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AN INSTRUMENT FOR MAPPING HOT AND COLD
SPOTS ON THE SKIN.

Preliminary Note.

VARIOUs defects and inconveniences in the apparatus em-
ployed by Blix, Goldscheider and Donaldson led to the deter-
mination to produce an instrument that would present a
metal point of any desired temperature at any point of the
skin, The temperature must be accurately known and must
not vary. A registering apparatus was also to be provided,
and the old system of testing till a spot was found and then
marking it with ink was to be done away with.

In the present instrument the hot or cold stimulus is
applied by water running through a small copper box that
comes to a point at one end. The constant stream of water
keeps the point at the temperature desired, and a thermometer
projecting from the top of the box indicates this temperature.
To prevent sudden changes resulting from the application to
the skin, the sides of the box are rather thick, thus providing
a mass of copper of great conductivity; a change of tempera-
ture at any one point is at once compensated by conduction
without any measurable effect on that of the whole box.

To apply this box to the skin, an arm has been constructed
which can be placed in any position and which by means of
rack and pinion gives a motion to the box in the three planes
of space. The arm is supported by a ball-joint so arranged
that it can be clamped anywhere to a table or a chair in a
manuner that will bring the point of the litttle box near the
skin-surface to be examined. Finer adjustments are made
by the screws of the rack and pinion. The point is now ap-
plied to the skin, and is moved forward by one of the screws
for a short distance, e.g., one centimeter, the person noticing
the temperature spots as the point passes over them. Then
the point is moved sideways one millimeter, and drawn back
again. In this way the whole surface can be gone over with
the greatest accuracy.

SCIENCE.

[Vor. XIX. No. 483

On the part of the'arm moving with the point is a small
electro-magnet carrying a pencil which descends when the
circuit is completed. On the part that does not move with
the point is a litttle flat plate, on which a piece of millimeter
paper is fastened. The circuit is closed by a key in the hand
of the person experimented upon whenever he feels a hot
spot or a cold spot; as the case may be. Since the pencil
executes the same motion as the point the result is an accurate
map of the spots directly on the millimeter paper,

E. W. Scriprurg, PH.D. (Leipzig).

Clark University, Worcester, Mass.

SOME USES OF BACTERIA.!

EvERY farmer, of course, appreciates the valueof keeping stock,
and you all know that you cannot run a farm without your cows,
your horses, your sheep, your hens, and your pigs. You do not
appreciate, however, that it is just as necessary to keep a stock
of bacteria on hand, on your farm, to carry on your farming opera-
tions. The farmer has learned to-day that he must keep a good
breed of cows and a good breed of stock in general, but farmers.
generally do not appreciate that it is equally necessary to keep a
good breed of bacteria. You cannot make butter or cheese with-
out cows; you cannot make butter or cheese satisfactorily without
kacteria. You cannot cultivate your fields without your horses to
help you, but all the cultivation that you might give your fields
would be useless were it not that these little creatures of which I
shall speak this morning come in after you get through and com-
plete the process which you have begun.

Now, probably many of you have never particularly thought
that your farm is stocked with bacteria, but they are there. They
are in your brooks, in your springs, in your wells, in your rivers;y
they arein your dairy, in your milk, in your butter, in your cheese,
in your barn. They are in the air, they are in the soil, and your
manure heap is a paradise for them.

Bacteria are in rather bad odor in the minds of most people,.
and we are all inclined to look with horror upon them. We have
a sort of shrinking when any one speaks to us of the number of
bacteria in the milk which we drink. The reason for this, how-
ever, is simply an historical one. When bacteria were first dis-
covered it was early noticed that they had a causal relation to dis-
ease, and scientists went to work from the very first to investigate
diseases in relation to bacteria. The result was that after a few
years a great deal of information had accumulated showing that
bacteria caused diseases. The so-called ¢ epidemics ” are usually
the result of bacteria, and with minds intent upon this side of the
question scientists did not pay much attention to the good that
bacteria might do in the world. It was more interesting to study
disease. People are very much interested when you begin to tell
them why it is that they have small-pox, why it is that they have
yellow-fever; the other side of the matter, however, is not so
interesting. ‘

But the fact is that the bacteria story has only been half told,
and thus far it is the smaller half that has been told, if there is:
such a thing as the smaller half. It is true that bacteria are occa-
sionally injurious to us, but it is equally true that they are of
direct benefit to us. Hitherto we have looked upon bacteria as
belonging to the medical profession; we think the doctors ought
to know about them because they produce disease, but ordinary
people do not need to bother themselves with these things. But I
think, before I get through with my talk this morning, you wilk
see that bacteria have a very much closer relatien to you as
farmers than they do to the doctors. It isthe farmer to-day who:
ought to understand bacteriology. Itis well enough for the medi-
cal man to understand the subject also, but bacteriology has
already become a medical subject, while the agriculturist has.
generally neglected it. ’

I propose in my talk this morning to point out to you a few
of the benefits which you as farmers derive from the agency of
these microscopic organisms. I shall divide the subject into four

1 An address by Dr. H. W, Conn, Wesleyan University, Middletown, Conn..
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heads. First, miscellaneous: At the very outset I am going to
say a word or two in regard to yeasts. Now, yeasts are not
bacteria, but they are microscopic plants closely related to bacteria,
and their agency in nature is very similar to that of bacteria in
some respects; so I shall say a word or two in regard to them.

What is the function of yeasts? Yeasts are plants which have
the power of growing in sugar solutions, and while growing
there they break the sugar to pieces and produce from it two com-
pounds; one of them is alcohol, and the other one is the gas which
we commonly call carbonic acid (CO,). We make use of yeasts
for various purposes along two directions. We may use them
either for the purpose of getting the alcohol or for the purpose of
getting the carbonic acid. For instance, you want to bake a loaf
of bread; you take your dough, you plant yeast in it and set it in
a warm place; now, there is always a little sugar in the dough,
and the yeast begins to grow, breaking the sugar to pieces as I
have just stated, and producing from it alcohol and carbonic acid.
The carbonic acid is a gas, and as the yeast grows and the car-
bonic acid makes its appearance in the bread, little bubbles are
seen in the dough until presently it. becomes filled with these
little bubbles of carbonic acid gas which render it lighter. Of
course, as the gas accumulates the dough swells, or, as we say, it
¢“rises,” Then you bake it, and when you takeit out of the oven
and cut it open you find that the bread is full of little holes.
Those little holes are the remains of the bubbles of carbonic acid
gas which the yeasts produced, and the object of growing the
yeast was simply to make those holes in the bread. The bread is
light, and the object of the introduction of the yeast is thus ac-
complished. You caunnot bake a loaf of bread, then, without the
agency of microscopic organisms.

In the baking of bread we have an instance of the use of carbonic
acid alone. In the manufactureof wine the object of the vintner
is to get the other product of yeasts, namely, the alcohol. He
grows yeasts in his grape juice, usually depending upon those
from the air. Again there is carbonic acid and alcohol produced
and the carbonic acid in this case passes off into the air during the
fermentation, while the alcohol remains behind; when the fer-
mentation has continued long enough a considerable amount of
alcohol remains in the grape juice, and thus produces the wine.
Similarly in the manufacture of alcohol or of any of the other
alcoholic liquors, such as rum or whisky, the same process is made
use -of ; that is, the little yeasts are planted in some sort of sugar
solution, it may be molasses, it may be barley; they grow there;
there they produce carbonic acid and alcohol; the carbonic acid
is allowed to go off into the air, and the alcohol remains behind.
Then by the processes of distillation the alcohol is separated from
the fermenting mass. The carbonic acid is all given off into the
air in these cases. )

In the manufacture of beer the attempt is made to get both
products of the yeast growth. In the making of beer the yeast is
cultivated in the same way in the malt; alcohol and carbonic acid
both are produced. After some fermentation the beer is put into
bottles. A certain amount of fermentation takes place after the
bottling. The carbonic acid thus produced is dissolved in the
liquid and soon accumulates so as to produce considerable pressure.
‘When the bottle is opened it is this gas which causes the froth at
the top of the beer. It is the alcohol which produces the intoxi-
cating quality in the beer, but it is the carbonic acid chiefly which
gives the beer its sharp, pungent taste. The alcohol aids, of
course, to a certain extent, but the carbonic acid is the chief fac-
tor in the taste of beer. It may be a little question whether it
is proper to use yeasts in this way, to produce rum, whisky,
alcohol and beer, with the untold miseries which they involve;
nevertheless, yeasts are at the foundation of the gigantic indus-
tries connected with distilling and brewing operations.

The farmer makes use of them in the manufacture of cider.
Yeast from the atmosphere is planted in his apple juice; it at-
tacks the sugar that it finds there, breaks the sugar to pieces, and
produces carbonic acid and alcohol as before. The carbonic acid
accumulates during the first day or two, and gives the sharp,
pungent taste that is noticeable in sweet cider. Later on the
alcohol accumulates in larger quantities, and that gives the taste
to hard, sour cider. After the cider has fermented for several days
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the carbonic acid is of second importance; the alcohol accumu-
lates until you get the strong, sharp, intoxicating hard cider.
So much, then, for the uses to which we put yeasts.

Now, leaving yeasts, turn for a moment to the consideration of
a few miscellaneous phenomena connected with bacteria. I may
take as a starting point this very product that I mentioned last,
namely, hard cider. Your yeasts produce alcohol in your cider.
You let your cider stand in a barrel for several months, and little
by little a change takes place in it; little by little the oxygen is
taken out of the air and handed over to the alcohol, and when the
alcohol gets hold of the oxygen it is no longer alcohol; it becomes
acetic acid, and your cider is changed into vinegar. Now, it has
been determined that it is through the agency of bacteria that the
alcohol succeeds in getting hold of the oxygen. Bacteria grow on
the surface of hard cider, forming a sort of scum, producing
indeed, what we call ‘‘ mother of vinegar.” These bacteria grow-
ing on the surface in some way take oxygen out of the air, pass it
down into the fluid, give it to the alcohol, and when the alcohol
gets hold of it, it becomes acetic acid, and you get vinegar where
you originally had cider. The manufacture of vinegar, then, isa
process dependent upon the growth of bacteria.

The manufacture of lactic acid is a process somewhat of the
same character. Lactic acid is not a commercial article of very
great importance, but still there are some factories in this:
country that manufacture it and put it upon the market to be
sold for certain purposes. In the making of lactic acid the manu-
facturer makes constant use of bacteria. By the cultivation of
bacteria in milk the milk sugar is changed into lactic acid, which
the manufacturer separates from the milk and puts upon the
market. So you see that the manufacturer of lactic acid is wholly
dependent upon bacteria; he could never produce it without their
aid.

Perhaps, under this head of ‘¢ Miscellaneous,”” I may just refer
to a matter which is of considerable practical importance, and that
is the matter of ensilage. We do not know very much about the:
theory in regard to the management of a silo at the present time,
but we do know: that the whole process of procuring proper and:
sweet ensilage is a process of properly managing bacteria growth.
If you manage the bacteria growth correctly your ensilage wilk
remain sweet and will become a food which is very desirable for
your cattle; but if you do not manage the bacteria growth cor-
rectly your ensilage will decay, it will become sour, undergo fer-
mentations, and you will suffer from it. It is, then, to bacteria.
that the farmer owes his new process of obtaining food through a
silo.

I will pass now to the consideration of the second topic, and
that is, the relation of bacteria to dairy matters. I have already
once or twice before in your meetings brought up this question of
the relation of bacteria to the dairy. At the meeting a year ago
some of you may remember that we considered the subject of the
fermentations of milk, when we saw that all of these fermenta-
tions, most of which are very undesirable, are connected with the
growth of micro-organisms. Now, so far as milk is concerned,
bacteria are pretty much of a nuisance. The milkman does not
want them ; they produce the souring of his milk; they make his
milk bitter or slimy; sometimes they make it blue, and they pro-
duce all sorts of abnormal fermentations which a milkman does
not want. But I am not to consider that side of the question this
morning, and I will pass the subject of milk and turn for a
moment to a consideration of the relation of bacteria to butter-
making and cheese-making.

Every butter-maker is acquainted with the fact that in the normak
process of making butter, the cream is collected from the milk
and then is allowed to ripen. It is put in some sort of vessel and
allowed to stand in a warm place for a day or so, and during that
time immense changes are taking place in it. At the end of the
time the cream has become slightly soured, it has acquired a rather
peculiar, pleasant, indescribable odor, and it has reached the proper
condition for churning. During that time, our microscope tells.
us that bacteria have been multiplying with absolutely inconceiv-
able rapidity. They multiply so that they increase during a day,
perhaps, five to six thousand-fold. Each bacterium with which
you start when you begin to ripen your cream, produces at least
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six thousand by the end of twenty-four hours, and usually they will
produce a much larger number than that. So that bacteria are
growing in this ripening cream with absolutely incredible rapidity.
Now, you butter-makers know that you gain some advantage
from ripening the cream, or, at least, you think you do. You
think your butter churns a little easier and that you get a little
more butter from a given quantity of cream if you ripen it, and,
above all (and this, perhaps, may be regarded as the chief value
of ripening), the butter acquires that peculiar, delicate, pleasant
aroma whichi is essential to a first-class quality of butter, that
peculiar aroma which is not acquired if you do not properly ripen
your cream before churning it.

Now, the explanation of the production of that aroma is simply
this: These bacteria are agents of decomposition. Bacteria, as
they grow in any solution, tend to decompose it or pull it to pieces.
If they grow in an egg, they decompose the egg and cause it to
putrefy and decay, and when they begin to grow in your cream
they begin the same process of decomposition. If you should let
your cream ripen for a week or two, you would very readily see
that the process of decomposition had taken place, and your cream
would become very offensive. The moment you begin to ripen
your cream, the bacteria begin to decompose it. Now, as the re-
sult of decomposition, a great many chemical products are pro-
duced, and they have all sorts of smells and tastes. If you should
let decomposition go far enough, you would get the bad odor of
decay, but you do not get that odor when decomposition begins,
The first of the decomposition products are rather pleasant in odor,
and pleasant in taste, and if you churn your cream at that stage
of decomposition, your butter is flavored with the early decom-
position products. This flavor is the aroma of good butter, this is
what fancy butter-makers sell in the market and get a high price
for. They get a high price, then, for the decomposition products
of bacteria, for a proper tasting butter brings a higher price than
that which does not have this aroma, and the aroma is the gift of
bacteria. You may ask, What becomes of the bacteria? Itreally
makes little difference what becomes of them. Some go into the
buttermilk, some go off in water used in washing, some go into
the butter and the salt kills them, It is no matter where they go.
After the butter is churned they are no longer of any importance
to you or any one else; their career, so far as the dairy is con-
cerned, is ended.

If the butter-maker owes something to bacteria, the cheese-
maker owes everything to them. The butter-maker cannot get
the proper aroma without the agency of bacteria, but the cheese-
maker cannot get anything. Of course you all know that fresh
cheese is very inane and tasteless. Nobody likes fresh cheese.
It has a sort of curdy taste and is quite unpalatable. You know,
however, that after cheese is made, it is set aside for a number of
weeks to ripen. It may ripenseveral weeks, or, perhaps, months.
Sometimes in the case of the best cheeses, it may be ripened a year
or more. Now, during that ripening process, exactly the same
changes are taking place that I have mentioned in cream. The
bacteria are growing, are attacking the casein, and pulling it to
pieces. They produce many changes in it, and cause an accumu-
lation of all sorts of materials which have peculiar tastes, and little
by little the cheese is ripened. After a while the cheese begins
to have a pleasant taste and then a strong taste, and if you leave
it long enough, you get a very strong cheese. The longer you
ripen a cheese, the stronger its taste becomes, An old cheese is
always a strong cheese, a fresh cheese is always a mild cheese.
The shorter the time you cultivate bacteria in it, of course the
slighter will be the changes which they produce; the longer you
cultivate the bacteria, the stronger becomes the cheese.

Now, in the ripening of cheese, we find the cheese manufac-
turer’s greatest difficulty. Every cheese manufacturer knows that,
under conditions which seem to be exactly alike, he may get good
cheese and he may get bad cheese. His cheese may become tainted,
it may become spotted with little red spots or some other abnormal
conditions may appear which he cannot account for. It would be
the greatest boon possible to the cheese-maker if we could, in
some way, enable him to correct his abnormal ripening processes,
and be able always positively to insure the proper sort of ripen-
ing. Now, this is plainly a matter which is connected with the
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planting of the proper kind of bacteria in a cheese and planting
them under proper conditions. Different kinds of cheeses are on
our markets. We have the Edam cheese, we have the pineapple
cheese, we have the Neufchatel cheese, we have the Limburger
cheese, and many other kinds. Of course, we all know that these
different cheeses have very different flavors. Now, in the pro-
duction of these different kinds of cheeses, there are different
methods used. For instance, in the manufacture of Edam cheese,
the cheese-maker puts a little slimy milk into the milk that he is
going to make into his cheese. That slimy milk contains a cer-
tain species of bacteria, and that peculiar species connected with
that slimy milk produces the peculiar flavor which we get in the
Edam cheese. Sometimes cheese is allowed to ripen soft for a
few days before it is pressed,- and when thus ripened, different
kinds of bacteria grow in it, and grow in it more rapidly and pro-
duce different odors. Experiments have just been begun along this
direction which show that it is possible artificially to ripen cheese
abnormally. You can take certain species of bacteria and grow
them in cheese, and you get a very atrociously tasting cheese, and
you can take others and get a very good cheese. Now, in the
use of yeasts, we have learned to plant yeast in our bread; we
have learned to plant yeasts in our material that we want to fer-
ment, if we are going to make alcohol, or, if we are going to
make beer. The brewer has learned that he must use an artifi-
cially prepared yeast. He has learned that if he simply allows
the malt to ferment naturally through the agency of atmosphere
yeasts, he does not know what he will get. It will ferment, un-
doubtedly, but it will be likely to ferment in an abnormal manner.
He, therefore, plants a pure culture of the proper yeasts. But we
have not yet learned to plant bacteria in the same way. The
cheese-maker has not yet learned to cultivate bacteria as the
brewer has learned to cultivate his yeasts. Some day, I think we
may say in the not far distant future, after our Experiment Sta-
tions have had time to work upon this matter a little longer, the
cheese-maker is going to be told of some way in which he can
cultivate bacteria as the brewer does his yeast, and then he will
know what kinds of bacteria will produce a badly-ripened cheese,
and what kinds will produce an exceedingly good cheese. The
time is coming, it has not come yet, but when it does come, we
can see that there will be a tremendous development of the cheese
industry in this country.

‘We know there are four or five hundred species of bacteria in
the world. They all produce different sorts of decomposition,
they all produce different odors and different flavors, and when
our scientific stations have taught our cheese-makers to cultivate
their bacteria and plant particular kinds of bacteria in the milk
of which they are going to make cheese, perhaps we are going to
have four or five hundred different kinds of cheese. For aught
we can see, it may be that the various species of bacteria will pro-
duce different flavored cheeses, and perbaps fifty years from now,
perhaps in less time, a man may go to the store and order a partic-
ular kind of cheese that was made by a peculiar kind of bacteria,
and another one made by another kind. We cannot tell what
possible development there may be of the cheese industry in the
future, and whereas now the cheese-maker must depend very
largely upon accident for the particular kind of flavor he is going
to get in his product, then he will be able to tell absolutely what
he must use in order to be able to produce the flavor that he wants.
The result will be a great development of the cheese industry, if
such time ever comes.

There will be another advantage in this development when it
comes.” We all know that once in a while cheese becomes poison.
Everyone has read in the newspapers .accounts of people who
have been poisoned by eating cheese. Under certain conditions,
cheese is very distinctly poisonous, and has produced very many
cases of sickness and many cases of death. Now, our chemists
have studied this poisonous cheese. They have found that it is
poisonous because of the production of a peculiar chemical sub-
stance in it which they have called ‘‘tyrotoxicon.” They have
found, further, that this tyrotoxicon is a poison produced by a
certain species of bacteria. Once in a while that poisonous kind
of bacteria gets into milk. The cheese manufacturer is entirely
innocent; he cannot help it, because he has no means of knowing
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anything about it. But occasionally they get in and his cheese is
ripened then under the agency of these injurious bacteria. The
result is, that his cheese becomes poisonous, and while he is per-
fectly innocent of any intentional wrong, the evil is done. Now,
when our cheese-makers havelearned to apply to the manufacture
of cheese the processes which our brewers have learned in the
manufacture of beer, these troubles can be prevented. Twenty
years ago, a Frenchman, Pasteur, undertook to make an investi-
gation of the diseases of beer, and he found that they could be
prevented by the use of a few simple remedies which prevented
the growth of the wrong kinds of yeasts or the wrong kinds of
bacteria in it.
brewery industry in France, and also to the manufacture of wine,
and the result has been that those diseases which used to be so
common and so troublesome to the vintners and the brewers have
practically disappeared. So, then, when we in the future learn
to apply similar methods in the manufacture of cheese, we may
hope for the disappearance of all diseases of cheese, including the
red specks in cheese, tainted cheeses of all sorts, and also the dis-
ease which makes cheese poisonous, as just mentioned.

You see, then, that to the dairy interests bacteria are of distinct
value. They give the aroma to your butter, and they give the
whole flavor to your cheese, or at least, the chief flavor. Without
them your butter would not command so good a price in the
market; without them your cheese would not command any
price.

I may now pass to the third branch of my subject and speak of
the use of bacteria as scavengers in the world. A tree in the
forest falls to the ground and it lies unmolested. It is at first
hard, solid, and impervious to all of the normal agencies. No in-
sects can touch it; they cannot bite the hard wood to any extent.
It lies there month after month., Little by little it begins to
soften.

First the bark begins to get soft and finally falls off. By-and-by
the wood gets quite soft, so that you can easily cut it, and perhaps
run a pointed stick into it. Then insects can get hold of it, and
they begin to eat it; they bore tunnels and begin to crawl through
it. The tree grows softer and softer, and finally, as you all know
from observation many times, the trunk of this tree becomes
softened into a mass of brown powder which sinks down into the
soil and disappears. What has become of that tree? A bird dies
and falls on to the ground, and unless some animal comes along
to eat the bird, you will notice that the tissues of the bird very
soon begin to undergo changes; they begin to soften; gases rise
from them; the flesh of the bird undergoes the process which we
call putrefaction, and that putrefaction results in the gradual
decomposition of the tissues. Little by little part of the material
passes off into the air as gas, and the rest of it sinks down into
the soil, and the bird disappears. What has produced all of these
changes? Did it ever occur to you to ask what the condition of
the surface of the earth would be at the present time if it were
not for these processes which we call the processes of decay ?
Suppose there were no agencies which caused the gradual soften-
ing and destruction of trees and the dead bodies of animals. Long
since the vegetable and animal life of this world would have
disappeared, and we should have had the surface of the earth cov-
ered with the accumulations of the growth of forests in past ages
that would have tumbled upon each other until there would be
such an accumulation of dead trees and dead leaves and dead
vegetation of all kinds on the surface of the earth, that plants
would not be able to grow. The dead bodies of all the animals
that have lived in the past would have been piled up until the
whole surface of the world would have been so covered by the
dead bodies of animals and plants that life would have become
impossible. These scavengers, these bacteria, are absolutely nec-
essary to us. It is through the agency of certain bacterial organ-
isms that the tree is softened so that insects can get at it. It is
through the agency of bacteria that the tissues of the bird are de-
composed and gases produced which pass off into the air. It is
these bacteria which cause all the changes in the bodies of ani-
mals and vegetables, decomposing them until they gradually sink
down into the soil and disappear. 8o it is through their agency
and this alone, that the surface of the earth is kept in a condition
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which renders it possible for life to continue to exist. Of course
you have all had experience of the value of bacteria as scavengers
in removing bad odors. We speak of scavengers as of value in
removing decaying material, but it is the bacteria which produce
the decay, and it is through their agency that all of these dead
bodies are broken to pieces and brought into a condition in which
they can be either incorporated into the soil, or passed off into
the air.

Perhaps I may here also say a word in regard to the agency of
bacteria as scavengers in the human body. We look upon bac-
teria in our bodies as causes of disease rather than things which
are of any value, and yet a healthy person always has bacteria in
large quantities in his mouth, in his stomach, and in his intestines.
The bacteria are always migrating in the body to places of abnor-
mal growths, and there is considerable reason for thinking that to
a certain extent these bacteria act as scavengers in the human
body. Some of them unquestionably act as producers of disease,
but, to a certain extent, it seems that these bacteria are of value
in assisting in the decomposition of tissues that should be decom-
posed, and there is reason for thinking that they assist in the

" digestion of food. There is no question that bacteria may assist

in the process of digestion and it is doubtless a fact that the bac-
teria which we take into our alimentary canal are not wholly in-
jurious. They may be possibly beneficial to us either in the line
of scavengers in removing material which ought not to remain in
our bodies, or in assisting digestion. This point, however, is not
yet demonstrated, and I merely allude to it as a possibility.

This may lead us to the fourth topic of my lecture, which I may
call the Agency of Bacteria in Plant Life.

Did it ever occur to you to ask why nature is perpetual? You
know animals and plants have continued to live on the surface of
the earth for hundreds and hundreds of centuries. The vegetation
that has been growing on the surface of the earth has been con-
stantly taking food out of the air and taking food out of the soil,
and animals have been constantly feeding upon the plants. But
the process seems to be a never-ending one. It would seem that
the material for plant food and animal .food would sometime be
used up; and yet nature is perpetual. Now, the reason that na-
ture is perpetual is, because animals and plants are enabled, by
certain processes of nature, to use the same material over and over
and over again, They can use material for food, and eventually
that same material gets in a condition in which they canuseit for
food once more. Let me take a single illustration, one that you
are probably all familiar with. Plants, as the result of their life,
use up carbonic acid of the air, and, in return, send off into the
air an equivalent amount of oxygen. Now, animals in their life,
take out of the air a considerable amount of oxygen and send off
from their bodies an equivalent amount of carbonic acid. You
see here one of the adjustments of nature. Animals use the excre-
tions of plants, plants use the excretions of animals. Theanimals
take oxygen and give off carbonic acid, and the plants take car-
bonic acid and give off oxygen. The process goes on continually,
and thus the condition of the atmosphere, so far as oxygen and
carbonic acid are concerned, is kept in the same normal state.
Thus, so far as these gases are concerned, nature is enabled to be
perpetual by the constant use of the same material over and over
again.

Now, this is not only true in regard to oxygen and carbonic
acid, but it is true also that all the other foods of animals and
plants are capable of being used over and over again, Plants live
upon phosphates, sulphates, and nitrates chiefly, as well as carbonic
acid. Animals live upon such things as albuminoids and starches
and sugars. Now, plants cannot live on the food of animals, and
animals cannot live on the food of plants. You and I cannot live
upon sulphates and phosphates and potassium salts and nitrates and
carbonic acid. These are what we call inorganic compounds in
nature. Animals cannot feed upon them, but plants can do so.
The plants can take those materials and manufacture out of them
the starches and sugars and fats and albuminoids, and then we can
take the starches and sugars and fats and albuminoids which have
thus been manufactured for us and feed upon them. You see,
therefore, that the plants serve as a medium of communication
between animals and nature. The world is made up chiefly of
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inorganic compounds like these phosphates and sulphates and
potassium salts, etc.,and the plants serve as a means of communi-
cation between animals and the inorganic world, for the plants
take these inorganic materials and make them into something
which we can use as food. Plants, then, are the means which we
have of making use of inorganic nature; or, in other words, the
whole animal kingdom is parasitic upon plants. But plants are
in their turn utterly unable to live upon animal foods. A plant
cannot feed upon albumen, a plant cannot eat starch, a plant can-
not eat sugar, a plant cannot eat fat; plants are unable to use the
foods that animals use, and when the body of a plant dies, although
it is in a condition to be used as food by animals, it is not in a
condition to be used again as food for plants. The dead body of
the bird is in a condition in which plants cannot make use of it
at all. A plant cannot use the albumen of the bird’s tissue; a
plant cannot use the fats in an animal; a plant cannot feed upon
the sugars that are in the dead sugar-canes; a plant cannot
feed upon the starches or the cellulose that is in the body of the
dead tree. Nevertheless, the plants do succeed in getting hold of
this food, and it is through the agency of these bacteria that we
are speaking of this morning that they do it. Just as soon as'the
body of an animal or plant dies, the bacteria get into it, begin to
grow in it, decomposing it, and pulling it to pieces. They pull
the starch to pieces, they pull the sugar to pieces, and albumens
and fats share the same destruction. Little by little they take
those compounds which plants cannot feed upon, and, by shaking
them to pieces, bring them down to simple combinations which
plants can feed upon.

Of special importance is one particular kind of organism known
as ‘‘ the nitrifying organism,” which produces nitricacid. Plants,
as I have said, cannot feed upon such things as albumen. The
putrefying bacteria can decompose aibumen and break it up into
certain simple compounds, but ordinary putrefying bacteria are
not able to break that albumen down far enough for plants to get
hold of it. Plants have got to live upon such things as nitrates
and salts of nitric acid. Now, there is one sort of bacteria living
in the soil which gets hold of the albuminous compounds and
forms nitric acid. This is the nitrifying organism, and the nitri-
fication ig the last stage in the decomposition process by which an
albuminoid is converted into a condition in which plants can get
hold of it. One practical application of this you are all familiar
with in the ripening of fertilizers. You know that green manure
is of absolutely or of practically no use as a fertilizer on your fields.
You know that it must first stand for a while and ripen, or *‘ rot.”
as you call it. Now, what is taking place in that fertilizer while
it is ripening ? Simply the series of ctanges that have been men-
tioned. That fertilizer contains chemical compounds of a high
degree of complexity, compounds that the plants cannot feed upon;
they are too highly complex for plants to use as food. Bacteria,
however, get into that heap and begin to grow in it; and, as the
fertilizer becomes ripened, these high chemical compounds are
pulled to pieces, they become converted into simpler decomposition
products, and eventually, if the ripening is continued long enough,
the fertilizer is in a condition fit for the fields. Now, when put
upon the fields, the plants can get hold of the material. You will
see now what I meant when I stated at the beginning of my lec-
ture that in spite of all the cultivating that you and your horses
might do in the fields, it would be useless without the agency of
these organisms. You might put on your fertilizer; bus, if that
fertilizer is not acted upon by bacteria, it will be of no use, and
thus the bacteria come in to complete the operation which you
began. You do your duty and the bacteria do theirs, and the
consequence is, the fertilizers which you are using are brought
into a condition in which the plants can get hold of them, and
thus the food of plants is produced. You see, then, that in this
way plants'and animals are able to use over and over again the
same material. The plant gets this material out of the soil and
out of the air; the animal comes along then and feeds upon the
plant; then the animal dies, and the plant dies, and the bacteria
get into the body of the animal or plant, pull it to pieces and pro-
duce from it decomposition products, and they get into the soil in
the form of nitrates and nitric acid compounds; or they go off into
the air in the form of ammonia and carbonic acid. The bodies of
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these animals and plants are thus reduced to simple conditions,
and now the plants once more get hold of them, and use as food
the same material that previous generations used. Thus over and
over again the same material is used, and thus nature is kept per-
petual. This is the explanation of the constant, perpetual growth
in nature. This is the reason that nature does not exhaust itself.
This is the reason that animals and plants have been enabled to
grow upon the surface of the earth for the past hundreds and hun.-
dreds of centuries.

But this is not the end of the agency of bacteria in plant life.
They are not only of value in ripening your fertilizers and in
keeping up this constant growth of nature, but we have learned
within the last two or three years that at the very foundation the
growth of plants is absolutely dependent upon these organisms,
and similarly in the future the continuance of the vegetable world
must be also dependent upon them. I have stated that natare is
perpetual because the same material can be used over and over
again. That is true in a sense, but not true completely, for you
will see with a little thought that little by little the soil is being
drained of its food, little by little the materials in the soil are
being turned into the ocean. A tree grows, takes out of the soil
its food, and finally dies. If it falls on to the ground, as I have
described, the bacteria get at it and grow there until the tree
eventually becomes wholly incorporated into the soil so that it can
be used once more as plant food.. But it may be that the tree instead
of falling in the forest falls into a river, drifts down the river,
begins to decay, and eventually goes into the oceaun. After the
products of decomposition are passed into the ocean, there is no¢
getting them back to the soil. ¢ The sea will not give up its
dead,” and the ocean does not give up the nitrogen and the other
salts that are gradually being carried to it by this process. Or,
again, a plant grows and produces wheat, produces fruit, produces
nuts, and the grain, the fruit, and the nuts are taken to the city to
be used as food for men. The food is used by men, and most of
it eventually gets into the sewage of the city, is carried down to
the river, and from the river it is carried into the ocean. So here
again through the sewage of our cities the foods which are sup-
plied to our cities are being thrown into the ocean, and thus the
soil is being drained of its foods. This process is not a rapid one.
It is only slowly that the foods are being taken out of the soil and
carried to the ocean. Nevertheless, it is the constant dropping
that wears away the rock, and it is easy for us to see that if this
process goes on age after age, our soils are inevitably doomed to
exhaustion. You know that many fields have become sterile, that
many farms have been worn out, that many gardens are becoming
infertile. You cannot cultivate your fields as you used to without
furnishing them food. In the Old World this is quite noticeable.
Although the constant draining of the soil by these agencies is &
slow one, it is a sure one, and if there is no way of getting nitro-
gen and other salts back from the ocean to the soil, it would seemr
that the life of all vegetation is inevitably doomed to exhaustion,
and with the life of vegetation the life of animals must cease, the
whole living world must end.

When the scientist observed this fact, he immediately looked
around to see if there was not a remedy for it. Now, as faras
some of the plant foods are concerned, there does not seem to be
any occasion for fear. The phosphates, the sulphates, and the
potassium salts, which are plant foods, seem to exist on the sur-
face of the earth in almost unlimited quantities. There have been:
immense amounts of these salts found in certain parts of the world,
and they can be mined at very small expense; they can be taken
all over the world and put directly upon the soil, so that the sul-
phates, phosphates, and potassium salts are in practically unlimited
quantities. 'We have no fear so far as they are concerned. For
an indefinite number of ages to come there is plenty of this sort
of food on the surface of the earth for us to supply to the soil.
But that is not true of the nitrogenous foods, Of course, every
farmer knows to-day that nitrogenous food is one of the very
essential foods of plants, and it is not true that there.is an un-
limited quantity of nitrogenous salts anywhere in the world. There
are few sources of nitrogen other than the soil. The chief one is.
the guano beds in the South Pacific. These are sources of nitro-
geneous compounds, and upon these sources the agricultural in~



May 6, 1892.]

dustry of the world has been drawing for years, and will continue
to draw until they are exhausted. But these sources are far away.
The nitrogen that we get from them is very expensive, and the
store is very limited in quantity. We can see in the not very dis-
tant future the complete exhaustion of all these nitrogen beds.
‘This has led scientists to look with a considerable degree of dis-
may upon the future of the vegetable world. What is going to
bappen when all the available nitrogen is used up? If we are
:going to continue to take the nitrogen from the soil, and throw it
into the ocean, we will soon exhaust the soil, and if there is no
store of nitrogen anywhere for our plants to draw upon, what are
our plants going to do in the future ?

Now, there is a store of nitrogen in the world which is abso- -

lutely unlimited, and that is in the air that surrounds us. The
air that we breathe is made up of four parts of nitrogen and one
part of oxygen. There are quantities of nitrogen everywhere if
the plants could only get hold of it, but it has been thought that
plants cannot feed on the nitrogen in the air at all. Experiments
‘have been carried on for a great many years to find out whether
plants could not in some way or other get hold of the nitrogen of
+the air. If we could only prove that our plants can get hold of the
nitrogen in the air then the problem is solved. But the experi-
ments which have been carried on year after year have seemed to
demonstrate that plants cannot use the nitrogen of the air for
food, that it is not in a condition in which they can get hold of it.
About ten years ago, however, certain experimenters in this country
and in Europe found that in some of their experiments plants did
in some way get hold of nitrogen from some source when it was
not fed to them; that a plant could be grown in sand absolutely
free from nitrogen, and yet in some way that plant got hold of
nitrogen; the only source for it was out of the air. That led to
further experimentation until within the last four or five years
the results have all been pointing in one direction. They seem to
show us that there is one family of plants, at least, which is capa-
ble of getting hold of nitrogen out of the air. This is the plant
family to which the pea, the bean, and the clover belong. It is,
in general, the pea family — the Leguminosce family of plants.
This family of plants in some way does succeed in getting nitro-
gen from some source when we do not give it to them as food,
and it must be that they get it from the air. And yet those ex-
periments are entirely contradictory to the earlier experiments,
which seemed to show that plants could not get hold of nitrogen
in the air. The explanation was not found until a few years ago.
Two or three years ago some experiments were performed in Ger-
many which have finally led to the solution of the problem, at
least in part, and, curiously enough, we find that the whole secret
.of the matter is connected with these organisms which I am dis-
.cussing this morning. It is to bacteria that we owe this power
which is possessed by plants of the pea family to get hold of
-nitrogen. If you plant peas in soil containing a certain species of
bacteria, or at least certain species of micro-organisms, these
:micro-organisms crawl into the roots of the pea, and then begin
to multiply inside the roots. The little roots begin to swell and
there appear upon them a lot of minute nodules, which have re-
ceived the name of ‘‘root tubercles.” If I am not mistaken, some
of those little root tubercles were shown to the meeting here last
evening. These root tubercles, as I say, make their appearance,
and it is found that wherever these root tubercles do make their
appearance the plant gets hold of nitrogen and grows well.
‘Where these root tubercles do not make their appearance the plants
are unable to get hold of nitrogen unless it is fed to them. Now,
these root tubercles are produced by bacteria, and these root tuber-
cles are the agencies by which, in some as yet unexplained way,
the pea gets nitrogen out of the air.

Thus you see that in the final analysis of the life of a plant, in
the assimilation of nitrogen from the air, we are brought to the
conclusion that it is the agency of these minute microscopic organ-
isms that is the source of the assimilation of nitrogen from the
air by plants. Thus we owe the growth of these plants to bac-
teria. How the bacleria get the nitrogen out of the air has not
yet been explained.

Even before the scientists made this discovery, the farmer had
made the discovery practically on his farm. You have known
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that you could, in some, to you inexplicable, way, rejuvenate an
old worn-out soil by cultivating clover upon it, or by cultivating
beans. That has been the practice of farmers for years. It has
been found that in someé way the cultivation of clover, instead of
exhausting your soil as the cultivation of some plants does, really
increases the fertility of the soil. You cultivate your clover for
one season, then the next season you plow the roots into your soil,
and you find the field will produce a better crop than before.
This result is brought about through the agency of these organ-
isms. The clover belongs to the family of peas, and clover is one .
of the plants that this particular species of bacteria that I am
speaking of can attack. The bacteria in the soil get into thege
roots, grow in them, produce these root tubercles, and by means
of these the clover gets nitrogen out of the air and stores it up in
its roots. The next season you plow the roots into the soil, and
then come the nitrifying bacteria which pull the roots to pieces
and decompose them into the condition of nitrates, and then the
next season the plant which you sow gets hold of the nitrates
which came from the roots of the clover and which has been brought
there through the agency of these bacteria. You see, then, that
the farmer owes everything to the bacteria.

I think you will find that I am justified in the statement I made
at the beginning, that the study of bacteriology to-day is even more
truly a department of agriculture than of medicine. The bacteria
belong to the farmer more truly, or at least as truly, as they be-
long to the physician.

Now, I must draw my remarks to a close. Let me, in conclu-
sion, say that we must not think too hardly of bacteria. It istrue
they are the causes of evil, it is true that they produce disease,
but it is also true that they do good. It is true that they are our
enemies, but it is also true that they are our closest allies. It is
true that without them we could not have our small-pox nor our
yellow-fever, we could not have our diphtheria or our scarlet-fever,
neither could we have the epidemic which is at present going over
this country, nor, in fact, should we have any of our epidemics,
were it not for the bacteria. But when we remember that it is
through the agency of these organisms that we bake the loaf of
bread that comes on to our table, that it is through their agency
that the immense brewing industries are able to exist, that it is
through their agency that the industries connected with the manu-
facture of alcoholic liquors are possible; that without them we
could not get our vinegar or our lactic acid ; that without them we
could not make our ensilage; when we remember that these bac-
teria give the butter-maker the aroma of his butter; when we re-
member that it is the decomposition products of the bacteria that
the cheese manufacturer sells in the market; when we remember
their agency as scavengers, how it is that they keep the surface of
the earth clean and fresh and pure and in a constant condition for
the continued growth of plants; when we remember their value to
the soil in decomposing the dead bodies of animals and plants, and
thus enabling the same material to be used over and over again
for the support of life, and hence making possible a constant, per-
petual condition of nature; and when we remember, lastly, that it
is only through their agency that plants were originally enabled to
get hold of nitrogen at all, and that it is only through the agency
of these bacteria that we may hope for a continuance of a supply of
nitrogen to the soil,— when we remember all these things, I think
we will recognize that the power of the bacteria for good far out-
weighs their power for evil. Without them we should not have
our epidemics, but without them we should not exist. Without
them it might be.that some individuals would live a little longer,
if we could live at all. It is true that bacteria, by the produc-
tion of diseases once in a while, cause the premature death of an
individual; once in a while they will sweep off a hundred or a
thousand individuals, but it is equally true that if it were not for
them, plant life and animal life would be absolutely impossible on
the face of the world.

THE Grand Honorary Walker Prize of the Boston Society of
Natural History, a sum of one thousand dollars, has just been pre-
sented to Professor J. D. Dana of New Haven. Previous recipients
of the prize have been Dr. Joseph Leidy, Mr. Alexander Agassiz,
and Professor James Hall,



