THE LEAF SPOT OF TOBACCO; AN A¥TER SYMPTOM
OF MOBAIC

MELvinLeE T. Cook

Soon after coming to Punerto Rico in 1923 the attention of the
writer was ealled to a peeuliar spotting on the leaves of tobaees.
Uollections of these spotted leaves were sent in from time to time
and were examined for fungi and bacteria but the results were always
negative. The disease appeared to be of minor importance and a0
special studies were made until the winter of 1929-30. These spots
were always on the mature, usually the lower, leaves of the plants.
They were 2 to 5 mm. in diameter, white, brown or hlack and com-
posed of dry, dead tissues. During the winter of 1920-30 great
numbers of these spots were found one morning in tobacco mosaic
experimental plots. These plots were not more than 50 feet from
my laboratory and it was my habit to visit them nearly every day.
Therefore, it was evident that these spots developed in a very short
time. A caveful examination showed that these spots were on the
mosaie plants and not on the healthy plants and that they were
always on the old leaves which did not show the symptoms of the
mesaic, 1. e. on leaves, which due to late inoeulations. had not devel-
oped the symptoms or on leaves from which the pattern had dis-
appeared. The following morning the spots were mueh more nu-
merons. Plants which did not show these spots were marked and
observed from dayv to day and it was soon learned that plants whieh
did not show -those spots one day might show a considerable number
the following morning. A Dblock of plants was then divided into
two parts and the plants in one part inoculated: In due time the
spots appeared on old leaves of the diseased plants.

These spots remind one of the early studies by Mayer, Iw anowski
and others. Mayer (10) reported a spotting in the late stages of the
tobaceo mosaie. Iwanowski stated that Mayer had confused two
itiseases and that the spots were a disease which had been deseribed
by himself and Polowzoff under the name of ‘‘pockenkrankheit’.

-~ He says:

¢¢This last name T retain for that disease which is the subject of this paper,

and as T have just deseribed it never manifests itself in the form of dry spots.’?

Tn 1894 Prillienx and Delaeroix deseribed spotting of the leaves
183,
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ol the tobaceo under the name of “‘nielle’” and from which they
claimed to have isolated a motile baecillus. Some workers have sup-
posed that this disease was the same as Mayer’s *‘ mosaikkrankheit’’
hut this is extremely doubtful.

In 18397 Marehal deseribed a disease under the name of “‘La
MMesaique du Tabae’ whielh was probably the same as the disease
described by Mayer. Ie emphasized the presence of the spots whieh
Le also deseribed as eontaining a motile baeillus.

In 1898 DBeijerinck published a paper on tobaeco mosaic in
which, judging from the deseription, there is no doubt that he was
studying the mosaikkrankheit of Mayer. One of his ilustrations
shows a spotting which is the same or similar to the spotting de-
seribed By Mayer and others.

In 1898 Sturgis of Conmecticut published a preliminary note on
iwo diseases of tobaceo in whieh he said:

‘eTf allowed to remain, the paler portions of the mottled leaf loss their green
color and the whele leat hecomes vellow and sprinkled over, especially towards’
the tip, with small eirenlar spots where the tissnes are bleached dead and brittle.’?

Later on in the same paper he says:

f¢If that ean be called a disease which is characterized by symptoms such
as tobacco-growers desire to see in moderation, which enliance the market value
of the leaf and whiel ean be induced artificially with profit, then the ‘spotting?
of tobacco comes under this head. Tt is a peewliar disease, mever very commen,
nor confined fo any one lecality and not eharacteristie of any special soil. What
its earliest stages are I am unable to say, inasmuch as it is imposible to predict
when it will oceur and therefore to be on the wateh for its fivst appearance, axnd,
furthermore, beeanse it only beecomes noticeable when well advanced. As I have
seen it in the field and in specimens sent to the Station, it is signalized by the
presence on the leaf of small eirecular spots. These usually oceur in the greatest
number at or near the tips of the leaves and, at first, are yellowish in eolor and
somewhat irregular in outline. Later they tuke on a cireular form and hecome
marked off from the surrounding tissue by a narrew border of a darker eolor.
The tissue within this border finally dies and becomes almost white, but, exeept
in severe eases, it does not break away from the leaf., A leaf so affected looks
as though it had been sprinkled over with some caustie substance which hag killed
the tissnes without disintegrating them. Tt bears a elose resemblance also to the
‘leaf-spot’ caused on certain plants by the attacks of fungi. Sometimes the spot-
ting s slight nnd the spots themselves are scattered evenly over the whole leaf-
surface; in sueh cases buyers are willing to pay a higher price for tobaceo,
spotted wrappers being in demand. The spot can be suceessfully imitated by
spraving the ripening leaves with a caustic liquid, and, where this is well done,
the tobacco also Dbrings a higher price.

‘41t is only when the spot invades practically the whole leaf and causes the
breaking of the tissues that it does serious damage. 1 have already repeatedly,
but thps far unsuecessfully, attempted to diseover the primary cause of this
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trouble both by eomsulting the opinion of experienced tobacco-growers and by
eareful microscopic examination of the spots. Some say that it is o particles
of sand adhering to the leaves; others that it is caused by dvops of water, which,
acting as lenses, burn the leaf where they rest; but with regard to these theories
it is sufficient to say that they have been put to proof in many attempts fo
produce the spot artificially and lave signally failed. Secores of the spots have
been mieroscopically examined during the past three years without showing any
evidence of the presence of fumgi, Insects or bacterin. Nothing further, there-
fore, ean he said regarding this trouble, nor would i have heen considered worthy
of mention at present were it not for its resemblance to =z disease of tabacco
which oceurs in Europe and Asia.?’

In 1902 Woods veferred to a spotting of mosaic tobaceo leaves
whieh he deseribed as follows:

““In field conditions as a final stage the swollen green area became marked
with small dead spots, but these did not appear in plants grown wnder glass.?’

Tn 1914 Clinton reported a spotting of mosaic tobacco leaves
which he described as:

¢fA serioug leaf imjury known leeally as ‘rust’ often oceurs on the older
calicoed Tenves. It shows as small, roundish, reddish-brown spots of dead tissue,
more or less thickly covering the leaves; sometimes these merge into large irreg-
ular areas, resembling sun seoreh injury of the plants. This is probably the same
trouble deseribed by vavious European writers as ‘pockenkrankheit’, aseribed
by some to bacteria. In this state rust is nof a necessary aecompaniment of
ealico, but rarely if ever ocours exeept on leaves showing ealico or signs of sup-
pressed calico. We Dhelieve that it is of the nature of sun scoreh, sinee it uswally
occurs in bright, hot weather, suddenly following a rainy or c¢loudy period, and
that it develops on calicoed leaves beeause of their weakened conditions,’’

Material from these spots and the surrounding tissues was pre-
pared for embedding and sectioning. The writer was especially in-
terested in this work because of his previous studies which led to
the eonclusion that the chlorotic areas were the vesult of inhibition
snd disintegration of the chloreplasts. °* :

A caveful study of hoth free hland and microtone sections of
these spots showed that the spots originated in the palisade cells
{Trigs. 1 to 8). Tt was impossible to determine whether they orvi-
ginated as small spots which gradually enlarged or whether the
spot was full sized from the beginning hut the faet that the spots
develop during a single night indieates that they are full sized
from a very early stage in their formation. The wections revealed
many =pots which consisted of a single cell and which eould not he
detected with the unaided eve (Fig. 2). Others ranged from small
groups of a few cells (Figs. 1 to 9 tfo areas 5 mm. or oecasion-
ally more in diameter. The dving of the palisade eells is followed
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by a dying of the cells below. This usually continues until all
the cells from the upper to the lower surface arve dead (Figs. 5
to 10). Tt appears that the palisade and upper epidermal cells
may be the only dead cells of the spots on the morning of the first
day and that the lower cells die Jater. Oeccasionally dead mesophyll
cells are found in pesitions unrelated to the spots.

Bifforts were made to study the disintegration of the cell con-
tents but very little was learned about it probably due to the fact
that it appears to break down during the night. However, the
entive cell content appears to disintegrate into a homogenous black
mass whieh dries and shrinks from the eell wall. The next step in
this process is the collapse of the upper epidermis (Figs. 6, 7, 8, 9).
The next step is the breaking of the cell walls throughout the entire
area (Figs. 7, 8§, 9). The final step is the contraction and drying
so that the entire area bhecomes thin. drv and brittle (Figs. 9 &
10).

A careful study of other tobaceo plants has shown similar spots
on leaves of plants with other diseases and on leaves that were pasy
maturity, but these were not so ecommon or so abundant as on the
‘mosaie plants. A few spots were also on leaves of pepper plants
which had heen inoculated with the tobaeeo virus.

Note: Since the preparation of this manuseript for publication,
Johnson and Hbggan have published a paper (8) in which they
say:

““Soon after Mayer’s work became known, it was claimed by some that his
¢ Mosaikkrankheit’ of tobaeceo included twe distinet diseases, one the true infec-
tious mosaie and the other a supposedly unrelated disease known elsewhere as
fPockenkranheit’. Although much attention was given to the subject, this dis-
agreement has presisted almost fo the present time, though it is now quite gen-
arally eoneeded that Mayer was correet in his interpretafion thaf neerosis is one
of the symptoms of the ordinary tobaceo mosaic virug on tobaceo as well as on
certain other hosts.”’
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