this experiment. The development 

of a local lesion where the insect had fed seems to be a 

very characteristic feature of this virus, and there is no 

doubt that all thirteen plants were positive as far as trans- 

fer of the virus was concerned. 

This virus disease does not lend itself readily to 

insect studies. Several attempts were made to establish 

colonies of thrips on diseased tomato plants, but the plants 

were destroyed by the virus in two to three days, and the in- 

sect hardly had a chance to feed before the plants were dead. 

Therefore, it has been impossible to place non-viruliferous 

thrips on tomato plants affected with the tip-blight disease, 

and establish a colony of viruliferous insects. Non-virul- 

iferous insects placed on tip-blighted plants for twenty-four 



hours and then tested on healthy plants have failed to trans- 

mit the virus. 

It was decided from this earlier work that it would be 

necessary to find a plant in which the virus was systemic, 

but resistant enough to withstand the killing effects of the 

virus. No further work was done with insects until the host 

relationships of the virus had been determined and a suitable 

plant for insect studies £oind. all the plants studied 

the nasturtium plant was the only one found that would adapt 

itself to insect work. this plant the meristematic re- 

gions are not destroyed and very little necrosis ensues. 

That the virus is systemic is shown by a pronounced mottle 

of the leaves throughout the plant. 

Five nasturtium plants were inoculated, with the tip- 

blight virus and the plants were covered with cloth cages. 

Vhen the virus had become established, some brown thrips, 

which ppeared macroscopically similar to Thrips tabaci, 

were allowed to colonize on the nasturtium plants. These 

thrips were taken from healthy Calla lilies growing in a 

greenhouse at Corvallis, Oregon and were thought to be 

Thrips tabaci. À sample of these insects were sent to Pro- 

fessor J. T. Watson for identification; he found them to be 

three species of thrips, Anaphothrips obscurus Müll., Frank- 

liniella occidentalis Pergande, and Frankliniella moultoni 

Hood. after the larvae had bec one established, they were 
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taken from the diseased nasturtium plants and placed on 

healthy tomato plants. Of the sixty-five attempts only 

seven plants developed tip-blight, and in each of the seven 

plants local lesions were pioduced beneath the cage. Appiox- 

imately ten days later secondary symptoms developed. s it 

had taken nearly five months to get the return identification 

of the thrips, the above work was completed before it was 

known that the thrip colony consisted of more than one spe- 

cies. Since it would take a specialist to separate species 

of thrips, the colonies were destroyed and no further work 

has been done on insect transmission. 

The spotted wilt virus has been shown to be transmitted 

by two species of thrips, Thrips tabaci and Frankliniella 

insularis. From the meager experiments perfmed, it is 

quite certain that the tip-blight virus is also transmitted 

by at least Thrips tabaci. This is a significant fact in 

considering the close relationship of the two viruses. No 

attempt has been made to ascertain the part that Franklini- 

ella insularis plays, if any, in the tip-blight virus. it 

has been frequentiy observed that tip-blight is transmitted 

to tomato plants grown in the greenhouse at Corvallis, where 

this virus has been studied. The species of thrip that is 

responsible for this spread has not been determined, but it 

is probably due to one of the species of thri.ps identified 

from the Calla lily, or some of the Thrips tabaci might have 

been present in the colonies but were missed when the sample 



was taken for identification. The careful working out of 

this insect relationship is in itself a major problem, and 

is not within the scope of this paper. 

Seed Transmission.--Seed transmission of virus diseases 

is not of common occurrence, but there are several authentic 

cases among which the bean mosaic is the best known and most 

consistent. Several cases involving many kinds of plants 

and viruses have been reported, and it is probable further 

study will prove this method of transmission more important 

and widespread than now believed. There are certain features 

of the tip-blight virus that might lead one to believe from 

field observations, that seed transmission is the original 

method of introd.ucïng the virus in the field. It has been 

possible in certain districts where the tip-blight virus had 

not become generally established, to find fields with only a 

few scattered tip-blighted plants. These scattered cases 

may be found ear'y in the season, and may be the only plants 

to show the disease. If the .sease was being transferred 

to the fields by insects, it does not seem possible that 

only a single plant in that field would be infected. 4s the 

plants are all grown in a common seed bed in a locality 

where tip-blight is known to exist, a more plausible explan- 

ation might be that the young plants were affected in the 

original seed bed by insects moving in from some over-winter- 

ing host plant carrying the virus. 



An experiment was conducted to test the possibility of 

seed transmission of the tip-blight virus. During the fall 

of the year fruit was taken from diseased plants and the 

seed removed and dried. The following spring this seed was 

planted in flats, and later 100 plants were transplanted to 

beds in an insect-free cage. The plants were allowed to re- 

main in this cage for nine weeks; at this time they showed 

no indication of becoming diseased. In another experiment 

seed was taken froth a capsule on a Jimson weed plant affect- 

ed with tip-blight. These plants were grown in the green- 

house until they had reached the height of twelve inches, 

and all had remained normal. 

During the work with the tip-blight virus, it has been 

the practice to save seed from diseased tomato plants as 

this assured a susceptible strain for experimental purpes. 

Several hundred plants have been grown from this seed and 

the plants have remained normal unless inoculated. These 

experiments and observations seem to eliminate seed trans- 

mission as an important factor in the dissemination of the 

tip-blight virus. If extensive studies were made of all 

possible host plants, it is possible that some one of these 

might be playing a part in carrying the virus from one year 

to the other. It is more conceivable, and probably a more 

conmon occurrence, for this virus and related viruses to be 

carried over the winter period in the roots of perennial or 



biennial plants that are susceptible o the virus, and are 

also host plants for the vectors. 

Soil Transrnission.--It is the opinion of most virus in- 

vestigators that soil-inhabiting insects and soil transmis- 

sion play a very small part in the spread of plant virus 

diseases. Jhitehead (26) and Elze (6) have considered pota- 

to leaf-roll to be transmitted by a soil insect, Tipula 

paludosa. Johnson and Ogden (B) have shown that the virus 

of tobacco may persist in the soil for sorne time. Webb (25) 

working on the soil relationship of the rnosatc of wheat, 

finds that these viruses infect seedlings from the soil 

through either the roots or crown of the plant. Brittle- 

bank (4) and Samuel and Bald (15) attempted a few experi- 

ments to determine the possibility of soil transmission of 

spotted wilt, but no positive evidence was obtained. Such 

records do not indicate that tip-bli-ìt virus could be soil 

borne, but since some growers have claimed heavier losses in 

those fields which had been used for tomato growing for sev- 

eral years in succession, experiments were planned to test 

soil transmission. 

e of trie experimental selection plots was located on 

a piece of land that had been used for tomato growing for 

several consecutive years. By July 23, 1934 many of the 

plants in this field had become affected with trie tip-blight 

disease. Ten tip-blight plants were remied and replaced 



with ten healthy tonato plants that were about eight inches 

high. As a check, ten more plants of similar size were 

planted in areas where plants affected with curly top had 

been removed. Since none of these plants were placed in 

cages the possibility of insect transmission was not elirni- 

nated. For this reason a high percentage of exposed plants 

would have had to become affected, and a low percentage of 

the checks remained healthy in order for the experiment to 

be significant. The final record was taken on Septenther 14, 

and only one of the plants had become diseased. Abundant 

evidence of thrip-feeding marks were found on the diseased 

plant; therefore it was not considered of any significance, 

even though the plant was one that had beenì placed in the 

area where a tip-blighted plant had been removed. 

In order to further check the possibility of soil trans- 

mission, soil was removed from around the roots of diseased 

plants and used as potting soil for twenty-five young tomato 

plants; these potted plants were confined in an insect-free 

cage. In twenty-five other pots, pieces of roots, leaves 

and stems from diseased plants were used in addition to the 

soil. Young tomato plants also were planted in these pots, 

and the series placed in the insect-free cage. These plants 

were observed for two months, during which time they all re- 

mained in normal healthy growing condition with no indica- 

tion of the tip-bliht virus. 
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From these results it was concluded that if soil trans- 

mission does occur, it is rare. The fact that some fields 

seemed to show more tip-blight after several years of tomto 

groing, can be explained better by an accumulation of the 

disease in the natural weed hosts in that vicinity, and a 

building up of viruliferous vectors In that area. 

Resistance to £geing in Vitro.--The length of time that 

plant viruses will remain viable in sap extracted from an 

affected plant varies over a wide range among different vir- 

uses. The virus of tobacco mosaic is known to persist in an 

active state In filtered sterile juice for years, while the 

longevity in extracted sap of the virus of tomato spotted 

wilt, cucumber mosaic, or the Y virus of potato is measured 

in periods of hours only. Work with the tip-blight virus 

shows that its activity is limited to a matter of minutes at 

room temperature. 

In testing the longevity of the tip-blight virus, juice 

was extracted from recently affected tomato plants and 

placed in test tubes. The juice was allowed to stand at the 

temperature of the greenhouse during the time of inoculation 

which was between 6 and 700 For each test riod juice 

was removed from a composite sample and five young tomato 

plants were inoculated. The results of these tests are sum- 

marized in Table 4. In another experiment the juice was 

allowed to stand in open Syracuse watch-glasses at the same 
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temperature as the above experiment. The data of this se- 

cond experiment is included in the following table: 

Table 4. Longevity in Vitro of the Tip-Blight Virus 

Time of Plants Plants 
Ageing Container Inoculated Positive 

O min. Test tubes 5 5 
15 U II U 

5 4 
30 U U 

5 5 
45 U U U 

5 2 
60 U U 

5 0 

30 U Open vessels 5 4 
45 5 0 
60 5 0 
75 5 0 
90 U 11 u 

5 1 
120 u 5. 0 

An examination of the table shows that the virus was 

inactivated in less than one hour's time in all cases ex- 

cept one, in which one plant became affected after the juice 

had aged for 90 minutes. This case should be eliminated as 

an experimental error, and could be explained as due to two 

possible factors. The greenhouse was not entirely free 

from insects, nd occasionally an uninoculated plant became 

affected with the tip-blight. This might explain why this 

one plant became affected when the rest of the experiment 

indicates that the virus should have been inactivated before 

this time. It might be explained by the fact that the juice 

was not entirely free from plant cells. The leaves were 

crushed and strained through nuslin which allowed some plant 
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paitic1es to pass through. If this was the case, the virus 

was protected from ageing by being in the living cell. 

Thermal Death-Point ange.--In measuring the thermal 

death-point range of the tip-blight virus, two types of con- 

tainers were used. Fifteen to twenty cc. of crude juice 

from recently affected tomato plants were placed in a thin- 

walled 250 cc. rlymeyer flask and immersed in a hot water 

bath for ten minutes after the juice had reached the test 

temperature. The flasks were then immersed in cold water 

and inoculations were made as soon as possible. In the 

other experiment, ten cc. of the juice was placed in thin- 

walled test tubes in piace of the flasks, but otherwise the 

experiment was conducted in the same manner as the above. 

In both cases young vigorous tomato plants were used as test 

plants. The checks were represented by unheated juice that 

had been allowed to stand for ten minutes at greenhouse tern- 

perature to compensate for any change that might have taken 

place due to factors other than heating. Table 5 gives a 

summary of the data obtained. 

The use of thin-walled test tubes for the determina- 

tion of thermal death-point range has been a standard method 

adopted by virus workers. On this basis the thermal death- 

point of the tip-blight virus is over 400 C. but apparently 

under 41.50 C., and therefore this virus has a lower thermal 

death point than any plant virus known at the present time. 
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Table 5. Thermal Death-Point of the Tip-Blight Virus 

Temperature Type of No. of Plants No. of 
Container Inoculated Plants 

C. Positive 

32.5 250 cc. flask 5 5 
36 II u 

5 1 
Check " t U 

5 4 

35-36 250 cc. flask 6 0 
40-41 t, 

6 0 
Check U 

6 2 

36 250 cc. flask 6 0 
40 t, 

6 0 
Check 11 U 

6 6 

40 Test tube '7 7 
Check " 7 7 

41.5 Test tube 5 0 
42.5 5 0 
Check ti 

5 5 

When the flasks were used. the thermal death-point was 

even lower, which wid indicate that inactivation by heating 
is due to the establishment of favorable conditions for 

oxidation, and hence the more air available the lower tern- 

perature required to inactivate the virus in the same length 

of time. This would help to explain why tip-blight is diffi- 

cult to transfer mechanically when the temperature rises 

above 700 F. Suimner temperatures exceed the point where 

oxidation takes place readily, and may easily inactivate the 

virus spread out in a film on the leaf where it is exposed 

to the air. The virus is thus inactivated before it is able 

to be absorbed by the leaf cells, or before it is able to 
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move into the leaf, whichever the case might be. 

Dilution End-Point.--Although the amount of dilution a 

given virus will stand depends theoretically on its initial 

concentration in the plant, various viruses are consistent- 

ly inactivated at lower dilutions than are other viruses. 

This behavior is quite constant and can be used as a method 

of differentiation of certain viruses. In determining the 

dilution end-point of the tip-blight virus, recently infected 

tomato plants were used. as a source of inoculum, and vigor- 

ous Connecticut Havana tobacco plants were used as test 

pÏantß. The tip-blight virus produces local lesions on the 

inoculated leaves of this kind of tobacco, and the necrotic 

areas are distinct enough to be counted. The number of 

spots produced depends on the concentration of the virus 

present. Crude juice was extracted by grinding the leaves 

in a mortar, and by pressing the juice out through nruslin. 

This extract was diluted to the desired dilution with dis- 

tilled water, and the tobacco plants were inoculated immed- 

iateiy by the carborundum method. Table 6 shows a summary 

of this test. 



54 

Table 6. Effect of Dilution on the Tip-Blight Virus 

Dilution No. Leaves Total No. Average 
Inoculated Spots Per Leaf 

Juice 5 86 17.2 
ito 1 5 62 12.4 
lto2O 6 40 6.6 
ltoöO 5 0 0.0 
ltolOO 6 i 0.016 
ltoEOO 6 0 0.0 

This table shows that the virus will 3se most of its 

effect when diluted more than i to 50. This agrees with 

what one would expect for a virus which is so readily des- 

troyed when exped to air. The virus is probably in a con- 

dition favorable to oxidation when diluted, and is thus des- 

troyed. Then compared with other viruses the tip-blight 

virus is found to become inactivated at lower dilutions than 

any of the other plant viruses. 

Desiccation.--There are several records indicating ex- 

treme longevity of certain viruses in dried tissue. Prob- 

ably the tobacco mosaic virus will retain its active princi- 

pie longer in dried leaves than any other virus. Kenneth M. 

Smith (22) reports this virus to have been found viable 

after twenty-five years. No inoculations have been made 

from extracts of dried leaves affected with tip-blight, but 

it is known that it is possible to obtain mechanical trans- 

fer only when the leaves are in their earlier stages of 

disease development. It was not deemed necessary to test 
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the point by actual expeirnent. 

Ultrafiltration Studies.--No attempts have been made 

to determine the size of the virus particles of this virus. 

The tip-blight virus becomes inactivated in such a short 
time when present in extracted juice, that it would be im- 
possible to carry on a filtration study during this activ- 
ity period. Also, the use of porcelain or kieselguhr fil- 

ters is becoming antiquated in virus studies, as it has 

been impossible to interpret the results due to variois in- 

terfering factors. The use of collodion filters is the 

approved method of determining particle size of the vir- 
uses, but it takes special equipment to prepare these fil- 
ters, and a specialist to carry on the studies. 
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Table 7. Physical Px'opertie of Tip-Blight Compaxed 
With Some Other Important Tomato Diseases. 

Resist- Thermal** Effect Mechanical 
Virus ance to Death- of Trans- 

Ageing Point Dilution mission 

Mosaic 5 years 900 C. 1/10,000 Very easy 

Aucuba 
Mosaic 1 year o 

80 C. 1/10,000 Very easy 

Combination 
Streak* 6 months 90 C . *** Very easy 

Stripe 1 year g° C. *** Very easy 

Spotted wilt 3-6 hours 42° C. 1/10,000 Difficult 

Tip-blight 3/4-1 hrs. 40-41.5 1/50 Very 
Difficult 

K.M.Smith's 
"New" 28 days 75-78 1/10,000 Easy 

* Physical properties not definite - two viruses concerned. 
** Standard 10-minute treatment. 

*** Data not available. 
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DIFFERENTIATION THE TIP-BLLHT VIRUS FROM OIHER VIRUSES 
COMMONLY AFFECTING THE TOMATO 

Tornato Mosaic (Tobacco Virus 1) 

The tip-blight virus can readily be distinguished from 

tomato mosaic (tobacco virus 1) by a number of different 

tests. Its snptomato1ogy on different host planta is quite 

distinct. A pure strain of tornato mosaic produces a dis- 

tinct mottle on the foliage of the tomato plant; there is 

no necrosis on any part of the plant unless some other virus 

is present. The tip-blight virus never produces a mottle on 

the leaves of the tomato plant, and necrosis is always the 

outstanding symptom. That the two viruses are distinct was 

further demonstrated by grafting tip-blighted tomato shoots 

to young tomato plants affected with tomato mosaic. The 

plants developed typical necrosis.of tip-blight on the leavos 

showing the conspicuous mottle of the mosaic disease. Un- 

grafted tornato plants that were held. as cheeks failed to de- 

velop any necrosis, although the motti.ing of tomato mosaic 

was evident. When Nicotiana glutinosa was inoculated with 

the juice from leaves showing symptoms of both diseases, two 

types of necrotic lesions were produced on the inoculated 

leaves. (Plate XIII, Fig. 1.) This experiment demonstrated 

that the two viruses retained their individuality when mixed; 

it also provided a method to distinguish the two viruses. 

Then Datura plants were inoculated with the same mixture of 
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viruse, the tobacco virus i remained in the inoculated 

leaves as shown by necrotic lesions, and the tip-blight 

virus passed into the secondary leaves where it could be re- 

covered free from the tobacco virus 1. Datura has been used 

in this manner to recover the tip-blight virus from a mosaic 

contamination. 

The above methods and plants can also be used to separ- 

ate K. Li. Smit&s tomato mosaic and the Aucuba mosaic from 

the tip-blight virus. (See Table VIII.) For a comparison 

of the physical properties of these viruses with the tip- 

blight virus see Table VII. Ui three viruses can be read- 

uy separated from the tip-blight virus, by the length of 

time the virus will remain active in vitro, the thermal death 

point, the effect of dilution, and the ease of mechanical 

transmission. The mosaic viruses retain their activity from 

one to five years in sterile juice, the thermal death-point 

o 
range is from 80 to 90 C., they will stand dilutions of 

1/10,000 and all are very easy to transfer mechanically. 

The activity of the tip-blight virus is limited to less than 

60 minutes in vitro, the thermal death-point is below 42° 0., 
it will not stand diluting over i/oo and is very difficult 
to transfer mechanically. 
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Combination Streak 

Tip-blight, as it occuis in the field, could be readily 

mistaken for combination streak (tobacco virus i plus latent 

virus of potato) if only a hasty examination was made, but a 

careful study of the siiptoms on the tomato plant show the 

two diseases to be distinct. The lack of mottling on the 

young leaves of tomato plants affected with tip-blight, and 

the fact that the progress of the tip-blight necrosis is 

from the tip downward, while the reverse is true for combina- 

tion streak, readily separates the two diseases. The necro- 

tic areas formed on the tornato leaves by streak do not re- 

semble txie black alternaria-like spot characteristic for tip 

blight. Streak produces brown, greasy, irregular necrotic 

patches on the green fruit of tomato, while the spotting by 

tip-blight is more regular and consists of a series of nar- 

row concentric bands (Plate XIV, Fig. 2). For further test 

plant differentiation see Table VIII. 

Tobacco virus i is known to be a part of the virus coin- 

plex responsible for streak. In the previous section it was 

demonstrated that this virus is not in any way responsible 

for tip-blight. This would eliminate streak as being identi- 

cal with tip-blight. 

The easiest method to differentiate tip-blight and 

streak is by mechanical inoculations. Streak is very easily 

transferred to susceptible host plants by any of the methods 



commonly used. Tip-blight îs very difticult to transfer 

niechanically by any method. 

Tomato Stripe 

This disease has been called tomato streak and glass- 

house streak by Henderson Smith and Jarrett (7), but it is 

different from the American or combination streak. It 

would seem from the confusion found in the literature, t.b.at 

the various authors may include different viruses or a corn- 

bination of viruses under tomato stripe. Kenneth M. Smith 

(22) states, "There is no doubt that tomato stripe is a 

virus disease possibly of a dual nature, of which one virus 

is of the tobacco mosaic type." However, Miss Jarrett (7) 

concludes, tTobacco mosaic and the mosaic of glasshouse 

streak are probably identical, and that irn..ch of the streak 

occurring in glasshouses is due to a single virus, and not 

a mixed infection of this with potato mosaic." The char- 

acteristic symptoms of tomato stripe are those occurring on 

the stem in the form of dark longitudinal streaks or stripes. 

When a badly affected stem is split open, brown areas may 

be seen in the tissues of the pith and cortex. In this res- 

pect, tomato stripe suggests tip-blight, as these are also 

characteristic symptoms of tip-blight. However, stripe 

produces a mottling of dark and green areas similar to 

those of tobacco mosaic on tomato leaves, which readily 



distinguishes the two viruses. Stripe also induces a mild 

mottling on tobacco plants; this is another method of dif- 

ferentiation. (See Table VIII.) The fact that Kenneth M. 

Smith (22) has produced stripe from a mosaic-spotted wilt 

combination might suggest that tip-blight is related to 

stripe, were there any indication of a mosaic fraction ob- 

tainable from tip-blight. Studies of the physical proper- 

ties have eliminated all doubt of any possible relationship 

between the two. (See Table VII.) 

Western Yellow Blight or Curly T 

The curly top virus exhibits none of the characteristic 

symptoms of the tip-blight virus, but since the two are corn- 

monly found in the same field it is conceivable that sorne 

virus in combination with the curly top virus might produce 

the tip-blight effect on tomato. No evidence has been found 

to support such a theory. The fact that tip-blight can be 

transferred by mechanical methods that have failed to trans- 

mit the curly top virus, is sufficient evidence to demon- 

strate that there is no relationship between the two viruses. 

Bunchy Top 

The bunchy top disease of tomato was first recorded 

and described by McClean (10) from South Africa. This dis- 

ease has very little, if anything, in common with the tip 

blight disease. The dwarfing of the tips and the broad 
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black streaks, which form only along the under surface of 
te rachuis and leaflet veins, would not be confused with 
the characteristic simptoms of tip-blight. LIcClean reports 
the virus to be readily transmitted by direct juice inocula- 
tions, which is not possible with the tip-blight virus. 
The fact that tobacco plants failed to become affected with 
the disease would also separate the two viruses. 

K. M. Smith's UNew 

In November, 1935, Kenneth M. Smith (23) published an 
article in the Annals of Applied Biology, pages 731-741, in 
which he described a *New virus disease of the tomato. As 

no naine was given the disease, reference will be made to it 
by the above title. The virus produces local lesions on 
the inoculated leaf, and a general necrosis of the second- 
ary leaves with occasional killing of the growing point. 
In this respect the virus is similar to the tip-blight virus. 
The virus generally causes the young leaves to become chloro- 
tic and misshapened, and in this manner differs from tip- 
blight where the young leaves are always killed. The virus 
causes a severe crinkling and blistering of the leaves of 
Datura plants, ahd they become very marked ociare yellow and 
green mottled. The tip-blight virus is characterized by 
the absence of mottling and the presence of a distinct necro- 
sis on Datura. See Table VIII. 
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The two viruses are readily separated on the basis of 

their physical properties. This new virus is able to with- 

stand ageing in vitro for approximately 25 days, the ther- 

mal death-point is between 70 and 80° 0., the dilution end 

point is 1/10,000, and the virus is easily transferred 

mechanically. For a comparison with tip-blight virus see 

Table VII. 

Spotted Wilt 

The spotted wilt virus and the tip-blight virus have 

many features in common, both in syrnptomatology and in 

physical properties; they also exhibit many differences. 

The two viruses present sudi a contrast simptom picture on 

the tomato, their natural host, that for sorne time after 

the work was started the relation of the two viruses was 

doubted. This view was strengthened when tomato plants in- 

oculated with the two viruses and held under identical grow- 

Ing conditions, produced such distinct symptom-pictures that 

no single point common to both could be found. The two 

viruses were thon compared on different test plants. When- 

ever possible, plants were inoculated in duplicate series, 

one with the tip-blight virus, and the other with spotted 

wilt; in other experiments only the tip-blight virus was 

used and the results compared with those obtained by other 

workers with the spotted wilt virus. On some plants the 

two diseases would appear to be quite distinct, while on 



othexs almost identical symptoms would be produced. This 

feature, and physical property studies, eventually lead to 

the conclusion that the two diseases are caused by closely 

related viruses. In all of these studies there has been no 

evidence to support the theory that one of the viruses 

might be only a component part of tie other. There has 

been no tendency for either virus to ciange from one form 

to the other, even though the virus has been passed tirough 

several test plants. Each virus redeveloped its original 

symptom picture when returned to the tomato. The tvio vir- 

uses have remained unchanged when subjected to the various 

physical property tests, unless total inactivation took 

place. 

In comparing the effects of the two viruses on differ- 

cnt plants, the differences will be given first; this will 

be followed by a discussion of the plants which demonstrate 

the similarities of the tip-blight and spotted wilt viruses. 

Bronzing has been given as the most characteristic feature 

of spotted wilt on tomatoes; therefore, tue absence of any 

indication of bronzing on tomato plants affected with tip- 

blight, has been considered to be of real significance in 

demonstrating that the latter disease is not caused by the 

same virus as the spotted wilt disease. Tip-blight has been 

observed on Indiana canner, Bonny Best, Pritchard, Break of 

Day, Santa Clara Canner, Beefsteak, Penn State, Glory, 

Columbia, Improved Stone, Chalks Jewel, and other varieties 
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of tomato, but the typical black necrotic spotting was the 

only leaf symptom present. Spotted wilt has been observed 

on many of these varieties, in which case the typical bronz- 

ing was present. T'nis indicates that the lack of bronzing 

on plants affected with tip-blight is not due merely to a 

varietal difference. The production of bronzing has been 

demonstrated (lo) to be affected by changing the environ- 

mental factors; that tip-blight is not such a modification 

has been proven experimentally by inoculating the same vari- 

ety of toixiato plant with the two viruses. The plants were 

grown under identical environmental conditions, but each 

series developed symptoms typical of the virus with which it 

was inoculated. These symptom differences have been stud- 

ied microscopically, and variations in the morphological 

changes noted. The leaves were prepared for study by making 

paraffin sections or by the use of the whole mount method of 

MeWhorter and Weir (13). Carbol fuchsin has been incorpor- 

ated with the dioxan method, and a sharp differentiation be- 

tween necrotic and non-necrotic areas has been obtained. 

The cross sections have demonstrated the bronzing effect of 

spotted wilt to be due to a. necrosis of the epiderrnal cells. 

(Plate XVII, Fig. 2.) The palisade cells immediately below 

these areas remain non-necrotic except for an occasional 

cell. The whole 'mount showed the bronzing to occur at first 

as scattered necrotic cells, that gradually developed into 

larger areas as the adjoining cells became affected. The 
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nucleus is apparently the first part of the cell to become 

abnormal; it begins to enlarge arid the nucleol$ takes a 

deep, brilliant red. stain. At the same time X-bodies begin 

forming near the outer boundary of the crboplasm. The cell 

content becomes a granulated mass of small, deep-staining 

bodies. There is a tendency for a dissolution of the cell 

walls between the affected cells. Cross sections of the 

tomato leaf affected with tip-blight have shown the necro- 

sis to be iocalied to definite areas, but not restricted 

to the epidermal cells. The necrosis extends from one epi- 

dermis to the other, and the margin between the necrotic 

area and normal area is sharp. (Plate XVII, Fig. i.) s 

these regions enlarge the margin remains sharp, and there is 

not a degeneration of the epidermal cells before the other 

cells break down. Neither the epidermal cells nor the pali- 

sade cells sIow the scattered necrotic effect of single 

cells as noted for spotted wilt. 

Another significant difference between the two viruses 

is shown in their effect on the growing point regions of the 

tomato and other test plants. Of all the plants tested in 

which the tip-blight virus has become systemic, only the 

nasturtium has been able to withstand the necrotic effect on 

the growing point. Usually tne virus destroys the young 

foliage, and eventually kills the meristeinatic region of 

the growing point. spotted wilt does not exhibit this 

necrotic effect on the growing point regions. It is char- 



acterized by a compact, bushy appearance of these parts; 

this effect is caused by a decided shortening of the inter- 

nodes. After a certain semi-dormant period the plants 

affected with spotted wilt often resume growth, but the f ol- 

iage produced is iíiisshapened and mottled. Regrowth is not 

possible on plants affected with tip-blight, as the neri- 

stematic regions have been destroyed. Occasionally, new 

meristematic regions develop near the base of the plant, in 

which case apparentiy normal foliage is produced for some 

time. Eventually, this new foliage is attacked by the tip- 

blight virus and destroyed in the sane manner as the orig- 

inal shoots. 

A feature of the tip-blight virus of considerable sig- 

nificance is the production of local lesions by virulifer- 

ous thrips feeding on tomato leaves. According to Kenneth 

M. Smith there are only two cases recorded of local lesions 

produced by an insect vector and its virus - one by Thrips 

tabaci and the virus spotted wilt on petunia, and the other 

by Myzus persicae and the virus of cucumber mosaic on sugar 

beet. In working with Thrips tabaci and the tip-blight 

virus, it has been noted that black necrotic lesions formed 

on tomato leaves where viruliferous thrips had fed. The 

same type of spotting has often been observed on the older 

leaves of tomato plants affected with tip-blight under 

field conditions. The more important papers on spotted wilt 

have been carefully examined for a similar phenomenon with 
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the spotted wilt virus on tornato, but no mention has been 

made of any lesion effects other than the white rasping marks 

of the thrips. 

The symptoms produced on the tomato fruit by the two 

viruses merge into one another, without a single feature 

that is sharp enough to separate the two diseases on this 

basis. There is more of a tendency for the formation of con- 

centric zones on the ripe fruit by the spotted wilt virus, 

while the tip-blight disease forms more of a patchy effect 

of yellow, orange and red colors. quite often a large 

fruit on a plant affected with tip-blight will ripen uneven- 

ly, so that one side appears ripe while the other is still 

green. In both cases small fruits become necrotic and fall 

from tne vine, but with tip-blight the larger green fruit 

often present a distinct epidermal type of necrosis in def- 

inite concentric patterns. (Plate XIV, Fig. 2.) If a sim- 

ilar condition exists witi the spotted wilt virus it has 

not been mentioned in the literature. 

Although the tomato plant, the natural host of the two 

viruses, has proven to be tue best differential host, cer- 

tain other plants have given symptom pictures quite distinct 

for tue two viruses. On Jimson weed (Datura stramonium) 

the tip-blight virus causes a distinct type of necrosis that 

is quite different from that produced by spotted wilt. 

(Plate XV, Fig. 2.) Neither the zonate spot effect nor the 

snake-skin mottle described by Smith (21) for the spotted 



wilt virus on this host, lias ever been found on plants in- 

oculated with tip-blight. The necrosis of the leaves and. 

growing points eventually kills all the leaves on plants in- 

oculated with tipblight; consequently, no new leaves are 

ever formed, although the green stem may remain alive for 

weeks. Many of the leaves are shed from the plants affected 

with spotted wilt, but the growing point is not killed. 

After a period of dormancy new mottled and distorted leaves 

are produced. 

The Bliss Triumph was the only variety of potato 

tested with the spotted wilt and tip-blight viruses. Both 

showed local effects on the inoculated leaves, but the type 

of lesion was distinct for each virus. (Plate VII.) Chlor- 

osis developed more rapidly and. extensively on the leaves 

inoculated with tip-blight, but neither virus became system- 

ic during this experiment. 

On te black nightshade (Solarium rurn) the symptom 

development is distinct for the two viruses, and. corres- 

ponds to the type of symptoms produced by the respective 

viruses on the tomato. Necrosis is the feature of the tip- 

blight virus on this host, and. bronzing and dwarfing that 

of the spotted. wilt virus. Necrotic lesions develop on 

the inoculated leaves of the red-rooted-pigweed (uaranthus 

retroflexus), but distinct secondary symptoms were not formed 

by the tip-blight virus. The spotted wilt virus did not 

cause a local effect, but small necrotic spots appeared on 
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the secondary leaves. No parallel tests were made on the 

zinnia, but symptoms induced by the tip-blight virus dif- 

fered from the results obtained by other workers with the 

spotted wilt virus. Vein clearing and mottling is absent 

in the case of tip-blight; black necrotic lesions on the 

inoculated leaves, and circular, epid.ermal bronzing, to spot 

necrosis on the secondary leaves are the prominent symptoms 

of the tip-blight virus. (Plato XII, Fig. 2.) 

In addition to the above plants that definitely sopar- 

ate the tip-blight and spotted wilt viruses, there is an- 

other group of plants that shows their close relationship. 

Then young Connecticut Havana tobacco plants are inoculated 

with either the tip-blight virus or the spotted wilt virus, 

local lesions are formed on the inoculated leaves. (Plate 

VIII.) These appear as black necrotic spots, four days 

after inoculation, and they continue to enlarge until the 

spots coalesce. Occasionally, ten to fourteen days later 

tue secondary symptoms begin to develop. Necrosis results 

with both viruses, but with spotted wilt the veins become 

necrotic, while the tip-blight virus produces black necrotic 

spots on or near the ends of small veins. (Plate IX.) 

Witn either virus only one side of the secondary leaves may 

become affected, or both sides may show similar symptoms. 

Both viruses will eventually kill the tobacco plant if 

either becomes systemic. The two viruses manifest identical 

symptoms on the inoculated leaves of i. glutinosa. 
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Secondary symptoms have been reported for spotted wilt, but 
both viruses produced only local lesions under the experi- 
mental conditions that these tests were made. pronounced 
mottle develops on nasturtium leaves when the plant is in- 
oculated. with either oÍ the two viruses. Samuel and Bald 

(15) reported thi$ as the onlr symptom, while Max Gardner 
reports some necrosis with the virus he assumed to be spot- 
ted wilt. Necrosis is herein shown to be a common symptom 

of the tip-blight virus. (Plate X, Fig. 2.) It is quite 
possible that tip-blight alzo occurs in California, and the 
nasturtium inoculations might have been made with a mixture 
of the two viruses. Tests made during this work have shown 

very little necrosis when spotted wilt was used. 
The necrosis that did appear was noted only after the plants 
had been in the greenhouse for several months; it could be 

explained as accidental transfer of tip-blight by insects. 
Local lesions of identical character have been the only 
symptoms on the petunia. lthougi lettuce does not seem to 
be very susceptible to the tip-blight virus, the plants that 
have become affected have produced symptoms similar to those 
described for spotted wilt on this host. 

When the physical properties are considered the two 

viruses tend to show their close relationship rather than 
their differences. See Table VII. In general, the tip- 
blight virus is more sensitive to physical tests than is 
the spotted wilt virus The thermal death-point range of 
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tip-blight is between 40 and 41.5° C.; that of spotted wilt 

between 42 and 450 c Samuel and Bald (15) found that 

spotted wilt virus in unbuffered juice at temperatures near 

p700 F. lost most of its potency within three hours and all 
of its activity at the end of six hours. £ similar test 
with the tip-blight virus showed that this virus loses most 

of its potency within 30 to 45 minutes and.all of its activ 

ity at the end of 60 minutes. Both vixises are difficult to 

transmit mechanically, but parallel inoculations have shown 

the spotted wilt virus to be more readily transferred than 

the tip-blight virus under adverse conditions. 

Shapovalov's Die-Back Streak 

Shapovalov (18) has reported a disease of tomatoes in 

California which he called "die-back" streak, but seems to 

have confused its identity. It has been repeatedly called 
lldiebacku streak (19) and (24) but in speaking of combina- 

tion streak Shapovalov (20) says, "It is tius designated 

in order to distinguish it from other forms of tomato 

streak, such as the die-back ftrrLl of the Pacific Coast 

(apparently identical with English and Australian spotted 

wilt).t1 it is apparent from his meager descriptions that he 

is dealing with some combination virus of which spotted wilt 

is one of the factors. That spotted wilt in combination 
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with mosaic will produce streak symptorna has been demon- 

strated by K. M. Srniti (22). It would seem from Shapova- 

by's descriptions that the mosaic factor was not present, 

as he did not obtain local lesions when inoculating Datura. 

Instead he reports a blotchy, puckered, coarze mosaic of 

the leaves with no necrosis, and these are the symptoms of 

spotted wilt. This would eliminate the tip-blight virus, 

as it has been shown to produce a definite necrosis on 

Datura. (Plate XV, Fig. i.) Shapovalov's description of 

"die-back" streak on tomato includes the symptoms of tip- 

blight, but in addition he reports bronzing as a frequent 

symptom. It is quite possible that Shapovaiov has been 

working with a mixture of the spotted wilt and tip-blight 

viruses, and has been unable to separate them because of 

theîr close similarity. 
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ECOLOGICAL STUDIES 

Distribution of Tip-B1i 

Southern Oregon.-.-The Med.ford Valley extends from north- 

west to southeast for a distance of 25 miles, and varies in 

width from six to twelve miles. Large plantings of tomatoes 

are made in the Central Point area near the west end of the 

valley, but the bulk of the crop is centered about Talent 

and Phoenix. There are scattered plantings extending as far 

north as Eagle Point and as far south as Ashland. In 1934, 

1935 and 1936 surveys were made ti-iroughout this area at in- 

tervals during the tomato season, and records were made 

whenever tip-blight was found in any field. 

The disease has occurred more frequently within the 

Talent area, and has been especially abundant north of Bear 

Creek to the edge of the hills, and up the valley as far 

north as edford. Tomato plantings on new farms established 

during the past two years in the hills east of Ashland, have 

shown as much as 15 percent tip-b1igit. There are usually 

several acres of tomatoes grown west of the Pacific Highway 

between Phoenix and Talent; there tip-blight has been 

found regularly during the period of this study. In some 

fields as imch as 20 to 25 percent of the plants become in- 

fected. with tip-blight, but in general the losses in this 

area have not been as great as the corresponding plantings 
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east of the Pacific Hig-iway where as high as 90 percent of 

the plants in sorne fields were diseased. Plantings in other 

parts of the Valley have never shown more than a trace of 

the disease. The location of the more serious outbreaks has 

been within the area where most of the tomatoes were grown. 

Tomato Plantings in Other Parts of egon.--Irì l94 

several plots of 25 to 50 Indiana Canner tomato plants were 

established at various points in Southwestern Oregon. 

These plants were grown from commercial seed, and were 

started in the greenhouse at Corvallis. Thereby the plants 

were protected from infection until they were placed in the 

field plots, making any resulting diseased plants an indica- 

tion as to the field source of the disease. The purpose of 

these plots was two-fold:- (a) To test for the presence of 

tip-blight in regions other than the known area about Med- 

ford, and (b) to determine whether the seed-bed was the 

source of the disease. The land for these plots and their 

cultivation were furnished by the following: J. H. Parrott, 

Gamas Valley, Oregon; J. R. Parker, County Agent, Roseburg; 

Moyer's Nursery, ten miles south of Roseburg; Ben Bones, 

four miles west of Grants Pass; and B. V. Harvey, three 

miles east of Ashland. These plots were examined several 

times during the seas on, but the only plot ïn which the dis- 

ease was found was that of B. V. Harvey. There three of 

the twenty-five plants developed tip-blight. Since this 

plot adjoined the general area where the disease commonly 
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OCCUI18, it did not extend the known distribution. The test 

did show that the plants were originally free from the dis- 

ease, but became infected from local source, thereby adding 

evidence that the seed-bed is not the usual source of tip- 

blight. The situation of ttìe one plot, in which thiee 

plants became infected, suggests a possible source of in- 

fection. The plot was located in the midst of the south- 

sloping hills well away from other fields of tomatoes, as 

well as other farm plants. The presence of the disease pro- 

vides evidence for the theory that the insect and virus 

over-winters in this territory, and that it has become es- 

tablished in some native plant. The presence of tip-blight 

in the small home gardens adjoining these hills furnishes 

further evidence oÍ' this point. 

Incidently, these plots were so situated that they 

gave a test on the adaptability of the Indiana Canner var- 

iety for these various tomato-growing areas. The tests 

showed that the absence of tip-blight would not encourage 

the growing of this desirable canning variety in these areas 

north of the Medford Valley, because the climate of these 

other regions would not permit this variety to mature a crop 

of fruit. 

After the discovery of tip-blight in the Southern 'e- 

gon region in 1932, Dr. McThorter made a complete survey of 

all tomato-growing areas in the State 0±' egon. He did 



not find. tip-bliat in any other locality. few plante 

affected by tip-blight were found by the writer in one field 

at Grants Pass in 1936. It seems, therefore, that the dis- 

ease is confined to southern Oregon. 

Time of Occurrence and Spread of Tip-Bliit 

It has been impossible to get a record of the earliest 

date at which tip-blight first appears on field tomatoes, as 

there has been some tip-blight present each year when field 

work vas started. However, many of the fields have been 

free from the disease until the latter part of June, when 

the disease would make its appearance and continue to spread 

during July nd August. In average years the tomato plants 

are transplanted to the fields arand May 15. Experiments 

have shown that tip-blight develops within two weeks after 

inoculation. If the original infection took place in the 

seed-bed, symptoms should develop on the field plants ear- 

lier than observations have indicated. This conclusion has 

been further strengthened by the various test plots discussed 

earlier in this paper. 

In 1934 a field of 940 plants was charted to show:- 

(a) the date at which the plants became affected with tip- 

blight or other diseases; (b) what diseases were present; 

(e) the number of plants diseased; and (d) the relation of 

diseased plants to their neighbors and the rest of the plants. 

The first record was made at the beginning of the field work, 



July 12, at which time many of the plants were showing early 

symptoms of tip-blight and others viere in various stages of 

the disease. Judging from the comparative size of the 

plants, the original infection had taken place around June 

1. There apparently had been a large spread of the virus 

between June 15 and July 1, as many of the plants wore in 

the early stage of development when the first records were 

made. The disease continued to spread rapidly during the 

month of July but the spread diminished during August. The 

data of these studies are shown graphically in Figure 1. 

The lower portion of the curve is theoretical, as no records 

were made during this period. This portion of the curve is 

based on the planting date, the earliest possible date at 

which infection cxld take place, and the general shape of a 

similar curve for a comparable period the following year. A 

similar plot of' tomatoes was selected for the sanie study the 

next year. The first appearance of tip-blight in l95 was 

later than it was in 1934 so that the first record, made 

July 1, showed only four plants affected with tip-blight. 

The disease started to spread quite rapidly about July 15 

and continued to spread until August 15; after this time 

very few plants became infected. The results of the 1935 

studies are also shown in Figure 1. There was less disease 

present in 1935 than in 1934, as shown by the height of the 

respective curves. Since the 1934 season was quite dry, the 

weeds began to dry up sooner than they had in 1935. This 
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probably accounts for the earliness of the original infec- 

tion, as well as the hiier percentage of disease in 1934 

as compared with 1935. Many of the ixrigat1on ditches 

were dry so that ditch-side vegetation dried up, forcing 

insects to feed on cultivated plants. In 1936 no comparable 

records of the distribution and the spread of the tip-blight 

could be made, as the amount present was very small. In the 

plot selected for study only two plants became affected with 

tip-blight during the entire season. A general survey of 

the commercial plantings showed this condition to be gen- 

eral. No fields were found that had more than a trace of 

t1ie disease present. 

The lack of tip-blight for 1936 carmot be explained by 

any single factor, but is probably due to several factors 

acting together. The sparsity of feeding marks on the to- 

mato plants indicated that thrips were not as plentiful as 

they had been in either 1934 or 1935. There had been more 

rainfall than usual during the month of July, so that the 

insects were stili feeding on the weed hosts. There was an 

unusual amount of tomato mosaic present in all the tomato 

fields, many of them showing as much as 100 percent inîeo- 

tion a few weeks after the plants were transplanted to the 

fields. Tip-blight has been observed on tomato plants af- 

Í'ected with mosaic, but it is suggested that the tomato 

virus disturbs the normal physiology of the plant suff i- 

ciently to make them somewhat inirne to tip-blight, espe- 



cially when inoculated with so small an amount of inoculum 

as is furnished by a viruliferous insect. This point cannot 

be proven until more work has been done on insect trans- 

mission techniques. 

There seems to be a significant relationship between 

hot weather and the development of tip-blight. The mean max- 

imum for July l9$4, as taken by the Southern egon Experi- 

ment Station at Talent, was 89.10 and for August 92.5°. As 

shown in Figure 1, the spread of tip-blight is greatest dur- 

ing these two months when the daily temperatures are ex- 

tremely high. That such temperatures are not essential for 

the inception nd development of the disease has been shown 

by the fact that it has been possible to get normal develop- 

ment of the disease under greenhouse conditions with an 

average temperature as low as 500 to 600 F. Samuel and Bald 

(15) in their work with spotted wilt found the symptom pic- 

turo to be altered considerably by temperature. In colder 

weather it is difficult in some cases to detect the presence 

of the virus , while in the summer the darkest discoloration 

occurred. Max Gardner, in a letter to Dr. McThorter (1934), 

states that spotted wilt is most prevalent in the cooler 

coastal districts, nd is distinctly favored by cooler cli- 

mates. Tip-blight seems most pronounced during hot weather, 

although it is difficult to transmit experimentally during 

high temperatures. 



STUDIES ON INEED HOST PLANTS 

Preliminary studies have been made of the po8ib1e 

over-winter host plants of the tip-blight vïrus. Locally, 

these have been found to be of two types:- (a) winter and 

spring annuals growing on the south-sloping hillsides, and 

(b) biennial and perennial weeds along irrigation ditches, 

fence rows and other waste areas. A study of the first 

group would involve plant collection and inoculation studies 

during the winter and early spring nionths. This type of 

work has not been feasible in the present project; therefore, 

nothing is known of the relationship of this group of plants 

to the over-wintering of the tip-blight virus. Collections 

of plants and seeds of the second group have been made, and 

the majority of these plants have been tested for suscepti- 

bility to the virus. A summary of the data of these studies 

may be found in Table 9. 

The Jimson weed, Datura stranionium; the nightshade, 

Solanum nigrum; and the pigweed, naranthus retroflexus, are 

quite susceptible to the tip-blight virus. These plants pro- 

duce typical snnptoms when inoculated with the tip-blight 

virus; the virus from these inoculates has been recovered 

on tomato plants. Similar symptoms have been observed on 

these three species of plants in tip-blighted tomato fields, 

but the virus has not been recovered on tomato from these 

field plants. Thi.s is believed to be due to the adverse 



temperatuie conditions at the time of inoculation. 

The only biennial nd perennial plants found that 

would produce both primary and secondary simptoms when in- 

oculated with the tip-blight viis were Chinese lettuce, 

Lactuca scariola var. integrata; horehound, Marrubiuni vul- 

gare; and catnip, Nepeta catana. Similar symptoms have 

been noted on Chinese lettuce and horehound in the field, 

but tomato plants inoculated with juices extracted from 

either the inoculated plants or the field plants have failed 

to prove the presence of the tip-blight virus. Primary 

necrotic lesions have been produced on the inoculated leaves 

of the bull thistle, Cirsium lanceolatum; cheeseweed, halva 

rotundifolia; mint, Leonuras cardiaca; and morning glory, 

Convolvulus sp. Morning glory plants showing various dis- 

eased conditions, have been found in tomato fields. Juice 

extracted from these plants has failed to produce tip- 

blight on tomato. 

All the above inoculations were made by the carborun- 

dun method; consequently, the results are not as conclu- 

sive as similar tests would be if an insect vector were used. 

The above plants have reacted to the tip-blight virus; 

therefore, they should be considered as possible hosts of 

the virus until careful vork with the natural insect vector 

demonstrates their true relationship. 

The extreme temperature common in the Medford area dur- 



ing the summer months, and. the sensitivity of the tip-blight 
virus to such temperatures have hindered. locating the host 
plants responsible for trie over-wintering of the virus. 
Many diseased weeds were found adjacent to the tomato fields, 
but extracted juice from these plants failed to produce tip- 
blight on the tornato. Was this due to the virus not being 
present, or was the activity of the virus destroyed under 
these adverse conditions? Juice taken from tomato plants 
known to be affected with the tip-blight virus have often 
failed to produce the disease on the tomato plant under 
these conditions. It is possible that many of the plants 
tested were carrying the virus, but the mechanical methods 
used failed to transmit the disease to the tomato. The 

natural insect vector might more readily transfer and estab- 
lish the virus. 

Much more work is necessary before the relationship of 
the overwintering host plants to the natural insect vector 
is clearly understood. Since numerous surveys have shown 

tue virus to be restricted to definite areas, there nrat be 

some weed host plant present that is responsible for the 
original infection on the tomato plants. The disease has 
occurred in epiphytotie form in practically the same area 
for the last five years; tne source of the tomato plants 
for tne entire Valley has been from the same seed-bed. This 
indicates that there has been a local build-up of the virus 
in this restricted area. 



There are two significant weed areas in this region 

that might account for the localization of the tip-blight 

disease. First, there is at least one large irrigation 

ditch and one small creek that flows through this area. 

Many of the plants listed above are found on the banks of 

these streams. Second, there are the south-sloping hills to 

the east of this area that are barren except for te winter 

and spring plants. These plants usually dry up about the 

time tip-blight appears in the Valley. These hills might 

serve as an over-wintering ground for viruliferous insects, 

that migrate back to the Valley when the plants dry up in 

the early summer. 



Table 9. Sunary of data of weed host studies. 

TAXONOMY LOCATION J INOCULATION STUDIES 

4sori weed Datura straionium ++- ++ 5 19 16 
Pigweed Anmranthus retrofleo.s +++ +.-- 12 ic» 2 
Lanb's quarter Chenopodiui albuii +-- ++- o o o 
Tunible weed Ainaranthus graecizans o o o 

Wild lettuce Sonchus oleraceus O o o 
Chinese lettuce Lactuca scariola lLi. if4 o 
Moth inliein Verbascum glattaria O O O 
Bull thistle Cirsiurn lanceolatum --- 8 6* 2 
Cheese weed Malva rotundïfolia 12 lO 2 
Garden parsnip Pastinaca sativa O 

Cichorium intybus i-- ++ f4 f4* o 
Nettle Urtica holosericea --- ++- 7 O 
Plantain Plantago lanceolata o 
Horehound Marrubiurn vulgaro +++ 8 5 
Sagebrush Artemisia heterophyla 9 0 9 
Catnip Nepeta catana 3 1 2 
Morning glory Convollusn 10 7* 
India honip Apoqynum caninabinuni +-- +-- O O O _ 
!T_:1d cucumber Echinocystis oreganus --- +-- Th o o 
Goldenrod SalidaÄo elon ±-- O O O 
Goldenrod Salida ocoidentalis O O O 
Yellow dock Rurnex cri sj1s 5 

* Local lesions only syniptom produced. 
Double lines separate groups of annuals, biennials and perennials. 
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DISCUSSI 0N 

Tliee studies dernontrate tip-blight to be a Hnewtt 

virus disease of tomato. Viruses should be required to meet 

certain specifications before they are named arid described 

as tnewH. Many attempts have been made by virus investi- 

gators to devise some system of classification whereby this 

would be possible. The tendency has been to avoid the use 

of sjinptoms as the sole means of separation, as these vary 

with environmental conditions, or may result from the co- 

existence of two or more viruses in a single plant. Form- 

er.Ly the reactions of a virus on a group of test plants 

were used as the chief method of separation, but recently 

physical properties have been emphasized as the final test of 

virus identity. Then we learn more of the chemical and 

physical nature of viruses, this mode of' separation may be 

carried even furt.b.er, but until then we must use the tools 

now available. 

The tip-blight virus, either by its symptomatology or 

physical properties, is readily separated from other viruses 

with the exception of spotted wilt virus. No single proper- 

ty is sufficiently different to conclusively differentiate 

these two viruses, but when all of the characteristics of 

the two are compared, the similarities become weaker and the 

differences stronger. The points upon which the two viruses 

have been separated are:- (a) the sharp contrast of symptns 



pioduced by the tvío viruses on tile tomato plant under iden- 

tical experimental conditions; (b) the different behavior 

of the two viruses on certain test plants; (c) the lack of 

any evidence of the tip-blight virus being of a dual nature; 

(a) the fact tl'at mechanical transfer of spotted wilt is 

possible under conditions that fail to transmit tip-blight; 

and (e) the lower resistance of tip-blight virus to aging 

in vitro, heating and dilution. That the two viruses are 

closely related is shown by the following points:- (a) both 

viruses are capable of affecting a similar range of test 

plants; (b) the symptoms produced on many of these test 

plants are similar, if not identical; (c) the physical pro- 

perties of the two viruses are similar; and (a) both viruses 

are apparently transmitted by the same insect vector. These 

comparisons show that even though the viruses are closely 

related, there are enough specific characteristics to main- 

tain the identiby of each. 

Certain statements in papers on spotted wilt suggest 

that tip-blight and spotted wilt occur together in other 

places, and that the two have been mistaken by the authors 

for different forms of the same disease. Saìael, Bald, and 

Pittman (15) make the following statements in their descrip- 

tion of spotted wilt, AVery occasionally the whole plant 

dies, but only vhen affected at an early stage. Occasion- 

ally the growing-point is killed while the lower part of 

the plant remains alive for weeks. But in the majority of 



cases affected plants are merely arrested in their growth, 

with only such necrosis of tissue as follows the more or 

less localized spotting on the upper leaves and stems» 

Kenneth M. Smith (21) in describing spotted wilt says, 

'Oecasionally tomato plants are killed outright by a severe 

necrosis resembling streak. This usually occurs when the 

plant has been infected as a young seedling; normally, 

however, the plant is not killed." Blood (3) in his report 

of an 4unusual' occurrence of spotted wilt of tomato in Utah, 

gives almost a perfect description of tip-blight. Shapova- 

by (18, 19) in his work with "die-back" streak, which he 

later states is identical to spotted wilt (20), gives des- 

criptions that suggest a combination of the spotted wilt and 

tip-blight viruses. The present work has shown the spotted 

wilt virus to occur in the same locality as the tip-blight 

virus, .nd in some cases the two affect the same plant. 

During these studies 80 young plants inoculated with a puro' 

strain of spotted wilt from a Calla lily have developed 

typical symptoms of spotted wilt. These plants have been 

observed in different stages of development and under dif fer- 

ent environmental conditions, but the variations noted by 

the above authors, have not been present on any of these 

plants. Evidence has been submitted that shows the close 

relationship and similarities of these viruses. It is easy 

to understand how one unacquainted with their characteristic 



91 

behavioi might mistake the disease they pioduce in combina- 
tion for a single virus effect. For example, during inocu- 
lation studies the tip-blight virus could be lost from the 
mixture. That this is possible has been shown by inoculat- 
ing tomato plants with a mixture of the two viruses under 
conditions unfavorable for tip-blight. Spotted wilt simp- 
toms are tue oniy ones produced under these conditions. 
As stated above, critical reading of the literature suggests 
that the two viruses are often present in the same area. The 

descriptions stress spotted wilt symptoms in the cooler, 
humid areas, and tip-blight symptoms in a hot, dry region. 
It would seem that climatic factors determine which virus 
is to predominate. 

Whenever a new disease appears in a locality, it is 
always of interest to learn where or how it originated. 
There are several theories advanced to explain the origin 
of diseases, namely, (a) that they arise de novoU; (b) 
that they have existed in the locality for several years on 

weed hosts, but were not discovered until they attacked an 
economic plant; (e) that the disease has been iiported 
from some other region wnere it has become established. 
No definite trace of the origin of the tip-blight disease 
has been discovered in this work. The literature shows that 
spotted wilt has become established in the United States, 
especially on the Pacific Coast. The present work has 
proven the presence of spotted wilt in the Southern egon 



area. It also has been shown that tip-blight piobab1y 

occurs in Oa1ifarnia. Since there is a large tourist and 

trucking traffic between these two areas, lt is probable 

that this has been the means of introduction. This would 

offer two possible explanations of the presence of the tip- 

blight disease; (1) either tip-blight and spotted wilt 

were both introduced in this region, or (2) only spotted 

wili has been introduced, but under these environmental 

conditions, which are unfavorable for its development, lt 

has mutated or chanced to give rise to the tip-blight virus. 

of these two theories the former is the more logical, as no 

tendency to change has been noted for either virus during 

these studies. Both viruses were probably introduced, but 

climatic factors have been favorable for tip-blight deveLop- 

mont, and unfavorable for spotted wilt, hence the former 

predominates. However, the second theory should not be dis- 

carded entirely, especially if viruses prove to be distinct 

chemical substances that might readily change slightly to 

give rise to new chemical compounds possessing different 

properties. 

The source of the tip-blight virus that causes the ong- 

mal field infection has been of special interest. Evidence 

has been presented which indicates that the virus is neither 

seed nor soil-borne. The question as to whether or not the 

disease originates in the seed-bed and is later transferred 

to trie field has been investigated. Evidence that supports 
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either hypotnei3 has been found, but usually the seed-bed 

piobab1y plays no paxt In the transmission of the disease. 

Seventy-five to eighty percent of the tomatoes grown in this 

region conio from the same seed-bed. That sorne fields have 

developed as xrach as seventy-five percent of tip-blight, 

while others in different localities remain comparatively 

free from the disease, is positive evidence that the seed- 

bed is not the chief source of the virus. Likewise, the 

1934 distribution plots support this contention. The only 

plot which developed any tip-blight was the plot east of Ash- 

land where three plants became infected. Since this area 

adjoins the general tip-blight district this infection indi- 

cates the virus came from some source other than the seed- 

bed. The plants for all these plots had been grown at Cor- 

vallis, where chances for seed-bed infection were at a mini- 

imim. The time which elapsed between transplanting and the 

first appearance of tip-blight in the field can be used to 

support the theory that the disease does not originate in 

the seed-bed. In 1934 a plot of 750 tomato plants from seed 

sown in the latter part of May was free from tip-blight July 

19, but in the following weeks developed several cases. 

Likewise, a plot of 1000 plants in 1935 showed no tip-blight 

July 16, but by July 23 twenty-four plants had developed the 

disease. since tip-blight symptoms develop within fourteen 

days after inoculating either' by mechanical methods or by 

thrips, the above time intervals indicate that the plants had 
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been In the field at least a month befoxe they became af- 

fected.. These observations coincide with irni1ar recoids 

for commercial tornato plantings, which tend to disprove the 

theory of seed-bed infection. The scattered cases of tip- 

blight in areas where the disease is seldom present may be 

interpreted. as evidence of seed-bed infection. During the 

survey work singlo plants affected with tip-blight were 

found in several of these fields, but no further spread was 

noted, although the saine areas were visited several times 

during the season. Cases of this type are more easily ex- 

plaïned as seed-bed infection than by any other hypothesis. 

Distribution studies over a period of three years have 

shown tip-blight is localized in certain areas. This sug- 

gests that there must be a localized carry-over and subse- 

quent increase of the disease in these regions. The tomato 

plants, being an annual crop, are destroyed each fall; since 

the virus can exist only in active growing plants, it would 

also be destroyed with the death of the plants. The virus 

must either overwinter in a perennial plant, or else live 

over from season to season in its insect vectat. The latter 

possibility has not been investigated, but a study has been 

made of the biennial and perennial plants as possible over- 

wintering hosts of the virus. Although several suspicious 

plants have been found, the tip-blight virus has not been 

recovered from ny of these plants. This subject has been 

discussed fully under another section and further discussion 
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will be omitted here. It seems that this is the inean by 

which the virus survives from one year to the next. 

Further work on the tip-b1iht problem should be along 

lines leading to a clearer understanding of the insect 

vector or vectors, nd the relationship between them and 

the weed hosts of the virus. Th.rther studies should be 

made with possible host plants in order to bring about a 

sharper distinction between this virus and. related viruses; 

attempts shid be continued to find some plant that may 

separate the tip-blight virus from a mixture with spotted 

wilt. The selection work with resistant varieties should 

be continued. Experimentation along purely scientific lines 

should be continued with this virus, as its reactiveness and 

other features might unravel the true nature of viruses 

sooner than studies of a mpre stable virus such as tobacco 

mosaic. 

CONTROL OF TIP-BLIGHT 

At the present time the control of tip-blight appears 

hopeless. The only apparent effective method of control for 

this disease will be the development of a resistant variety 

suitable for cannery purposes. The prospect of developing 

a resistant variety is equally discouraging when one con- 

siders that every variety of tomato tested has proved to be 

susceptible. In addition to several standard varieties of 

tomatoes, the following rare and basic varieties have been 



tested: Red Peach, Yellow Peai, Red Pear, Red Currant, 

Dwarf Yellow Prince, Dwarf Champion, Wayahead, Bozeman, 

Burmier, Red. Plum and Reimer's 15A1-E. The Red. Currant is 

the most resistant variety found; although local lesions 

are readily produced on the inoculated leaves, the virus 

became systemic in the tip of only one plant. The tip- 

blight virus was able to produce systemic symptoms readily 
on the other varieties tested. 

Obher methods of control do not offer nuch encourage- 

ment. It would be almost impossible to control the vector 

in the field as Thrips tabaci is a general feeder, and is 

not limited to any plant or group of plants. This insect 

was collected in large numbers from the majority of plants 

present in the Redford area, The host range of the virus is 

equally as large; the elimination of all possible overwin- 

tering host plants would. not be practical. 

Protection of the plants by means of sprays and dusts 

would not be effective because of the peculiar feeding 

habits of the thrips and the rapid. growing condition of the 

tomato plant. Even if such control would be feasible, it 

would not be practical because of the large number of appl- 

cations necessary, and a resultant spray-residue accunwia- 

t i on. 

It has been noted that tip-blip-it is especially severe 

in certain localities. Tomato growing should be discontin- 

ued in these special areas and. moved to more favorable 
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parts of the Valley where the disease has not become estab- 

lisheci. 

SUMMARY 

The discovery and naming of tip-blight, an important 

tomato disease of southern egon, is recorded. A detailed 

description is given of the disease as it occurs in the 

field and on inoculated tomato plants. A list of possible 

and differential host plants is given and the symptom8 On 

each are discussed. 

.vidence is presented that proves the tip-blight dis- 

ease of tomatoes is caused by a specific vitis, which is 

herein described. 

The virus is shown to be transmitted naturally by the 

onion thrip, Thrips tabaci. The virus can be transmitted 

mechanically with special technique. The vinas is trans- 

mitted readily by grafting. Neither seed nor soil trans- 

mission was obtained in the tests made, and evidence is 

presented to show that neither of these methods plays an 

important part in the spread of the virus in the field. 

The physical properties of the virus have been stud- 

ied, and the virus found to be very reactive towards heat, 

ageing in vitro, dilution and chemicals. lt is inactivated 

in vitro in a shorter time and at a lower temperature than 

any known plant virus. 



The virus is compared with the conimon known tomato 

viruses and is shown to be distinct from them. The tip- 

blight virus was found to be very closely related to 

spotted wilt, but sufficient evidence is given to prove the 

two viruses to be distinct. 

The tip-blight disease was demonstrated not to be of 

seed-bed origin. Evidence is presented that the virus over- 

winters in local areasfrom one year to the next; this may 

take place within the insect vector, or in some biennial 

or perennial weed host. 

The Southern egon area is the only region in which 

tip-blight is definitely known to be present, but the cli- 

matic requirements of the disease and the virus are such 

that it may occur in other localities. 

No control methods are given, but it is suggested that 

the only hope of satisfactory control is by means o± re- 

sistant varieties. Tests on this feature are being made at 

the present time by F. C. einier at the Southern egon Ex- 

periment Station. 
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PLATE I 

Fig. 1. Appearance of an Indianß. Canner 
tomato plant in the field several 
days after infection with tip- 
blight. Note that every tip shows 
tneblighting effect of the virus. 
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PLATE II 

Fig. tip taken from an Indiana Canner tomato 
affected with the tip-blight virus. Note 
the prominent stem streaking, the bliited, 
drooping tip, the dead leaves and the 
blighted fruit spur. 

Fig. 2. A tip taken from a tomato plant affected 
with the spotted wilt virus. Compare with 
Fig. 1. The prominent feature is the 
bronzing of the leaves. 
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Fig. 1. 

Fig. 2. 

PLATE III 
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PLATE 1V 

Fig. 1. Two young tomato plants to show the 
effects of grafting: (a) scion taken 
from a healthy plant, and (b) taken from 
a plant affected with tip-blight. Photo 
taken lo days after grafting. 

Fig. 2. Three young tornato plants of the same age: 
(a) plant not inoculated, (b) plant inocu- 
lated with spotted wilt, and (c) plant in- 
oculated with tip-blight. Photo taken 14 
days after inoculation. 
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PLATE V 

Fig. 1. Leaf taken from an Indiana Canner 
tomato plant inoculated with the tip- 
blight virus. Leaf shows the typi- 
cal necrotic spotting, the eari.y spot 
formation and the development of the 
necrotic areas. 

Fig. 2. Leaf taken from a Santa Clara Canner 
tornato plant inoculated with 
blight virus. 
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PLATE VI 

Fig. 1. Leaí showing the local lesions produced 
by viruliferous thrips feeding on the 
leaflets. 

Fig. 2. Leaf showing (a) necrotic lesions produced 
on tomato leaves inoculated with tip-blight 
by the carborunth.un method, and (b) injury 
from inoculation with carborundum without 
the virus. 
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PLATE VII 

Fig. 1. Bliss Triumph potato leaf inoculated with 
the spotted wilt virus by the carborundum 
method. Note the few irregular necrotic 
lesions. 

Fig. 2. Bliss Triumph potato leaf inoculated with 
the tip-blight virus by the carborundum 
method. The necrotic areas are concentric, 
and chiorosis spreads over the remaining 
portion of the leaflet. 
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Fig. 1. 

PLATE VIII 

Connecticut Havana 
the local necrotic 
on the inoculated 

tobacco leaf showing 
effect of spotted wilt 

leaf. 
Fig. 2. Connecticut Havana tobacco leaf showing 

the local necrotic effect of tip-blight 
on the inoculated leaf. 
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PLATE IX 

Fig. 1. Leaf taken from a Connecticut Havana 
plant inoculated with spotted wilt and 
showing the effects al' the virus on the 
younger leaves. 

Fig. 2. Leaf taken from a Connecticut Havana 
plant inoculated with tip-blight; shows 
the effects of the virus on the young 
leavez 
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PLATE X 

Fig. 1. Nasturtium leaves showing the mosaic type 
of symptom produced by the tip-blight virus. 

Fig. 2. Leaves taken from the same plant as Fig. 1; 
leaves show trie necrotic lesions caused by 
the tip-blight virus on the nasturtium. 
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PLATE XI 

Pig. 1 Inoculated leaves of wild lettuce (Lactuca 
scariola) showing the local lesions pro- 
duced by tip-blight. 

Fig. 2. Leaf taken from lettuce plant (Lactuca 
sativa) showing the secondary lesions pro- 
duced by tip-blight. 
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PLATE XII 

Fig. 1. Leaves from red-rooted pigweed (Amaranthus 
retroflexus) showing the effects of tip-blight 
on the inoculated loaves. 

Fig. 2. Leaves taken from a zinnia plant inoculated 
with tip-blight: (a) shows the secondary 
effects of the virus, nd (b) the local lesions 
produced on the inoculated leaf. 
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PL+TÌ XIII 

Fig. 1. Inoculated leaf of iicotiana utinoa. 
The large, irregular lesions are caused by 
tip-blight and the small circular lesions 
are caused by tobacco mosaic. 

Fig. 2. Inoculated leaves of petunia showing the 
local lesions produced by tip-blight virus. 
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PLATE XIV 

Fig. 1. Ripe tomatoes taien from a tomato plant 
affected with tip-blight. The spots are 
orange or yellow on the red background. 

Fig. 2. Green tomato fruits taken from a tornato 
plant affected with tip-blight. The con- 

centric lines consist of dead epidermal 
cells and spongy parenchyrna cells. 
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PLATE XV 

Fig. i. Leaves taken from Jimson weed (Datura stramon- 
ium); (a) shows the older secondary effects 
of the tip-blight virus, and (b) an earlier 
stage on the same plant. 

Fig. 2. Leaves taken from three Jimson weed plants 
(Datura stramonium): (a) inoculated leaf 
showing the local lesions of' tobacco mosaic, 
(b) effects of spotted wilt on the secondary 
leaves, and (c) the effects of tip-blight on 
the secondary leaves. 
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PLATE XVI 

Fig. 1. Leaves taken from Solanum capsicastruna: 
(a) shows local lesions produced by tip- 
blight and (b) shows the concentric type 
of spotting produced by spotted wilt. 
(Fig. i B after K. M. Smith.) 

Fig. 2. Leaves of catnip (Nepeta catana) showïng 
necrotic lesions produced by the tip-blight 
virus. 
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PI4TE XVII 

Fig. 1. Cioss section of a tomato leaf showing 
the limitations of the necrotic spots 
produced by tip-blight virus. 

Fig. 2. Cr038 section of a tomato leaf affected 
with spotted wilt. Note tht total col- 
lapse of the epidermal cells on the upper 
side while the remainder of the tissues 
are almost normal. 
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PLATE XVIII 

Fig. 1. Dwarf Champion tomato leaf showing the second- 
ary effects of the tip-blight virus. 

Fig. 2. Leaf taken from Red Peach tomato inoculated 
with tip-blight. 

Fig. 3. Leaf from Red Pear tomato showing the secondary 
effects of tip-blight. 

Fig. 4. Dwarf Yellow Prince tomato showing secondary 
effects of tip-blight. 

Fig. 5. A leaf from Wayahead tomato showing the rather 
large circular type of spot produced by tip- 
blight. 

Fig. from Yellow Pear tomato. Note the 
circular necrotic spots with a green center. 
This is the typical type of spot produced by 
tip-blight on this variety. 

Fig. 7. Secondary effects of tip-blight on the leaf of 
Red. Plum tomato. 

Fig. 8. Leaf from the Bozeman tomato showing the few, 
large necrotic spots produced by tip-blight. 

Fig. 9. Inoculated leaf taken from a Red Currant 
tomato plant inoculated with tip-blight. ly 
in one instance did tip-blight become systemic 
on this plant. 
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PLATE XIX 

Fig. 1. Cloth cage used Íor field work. This cage 
was 28 feet long, 8 feet wide and 6 feet 
high. It was covered with a finely woven nslin to keep out insects. 
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