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FOREWORD 

The material presented in this bulletin is from 
an address by Dr. L. O. Kunkel of the Rockefeller 
Institute for .Medical Research before the Annual 
Fruit Growers' Conference, held at Ivl ichigan State 
College, January 13, 1947. 

The information proved so helpful to fruit 
growers present, in explaining the complexities of 
viruses and in detailing some of th e extensive and 
valuable research work that has been done and is 
being done in this field, that they requested its 
publication and distribution. It presents the more 
important established facts regarding the nature 
of virus diseases of plants, with special reference 
to horticultural crops . It should be of great value 
not only to fruit growers of .Michigan but also to 
florists , nurserymen, vegetable growers, and gen
eral farmers . 



Virus Diseases of Plants ... What they are 
and how they differ frolll fungus diseases 

By L. O. KUNKEL 

DEPAllTMEXT OF ANIMAL AND PLANT PATHOLOGY, THE ROCKEFELLEII I J\STITUTE 

Fon MEDICAL RESEAHCH, PRINCETON, NEW JEHSEY 

R ecei ved fol' publication Feb. 3, 1947 

It is evident from the title assigned me that you wish a discussion 
of what virus diseases are, and I assume you also wish a discussion 
of what viruses are. You perhaps have gained the impression that 
scientists are now agreed as to the nature of viruses and that it should 
be possible to discuss them just as we discuss the parasitic fungi. 
Fungi, as you know, are nongreen plants that live as parasites and 
saprophytes. They are organisms that can be seen by the unaided 
eye or under ordinary light microscopes. No one questions these 
statements. 

The viruses, on the other hand, are extremely minute bodies that 
vary considerably both in size and in shape and cannot be seen under 
ordinary light microscopes. Tobacco mosaic virus, as you know, is 
a rod-shaped body (15 ). Tomato bushy stunt virus and the virus of 
southern bean mosaic are spherical or almost spherical bodies (17 ) . 
Under the electron microscope these viruses look remarkably like 
bacteria, only they are smaller than bacteria. They do not swim 
around like some bacteria do, and are not known to multiply by divid
ing as do the bacteria. 

One good way of acquainting you with some present ideas re
garding viruses is to quote from recent literature. "With the excep
tion of virus activity, the properties of some of the smaller viruses are 
quite similar to the properties of ordinary protein molecules, whereas 
at the other extreme, with respect to size, the properties of the viruses 
are more nearly like those of accepted living organisms," says Stan
ley ( 19 ) . "The generalisation that 'plant viruses are simple nucleo
proteins' appears to lack foundation and the more speculative deduc
tions from it should be accepted with caution," says Pirie (16 ) . These 
authors have contributed much to our knowledge of the chemical and 
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physical properties of viruses, but as the quotations indicate, they 
seem uncertain as to what viruses really are. However, statements 
that are far more positive than those just quoted are to be found in 
recent literature, and it may be well to consider some of these before 
discussing special types of virus behavior. 

The clonal variety of potato known as King Edward carries par
ticles which, if transferred to other clones by grafting, produce dis
ease . "What is a stable and presumably useful cell protein with one 
plant genotype acts as a destructive agent with another. Just, in fact, 
as plasmagenes do," argues Darlington (3) . Then he says "The same 
principle applies to the origin of the viruses causing the Rous sarcoma 
and presumably mammary cancer in mice. Since they are trans
mitted, the one only by injection, and the other only by injection or 
through the milk, they can scarcely have arisen otherwise than from the 
cell proteins of the fowl, or the mouse, in which we find them." Also, 
he says, "Now grafting is not a natural process but a human invention 
and a very recent and res tricted one. Any virus which can be trans
mitted only by grafting must therefore have arisen from grafting, that 
is to say, from the invasion of one plant by the proteins of another." 
Some further statements by Darlington are revealing. "There is there
fore nothing surprising in the fact that reproductive particles can sud
denly appear in the cytoplasm by the action either of the mutafacient 
nucleus or of external carcinogens, nor again that such particles may 
either be transmissible or only transplantable ." "The plasmagene is 
a protein which can be made outside the nucleus and comes to be 
inherited through the egg. The virus is a similar protein which is 
capable of being acquired later. It is a protein which prospers through 
being in the wrong organism and gets there by infection. Both classes 
are, of course, immensely heterogeneous . In addition, both are con
tinually arising de novo, rapidly evolving, as their conditions change 
and partly by direct action of those conditions." Now you know 
what viruses are and how they arise, if you believe Darlington's argu
ments are sound. 

It would seem unprofitable to quote such statements if it were 
not for the fact that some of our foremost scientists seem to give 
them serious consideration. In discussing the possibility that viruses 
may have arisen by retrogressive evolution from some parasitic or
ganisms, Beadle (2) cites Darlington and says "An alternative view 
that must also be given serious consideration is that viruses arise 
directly by mutation from nucleoproteins of the host without going 
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through the entire retrogressive evolutionary sequence outlined above." 
In discussing viruses in relation to the cancer problem, Rous ( 18 ) 
ays "They increase in quantity only when associated with cells, none 

having been cultivated in ar tificial media despite energetic efforts in 
this direction. Some reside permanently in certain animals or plants, 
.e.g. , the virus of King Edward potato plants, which causes them no 
perceptible trouble, though capable of killing plants of other varieties. 
How they get from one living organism to another is still uncertain in 
many instances, but not a few do so by means of intermediate hosts, 
the mosquito, for example, in the case of yellow fever, the leaf hopper 
jn that of aster yellows, the earthworm in swine influenza. Some 
viruses are so large and chemically so complex as to warrant the view 
that they are the products of retrograde evolution in the sense in 
which Darwin used the term, mere residua, like the tapeworm, of 
what they once were, their functioning parts lopped off one by one, 
so to speak, when their host cells had taken over their duties . Others 
are so extremely minute that it is difficult to see how the needed 
equipment for life can be comprised within them, and a few have 
b een purified by chemical procedures, with the result that they crys
tallized out. On looking at the virus crystals and thinking of what 
they can do one wonders again what life is . Indeed the worker with 
viruses has continually a sense of uneasiness as to what next, for they 
are like something out of folklore, like the 'wee people' who play mis
.c;hievous tricks on the Irish peasantry, prodigies of the imagination." 

Rous points out that only a few cancerous growths have been 
shown to be caused by viruses, and considers this a "meagre yield for 
a generation of effort." He says ''The single chicken virus thus far 
studied for durability, that responsible for an exceedingly malignant 
sarcoma, has proved remarkably fragile; it becomes inactive within a 
few hours after separation from the neoplas tic tissue unless special 
steps are taken to preserve it. How then can it get from fowl to fowl? 
Not through the egg, test has excluded that possibility, and normal 
fowls do not develop the sarcoma when kept for years in the same 
cage with birds carrying it. If the virus passes at all from one indi
vidual to another, it must be in some devious, highly-conditioned way, 
and more would be required of any virus responsible for the rare 
human tumors of which new examples appear now and then at wide 
·distances of time and space." 

It is with these quotations in mind that I wish to discuss a few 
-virus diseases of plants from the point of view of a plant virologist. 
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You probably are acquainted with the disease known as Abutilon 
mosaic. A man by the name of Thompson took an Abutilon plant 
having this disease from the ' Vest Indies to England. There it was 
propagated by m eans of cuttings and was introduced into the trade 
in 1868 (1 ) . The plant became popular as an ornamental, being used 
in border plantings . It was soon discovered that if a twig from one 
of these chlorotic Abutilons was grafted to a healthy Abutilon plant 
the latter soon developed chlorosis . The disease passed from the 
chlorotic plant into the healthy plant. Then it was recognized that 
the original plant which had come to be known under the species 
name of Ab'utilon Thompsoni was in reality a sick plant of the well
known species Abutilon striatum, Dicks. These diseased Abutilon 
plants have been grown beside healthy Abutilon plants in England 
and other European countries during the past 75 years. There is no 
record that the disease ever passed spontaneously to a healthy plant 
in Europe. Diseased and healthy Abutilon plants have been grown 
side by side in this country for many years. VVe grew 400 diseased 
and healthy Abutilon striatum plants in rows in which the healthy 
plants alternated with diseased plants in a garden at Yonkers, New 
York, some years ago. The disease did not spread to a single healthy 
plant. W e were justified in concluding, and in fact did conclude, 
that if this virus ever passes in nature it must be by some devious, 
highly-conditioned way, but we never doubted that it passed. 

Some years ago while visiting in the Island of Haiti, I observed 
that a virus disease closely resembling Abutilon mosaic was spread
ing among Sida plants of the species Sida rhombifolia L. This led 
me to suspect that here in the general region from which the original 
Abutilon ThompSO'ni plant was obtained there was an insect capable 
of transmitting the virus of this disease. Later it was learned that 
Sida mosaic also was present in Florida. When affected Sida twigs 
were grafted to healthy plants of Abutilon striatum, a disease was 
obtained in the latter that closely resembled Abutilon mosaic (7 ) 
as is shown in Fig. 1. Insects found feeding on diseased Sida plants 
in Florida were secured and tested for ability to transmit Sida mosaic, 
but no vector was discovered . During the past year Silberschmidt 
(14) has reported that a Sida mosaic, prevalent in Brazil and closely 
resembling Abutilon mosaic, is transmitted b y a white fly. The work 
will have to be confirmed, but it seems probable that the 75-year-old 
mystery of how Abutilon mosaic passes in nature has been solved. 
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Fig. 1. Two leaves of Abutilon striatum. The leaf at the left is aHected by 
Sida mosaic from Florida; that at the right by Abutilon mosaic. (Photograph 
by J. A. Carlile.) 

The disease which puzzled Baur ( 1 ) because it seemed to be trans
missible only by grafting apparently gets along well and spreads 
rapidly in the presence of its insect vector. In the absence of such 
a vector it does not pass except by grafting. As the years go by, more 
and more vectors of plant virus diseases are found, and the pattern 
of the behavior of these viruses becomes more and more clear. 

You will recall that we do not know how some of the most im
portant virus diseases of peach are spread. Peach rosette has been 
known and studied for more than 50 years. In some seasons it appears 
in considerable abundance in certain localities, but in others it ap
pears in only a few trees of the many thousands that grow in the area 
of its occurrence. Until recently it had been transmitted only by 
grafting, that recent and restricted invention of man. We now know 
that is can be transmitted readily by the dodder species, Cuscuta 
campestris (11 ). Most species of plants, as you well know, can be 
grafted only on closely related plants. It is easy to graft peach on 
plum and plum on peach, but you cannot successfully graft an aster 
scion on a peach stock. There is no mechanical difficulty in making 
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such a graft. Aster scions often live for more than a month when 
inserted in peach trees, but they all die eventually. However, species 
of the genus Cuscuta are not so restricted. These plants are able to 
graft themselves onto hundreds of different species . This grafting 
is their speciality, the method by which they live. Cuscuta campestris 
can live and thrive on such widely different plants as tomato, alfalfa, 
cranberry, carrot and aster. Figure 2 shows it growing on cranberry 
and tomato. Now if this dodder is established on a healthy young 
carrot plant and allowed to grow over onto and parasitize a rosetted 
peach tree, the peach rosette virus will be transmitted to the carrot 
plant. Dodder transmitted rosette from the peach to the carrot plant 
shown in Fig. 3. Once the dodder has picked up the rosette virus 
it readily transmits this to tomato, Vinca rosea and other herbaceous 
plants. This was a big surprise, because we had supposed peach 
rosette was specific for the peach and other species of Prunus. No 
one had ever heard of it in herbaceous plants before. However, this 
knowledge that peach rosette virus will go to herbaceous plants may 
be of value in the search for a vector. Peach rosette probably is not 

Fig. 2. Cuscuta campestris on cranberry and tomato plants. (Photograph by 
J. A. Carlile.) 
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Fig. 3. Peach rosette on peach and carrot plants. The disease was trans
mitted to the peach by budding and to the carrot by dodder. (Photograph by 
J. A. Carlile.) 
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Fig. 4. Distribution of six peach diseases in til< 
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primarily a peach disease. It may be a disease of some wild her
baceous plant, perhaps a weed in which peach growers have no inter
est whatever. In the future we will be on the lookout for anything 
that resembles peach rosette in any plant in the area in which peach 
rosette occurs. Also, we will be on the lookout for insects that may 
be found feeding on such plants. It is among these that we may expect 
to find the vector of peach rosette, for if peach rosette were spread 
by a peach insect surely that fact would have been established long 
ago. 

Let us now return to a consideration of dodder transmission of 
plant viruses. The parasite, in grafting itself onto different plants, is 
doing essentially what man does when he grafts one plant onto an
other. Thus we see that grafting is not as Darlington seems to think, 
an invention of man. Both man and the dodder parasite are able to 
transmit a good many different viruses including peach rosette as 
recounted above. While the parasite readily transmits peach rosette 
to plants like the carrot and the tomato, it is unable to transmit rosette 
to healthy peach trees. This is a surprising fact for which we have no 
explanation at present. 

Up to this time peach rosette virus has not been transmitted to 
peach except by grafting. Should we therefore conclude that it must 
have arisen by grafting, as Darlington would be inclined to do? 
Grafting probably has had nothing to do with its origin and little to 
do with its spread. The fact that in some years rosette develops in 
only a few trees of the many thousands in its area of prevalence does 
not justify the conclusion that it must be arising de novo, or that it 
does not pass spontaneously in nature. In my opinion proof that any 
virus causes a disease prevalent in nature, whether the disease be a 
chlorosis, a necrosis, a mild stunting only discernible with difficulty, 
or an overgrowth of one kind or another, or whether in the hands of 
the experimenter it be transmitted by the slightest contact or only 
by grafting, should be taken as prima facie evidence that the virus 
concerned does pass in nature. We need to learn much more about 
peach rosette virus before we can fit it into the pattern of behavior 
presented by some other yellows viruses, but I have no doubt that 
when more is known it will fit into that pattern. 

Although there may be no good reason for believing that viruses 
have arisen through the invasion of certain plants by the proteins of 
other plants, or through mutations in the genes or plasmagenes of 
normal plants , are there any well-known fa cts that make sllch modes 
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of origin seem unlikely? There are a number of different virus diseases 
of peach prevalent in the United States. Let us look at some maps 
that show the distribution of a half a dozen of them (Fig. 4 ) . You 
will note that peach yellows is eastern and northern in its distribution. 
It does not occur in the peach-growing regions of Georgia or in Cali
fornia where large numbers of peach trees are grown. Little peach 
has much the same distribution. The two diseases are believed to 
be caused by closely related viruses. Peach rosette and phony dis
ease of peach are eastern and southern in their distribution. Insofar 
as I am aware, except for one report of rosette, neither disease occurs 
in Michigan and neither occurs in California. X-disease of peach is 
northern in distribution and spans the country from east to west. It 
does not occur in New Jersey or in Georgia. Peach mosaic, on the 
other hand, is southern and western in distribution. Now if these 
diseases had arisen through grafting or by mutation of normal peach 
proteins why should they have such restricted distribution? Grafting 
is practiced throughout the country. If they arise through mutations 
in normal proteins we would have to assume that such mutations are 
rare. Otherwise we should expect to find all of them occurring through
out the country. You might answer that they have arisen all over the 
country but that they flourish and spread only where conditions are 
favorable. Such an explanation of their present distribution may seem 
reasonable, but we know that some viruses have remained absent 
for many years from areas in which they later flourished. For instance, 
we know that sugar cane has been grown in the Hawaiian Islands 
since 500 A.D. In all of the time that elapsed from that date down 
to recent times no sugar cane mosaic appeared in those Islands. If 
the virus of this disease could arise de novo by mutations from normal 
proteins in sugar cane cells, why did it not arise in the 1400 years dur
ing which sugar cane was grown there before the disease appeared? 
A vector was prevalent in those Islands and conditions for spread 
were favorable as was proved when sugar cane mosaic virus inad
vertently came in on some sugar cane cuttings imported from an
other country. There is a virus disease of corn in the Hawaiian Is
lands known as yellow stripe. It is transmitted by the leaf hopper 
Peregl'inus maidis (5 ) . Peregrinus maidis is prevalent in the southern 
part of this country. In the east, at least, it ranges up to about as far 
as the Mason and Dixon line. As everyone knows, many acres of 
corn are grown south of that line. If the virus of yellow stripe of corn 
can arise from normal proteins why does it not appear in that region? 
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If it should arise there we have good reason to believe that it would 
be spread by the corn leaf hopper. Aster yellows which is prevalent 
throughout the United States does not occur in England, although aster 
plants are grown there. In fact no plant virus disease of the yellows 
type occurs in England. The stunt disease of rice is and has for a 
long time been prevalent in Japan (4 ) . It does not occur in the rice 
fields of the United States, but it should if it could arise de novo in 
rice cells. We must concede that, in spite of the fact that a few virus 
diseases of plants are world wide or almost world wide in their distribu
tion, this does not hold for the generality of plant virus diseases. The 
present distribution of most plant virus diseases does not coincide with 
the distribution of the plants they affect. Hence, any hypothesis based 
on the assumption that viruses are presently arising de novo by muta
tion or otherwise seems ill-founded; for even though a virus disease 
might not be able to spread in any given region, it would be seen 
there if it appeared at all frequently in any important crop plant. Al
though we do not know how plant viruses have arisen, we do know 
that most of them are restricted in their distribution. It seems fair 
to assume that they have arisen in the countries where they now occur, 
if indeed those countries existed in the ancient times when, in all prob
ability, the viruses first appeared. The geographic distributions of 
plant viruses are characteristically local, like the geographic distribu
tions of most plant species that have not yet been widely distributed 
by man. The distributions of plant virus diseases do not coincide with 
the distributions of plant proteins which are, of course, found where
ever the species of the plants with which they are associated occur. 
Therefore, I am inclined to believe that plant viruses have arisen 
through a process of evolution similar to that by which plants and 
animals have arisen, rather than by mutations in normal plant pro
teins . Insofar as I am aware there is no evidence whatever to support 
the view that plant viruses are of recent origin. 

You will recall Rous' statement that the single chicken sarcoma 
virus which has been studied for durability has proved remarkably 
fragile. He wonders how such a fragile entity can get from fowl to 
fowl, and even seems to doubt that the sarcoma virus passes in nature. 
It is in this connection that I wish to describe some experiments 
which indicate that certain plant viruses which are extremely fragile 
pass with great readiness in nature. 

You are, no doubt, well acquainted with aster yellows. It is a 
disease that occurs on asters , carrots, buckwheat, lettuce and many 

---- --------
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other plants (6 ). After working with this disease for about 10 years 
and finding that, although it could not be transmitted mechanically 
by means of juices from diseased plants, it was readily transmitted 
by the as ter leaf hopper MacTosteles divisus, an attempt was made 
to study its epidemiology. At Princeton, New Jersey, it was found 
that the disease first appeared in aster plantings in from 2 to 3 weeks 
after the plants were set out. It spread very rapidly for 4 or 5 weeks, 
and then very slowly. The period of slow rate of spread usually began 
in June and continued until sometime in September. In September 
there was a second period in which the disease spread rapidly (9). This 
epidemiological behavior did not conform to what was expected. The 
leaf hopper vector was prevalent in small numbers during the first 
period of rapid spread; it became numerous during the summer when 
rate of spread was slow and was fairly numerous in September when 
rate of spread increased. We were surprised to find such slow spread 
in summer and decided to determine the percentage of leaf hoppers 
that were infective at different seasons of the year. In a midsummer 
experiment 25 aster leaf hoppers were caught in an aster plot where 
the incidence of yellows was high . Each individual insect was placed 
in a different cage on a healthy young aster plant. The insects were 
allowed to feed on the plants for several days. We expected a high 
percentage of infection for it was known that one infective insect feed
ing on a young aster plant for one day would transmit yellows with 
a high degree of certainty. W e were astonished when all of the 25 
aster plants remained healthy. How could such a result be explained? 
Then it was remembered that most of our successful greenhouse ex
periments with aster yellows had been carried out during the winter 
and early spring months. A few that had been undertaken in sum
mer had, for some unknown reason, not turned out well. They had 
been discarded and had not been mentioned in any publication. Fin
ally a study of the effect of temperature on transmission of aster yel
lows was undertaken. It was soon found that, although infective leaf 
hoppers held at about 25° C. transmitted aster yellows with great 
regularity, infective leaf hoppers placed at a temperature of 32° C. 
stopped transmitting in about 8 hours. There is not sufficient time to 
describe the different experiments that were made before we came to 
understand what was happening. It is enough to say that as ter 
yellows virus is very easily inactivated by moderately high tempera
tures. It is a very fragile virus, much more fragile probably than 
Rous' chicken sarcoma virus . It is so fragile that potted yellows 
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periwinkle and Nicotiana Tustica plants can be cured by holding them 
at a temperature of from 38 ~ to 42° C. for 2 or 3 weeks ( 10 ) . Those 
temperatures cause no serious injury to the plants but they inactivate 
the virus. Infective aster leaf hoppers are freed of the virus of aster 
yellows when held at a temperature of about 32° C. for 12 days. That 
the virus is more readily inactivated in the insect than in the plant 
is understandable when it is remembered that the insect is very small 
and quickly reaches any temperature to which it is exposed, whereas 
plants are large and come to the temperature of their environments 
slowly. The fact that aster yellows virus has never been transmitted 
to plants mechanically by means of juices from diseased plants prob
ably is due to its extreme fragility. 

In other studies it was shown that peach yellows, little peach, 
peach rosette (8), potato witches' -broom (12), cranberry false blos
som (13) and two other plant virus diseases that are currently under 
investigation can be cured by heat treatments. These diseases, none 
of which can be transmitted mechanically by means of juice, appar
ently are caused by fragile viruses. How can such fragile entities 
get from plant to plant? How can they maintain themselves in nature? 
Those that have been carefully studied are known to be transmitted 
by specific insect vectors. Some, such as the viruses of aster yellows, 
peach yellows, little peach and cranberry false blossom, as you know., 
get along very well in nature. 

Peach yellows virus seems to be even more fragile than that of 
as ter yellows. Potted yellows peach trees were cured by a temperature 
of about 35° C. in about 3 weeks . Dormant trees were cured by im
mersing them in water at 50° C. for 10 minutes. The trees were not 
seriously injured by these treatments. Yellows virus in buds was in
activated by immersing bud sticks in water held at a number of 
different temperatures. At 34.35" C. the virus was inactivated in 
from 4 to 5 days ; at 38° C. in 11 hours ; at 42° C. in 40 minutes ; at 
46° C. in 15 minutes ; at 48 ° C. in 14 minutes; at 50° C. in 3 to 4 
miuutes; at 54° C. in 11/2 minutes; and at 56° C. in 15 seconds. 

Figure 5 shows four trees budded with cured peach buds. W e 
used bud sticks that were thoroughly invaded by the yellows virus ; 
every living cell, we believe, contaim:d the virus. After treating the 
sticks as described above we cut out the buds, inserted them in healthy 
peach seedlin gs, and wrapped them. After a suitable period during 
which the buds united with the seedlings in which they were im
planted, the wrappers were cut and the seedlings pruned back. The 
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Fig. 5. Heat cure of yellows peach buds. Seedlings budded with buds from 
treated and untreated yellows bud sticks. Reading from left to right: tree with 
bud from untreated bud stick; trees with buds from bud sticks treated at 50 ° C. 
for 2, 4, 6, 8 and 10 minutes, respectively. The untreated bud and the bud 
treated for 2 minutes transmitted yellows, while the buds treatcd for 4, 6, 8 
and 10 minutes did not. (Photograph by J. A. Cm·liIe.) 

implanted buds grew, produced fine healthy foliage and did not trans
mit virus to the trees. Buds from sticks that were not heat-treated also 
were implanted in healthy peach seedlings. When these buds grew 
they produced badly diseased fo li age and transmitted yellows virus 
to the trees . 

What a fragile entity this virus of peach yellows must be. It is 
des troyed by summer temperatures that frequently prevail for con
siderahle periods in some parts of the country. The same can be said 
of the virus of little peach. These disease-producing agents lead a 
tenuous existence. Nevertheless they spread rapidly under favorable 
conditions and can cause great damage. In spite of their fragility they 
maintain th emselves in nature. Peach yellows virus is one of those 
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that was recognized earliest. Since we know that it is spread by a 
leaf hopper there is no occasion to postulate any theory involving the 
idea that it has arisen by grafting, or that it is continually arising 
de novo by mutations in normal peach proteins. In vi-uo, the viruses 
of peach yellows and little peach are much more fragile than normal 
peach proteins for they are completely destroyed by heat treatments 
that have no discernible effect on the latter. Heat-cured trees of ordi
nary peach varieties do not differ in the slightest degree from healthy 
trees that have never been treated. The same may be said of potato 
plants from tubers that were freed of potato witches'-broom virus 
by heat treatments, of cranberry plants cured of false blossom, of leaf 
hoppers freed of aster yellows virus, and of periwinkle plants cured of 
as ter yellows. The thermal reactions of these viruses do not suggest 
that they have been derived from normal plant proteins, from genes, 
or from plasmagenes. The heat treatment experiments confirm the 
view that plant viruses are autonomous and unrelated genetically to 
their host plants. 

It is not my intention to attempt an explanation of what viruses 
are, but in conclusion I will try to indicate to you what I think the 
plant viruses are. They are the most efficient parasites that we know 
anything about. While fungi clumsily bore from without in their 
attempts to anchor ill-fitting haustoria, the viruses get themselves 
injected into cells by some of the finest and most efficient hypo
dennic syringes known to man, the proboscides of insects. The fungi 
usually produce lesions that can be seen by quarantine officials armed 
with hand lenses. The viruses pass quarantine lines very simply in 
masked carrier hosts . If they get into trouble because some plant 
they try to invade is immune, they mutate to produce a virus strain 
that can attack this plant. To obtain distribution most fungi have to 
depend on having their spores blown around. The plant viruses 
have wings to take them where they wish to go, wings that are guided 
in their flights by the appetites of insects. In some instances at least, 
viruses multiply in their insect vectors while being carried from plant 
to plant. Heteroecism also is known in the fungi but it is confined to 
the rusts and a few other highly developed groups. When you add to 
all of these advantages the property of being invisible except under 
an electron microscope you have what are truly superb parasites. 
Can anyone believe that such well adjusted and well equipped para
sites are of recent origin or belong in that level of organization char
acteristic of lifeless molecules? 
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