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NE of the greatest of the practical problems presented for
solution by agricultural chemistry is the conservation

of plant food. With an abundance of plant food and a favoring
climate, it is difficult to place a limit to the power of the earth
for supporting life. We have read much in political economy
of the limit of subsistence, and one bold philosopher has based
a theory of the limitation of the number of human beings upon
the earth on the insufficiency of the earth to support a greater
number. Happily, however, the Malthusian philosophy was
promulgated before the days of that great agricultural renais-
sance which has been brought about chiefly through the efforts
of experimental agricultural chemistry. I am not so blinded
by the achievements of agricultural chemistry as to deny to
many other branches of science an important and, in many
cases, necessary influence in this development of agricultural
science; but I think every candid man will admit that in this
development chemistry has always taken the front rank and led
the way. This is pre-eminently true of the investigations into
the nature and extent of the plant food available on the surface
of the earth. In this country, owing to the great stores of
wealth which the past had accumulated in the soil, it is only
within recent years that the question of the supply of plant
food has assumed any practical importance. As long as there

1 Retiring address of the President of the American Chemical Society, Baltiniore
Meeting, December 27, 1893,
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were virgin fields at the disposal of tlie agricultural rapist, the
conservation and restoration of exhausted fields was of little
cousequence. The result lias been that the wealth of huudreds
or. perhaps, thousands of years slowly stored in the soil las
been poured forth i1 a century, not ouly for the eurichinent of
this country, but for the benefit of all countries. - Unfortunately,
or fortunately, thiese stores are now practically explored and
there is little left in this land of virgin fertility to tempt the
farmer to new conquests. Not ouly have these stores of plant
food been utilized. but, much to the discredit of the Awmerican
farmer. they have been wasted. The mark of good agriculture
is to see fields yielding amnually good returus and increasing, or
at least not lessening in fertility. Tins being true. the history
of American agriculture to within a few vears must be the
history of bad farming. for everyvwliere we Luve scen fertiie
fields losiug their fertility and farms once productive abandoned.
No differenice how great thie store may be, if it be coutiunally
drawn upon and never replenished. the day will some time
comte wlen it will be exliausted.  This day has conte to a large
portion of the agricultnral lands of this country and to-duay
there is an awakening evervwhere in regard to the best niethods
of chiecking the waste aud of restoring what hias been lost.

I desire for a brief period. on tins occasion, to call the atten-
tiotl of the clientists of this country to sonte of the methods by
wlicli plant food is renoved from the fields and sonte of the direct
and ifudireet wayvs i which it 1s aud may be returned.  On a
former occasion’ I have discussed the extent to whiclt plant food is
renioved from the soil directly in the crops and the daugers
whicli arise to an agricultural comtmnnity which continually ex-
ports its agricultural prodnets.  On that occasion I pointed snt
the amount of potash. plwsplioric acid. and nitrogen per acre
annnally rentoved Dby the crops of the Umted States, nnd
shiowed that the ouly safe agricultural products to send out of a
country were sugar, oil, and cottoir. It is true thut with mitive,
untexhausted soils a country may acquire great wealth by agn.
cultural exports. but thie Instory of the world shows that a

1yice Presidentin] Address betoye the Anerican Mssocianon for the Advancemaont

of Science. Baffalo, 1»306.
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country which depends for its wealth and its commerce on
agricultural exportation is in the end reduced to pauperism.
A single example may serve to a¢centuate this remark; I refer
to the island of Cypress, which two thousand years ago was the
granary of many cities bordering on the Mediterranean Sea.
Supplying hundreds of thousands of people with corn, it grad-
ually became impoverished, and to-day its soils are perhaps the
poorest of any known.

The waste to which I desire to call your attention to-day
is not that which normally takes place in the production
of a crop, but that which is incidental to the cultivation
of the soil and to a certain extent unavoidable. My purpose
is to develop, if it be possible, the relations of agricultural
chemistry to this waste, with the purpose of pointing out
a course by which it can be returned and in what way we
may at least reduce to a minimum the unavoidable removal of
valuable plant food. You have all, perhaps, surmised the
character of this waste; I refer to the denudation of fields by
water and to the removal of soluble plant food by the percola-
tion of water through the soil.

The losses due to the denudation of fields are purely of a
mechanical character. The natural forest, or the natural cover-
ing of grass over an area of soil, prevents, to a large extent, the
denudation due to heavy downpours of rain. The removal of
the forest, and the destruction of the grass by cultivation,
leave the soil in a condition in which it is unable to resist the
action of flowing surface water. The muddy character of the
water in all streams bordering on cultivated hilly fields after a
heavy rain storm is a familiar instance of the tremendous
energies which are exerted by a heavy downpour of rain in the
carrying of the soil into the streams and its transportation
towards the sea.

It is not necessary to emphasize the fact that the agricultural
chemist is practically powerless to prevent the surface erosion
due to heavy rains, but a few practical lessons derived from the
application of chemical discoveries to the soils show how, in a
certain measure, even surface erosion may be controlled, or at
least reduced to a minimum by the application of the principles
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of culture founded upon tlie facts disclosed by advanced science.

The observing agriculturist will have uoticed that even in a
hilly country a soil /7 sifx underlaid by limestoue is less likely
to be cut up by gullies than a soil similarly situated and
deficient iu carbouate of lime. The reason of this is plain. In
a soil deficient in lime the clays wlien once brought into suspen-
sionn by nioving water assuie a semi-colloid state and rewmain
indefinitely in suspension. Clays, on the other hand, which
are heavily impregnated with lime salts are in a flocculated
state, and the larger aggregates tlius prodiced settle quickly.
The result of this is that such a soil is less easily moved by
water, aud a field thns treated less cxposed to washing by
heavy rains.

Our kuowledge of flocculation aud its physical and clhiemical
results is due largely to the investigations of Shulze, Schloesing,
and Hilgard, and tlie results of tlieir researclies have shown in
a niost emiphatic way thie beneficial changes whicl take place
especially in stiff clay soils, by thie application of e,

It is thus an incontrovertible fact that the surface washing of
cultivated fields, especially if they Dbe mnaturally deficient in
linte, could be greatly diminished and has been greatly dimin-
ished by the free application of this substaunce.

The change in the physical couditionn of the soil, which is
produced by tlie linie, is also anotlier important factor worthy of
cousideration. A stiff clay soil is almost impervious to the
penetration of surface water and thus the amount which is
carried off is raised to a maximuui. A well limed soil, ou the
contrary, in which the particles are perfectly flocculated, is
niuch more pervious and the aniount of water which will be
retained and delivered gradually to vegetable growth is miuch
greater. Thus the beneficial effects of lime are manifested in
botlt ways; in the Dbetter reteution of the flocculated clays and
in increasing the capacity of the soil for hiolding a given amount
of water in its interstitial spaces.

There are many other salts which also have the sanie prop-
erties as those of lime, but I have spoken of linie salts chiefly
because they are cheaper and, therefore, more economiically
applied. Perliaps next to linie, counnon salt would be the most
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efficient in producing the results already described; but com-
mon galt being extremely soluble would soon be leached out
of a soil. On the other hand, lime, even when supplied as
hydrate, in which case it is somewhat soluble, quickly becomes
converted into a carbonate which is practically insoluble in
water which does not contain an excess of carbon dioxide.

I am aware of the fact that liming to prevent erosion by
surface drainage has not been emphasized as an example of
the benefit of the proper chemical treatment of soils, yet I feel
sure that all who will give the subject a thoughtful considera-
tion will agree with me in saying that this aspect of the subject
is one of no small importance, especially when considered in
respect of hilly fields, and even of fields of more level surface.

Without dwelling long upon this point, it is only necessary to
call your attention to the immense quantities of soil material
annually conveyed to the sea by the causes of erosion already
mentioned to show what an active and powerful foe the farmer
has in this source of loss. Anyone who watches, even for a
short tinie, the volume of water carried by the Mississippi into
the Gulf of Mexico will have a most effective object lesson in
regard to this source of loss.

A more striking lesson may be seen in the hill regions bor-
dering both banks of the Ohio river. Hundreds of fields once
covered with sturdy forests of oak, maple, and walnut, and
afterwards bearing large crops of maize, tobacco, and wheat, may
now be seen furrowed with gullies, as with the wrinkles of age,
and abandoned to brush and briers. The same is doubtless true
of other hill regions, but I speak the more advisedly of those
which have come under my personal observation.

Great, however, as the mechanical loss of plant food is, it is
by no means as dangerous as the loss of the soluble materials
caused by the percolation of the water through the soil. The
study of the nature of the loss of these soluble materials,
together with the estimation of their amount, forms the subject
of lysimetry. Agricultural chemists have used many devices
for the purpose of determining the character and amount of the
natural drainage of soils. Evidently the treatnient of a special-
ly prepared portion of soil by any solvent, although giving in-
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teresting results, does not indicate the natural course of solu-
tion. The only way in which this can be determined i% to be
able to collect, measure and study the character of the drainage
from a given portion of the arable surface of the earth 7n sifu
and under normal conditions. Various methods of lysinetric
investigation have been proposed and used, all of them possess-
ing many points of value.

An excellent system of such observation has been estab-
lished, for instance, at the Agricultural Experiment Station
of Indiana. It is not my purpose, however, to discuss the
mechanical details of lysimetry, but only to call your attention
to the main principles which underlie it. The movement of
water near the earth’s surface is a matter of especial interest to
agriculturists. Whitney' has clearly pointed out that the little
excess or deficiency of water is of far more importance to the
growing crop than the quantity of the excess or deficiency of
its other foods. Soils richest in plant food will produce a small
harvest if there be a great excess or deficiency of water, while
soils which are poor in plant food will produce an abundant
crop if the water be present in proper amounts and have proper
aud timely access to the rootlets of the plant. The study,
therefore, of the water movemett in the soil, whether laterally,
upward, or downward, is of the utmost practical importauce.
The methods of a study of this kind have been well established
by King.

The plant food of the soil, it is well understood, only has
access to the absorbent organs of the plant when presented in a
proper soluble or semi-soluble form in connection with water.
From a chemical standpoint, in connection with the subject
under discussion, the movement of water in the soil should be
considered in connection, not alone with its power of dissolving
plant foods, but with especial reference to its power of carrying
them not only away from the reach of the roots of the plant,
but even out of the field and into the streams and rivers and
eventually into the sea. For our present purpose, therefore, we
have only need to examine lysimetric observations for the

1+ Some Physical Properties of Soils,"” U. S, Weather Bureau, Bulletin No. 4.

2 Ninth Annual Report of the Wisconsin Experiment Station, p. 129, ¢ seg.
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purpose of determining the kinds of plant food which are most
exposed to waste. It is not my purpose to take your time here
with a vast array of figures, but I desire only to call your atten-
tion to the fact that of the chief plant foods, potash and the
nitrates are the ones which are most exposed to loss.

The earliest systematic investigations of the quantity and
composition of drainage were commenced at the Rothamsted
Station by Lawes and Gilbert', in 1870. Lysimeters were con-
structed for the collection of the drainage water from thirty,
forty, and sixty inches depth of soil, respectively, the soil and
subsoil being kept in the natural state of aggregation.

Lawes and Gilbert call attention to the fact that, probably,
at the Rothamsted Station, not more than five pounds of nitro-
gen are secured per acye each year from the atmosphere and the
rain-water, while the average loss of nitrogen through the drain-
age water is over thirty pounds per acre. The quantity, of
course, varies with the amount of rain-fall and the activity of
nitrification. They speak of the possible exaggeration of
the loss of nitrogen on account of the fact that the air
had access to the soil both from below and above and therefore
the process of nitrification where the lysimeters were placed
might have been intensified.

Among the latest researches on this subject are those of
Deherain.®? It is pointed out by this author that the charac-
ter of the crop grown upon the cultivated field has much to do
with the determination of the loss of nitrogen per acre. Those
crops which require an immense amount of moisture for their
growth, such as the sugar beet, would tend thereby to prevent
the loss of nitrogen in the drainage waters, the nitrates being
stored in the beet instead of being given up to percolation. In
general, it may be said that it is the quantity of the drainage
water rather than its richness in nitrates which determines the
total loss due to percolation, and from this it may be inferred
that the loss by drainage is directly proportional to the rain-fall
and inversely proportional to the magnitude of the harvest.
The season at which the greatest loss takes place is also, there-

1 Jour. Roy. Agric. Soc., 17, 241-79 and 311-50; 16, 1-71.

2 Annales Agronomigues, February 25, 1893, pp 65, et seq.
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fore, the omne in which tlie growth of the plaut is the least
vigorous, provided that the vigor of nitrification and quantity of
rain-fall remain the same. When plants grow vigorously
and when they occupy the soil for a long time, the losses
due to drainage are reditced to a minimum.  Ou the other hand.
with plants whicl rapidly ripei. so that the harvest follows soon
after the sowing, thie losses are greater.  The farmer, therefore,
who suffers a failure of hiis crop, not ouly loses from the suall-
ness of the liarvest. but also by the percolation of thie water
through the soil. For thiis reason, it is obvious that leaving
fields fallow is a very dangerous proceeding.  Delierain found
that fallow fields during the scason lost as higi as fifty kilo-
grams of nitrogen per hectare, corresponding to 330 kilograms
of nitrate of soda, worth seventy-six francs.  These figures
shiow plaiuly tlhie maguitude of the losses which tuke place
tlie one item of nitrogen aloue, due to the percolation of rain-
water thirough tlie soil.

In this conmnection it may be of interest agaiu to refer to the
favorable action of lime in a great many soils in regard to 1ts
power of increasing tlie ability of a soil to liold the solnble
plant foods against tlieir removal by water. This favorable
action is particularly ianifested 11 many soils i the power of
lime to increase their capacity for holding potasl.

Wariugton explains this action of the lhme salts. especially
tlie carbouate, by suggesting that by combining with tlie acids
of certain salts, as tlie carbouates, sulphates, clhilorides, and
nitrates, they allow tlie bases of these salts to uuite with the
hydrated wmetallic oxides. The carbouate of liue also converts
the soluble acid phosphates, applied 111 manu:e, to the sparingly
soluble calciui pliospliates, which, as they gradnally enter into
solution are converted mto ferric and aluninic phosphates.  An
admirable description of thie absorptive power of soils has been
given by Warington' and many other authors have also dis-
cussed this matter iu detail.

We can see from the data given above liow water continually
acts upou a soil in the removal of certain soluble plant foods.
It might be inferred {rom this that all aruble soils exposed con-

P Practice withh Science. 2.
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tinually to rains would soon be exhausted of all valuable,
soluble plant food. But it has also been pointed out how certain
constituents of the soil have a faculty of absorbing and retaining
materials which are soluble i water under ordinary conditions.
It must not be forgotten also that the rain-water which descends
upon the earth is not pure. Rain-water brings to the earth a
certain amount of valuable plant food. Not only does it absorb
and hold in solution ammonia and nitric acid, which may be
formed by the electrical discharges in the air, but it also collects
and brings to the surface of the earth vast quantities of meteoric
dust containing valuable fertilizing principles. Thus we have
constantly entering the soil water which contains more or less
of the materials necessary to plaut growth. Even the drainage
waters, which leave an arable field, may not reach the sea
without giving up much of this material. The drainage waters
in passing underneath the earth’s surface take devious courses
and are often brought near to the surface again or are poured
upon soils which are quite different in their texture from those
furnishing the materials in solution. Sterry Hunt' has poiuted
out how such waters sooner or later come upon perineable strata
by which they are absorbed aud in their subterranean circulation
undergo iniportant changes. Especially when these waters
reach argillaceous strata their content of neutral, soluble salts
may suffer great changes. Such waters charged with organic
and mineral materials contain usually large amounts of potas-
sium salts and notable quantities of silica and phosphates, and
in many cases ammoniated salts, and nitrites or nitrates.

The experiments of Way, Voelcker, and others have shown
that in contact with argillaceous sediments these waters give up
their potash, ammonia, silica, phosphoric acid and organic
matter, which remain in combination with the soil; on the
other hand, soda, magnesia, sulphuric acid and chlorine are not
removed from the drainage waters. Eichorn attributes this
power of selective absorption in the soil chiefly to the action of
hydrated double aluminum silicates, and supposes that the
process is one of double exchange, equivalents of lime or soda
being given up for the potash retained. By this power of

1+ Chemical and Geological Essays,"” 95.
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selective absorption the mineral matters required for the growth
of plants tend to be retained in miost soils, while those not
required for the growth of plants are removed. Nevertheless.
much of the valuable mineral material iu solution must escape
absorption and finally find its way into the streams, rivers, and
seas.

From the foregoing suinmary of the niethods of waste of plaut
food it has been seen that in spite of all the precautions of the
farmer and tlie chemist, and in spite of the selective absorption
of the soil, inimense quantities of valuable plant food are carried
into the sea, where apparently thiey are lost to agriculture for-
ever. But this is only an apparent loss. The econouies of
nature are so happily adjusted as to provide a ineans of grad-
ually returning in some form or other to the power of the farmer
the plaut food which has been apparently destroved. It is true
that this return will probably not be to the locality where tlie
waste originally occurred, and it may not take place until after
the lapse of thousands of years, but this is of no cousequence.
Provided arable lands in general receive in some way and at
soine tinie a certain return for tlie plaut food removed, it is
entirely immaterial whether this be tiie original plaut food
removed or othier equally as good.

The sea is the great sorting ground into which all this waste
material is poured. The roller processes of nature, like tlie
mills of the gods, grind exceedingly slow and small, and the
sea becomes the bolting cloth by which the products of milling
are separated and sorted out. As soon as this waste material is
poured into the sea, the process of sorting at once begins. The
carbonate of lime becomes deposited i vast layers, or by organic
life is transformed into immeuse coral forinatious or into shells.
Phosphoric acid is likewise sifted out into phosphatic deposits or
passes into the organic life of the sea. Even the potasl, solu-
ble as it is, becomes collected into inineral aggregates or passes
into animal or vegetable growth. All these valuable materials
are thus conserved and put into a shape in which they may be
returned sooner or later, to the use of man. Iu the great cos-
mic economy there is no such thing as escape from usefulness
of any valuable material.
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Sterry Hunt' has called especial attention to this sifting and
sorting power of water and the importaut part it plays in the
formation of crystalline rocks. *‘ Igneous fusion,’’ he says, “‘de-
stroys the mineral species of the crystalline and brings them
back as nearly as possible to the great primary and undiffer-
entiated material. ‘This is tlie great destroyer and disorganizer
or niineral as well as of organic matter. Subterranean heat in our
tinie acting ou buried aqueous sediments destroys carbonates,
sulphates, aud chlorides, with the evolution of acidic gases and
tlie generation of basic silicates and thus repeats in miniature the
conditions of the anteneptunian cliaos.

““On the other hand each mass of cooling igneous rock in
contact of water begins anew the formative process. The hy-
drated amorphous product palagonite, is, if we may be allowed
the expression, a sort of silicated protoplasm and by its differ-
entiation yields to the solvent action of water, the crystalline
silicates which are the constituent elements of the crenitic rocks,
leaving at the same time a more basic residuum abounding in
niagnesia and iron oxide and soluble not by crenitic but sub-
aerial action.”’

Let me call attention, for a few moments, to some of the niore
important ways, pointed out through the researches of agricul-
tural chemists, in which these waste products are restored.
We are inclined to look upon the sea as devoid of vegetable
growth, but the gardens of the sea are 110 less fully stocked with
economic plauts than the gardens of the land. The sea-weeds
of all genera and species are constantly separating valuable ma-
terials from.the waters of the ocean and placing them again in
organic form. Mauy years ago Forchhammer® pointed out the
agricultural value of certain fucoids. Many chemists have con-
tributed important data in regard to the comiposition of tliese
bodies. Jenkins® gives analyses of several varieties of sea-weed,
showing that in the green state it is quite equal to stall manure.
The farmers are said to pay as high as five cents a bushel for it.

Goessmann* also gives analyses of several varieties of sea-weed.
1 Mineral Physiology and Physiography, 188.
2 J. prakt. Chem., 1st Series, 38, 388.
8 Annual Report, Conn. State Exp't. Sta., 7890, 72.
4 Aunual Report, Mass, State Exp't. Sta., /887, 223.
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We are indebted, however, to the reports of Wheeler and Hart-
well’ for the fullest and most systematic discussion of tlie agricul-
tural value of sea-weeds which has been published. Their inter-
esting and elaborate report was published in January, 1393.
Those who are interested in the details of this work can find all
known publicatious ou the subject properly arranged, classified,
and studied in the publication mentioned. We learn from this
publication that sea-weed was used as a fertilizer as early as the
fourtlh century, .and its importance for this purpose has been
recognized niore aund more in modern days, especially since
cliemical investigations have shiowu the great value of the food
materials contained therein.

To show the coinniercial importaiice of sea-weed as a fertilizer,
it is only necessary to call attention to the fact that in 1885 its
value for use as fertilizer in the State of Rhode Island was
$65,044, wlile the value of all other conimercial fertilizers was only
$164,133. While sea-weed. in a sense, can ouly be successfully
applied to littoral agriculture, vet the extent of agricultural lands
bordering ou the sea 1s so great as to render tlie counmnercial
importance of the matter of the highest degree of interest.

It is not my inteution here to euter into the discussion of the
uethods of preparing the sea-weed, the times at whicli it should
be gatliered and the best means of applying it to the soil; these
matters are all thoroughly discussed by Wheeler and Hartwell
in the publication mentioned. As an instance of the value of
sea-weed at a point far removed from the Rhoade Island coast,
I niay be permiitted to say that near the mouth of the Caloosa-
liatchee river, at the town of Ft. Mevers. 1 saw the uost
happy effects produced in iuteusive culture by the application of
sea-weed alotte to the sandy soils bordering ou this ann of the
sea. Dr. Washburn, of the Florida Experiment Station, was
counducting tlie experiments to which I refer and lie spoke in
the highest terms of the value of the sea-weed in his work.
Thousands of tous of this sea-weed are allowed to go to waste
antually along these shores, simply because thie agriculturist
has not been informed in regard to its fertilizing value.

There-are many otlier uses for sea-weed besides the agricul-

1 Rhode 1sland Exp't. Sta, Bull. 21
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tural one but in these we are not much interested, except inci-
dentally. Many of the varieties of sea-grass are used for filling
tnattresses, cushions, etc. Other varieties are burned and their
ashes used for the manufacture of soda, iodine, and bromine.
The gelatinous portions of sea-weeds become exceedingly hard
and elastic upon being dried and have been moulded into var-
ious forms as substitutes for horn and shells in making hai dles
for knives, files, and other tools. In the Techno-Chemical
receipt book, on page 177, may be found receipts for making
artificial ebony from the charcoal obtained from sea-weeds; also
for making leather, soap, and glue. For the latter purpose
the plants are dried and powdered, extracted with warm water,
with or without the addition of alcohol. The solution is allowed
to settle at a temperature of 120° F.  When cool it forms a jelly
which is used for various purposes. The direction is then given
for making transparent sea-weed leather, opaque sea-weed
leather, sea-weed soap, and sea-weed glue.

No attempt can be made to give the quantities of sea-weed
which are annually cast upon the shores of the different conti-
nents. Perhaps Rhode Island is no more favored in this respect
than any other locality and we have seen the value of the sea-
weed which was gathered for agricultural purposes in that State
alone. The amount gathered represeuts only a very small frac-
tion of the amount which was thrown upon the shores. It is
easy, therefore, to conclude that thie quantities of nitrogen, phos-
phoric acids and potash aunually removed from the seas by the
plants living therein are no less great in magnitude than those
removed from the land by crops and plants of all kinds.

But sea-weed and other vegetable products of the sea are not
the ouly vehicles in which the plant food in solution in the
waters of the ocean may be returned to the uses of man. The
animal life of the ocean is not less important than that of the
land. In the animal economy of the ocean are gathered, there-
fore, immense quantities of valuable food material which are
thus placed in a condition to be at least in part restored in the
form of food. Relatively, phosphoric acid and nitrogen are re-
stored in much greater quantities than potash. The composi-
tion of fish in general shows that relatively larger quantities of
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phosphoric acid and nitrogen are found than of fat aud potash.
Tlie chenical composition of the nutritive portion of fishes lias
beeu thioroughly investigated by Atwater.

Tlie percentage of phosphoric acid i the flesh of Anerican
fislies, in1 its fresh state, is about one-lhialf of one per cent. In
olute iustance, that of smelt, Atwater found, 0.81 per cent. in the
flesh of the fisli. Iu the water-free substance of the flesh tie
percentage of pliosplioric acid in round numbers is 2.5. In the
case of tlie suielt above mentioned it amounted to 3.49 per cent.
When it is considered thiat thie bones and otlier refuse of the fish
presimmably richier in phosphoric acid than the fleshi. were 1ot
included inn this investigation, the gnantity of pliosplioric acid
1:1 fish 1s distinctly brought to view,

Tlie quantity of albuminoids in the water-free substance of
tlie desh of fisli is enormously high as compared with that of
ordinary foods. In round nunibers it may be said to be about
75 per cent. of thie total water-free substance. Iu some cases
the albuminous wmatter, or in otlier words the protein, makes up
almost the whole of the water-free substance as 111 the case of a
lirook trout. quoted by Atwater, i1 which thie percentage of
protein iu the dry flesh was 93.25; aud of a perchh in which it
was y3.33: and of a sea bass in which it was ¢5.83; aud
a red suapper in which it was ¢35.38, and others in whicl
even a liiglier percentage was reported.

It is thus seen that the ordinary fishes of the ocean collect,
especially tlie two great elements of plaut food, phosphorus, and
nitrogeu.

Oysters and other shell fishes collect uot only large quantities
of pliosphorus and nitrogen, but also larger quautities of car-
Lronate of lime. As has been iutimated i auother place, it is
cutirely probable that iu earlier tilnes when the sea was riclier
in pliosphoric acid than at preseut, considerable quantities of
liosphate of lime may have been secreted with the carbonate of
lime in the shell. At the present time, liowever, the phosphate
of lime has almost or quite disappeared from the matters of which
shiells are coniposed.

! The Chentical Composition and Nutritive Values of Food Fish and Aquatic Verte-
brates, by W. O, Atwater. Report of the U. S. Commissioner of Fish and Fisheries, /88,
6rg-8hi,
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While the art of fishing is practiced chiefly for the purpose of
gaining human food, yet in many large fishing districts the fish
waste becomes valuable fertilizing material. Some kinds of
fish, as the menhaden, are, however, collected chiefly for their
fertilizing value. The use of fish for fertilizing purposes is not
new. A most interesting description of the use of agricultural
fertilizers by the American Indians is given by Goode.' As
long ago as 1875 the value of the nitrogen derived fromi the
menhaden was estimated to be about two million dollars. In
the year 1878 it is estimated that 200,000 tons of menhaden fish
were captured between Cape Henry and the Bay of Fuundy.
The oil is first extracted from the fish for conimercial purposes
and afterward theresidue is dried and ground and sold to farmers
and fertilizer mianufacturers. For a complete history of the
nienhaden the articles of Prof. G. Brown Goode, in the report of
the U. S. Commissioner of Fish and Fisheries for 1877 and 1879,
may be consulted.

The honor of teaching the American colonists the use of arti-
ficial fertilizers belongs, without doubt, to an Indian named
Squanto. In Governor Bradford’s ‘¢ History of Plimouth Plauta-
tion”’ is given an accouut of the early agricultural experiences of
the Plyniouth colonists. InApril, 1621, at the close of the first long
dreary wiuter ‘‘they (as many as were able) began to plant their
corne, in which service Squanto (an Indian) stood them in great
stead, showing them both ye manner how to set it, and after
how to dress and tend it. Also he tould them, axcepte they got
fish and set with it (in these old grounds) it would come to noth-
ing ; and he showed them yt in ye middle of Aprili, they should
have store enough come up ye brooke by which they begane to
build and taught them how to take it.”’?

Another account mentioned by Goode of the practice of the In-
dians in this respect may be found in George Mourt’s ‘‘ Relation
or Journal of the Beginning and Proceedings of the English
Plantation settled at Plimouth in New England, by certaiu En-
glish Adventurers, both nmierchants and others, London, 1622.”
‘“We set the last spring some twenty acres of Indian corn, and

1 American Naturalist, 14, July, 7880, No. 7., 473, et seq.

2 Coll. Mass, Hist. Soc., 4th Series, 3, 100, 7856,
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sowed some six acres of barley and pease, and. according to the
manner of the Indians, we manured our ground with herrings.
or rather shads. which we have in great abundance and take with
great ease at our doors. Onr cornt did prove well, and God be
praised, we liad a good iucrease of Indian coru, aud our barley
indifferent good." "

Thonias Mortou, in his ** New Kuglaud Canaan.”” London,
1632, wrote of Virginia: " There is a fish (by some called shadds,
by soine, allizes.) thiat at the spring of the yeare passe up the
rivers to spawn in thie pond. aud are taken in such multitudes in
every river that liath a poud at the end that the inliabitants doung
tlieir ground with them. You may see i one township a hnn-
dred acres togetlier, set with these fisli. every acre taking 1.000
of them, aud an acre ths dressed will prodice and vield so
much corn as three acres without fish: and (least any Vir-
ginea man would infere liereupon that the ground of New lin-
gland was barren, because they nse more fish in setting their
corne, 1 desire tliemn to Dbe rententbered. the cause 1s plaine in
Virginea) they have it ot to sett. But this practice is onely
for the Indian maize (wlich st be set by handsy, uot for Fn-
glish grain; aud this is, therefore. a commiodity there

The following amusing study quoted by Goode is taken fromi
tlie records of the town of Ipswich., May 11, 1644,

© It is ordered that all the doggs for the space of tlirce weeks
from the publishing hereof, shall have one legg tyed up, and if
such a dog shall break loose and be found doing harm the
owiler of the dogg shall pay damage. If a man refuse to tye up
his dogg’s legg, and hee bee fonnd scraping up fish in a corufield.
the owner thereof shiall pay twelve pence damage beside what-
ever damage the dogyg doth. But if any fish their house lotts
and receive damage by doggs. the owners of these house lotts
shall bear the damage themselves.™

The practice of using fish. therefore. for fertilizing purposes,
is miany centuries old, but until recent yvears the farmers resid-
ing along the coast were the only ones who received any beuefit
therefroni; but since the niore careful scientific studv of the
value of fisli fertilizatiou, the nitrogenous elements taken from

1 Coll. Mass. Hist, Soc., 2ud Series, g, /o552, ho
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the sea by the fish now find their way not only to the gardens
and truck farms along the New England and New Jersey coasts
but also to the wheat fields of Ohio and the cotton fields of North
Carolina.

Conservation of Nifrogen.—Attention has been called to
the mnianuner in which the uitrogen carried into the ocean
by the waste of the land is returned in great part through
the marine, vegetable, and animal life. Ininiense quantities
of waste nitrogen, however, are furtlier secured, both from
sea and land, by the various genera of birds. The well-
known habits of birds in congregating in rookeries during
the nights, and at certain seasous of the year tends to bring
into a commnion receptacle the nitrogenous inatters which they
have gathered aud whicl are deposited in their excrement and in
the decay of their bodies. The feathers of birds are particularly
rich in nitrogen, and the nitrogenous content of the flesh of
fowls is also high. The decay therefore, of reinains of birds, es-
pecially if it take place largely excluded from the leaching of
water, tends to accumulate vast deposits of nitrogenous matter.
If the conditious in such deposits are favorable to the processes
of nitrification, the whole of the nitrogen, or at least the larger
part of it, which has been collected in this débris, becomes
finally converted iuto nitric acid and is found combined with
appropriate bases as deposits of nitrates. The nitrates of tlie
guano deposits aud of the deposits in caves arise in this way.
If these deposits are subject to moderate leaching the nitrate
niay become infiltered into the surrounding soil, making it very
rich in this form of nitrogen. The beds and surrounding soils
of caves are often found highly impregnated with nitrates.

While for our purpose, deposits of nitrates only are to be
considered which are of sufficient value to béar transportation,
yet much interest attaches to the formation of nitrates in the
soil even when they are.not of comniercial importance.

In many soils of tropical regions 1ot subject to heavy rain-
falls, thie accumulation of these nitrates is very great. Miintz
and Marcano' have investigated many of these soils to wlhich

attention was called first by Humboldt and Boussingault.
1 Compt. rend., 101, 1885, 65, et seq.



18 H. W. WILEY. THE WASTE AND

They state that these soils are incomparably more rich in
nitrates than the most fertile soils of Europe. The samples
which they examined were collected ‘rom different parts of
Venezuela and from the valleys of the Orinoco as well as on
the shore of the Sea of Autilles. The nitrated soils are very
abundant in this region of Soutli Amnierica where they cover
large surfaces. Their composition is variable, but in all of
them carbonate and phosphate of linie are niet with and orgauic
nitrogenous material. Tlie nitric acid is found always coum-
bined with lime. In some of the soils as high as thirty per
cent. of nitrate of lime have been found.  Nitrification of
organic miaterial takes place very rapidly the year round in
this tropical region. These nitrated soils are everywhere
abundant around caves, as described by Huniboldt, caves
wlich serve as the refuge of birds and bats. Tle nitroge-
nous matters, which come froin the decay of the remains of
these animals, forni true deposits of guano which are gradually
spread around, and which, i1 contact with the liwtestone and
with access of air, suffer coumplete nitrification with the fixa-
tion of the nitric acid by the line.

Large quantities of tlis guano are also due to tlie débris of
insects, fragments of elytra, scales of tlie wings of butterflies,
etc., which are brought together in those places by the millions
of cubic meters. The uitrification. which takes place in these
deposits, has been found to extend its products to a distance of
several kilometers through the soil. In some places the quan-
tity of the nitrate of lime is so great in the soils that they are
converted into a plastic paste by this deliquescent salt.

It is suggested by the authors that the co-existence of the
nitrate and phosphate of linie is sufficient in all cases to demon-
strate the organic origin of the unitric acid. It would not be pos-
sible to attribute such an origin to the nitrate present in these
soils if it could not be determined that it was thus associated
with phosphate and other remains, the last witnesses of a former
animal life.

As a result of the observations of Muntz and Marcano, they
conclude that it is not proper to accredit to the electrical dis-
charges in the atmosphere the origin of the nitric acid forming
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these deposits although they admit primarily the source of the
nitric acid may have been due to electricity, but that it first was
passed through the organism of the plant and thence into that of
the animal whence it is accumulated in the deposits referred to

The theory of Miintz and Marcano in regard to the nitrates of
soils, especially in the neighborhood of caves, is probably a
correct one, but there are many objections to accepting it to
explain the great deposits of nitrate of soda which occur in
many parts of Chile. Another point, whih must be considered
also, is this: That the processes of nitrification can not now be
considered as goiug on with the same vigor as formerly. Some
nioisture is necessary to nitrification, as the nitrifying fer-
ment does not act in perfectly dry soil, and in many localities
in Chile where tlie nitrates are found it is too dry to suppose
that any active nitrification could now take place.

The existence of these nitrate deposits has long been known.
The old Indian laws originally prohibited the collection of the
salt, but nevertheless it was secretly collected and sold. Up to
the year 1821, soda saltpeter was not known in Europe except
as a laboratory product. About this time the naturalist, Mari-
ano de Rivero, found on the Pacific coast, in the Province of
Tarapaca, immeuse new deposits of the salt. Later the salt was
found in equal abundaiice in the Territory of Antofogasta and
further to the south in the desert of Atacama, which forms the
Departnient of Taltal.

At the present time the collection and export of saltpeter
from Cliile is a business of great importance. The largest ex-
port which has ever taken place in one year was in 1890, when
the aniount exported was 927,290,430 kilograms; of this quan-
tity 642,506,985 kilograms were sent to England and 86,124,870
kilograms to the United States. Since that time the inports of
this salt into the United States have largely increased.

According to Pissis® these deposits are of very ancient origin.
This geologist is of the opinion that the nitrate deposits are the
result of the decomposition of feldspathic rocks; the bases thus

1 A miost iuteresting article ou the subject may be found in Jjowr. Roy. Agric. Soc.,
1852, 13, 349, et seg.

2 Fuchs and De Launy, Traité des Gites Minevauzx, 1893, 1, 425.
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produced gradually becoming united with the nitric acid pro-
vided from the air.

According to the theory of Nollner' the deposits are of niore
niodern origin and due to the deconiposition of miarine vegeta-
tion. Coutinuous solution of soils beineath the sea gives rise to
the forniation of great lakes of saturated water, in which occurs
the development of mucli marine vegetation. On tlie evapora-
tion of this water, due to geologic isolation, the decomposi-
tion of nitrogenous otgauic matter causes generation of nitric
acid, which, coming in contact with tlie calcareous rocks,
attacks them, forming nitrate of calcium, which. in presence of
sulphate of sodiuu, gives rise to a double deconiposition iito
nitrate of soda and sulpliate of calcinni.

The fact that iodine is fouud in greater or less quantity in
Cliile saltpeter is one of tlie cliief supports of this hypothesis of
ntarine origiu, inasmuch as iodiue is always found in sea plants
and not in terrestrial plants. IFurther than this, it must be taken
into cousideration that these deposits of nitrate of soda comntain
neitlier shells nor fossils, nor do they contain any pliosphate of
linte. The theory, therefore. that they were due to animal
origin is scarcely tenable.

Lately exteusive nitrate deposits have been discovered iu the
U. S. of Colunibia.® These deposits have been found extending
over thirty square miles and vary in thickness from oue to ten
feet. ‘The visible supply is estimated at 7, 372,800,000 tous, cou-
taining from 1.0 to 13.5 per cent. of nitrate. The deposits con-
sist of a mixture of nitrate of soda, clhiloride of soda and sul-
phate of calciuu, sulphate of ahuuina, and insoluble silica. It
is thouglt that the amount of these deposits will almost equal
those in Cliile and Peru.

Phosphatic Deposits. —Gautier’ calls attention to the fact
that the oldest pliosphates are met with in the igneous rocks,
such as basalt, trachyte, etc., and even in granite aud gneiss.
It is from these inorganic sources, therefore, that all phosphatic
plaut food must have been drawn. In the second order in age

1 K} Salitre de Chile, René F. Le Feuvre y Arturo Dagino, 7897, 12.

2 Burean of American Republics, Monthly Bullelin, December, /897, 18, et seq.

8 Compt. rend., 116, 1271, 6.
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Gautier places the phosphates of hydro-mineral origin. This
class not only embraces the crystalline apatites but also those
pliosphates of later formation, formed from hot mineral waters
in the jurassic, cretaceous, and tertiary deposits.

These deposits are not directly suited to nourish plants.

The third group of phosphates in order of age and assimila-
bility embraces the true phosphorites containing generally some
organic matter. They are all of organic origin. In caves where
animal remains are deposited there is an accumulation of nitrates
and phosphates.

Not only do the boues of animals furnish pliospliates, but they
are also formed in considerable quantities by the decomposition
of substituted glycerides such as lecithin.

The ammonia produced by the nitrification of the albuminoid
bodies combines with the free phosphoric acid thus produced,
forining ammonium or diammonium phosphates.

The presence of ammonium phosphates in guanos was first no-
ticed by Chevreul more than half a century ago.

If such deposits overlay a pervious stratum of calcium carbon-
ate, such as chalk, and are subject to leaching, a double decom-
position takes place as the lye percolates through the chalk.
Acid calciuni phosphate and amnionium carbouate are produced.
By further nitrification the latter becomes finally converted into
calcium nitrate. In like manner aluminum phosphates are
formed by the action of decomposing organic matter on clay.

Davidson' explains the origin of the Florida phosphates by
suggesting that they arose chiefly through the influx of animals
driven southward by the glacial period. According to his sup-
position the waters of the ocean, during the cenozoic period
contained more phosphorus than at the present time. The
waters of the ocean over Florida were shallow and the shell fish
existing therein may have secreted phosphate as well as car-
bonate of lime. This supposition is supported by an analysis of
a shell of lingula ovalis, quoted by Dana, in which there were
85.79 per cent. of lime phosphate. In these waters were also
many fishes of all kinds and their débris served to increase the

1 Engineering and Mining Journal, quoted in the ' Phosphates of America,” by Wyatt,
66, el seq.
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amouunt of this substance. As the land emerged from the sea
came the great glacial epoch driving all terrestrial aninials soutlh-
ward. There was therefore a great mammal horde iu the
swanips aud estuaries of Florida. The boues of tliese animals
contributed largely to the phosphatic deposits. Tu addition to
this, the shallow sea contained inmimerable sharks, manatees,
wliales aud otlier inhabitants of tropical waters, and the remains
of these animials added to the phospliatic store.

While these changes were taking place in the quaternary
period, the Florida peninsula was gradually rising and as soou
as it reached a considerable height, tlie process of denudation by
thie action of water counnenced. Tlien there was a subsidetice
and the peninsula agaiun passed under the sea and was covered
with successive layers of sand. Tlie limestoues during this pro-
cess, had been leaclied by rain-water containing an excess of
carbouic acid. In this way the limestoues were gradually dis-
solved wlile thie insoluble pliosphate of linme was left in suspen-
sion.  During this time the boues of tlie animals before nien-
tioned by their decomposition added to the pliosplhiate of lme
preseut in thie under lying strata, while some were trausformed
i11to fossils of phosphate of lime just as they are found to-day in
vast quantities.

Wryatt' explains the phosphate deposits soniewhat differently.
According to him, during the miocene submergence there was
deposited upon the upper eocene limestoiies, more especially in
tlie cracks and fissures resulting from their dryiug up, a soft,
fitlely disintegrated calcareous sediment or mud. The estuaries
formed during this period were swarming with animal and vege-
table life, and from this organic life the pliosphates were formed
by decouiposition and metamorphisu due to the gases and acids
witlt which the waters were charged.

After the disappearauce of the miiocene sea there were great
disturbauces of the strata. Then followed the pliocetie and tertiary
periods and quaternary seas with their deposits and drifts of
shells, sauds, clays, marls, bowlders and other transported
materials, superveniug in an era wlen there were great fluctua-
tious of cold and heat.

1 Engineering and Blining Journal, August 23, /590,
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By reason of these disturbances the masses of the phosphate
deposits which had been infiltrated in the limestones became
broken up and mingled with the other débris and were thus de-
posited in various mounds or depressions. The general result
of the forces which have been briefly outlined, was the formation
of bowlders, phosphatic débris, etc. Wyatt therefore classifies
the deposits as follows:

1. Original pockets or cavities in the limestone filled with
hard and soft rock phosphates and débris,

2. Mounds or beaches, rolled up on the elevated points, and
chiefly consisting of huge bowlders of phosphate rock.

3. Drift or disintegrated rock, covering immense areas, chiefly
in Polk and Hillsboro counties, and underlying Peace river and
its tributaries.

N. H. Darton, of the U. S. Geological Survey, ascribes the
phosphate beds of Florida to the transformation of guano.! Ac-
cording to this author two processes of decomposition have taken
place; one of these is the more or less complete replacement of
the carbonate by the phosphate of lime; the other is a general
stalactitic coating of phosphatic material. Darton further calls
attention to the relation of the distribution of the phosphate
deposits as affecting the theory of their origin, but does not find
any peculiar significance in the restriction of these deposits to
the western ridge of the Florida peninsula.

As this region evidently constituted a long, narrow peninsula
during early miocene times it is a reasonable, tentative hypothe-
sis that during this period guanos were deposited fromn which
was derived the material for the phosphatization of the lime-
stone either at the same time or soon after.

Darton closes his paper by saying that the phosphate deposits
in Florida will require careful, detailed geologic exploration
before their relations and history will be fully understood.

According to Dr. N. A. Pratt the rock or bowlder phosphate
had its immediate origin in animal life and the phosphate
bowlder is a true fossil. He supposes the existence of some
species in former times in which the shell excreted was
chiefly phosphate of lime. The fossil bowlder, therefore,

1Amer. Jour. of Science, 41, February, 18971,
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becomes the remains of a luge foraminifer whiclhi had
identical composition in its skeleton with true bone deposits or
of orgaic matter.

Perhiaps the most complete exposition of the tlieory of the re-
covery of waste phiosphates, with especial refercuce to their
deposition in Florida, has been given by Lldridge,’ of the U. S.
Geological Survey. Dldridge calls attention to the univer-
sal presenice of pliosphates 111 sea water and to the probability
that i carlier times, as during the miocene aud  eocene
geclogic periods, the waters of tlic ocean contained a great
deal more pliosphate in solntion tiwan at the preseut time, He
cites thie observations of Bischof, wlhicht sliow thie solubility of
different phosphates in waters saturated with carbon dioxide.
According to these observations apatite is the most iusoluble
form of lime pliosphate, while artificial basic slag phosphate is
the most soluble.  Awmong the very soluble phosphates, how-
ever, are tlie boues of animals, botl {resli and old.  Burnt bones,
llowever, are more soluble than bones still containing organic
matter.  Not ouly are the orgaic phosphates  extremely
soluble in water saturated with carbon dioxide bnt also in water
which contains common saltor chiloride of annmonium.  Thepres-
ence of large quantities of conmion salt i sea water would,
therefore, tend to mcrease its power of absorbing lime plios-
phates of organic origin. It is not at all incredible, therefore,
to supposc that at soute remote period the waters of the ocean,
as indicated by these tlieories, were much wmore itighly charged
with phosplates than at the present time.

According to Eldridge, tlie formation of the hard rock and soft
pliosphates may be ascribed to tliree periods: First, that in
whicl tlie primmary rock was formed: second, that of secoudary
deposition i1 the cavities of thie primary rock: third, that in
which the deposits thius fornied weére broken 1np and the result-
ing fragments and comminuted material were redeposited as
they 110w occur.

“The first of these stages began probably uot later than the
close of thie older miocene, and within the eocene area it may

1A prelimiuary sketch of the phosphates of Florida. By Geo. 1. Eldridge, author®s
edition, /g2, 18, of seg
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have begun much earlier. Whether the primary phosphate re-
sulted from a superficial and heavy deposit of soluble guanos,
covering the limestones, or from: the concentration of phosphate
of lime already widely and uniformly distributed throughout
the mass of the original rock, or from both, is a difficult ques-
tion. In any event, the evidence indicates the effect of the per-
colatien of surface-waters, highly charged with carbonic and
earth-acids, and thus enabled to carry down into the mass of the
liniestone dissolved phosphate of lime, to be redeposited under
conditions favorable to its separation. Such conditions might
have been brought about by the simple interchange of bases
between the phosphate and carbonate of lime thus brought to-
gether, or by the lowering of the solvent power of the waters
through loss of carbonic acid. The latter would happen when-
ever the acid was required for the solution of additional car-
bonate of lime, or when, through aeration, it should escape
from the water. The zone of phosphate-deposition was evi-
dently one of double concentration, resulting from the removal
of the soluble carbonate thus raising the percentage of the less
soluble phosphate, and from the acquirement of additional phos-
phate of lime from the overlying portions of the deposit.”’

‘“The thickness of the zone of phosphatization in the eocene
area is unknown, but it is doubtful if it was over twenty feet.
In the miocene area the depth has been proved from the phos-
phates iz situ to have been between six and twelve feet.”’

The deposits of the secondary origin, according to Eldridge,
are due chiefly to sedimentation, although some of them may
have been due to precipitation from water. This secondary
deposition was kept up for a long period, until stopped by some
climatic or geologic change. The deposits of phosphates thus
formed in the Florida peninsula are remarkably free from iron
and aluminum, in comparison with many of the phosphates of
the West Indies.

The third period in the genesis of the hard-rock deposits em-
braces the period of formation of the original deposits and their
transportation and storage as they are found at the present time.
The geologic time at which this occurred is somewhat uncertain
but it was probably during the last submergence of the peninsula.
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Tn all cases the peculiar formiation of the Florida limestone
ntust be considered. This limestone is extremely porous aud.
therefore. easily peuetrated by the waters of percolation. A
good illustration of this is seen on thie southwestern and southern
edges of Lake Okeecliobee. In following down a drainage canal
whicl liad been cut into the soutliwest shore of the lake I saw
the edge of the basin. which is couposed of this porous material.
The appearatice of the liinestonie wounld indicate that large por-
tions of it had already given way to the process of solution. The
remaining portions were extremely friable, easily crushed, aud
much of it conld be renioved by thie ordinary dredging maclhines.
Such a limestoiie as this is peculiarly suited to the accumulation
of phosphatic materials. due to tlie percolation of the water cou-
taining them. The solution of the limestone and cousequent
deposit of the pliosphate of I'me is easily uunderstood when the
character of “his limestone is cousidered.

Shaler, as quoted by Eldridge in the work already referred to,
refers to this characteristic of the limestoune and says that tlie
best conditions for the accumiulation of valuable deposits of lime
pliosphate in residual débris appear to occur where the phos-
phatic linte marls are of a rather soft character; the separate
beds haviung nc such solidity as will resist the percolation of
water through imnunierable hicipient joiuts such as commonly
pervade stratified mmaterials, even when they are of a very soft
nature.

Eldridge is also of the opinion that the reniaiuss of birds are
not sufficient to account for the wliole of the phosphatic deposits
in Florida. He ascribes theu to the joint action of the remains
of birds, of land and marine animals and to the deposition of
the phosphatic materials in the waters in the successive subsi-
dences of the surface below the water line.’

Potash Deposits.—In the foregoing pages [ have tried
to set clearly before vou the differeut ways iu which the
waste of nitrogen and phosphoric acid has been recovered
by nature in a forin suitable for restoration to arable fields.
In the case of potash, liowever, we have seen that this

! ¥or an elaborate discussion of phosphate deposits consult Gites Minevaux, pa
Fuchs et Delauny, 309, el seq.
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element is not restored by the processes already mentioned,
in amounts proportionate to nitrogen and phosphorus. Potash
salts, being extremely soluble, are likely to be held longest
in solution. Some of them, of course, are recovered iu the aui-
mal and vegetable life, of which we have spokeu, but the great
mass of potash carried into the sea still remains unaccounted
for. The recovery of the waste of potash is chiefly secured by
the isolation of sea waters containing large quantities of this
salt and their subsequent evaporation. Such isolation of sea
waters takes place by nieans of geologic chauges in the level of
the land aud sea. In the raising of an area above the sea
level there is aliost certain to be an euclosure, of greater or less
extent, of the sea water in the fornmi of a lake. This enclosure
may be coniplete or ouly partial, the enclosed water area being
still in conimunication with tlie main body of tlie sea by nieans
of small estuaries. If this body of water be exposed to rapid
evaporation, as was doubtless the case in past geologic ages,
there will be a conutinual influx of additional sea water through
these estuaries to take the place of that evaporated. The
waters may thus become niore and miore charged with saline
constituents. Finally a poiut is reached in the evaporation
when tlie less soluble of the saline coustituents begin to be
deposited. In this way the various formatious of mineral mat-
ter, produced by the drying up of enclosed waters, take place.

Thie niost exteusive deposits of potash known are those i the
neighborhood of Stassfurt, in Germauy. The following de
scription probably represents the niethod of formation of these
deposits:'

““The Stassfurt salt and potash deposits had their origin,
thousands of years ago, iu a sea or ocean, the waters of which
gradually receded, leaving uear the coast, lakes which still re-
tained comniunication with the great ocean by nieans of small
channels. In that part of Europe the cliinate was still tropical,
and the waters of these lakes rapidly evaporated but were cou-
stantly replenished through these small channels connecting
them with the 1nain body. Decade after decade this continued,
until by evaporation and crystallization, the various salts pres-

1 Potash, Columbian Exposition, German Kali Works, 3-4.
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ent in the sea water were deposited in solid formi. Tlie less
soluble material, such as sulpliate of lime or "aulivdrite,’ solidi-
fied first and formed tlie lowest stratum. Then came common
rock salt with a slowly thickening layver which ultimately
reached 3000 feet, aud is estimated to have been 13,000 vears
in formatiou. This rock salt deposit is interspersed with lamel-
lar deposits of ‘aunhvdrite,” whicl gradually diminish towards
tlie top and are finally replaced by thie miuneral °polyhalite,
wliich 1s composed of sulphate of linic, sulphate of potash, and
sulphate of maguesia. The situation in whiclt this polyhalite
predominates is called thie - polyvhalite region” and after it
comes the ‘kieserite region,’ inn wlicll, between thie rock salt
strata, kieserite (sulpliate of maguesia) is imbedded. Above
the kieserite lies the 'potash reygion,’ cousistiig mainly of
deposits of carnallite, a wineral compound of muriate of potash
aud chloride of maguesia. The carunallite deposit is from 30 to
130 feet thick and yields the miost important of the crude
potaslt salts and that from whichh are manufactured most of
the concentrated articles, including muriate of potaslh.’

““Overlying this region is a layer of nmpervious clay whicl
acts as a water-tight roof to protect and preserve tlhie very solu.
ble potash aud magmnesia salts, which, had it not been for the
very protection of this overlying stratum, would have been loug
ages ago waslied away aud lost by the action of tlie water perco-
lating froni above. Above this clay roof is a stratuni, of varying
thickuness of anhydrite, (sulphate of liue, ) aud still above this a
secoud salt deposit, probably formed under more receut climatic
and atmospheric influences or possibly by cliemical changes in
dissolving aud subsequent precipitation. This salt deposit con-
taius ninety-eigltt per cent. (ofteu more) of pure salt, a degree of
purity rarely elsewhere found. Finally, above this are strata of
gypsum, tenacious clay, sand. and limestone, which crop out at
the surface.”’

*“The perpendicular distance from the lowest to the upper
surface of tlie Stassfurt salt deposits is about 5000 feet (a little
less than a niile), while the horizoutal extent of tlie bed is from
tlie Harz Mountains to the Elbe River i1 one directio, and from
the city of Madgeburg to the town of Bernburg iu the other.”
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According to Fuchs and DeLauny’ the saline formation near
Stassfurt is situated at the bottoin of a vast triassic deposit sur-
rounding the citv of Madgeburg. The quantity of sea water
which evaporated to produce saline deposits of more than
500 meters in thickness must have been enoruious and the rate
of evaporation great. It appears that a temiperature of 100°
would have been quite necessary, acting for a long time, to pro-
duce this result.

These authors therefore admit that all the theories so far ad-
vailiced to explain the magunitude of these deposits are attended
with certain difficulties. What, for instauce, could have caused
a temperature of 100°? The most reasonable source of this
high temperature must be sought for in the violent chemical
action produced by the double decompositions of sucli vast
quantities of salts of differentkinds. There niay also have been
at the bottom of this basin some subterranean heat such as is
found in certain localities where boric acid is deposited.

Whatever be the explanation of the source of the heat it will
be admitted that at the end of the permian period there was
thrown up to the 1ortheast of the present salilie deposits a ridge
extending fromn Helgoland to Westphalia. This dam estab-
lislied throughout the whole of North Gernany saline lagoous
in which evaporation was at ouice established, and these lagoons
were constantly fed from the sea.

There was then deposited by evaporation, first of all a layer
of gypsum and afterwards rock salt, covering with a few excep-
tions the whole of the area of North Germany.

But around Stassfurt there occurred at this time geologic dis-
placements, the saline basin was perinanently closed and then by
continued evaporation the more deliquescent salts, such as poly-
halite, kieserite, and carnallite, were deposited.

These theories account with sufficient ease for tlie deposition
of the saline masses, but do not explain why in those days the
sea water was so rich in potash and why potash is uot found in
other localities where vast quantities of gypsuni and comnion
salt have been deposited. It inay be that the rocks coniposing
the shores of these lagoons were exceptionally rich in potash

Y Gites Minevaux, 429.
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and that this salt was, thierefore, i1 a certain degree, a local
contribution to the products of coucentration.

Through the ages of the past, the ricli stores of plaut food
liave been steadily removed from arable fields and apparently for-
ever lost. But iu poiut of fact no particle of it has been de-
stroved. Even the denitrifying ferments described by Springer.
Gayon and Dupetit, and Muutz, reduce ouly to a lower stage of
oxidation or restore to a gaseous form the nitric nitrogeun on
which alone vegetables can feed. But electricity, combustion,
aud the activity of certain aunaerobic fermeuts herding in the
rootlets of leguies and otlier orders of plants, are able to re-
cover and again make available this loss.

Lately Winogradsky and Warington have shiown that au or-
ganism can be grown in a sugar solution coutaining certain
salts, aud excluding all nitrogenous matter save tlie free uitro-
gen of the atmospliere, which is capable of oxidizing and assimi-
lating this inert gas. In a solution containing 7 grais of sugar
as high as 14 milligrams of uitrogen have been fixed.

Waringtou says in speaking of tliis plieniomenon:

*“That a vegetable organisni should be able to acquire from
the air the whole of the nitrogen which it needs, is certainly very
remarkable aud is an extraordinary fact both to the physiologist
and the chemist,”"’

The fact that a few wmillion yvears may superveue before the
particle that is carried off to-day as waste nmiay return to orgaiic
life, shows the patience rather thau tlie wastefulness of nature.

As a result of this general review of tlie migrations of plaut
food, the reassuring conclusio is reached that there is 110 dan-
ger whatever of the ultimate consumption or waste of the ma-
terials ont which plants live. Circumscribed localities, tlirough
carelessness or igliorance, wlere ouce luxurianut crops grew,
nay becomnie sterile, but the great source of supply is not ex-
hausted. In fact, as the rocks decay and uitrifying organisms
increase, the total store of plant food at the disposal of vegeta-
tion may continue to grow. When we join with this the fact
that the skill of mau in growing crops is rapidly increasing, we

1 Chem. News, Oct. 13, 7897, 170.
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find no danger ahead in respect of the quantity of human food
which may be produced.

Only the novelist might be able, by the aid of an unfettered
imagination, to say how many human beings the United States
alone will be able to feed in comfort. With the aid of scientific
agriculture, with the help of the agricultural chemist we may safely
say that a thousand million people will not so crowd our means
of subsistence as to make Malthus more than a pleasing theorist.
As I pointed out in my vice-presidential address at Buffalo, the
death of humanity is not to come from starvation but from
freezing, and nmany a geologic epoch will come and go before
this planet dies of cold.

A NEW FORM OF AIR-BATH.'

By EWALD SAUER, PH.D.

N a recent article on the prevalent forms of air-baths, H.
Petersen shows® conclusively that the designs ordinarily in
vogue, whether made from copper or from aluminum,® are far
removed from the ideal of such an apparatus. The deficiencies
are chiefly in the direction of variable temperature and insuffi-
cient ventilation for the purpose of rapidly removing the libe-
rated steam. The use of jacketed air-baths, as Soxhlet’s
apparatus,* while providing for coustant temperature, limits the
range of temperature to the boiling points of the liquids em-
ployed, and is subject also to limitations in size.

In order to obviate these difficulties, I have designed an air-
bath, which while resembling externally the ordinary forms,
differs froin them in a few essential points. The main feature is
the introduction of two bottoms which are connected with each
other by several open tubes. These two bottoms are also joined
together in the front and in the rear, while on the sides the
space is open. A funnel-shaped opening in the center of the
lower bottom allows the flame of an ordinary burner to freely

1 Read before the Cinciunati Section, Oct. 14, 7897.

2 Zischr, angew. Chem.. 1892, 36,

8 Ber. d. chem. Ges., 1892, 3637-40.

& Zischr, angew. Chem,, 1891, 363-68.



