ADOLF MAYER
1843-

The period of scientific research on virus diseases is
contemporaneous with the life of Adolf Mayer. His atten-
tion was first called to a peculiar disease of tobaceo in Hol-
land in 1879, when he was 36 years of age. Being already an
experienced agricultural research worker and a professional
chemist, Mayer at once analyzed the diseased tissues of the
plants and the soil in which the plants were grown. Sixty
years later (1930) he was alive to see many of the same
problems confront the younger research workers of that
decade. Mayer did not discover tobacco mosaic, although he
was first to give it and similar diseases a permanent name.
He himself refers to the opinions of growers as to the nature
of the disease in 1857, and it was no doubt prevalent long
before that, even in Europe where tobacco cultivation was
not introdueed until the 16th century. Dr. Mayer was, how-
ever, the first to do anything about the tobacco-mosaie
disease in the modern sense of research, as is clearly evi-
denced in his highly significant 1886 paper entitled *Ueber
die Mosaikkrankheit des Tabaks,” (first published in Dutch
in 1885). Mayer's research was naturally greatly influenced
by the important contemporary bacteriological advances of
that period; but, even considering this, his work was monu-
mental in an entirely new field of thought and investiga-
tion. Mayer artificially transmitted for the first time a plant
disease, the esusal agent of which he demonstrated could
not be seen or cultured. Pasteur was struggling at the same
time with a similar problem in rabies, and advanced little
further in the direetion of the eause of these peculiar diseases
than did Mayer.

| Adolf Mayer was born in Oldenburg, Germany, on
ADOLF MAYER i Sept. 8, 1843. His scientific training was obtained at the
Universities of Heidelberg, Ghent, and Halle. At 25 years
of age he was a lecturer at Heidelberg, becoming a professor
! in the same institution in 1875. His field was chemical
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technology, and as early as 1896 he published investigations
on the fermentation of alcohol, followed by investigations
on wood as building material, methods of street cleaning,
artificial butter, burning quality of tobaceco, plant nutrition,
and similar industrial and agricultural problems.

In 1876 he was made Director of the Agricultural Experi-
ment Station at Wageningen, Holland, which position he
held until 1904. He returned to Heidelberg University as a
Professor and continued a very active career, diverging from
science sufficiently to adopt political economy in a serious
waf;r&nd to write drama in poetry and prose as a relaxation.

ofessor Mayer's biography will probably not be written
by a contemporary who knew him well in his most produetive
years, because he has evidently long outlived his generation,
which included most of the true pioneers in modern research
methods, His last address of which we know is 7, Moltke
Street, Heidelberg, Germany.

[10]

CONCERNING THE MOSAIC DISEASE OF TOBACCO!
Adolf Mayer

N THOSE regions of Netherlands where the cultivation of

tobaceo flourishes, that is in the provinces of Gelderland
and Utrecht, there has been prevailing for many years a
disease of this cultivated plant, to which it seems to be very
important to draw the attention of the agricultural sciences;
because the harm done by this disease is often very great
and I myself know cases where it has caused the cultivation
of tobacco to be given up entirely in a certain place. In
spite of this, this disease has hardly been the subject of a
thorough investigation as yet, for the simple reason that
until recently the scientific treatment of technical agri-
cultural questions had not yet taken a firm root in Holland.

The manifestations of this disease may be approximately
deseribed as follows. About 3-5 weeks after the young plant
has been transplanted into the field, has taken root well,
and has begun to grow vigorously, commonly around the
middle of June, a map or mosaic-like coloring of light and
dark preen appears on the leaf surfaces, while otherwise the
whole leaf still seems to be healthy. Soon afterwards one
ean, with the aid of a lens, and a little later also with the
naked eye, discern that the leaf shows a more pronounced
growth in thickness in the darker colored spots.

It soon appears that these thicker places of the leaf are
growing more vigorously than the paler parts, which re-
sults in manifold and irregular distortions of the leaf sur-
face. Finally, if the disease develops in the regular manner,
some of the lighter and thinner parts of the leaf die prema-
turely, not entirely different from, only much more ex-
tensively than, the similar spotting which often appears in
the fully ripe leaves without detriment to the value of the
product. In the later stages of the disease, the darker parts

¢ Mayer, Adalf. Usher die Mosaikkrankheit des Tabaks, Die Landwirtschaftlichen
Versucha-Stationen. 32: (451)-467, 1866. (With Plate I1I)
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of the leaf may take on the transparent and varnish-colored
tint, generally peculiar only to leaves that have been in-
jected, and in which the at first sharply delimited borders Plate 111
between light and dark gradually grow indistinct. (cf. Plate
II, fig. 1, 2, 3). Finally, it is characteristic and a sure way
of diagnosing older leaves that have already been dis-
figured by the disease, that, when a leaf has become dis-
eased, all the younger leaves of the same plant also show
the symptoms in corresponding earlier stages, so that the
diagnosis to determine whether the disease is present must
necessary always be made in the youngest leaves.

As far as concerns the distribution of the diseased plants
in an affected field, one cannot set up a rule for this.

It is not unusual to find several diseased plants next to
each other. Quite as often, one often finds healthy and
diseased plants alternating in most arbitrary succession. It
may be accepted for certain, that an obviously diseased plant
is never a sourece of infection for its surroundings, |

The disadvantages of the disease are obvious and may be
listed under the following aspects:

1. Retardation of the growth and a consequent decrease
in the yield.

. Curling of the leaves, which renders them useless for
the manufacture of cigars.

. Brittleness of the leaves with the same result.

. Insufficient ripening and, therefore, poor burn, also
harmful to the aroma, as far as one can speak of such
in European tobaceco.

The disease that up to now is known only in Holland
[Netherlands]|—in spite of diligent search, T have found
only once® in Southern Germany, near Karlsruhe, a similar
phenomenon on a very small seale—has, up to now, received
only regional names.

In the region of Rhenen and Amerongen it is called “bunt”
(bont) referring to the first stage of spotting in the region
of Wageningen and in the region mentioned above il is
called “rust” (roest) referring to the later stage of the
vellow colored spots that have died. “Smut” (vuil) is a
name that is popular with the grower.

[ 4]

L

Plate III in eolor in the original, is heve presented in
black and white because of the cost of reproduction
in color.

# The eurling, or so-called “going crazy,” of the Palatinate tobaceo is an entirely
different disease with much less far-reaching effeets,
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% None of these expressions seems to me very desirable for

general usage, least of all “rust,” because this is used to
designate a very characteristic fungus disease of all kinds of
plants. In order to prevent a confusion that might easily
take place, I should like to suggest for the time being as an
international name “mosaic disease of tobacco.” The term
has not been used and gives a fair picture at least of the
! first apparent stage of the disease.’

What is the cause of this disease, and how may it be cured or
avoided? These are two fundamental questions whose
answers made a more thorough investigation necessary;
therefore, the Experimental Station at Wageningen has de-
voted a continued study through several years to the sub-
ject,—with what measure of success, we shall see later in
this article.

The earlier views of the growers about the causes of the
mosaic disease had been widely divergent. A collection of
them seems to us but a true ehaos making one dizzy and at
best useful to reaffirm the old experience, that man eannot
exist without theories, and that the most practical of
practitioners also usually has his specific favorite theories.!

' I s true, rome growers cleim to recogmize two independent diseases in the wo
forma, or hetter, stages of the disease, but only because the first stage may not be
apparent through superficial observation, The same aphical distribution and

succession in time of the two forma definitely apeaks againgt thia (theory),

4 I have made o whole eallestion of examples and find in my notes among om@r
things the fellowing: (ef. also J. H, van Swieten: Tydschr. ter bevord. v. Nyverheid
1857, 1]: 157) One of the tobaseo planters who fertilizes well and who, up to that
time, hed suffered little from the disease, maintaing with an enviable sureness that
only poor fertilizing, insufficient plant-foed, is the cause of the disease. Many farmers
blame the westher. With one it is the rays of the sun which are Loo strong, with others
it iz the cold nights or frosty fogs wilﬂl g third it is the cold together with the wet

round which causes the disesse. There are very experienced farmers represented in
this group. The same is troe of the inllnwin}{ group, in which the gpinion has been
formed Lhat the condition of the seed (origin from plants that show the same disense)
is of great infuence. But here, too, serious eomparative experiments to support, the
theory are not cited, Furthermore, the opinion that the procedure in planting is of
E“t influence is very widespread, This goes so far, even, that the nicknume Jan

ont wos given to a farm-hand in Amerongen beeause he was known for his unloeky
hand in planting and was therefore responsble for much “bunted™ {BEﬂtbﬂdJ tobaec,
The opinions of this group as to whaet is the wrong treatment in planting, are also
widely “eolored” {divergent). Some have not formed a definite opinion about it
Others maintain that the evil lies in choosing o seedling with (oo strong a tap-root.
Still others, that it iz the plant with a long stem or alss IEIE somewhat etiolated plants
that are the cavse of it.

Htill others muintain with grent certainty that it is the planting in groumd that
has just been turned that is so dispstrous, beeause in {his way too mueh eald is brought
into the suhsoil. Some very intelligent farmers also put the lame on the hot beds in
which the tohoero iz sown. For example, they elaim to have notieed that the disense
has spread to a much more pronounced degree since the time that white paper, in-
stead of gray paper, had been chosen for the transparent eovering of the first place
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No matter how much one is justified in accepting, with a
shrug of the shoulders, such attempts at anixpﬁnatimj
they are not always to be rejected as a point of departure
for more exact questioning; and in every case we had to let
ourselves be led by them for a while until we had finally
come to the conclusion that it was necessary for us to com-
mence again from the very beginning. No matter how much
was undertaken by us in different direetions, we believe that
in this report we should briefly mention experiments that
led only to negative results, even though in the cCursory
perusal granted to a single paper to which our so much over-
read age must limit itself, the reader is usually so tired out
by the negative part that he has no more attention left for
ti‘:e positive results which are shown just before the gate
Closes,

Let me first mention in this short summary, that the first
treatment of this question came to us from the outside. On
the 23d of June, 1879, the Directors of the agricultural
society (Afdeelingsbestuur van het Genootschap von Land-
bouw en Kruidkunde) of Wyk near Duurstede directed a
communication to the board of direetors of the Ryksland-
bouwschool, in which there was first of all a report of a dis-
cussion of the society on the following subject.’ “What may
be the reason why the tobaceo plant has been suffering so
much these last few years from the so-called rust?” Since
no satisfying results were brought forth by this discussion,
they had decided to turn to the Rykslandbouwschool,
There were some healthy leaves and some leaves affected
by the disease included in the letter.

As is usual in such cases, the board of directors of the
Rykslandbouwschool immediately handed the letter and
the samples over to the Experimental Station.

First of all a comparative chemical analysis of the healthy
and the diseased tobaceo leaves was undertaken. This could
have possibly given some information as far as a difference
I nutrition is concerned, although a difference in composi-
tion is not to be interpreted with certainty in this direction.
?ﬁ?ﬂﬁilﬁapm&ﬂ:’m‘&tﬁhﬁﬁ@m dryness of the ot beds, or to their baing

Andd finally, there are many who hold the disewse to he entirely wnexplyinable,

sort of magie, and several Limes the warning cry ha , I
fined it, mever! ng ery has reached my ear: You will never

cﬂ;ﬂﬁel:rﬁ;fél: ?11:::11:-1 May, 1879, in lhenen, of, the report about it in Wyksehe
[14]

From these preliminary investigations, it was at least
clear that it probably could not be a lack of nitrogen, nor of

tassium, nor of lime, that had any connection with the
Fl;,veﬂ becoming diseased. Under usual circumstances there
is no question anyway of a lack of phosphoric acid in the
cultivation of tobaeco, since the tobacco plant needs very
little of this and, since, through the kind of cultivation here
practiced, an excess of it is put into the soil.®

Furthermore, the following comparative analyses here
may find their place.

Taobacco Soils from Rhenen
Tobacen Only Hitle

disensed diseased

I 2 3 4
Reaction weak aeid weak aecid
o % % Y% T

Loss of ignition 2.9 7.3 3.0 5.6

Sulphurie aeid 0.02 002 002 0.0I
Phosphoric acid 0.23 ©0.12 025 0.10
Chlorine 0.03 ©0.0I 002 —

Silicic acid ) 0.15 ©0.13 017 0.I9
Aluminum and iron |m 1.34 I1.II L5355 09I
Lime 8 014 ©0.08 021 008
Magnesium é 009 ©0.0I 0.II 0.01
Potassinm g 014 O0O7 011 007
Sodium ':g 0.05 0.2z 0.05 0.2I

=

3

From this eollection of various experiences it became more
and more plain that this malady eould not possibly be
interpreted as a mere nutritional disease. Aside from the
analyses that have been made, one must add to these ob-
servations the fact of the sporadic appearance of the disease
in scils that certainly have been uniformly fertilized, a
phenomenon that never characterizes a mere deficiency in
nutrition.

And, although under these circumstances I could find
little motive for proceeding to more extensive chemical soil
analyses, I still have some analytical figures from two
tobaceo-diseased soils that were determined by Dr. Pitsch,

¢ Bee my article on tehaceo eulture in Holland, Land. Woehenhbl. fiir das Gros-
sherzogthum Baden, 1879,
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and had already been used for a different purpose once
before.
These determinations are as follows:

Tabacco-discased Soil from Amerongen
No. 3 No. 4
per cent per cent

Decantable part 19.0 not deter-
Loss on ignition 4.8 mined, but
Water-holding capacity in per cent. vol. 36.4 very similar
to No. 3

Apparent weight 1.31 1.31
Content of alkali-soluble organic matter 2.6 2.9
Content of phosphorie acid 0.37 0.40
Content of phosphoric acid in alkali-

soluble organic matter 0.23 0.26

For us these figures are of value only insofar as they show
us that these tobhacco soils from Amerongen, even where
the mosaic disease appears in them, are in an excellent state
of fertility, and this, in spite of the fact that they were
originally sandy soils that naturally did not have this wealth
of organic matter and phosphorie acid. When one considers
the manner in which the tobaceo soils are fertilized every
year and how old the culture of tobacco is in these regions,
this result can hardly be surprising. However, it teaches us
at the same time that the answer to the question submitted
to us is not to be found in the field of nutrition.

In addition, T also further investigated eomparatively a
healthy and a diseased soil from Amerongen (Dr. Pitseh’s
No. 3) for lime, of which there usually is a dearth in the
sandy soils in question and which tobaceo needs in relatively
large quantities (almost 200 kg. per heetar) and in both
eases I found a little of this base, but no significant differ-
ences. In the zame way, a lime-fertilization experiment on
a tobacco-diseased field was without decided success.

These experiences, as has been said, compared with the
results of manifold inquiries directed to experienced tobaceo
growers appeared to be sufficient to abandon the idea of a
lack of nutrients as the eause for mosaic-disease and give
the experiments another, presumably more useful, direction.

For a time, at first, we searched for nematodes in tobacco-
diseased soils and in neighboring healthy soils, as well as in

[16]

the plants themselves, to which parasites my attention had
been drawn by the studies on flax blight” that T was making
at the same time.

Some nematodes were found, but they were of the type
characteristic of humus inhabitants without proving to
bear any relationship to the disease we were investigating.

Furthermore, as a result of communications from Herr
Versteegh in Amerongen and other members of the “Genoot-
schap voor Landbouw en Kruidkunde' our attention was
directed fo the growth conditions in the hot beds (small
houses) ; and, in the spring of 1880, an experiment was under-
taken in such a manner that the plants, in a hot bed eon-
structed solely for this purpose, were kept colder or warmer,
dryer or more moist, and more or less strongly fertilized
with nitrogenous fertilizer® and their development carefully
watched after they were transplanted in the open field.

They developed entirely normally without exeception and
grow very nicely towards the end of summer, although they
were not so well developed as other seedlings planted earlier
by us in the same soil and from ordinary hot beds. None of
the modifications employed by us in the regulation of the
hot beds has caused the mosaic disease.

According to this it is not to be accepted that the dizsease
in question is determined by the differences represented in
the seed beds themselves, i.e., stronger or weaker fortiliza-
tion, greater or lesser warmth, more or less moisture in the
first stages of growth.

Similar experiments were made with plants procured from
growers whose hot beds were kept at different temperatures
according to our records, and were transplanted by us;
these, too, as has been indicated, gave negative resulta.

In order to comply with the opinion of some growers,
other experiments were carried out simultaneously in con-
nection with the above, in which the planting was pur-
posely so done that the roots of the young plants were
varioualy bent or injured in all kinds of ways. Even such
abnormalities, as must often happen in careless transplant-

_’Ijér to now only published in Dhuich. of. Tydschrift vor landbouwkunde 1881,
p. 258,

¥ This 18 also in accord with the experiences in the culiure of tea, communicated to
me by the former inspector of the East Indian enltures Herr K. W, von Gorkum,
that one must nob wse & better anil for the tea plant beds than that which the tea
plantation offers to the older plants if one does nol want {0 experience n congiderable
reverse after transplanting.
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ing, proved fairly harmless as far as obtaining good plants
is concerned, and were in any case without influence on the
production of the disease.

In order to answer the question, which also presented
itself to us, as to whether the mosaic disease of tobaceo
eould possibly be connected with the sudden transition from
eonditions of great warmth with restrieted evaporation in
the hot bed to the opposite conditions, which the open field
presents, further experiments were instituted in the spring
of 1881. These were carried out in the following manner:
tobacco was grown in a room of unusual and continually
high temperature, and later transplanted into the open
field. If the disease occurred in samples thus treated, the
question was to be answered positively; if it did not oceur,
or at least not more frequently than usual, the question was
to be answered in the negative.

Hince the latter was the ease, I can be brief here in the
deseription of the experiments undertaken. On the 24th of
March the tobacco seed (the same that had been used for
the experiments in the preceding year) of the type “Onde
Groene,” which is almost exclusively cultivated in this
region, and is supposed to be a Maryland tobaceo that has
become acclimated, was sown in large prepared flower pots.?

The pots were covered with large glass beakers, set up
near & sunny window, and kept warm day and night by
means of a large water-bath whose temperature corresponded
approximately to that of the growers’ warmest hot beds, as
they generally are in May. As far as concerns the restriction
of evaporation, this was achieved to a degree not usually
reached; and our problem was the study of the influence of
this factor in its sudden change.

The results of these experiments also were purely negative.
It is true that in some cases the sudden transition proved
detrimental to the growth of the plants, but the disease was
not caused by this.

The opinion that plants standing too close together

¥ In this, large and small seeds were kept separate, Under “small” is to be under-
#lood in thie ease smoller than § mm. in dipmeter; “large” equals larger than this
burder line. The latter at first produced larger plants, I did not follow up these ob-
servations any further, but should like to recommend them to the growers, remarking
at the spme time that the selection of seeds in the eultivation of tobacco seems to be
an entirely unexplored field,

[15]

(etiolated) in the hot bed later acquired the disease was
also investigated and disproved.

In the meantime my attention was turned in snother
direction in the summer of 1881, mainly through corre-
sponding with the well-known horticulturist Witte in Leyden
and through a study of the disease in several experimental
fields of the Rykslandbouwschool, where foreign tobacco
varieties were planted for a different purpose. In the year
1881 there was an excellent opportunity to observe the
mosaic disease. It was generally prevalent in the surround-
ings of Wageningen and still more in those of Rhenen. Now
it was striking that all the foreign varieties of tobacco, even
though it was just these that had undergone a direct change
of climate of considerable extent, were entirely spared by
the disease, while in the rest it never was entirely absent.

Experiments of this kind were carried out in the year 188z,
on field plots that had been under observation before, be-
eause of the frequent appearance of the mosaic disease, as
well as on plots on which tobaceo had never before been
cultivated. These experiments were also combined with
others in which tobacco seed was used that had been pro-
duced by us in 1881 under precautionary measures that
prevented self-fertilization (eutting out the unripe stamens
and transferring foreign pollen to the stigma) and with
others in which seed from diseased plants was used.

All these differences in the origin of seed proved to be
without influenee on the incidence of the disease, which de-
veloped on the land already known to be disposed to the
disease, but on the other hand, did not appear on land
devoted for the first time to tobacco. Through this and other
observations the conjecture that we were dealing with a
disease caused by parasites was naturally strengthened.

I'mvpinG THE CAUsE oF THE DISEASE

Simultaneously with the experiments indicated above,
other experiments had been undertaken, which were con-
cerned with the discovery of a plant parasite. I have already
mentioned ineidentally that we also searched for Anguillulen
(nematodes) in the tobaceo-dizeased soil and in others. But
much earlier, immediately after the disease had first been
observed on living plants, their tissues were diligently
searched for fungi, animal parasites, ete., not only by me
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- but also several times by research workers of my acquaint-
ance. This investigation was at first without successful
results. Only one authority in the field of plant diseases
claimed to find fungus hyphae in the diseased parts of the
leaves, “which might develop into Leptoria (Septoria?) or
Phoma.” However, a [ully developed fungus never has
been found on the living plant; these unidentified threads,
therefore, must have been a secondary infection on the
wilted leaf.

Then I suddenly made the discovery that the juice from
diseased plants obtained by grinding was a certain infectious
substance for healthy plants. For instance, if one grinds up
finely a leaf that is clearly diseased with the addition of o
few drops of water and sucks the thick green emulsion thus
obtained into fine capillary glass tubes and then sticks these
into the thick leaf veins of an older plant in such & manner
that they remain without penetrating to the back of the
leaf, in nine cases out of ten one will be successful in making
the healthy plant, of which the leaf thus treated is a part,
heavily diseased.

The time between inoculation and the first unquestion-
able signs of the disease is regularly 10-11 days. At the end
of this period the disease puts in its appearance, not in the
leaf that has been inoculated, but in the very youngest
leaves, particularly those not vet developed at the time of
inoculation; and once a leaf shows this mosaic-like coloring,
it also appears unfailingly on all the younger leaves and on
all the shoots that develop in the axils of the diseased leaves.
The plant is diseased in all its younger parts, with perhaps
the exception of the blossom, if one does not break it off —
in all its older parts it is healthy.

It is self-evident from this that the disease will be the
more violent the younger the plant is when inoculated. It
seems to depend to a much lesser degree on the quantity
of the inoculum. One only has to be careful that the in-
oculum is really sucked up, which succeeds most easily with
watery inocula and when the leaves of the plant to be in-
fected are slightly wilted.

It follows that after this striking discovery the investiga-
tion of protoplasmic bodies of the extract from diseased
tobacco was again taken up with special zeal. It is true that
the frequently repeated mieroscopic serutinization of this

[20]

extract at first did not show any decisive results, for reasons
which are easily comprehensible to anyone who is familiar
with anything about bacteriological investigations and such.
Firstly, the juice pressed out of healthy and out of diseased
tobacco is rich in almost colorless particles in the proto-
plasm,'® which have a shape not unlike that of the red blood
corpuscles, only a little more sickle-like (half-moon-like) and
often eover up other, principally smaller, things. Besides
this, the extraet in both cases (although apparently pre-
dominantly in diseased leaves) is rich in smaller tetrahedric
particles, which slowly disappear in hydrochloric acid and
probably must be interpreted as being ealcium oxalate.
Whatever other smaller particles one may see in the sap
they are so indefinite, even when strongly magnified, that
one may not with certainty designate tﬂ&m as anything
organized. !

Later T tried to isolate these questionable organisms ac-
cording to Koeh's method and other methods; in many
cases I proved the presence of baetericlogical vegetation.
However, none of these, used as inoeulum, were infectious to
healthy tobacco. Likewise I inoculated the latter with a

eat number of well-known baeteria and fluids containing

acteria, which were in many cases isolated according to the
method given by Zopf, without resultant disease in a single
case. In order to spare other experimental workers in this
field fruitless labor, I mention here as such inocula:
Baelerium tumescens
Laetic acid bacteria
Baclerium subltilis
Glyeerin bacteria
Acetic bacteria
Pigeon manure (8 manure frequently used for

tobaceo hot beds)

Sheep manure (the usual tobacco manure in

Holland)

8. Chicken exerements

g. Cattle manure

10. Outhouse manure (used several times in “practice”
in cases where the disease appeared)

¥ These, however, do not show the albumen reaction, nor do they react to methyl
vialet, hut they ane somewhat colored by iodine.

" Hap from healthy plants does not produce the disesse, as [ have proved experi-
mentally—although to seme it may seem superfucus to have tried this.

[21]
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11. Grated old cheese

12, Horse manure

13. Extract from tobacco diseased soil
14. Putrefied legumes

However, there is another means of answering the ques-
tion, with what kind of disease one is dealing in this case,
than that at present generally used by mycologists. One
should realize that a definite capacity to infect, as has been
proved in our case, may be determined either by an unor-
ganized or an organized ferment. It is true that the former
would be rather unusual as a cause for a disease, and also
that an enzyme should reproduce itself is unheard of. Yet
this situation has been taken under consideration in the
following,.

An organized ferment also may be: a fungus or a bacteri-
um, and these two form-groups can be distinguished with
the aid of a mieroscope and also by a mechanical method.
May I remind you, that a mixed aleoholie and lactic acid
fermentation becomes purely the latter after filtration
through ordinary filterpaper, because the lactic acid bacteria
go through the pores of the paper by the thousand, while
the Saecharomyees cells do not.

The following experiments were carried out in order to
weigh these three possibilities.

First the inoeulum, which swarmed with cell-contents,
was filtered through ordinary filter paper and the filtrate
used for a great number of further inoculations.

Result: filtered extract has about the same effect (the
percentage of diseased plants is somewhat smaller) as the
original. If this frequently corroborated result seems to
establish the fact that the solid (organized) cell-contents are
not responsible for the transmission of the infection, one may
add immediately, that the particles deseribed in more detail
above, are all small enough to go through the pores in the
filter paper, even though in a somewhat different relation-
ship. It is not until one has repeated the filtration through
double filters that one finally succeeds in getting a elear
filtrate, This also was used for many infection experiments.™

Result: Filtrates that are clarified (purified) in any way
do not have the capacity for infection.

1 Sinee for all these experiments whole rows of plants were used.
[22]

With this (result) already, the possibility of an infeetion
through an enzyme-like body would be excluded; because it
definitely contradicts all the known characteristics of these
peculiar substances to be removed from a fluid in which
they have been dissolved by means of simple filtration. This
coneclusion is supported by the fact that an attempted iso-
lation, or better, concentration of an enzyme from the un-
filtered extract by precipitation with weak alechol, and re-
dissolving in water, & method that brings one nearer the
goal with all enzymes, led to no preparation eapable of
producing infection, in which experiments it was, however,
necessary to be careful to use finally a clear solution in which
no bacteria could be found.

At the same time experiments were undertaken with ex-
tracts kept heated at certain degrees of temperatures for
hours,

Result: Continual heating at 60° does not alter demonstra-
bly the capacity for infection, at 65-75° it becomes weaker.
Heating the sap at 80" for several hours kills the infeetious
substance.

These experiments,'® therefore, confirm the fact that the
infectious substance in question is subject to the living
conditions of organic ferments. But, according to the pre-
ceding experiments the objeet sought could be found only
in the organized particles. The question is more and more
narrowed down to bacteria and fungi, and, even to this, the
experiments described above give a quite unmistakable
answer. Fungi universally have too great a dimension to go
through the filterpaper. One might perhaps think of a gonid-
ial stage with particularly small spore-like reproductive
organs, but it would then be incomprehensible, how such a

assing stage in the life eyele of a fungus could again pro-
guce the same disease of which it was a product. Also, it is
impossible to assume that a fungous disease in any of its
stages should not have been recognized as such by us or by
experienced observers who took the trouble to inspect the
diseased plants microscopically.

In short, I eonclude, not basing my conclusions entirely
on new experimental facts, but also deducing in part from

" . , . .
it prseniation e chosn 1 A Toecion o deated st et

aap of healthy planta and infection of other Solunmoeas with the sap of diseased
tobacco—both without sucoess,
(23]
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facts already known, that we are concerned with a bacterial

disease, A closer knowledge of the form and mode of life ,
of the responsible bacteria cannot, of course, be obtained |
in this way and must be reserved for future research.

On the whole, I feel justified from my preliminary studies,
which at least have reached somewhat of a termination, in
drawing the following conclusions:

1. The mosaic disesse of tobacco is a bacterial disease, of
whieh, however, the infectious forms are not isolated nor
are their form and mode of life known.

2. The capacity for infection of the disease from plant to
plant under the artificial conditions of extract mixture is
proved with certainty. Under natural conditions no signifi-
cant infection takes place from plant to plant. The seed from
diseased plants can produce healthy plants.

3. The spreading of the disease substanece must be looked
for in the soil of the tobacco plantations and in the hot beds;
because eertain and particularly fields repeatedly grown to
tobacco are especially likely to be diseased. A case of trans-
mission of the disease with the soil has not been verified.

Of course, for the time being only uncertain precautionary -
measures can be mentioned, whose introduction by way of f
trial is nevertheless commendable. |

Wherever the disease appears in the hot beds, one should :
in any case change the soil and on the tobaceo plantations |
themselves a rotation of crops should be instituted. The |
diseased plants standing in the fields and the stalks remain- |
ing in the fields after the harvest should be removed in such |
a way that no part of them is returned to a tobaceo field. !

If possible, one should fertilize with materials that have
no lower organisms in them, as, for instance, pulverized peat !
and artificial fertilizers (among which a mixture of saltpeter -
and potassium chloride is commendable); and, if this is not
possible, one should use only one kind of natural fertilizer |
and, in any case, carefully record the experiences that are -
derived from this.

Ryksproefstation zu Wageningen, Fall of 1885.
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