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ONE

of the greatest of the practical

problems presented for

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
solution

promulgated before the days of that great agricultural renaissance which has been brought about chiefly through the efforts
I am not so blinded
chemistry as to deny to
other branches of science an important and, in many

of experimental agricultural chemistry.

by the achievements

many

of agricultural

development of agricultural
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
In this country, owing to the great stores of
of the earth.
wealth which the past had accumulated in the soil, it is only
cases, necessary influence in this

science

;

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, Baltimore
Meeting, December 27, 1893.
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were virgin
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fields at the disposal of

the agricultural rapist, the

conservation and restoration of exhausted fields was of

consequence.

The

result has

been that the wealth

of

little

hundreds

perhaps, thousands of years slowly stored in the soil has
been poured forth in a century, not only for the enrichment of
this country, but for the benefit of all countries.
Unfortunately,
or fortunately, these stores are now practically explored and
there is little left in this land of virgin fertility to tempt the
farmer to new conquests. Not only have these stores of plant
food been utilized, but, much to the discredit of the American
farmer, they have been wasted.
The mark of good agriculture
is to see fields yielding annually good returns and increasing, or
at least not lessening in fertility.
This being true, the history
of American agriculture to within a few years must be the
history of bad farming, for everywhere 'we have seen fertile
fields losing their fertility and farms once productive abandoned.
No difference how great the store may be, if it be continually
drawn upon and never replenished, the day will some time
come when it will be exhausted. This day has come to a large
portion of the agricultural lands of this country and to-day
there is an awakening everywhere in regard to the best methods
of checking the waste and of restoring what has been lost.
I desire for a brief period, on this occasion, to call the attention of the chemists of this country to some of the methods by
which plant food is removed from the fields and some of the direct
and indirect ways in which it is and may be returned. On a
former occasion' I have discussed the extent to which plant food is
removed from the soil directly in the crops and the dangers
which arise to an agricultural community which continually exports its agricultural products.
On that occasion I pointed out
the amount of potash, phosphoric acid, and nitrogen per acre
annually removed by the crops of the United States, and
showed that the only safe agricultural products to send out of a
country were sugar, oil, and cotton. It is true that with native,
unexhausted soils a country may acquire great wealth by agricultural exports, but the history of the world shows that a
or,

IVice Presidential Address before the American Association for the Advancement
of Science, Buffalo, 1886.
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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 accentuate 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 gradually became impoverished, and to-day its soils are perhaps the
;

poorest of any known.

The waste
is

to which I desire to call your attention to-day
which normally takes place in the production
but that which is incidental to the cultivation
and to a certain extent unavoidable. My purpose

not that
a

of

crop,

of the soil

be possible, the relations of agricultural
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 percolation of water through the soil.
The lo.sses due to the denudation of fields are purely of a
mechanical character. The natural forest, or the natural covering 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
is

to

develop,

chemistry

to

if

it

this waste,

;

The muddy character of the
streams bordering on cultivated hilly fields after a

action of flowing surface water.

water in

all

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

but a few practical lessons derived from the
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

due

to

heavy

rains,,

application of
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founded upon the

by advanced science.
have noticed that even in a
hilly country a soil in situ underlaid by limestone is less likely
to be cut up by gullies than a soil similarly situated and
of culture

The observing

facts disclosed

agriculturist will

The reason of this is plain. In
when once brought into suspen-

deficient in carbonate of lime.

a soil deficient in lime the clays
sion

by moving water assume a semi-colloid state and remain
Clays, on the other hand, which

indefinitely in suspension.

are heavily impregnated with lime salts are in a flocculated
state,

The

and the larger aggregates thus produced
result of this

is

that such a

water, and a field thus treated

soil is less

less

exposed

settle quickly.

moved by
washing by

easily
to

Jieavy rains.
of fiocculation and its physical and chemical
due
largely
to the investigations of Shulze, Schloesing,
results
and Hilgard, and the results of their researches have shown in
a most emphatic way the beneficial changes which take place,
especially in stiff clay soils, by the application of lime.
It is thus an incontrovertible fact that the surface washing of

Our knowledge
is

cultivated fields,

especially

if

they be naturally deficient in
and has been greatly dimin-

lime, could be greatly diminished

ished by the free application of this substance.

The change in the physical condition of the soil, which is
produced by the lime, is also another important factor worthy of
consideration.
A stiff clay soil is almost impervious to the
penetration of surface water and thus the amount which is
A well limed soil, on the
carried off is raised to a maximum.
contrary, in

which the

particles are perfectly

flocculated,

is

much more

pervious and the amount of water which will be
retained and delivered gradually to vegetable growth is much
greater.
Thus the beneficial effects of lime are manifested in

both ways

;

in the better retention of the flocculated clays

in increasing the capacity of the soil for
of

water in

its interstitial

There are many other

and

holding a given amount

spaces.

salts which also have the same propbut I have spoken of lime salts chiefly
because they are cheaper and, therefore, more economically
Perhaps next to lime, common salt would be the most
applied.
erties as those of lime,
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producing the results already described; but combeing 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
efficient in

mon

salt

sure that

all

who

will give the subject a thoughtful considera-

me in saying that this aspect of the subject
one of no small importance, especially when considered in
respect of hilly fields, and even of fields of more level surface.

tion will agree with
is

Without dwelling long upon this point, it is only necessary to
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
call

has in this source

of loss.

Anyone who watches, even

for

a

volume of water carried by the Mississippi into
Mexico will have a most effective object lesson in

short time, the

the Gulf of

regard to this source of

loss.

A

more striking lesson may be seen in the hill regions bordering 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,
briers.
The same is doubtless true

and abandoned to brush and
of other hill regions, but I

which have come under

speak the more advisedly

my personal

of those

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
Agricultural chemists have used many devices
of lysimetry.
determining the character and amount of the
soils.
Evidently the treatment of a specially prepared portion of soil by any solvent, although giving infor the

purpose

of

natural drainage of

THE \YASTE AND

H. W. WILEY.

4

founded upon the

of culture

The observing

facts disclosed

hilly country a soil in situ underlaid

to

be cut up by gullies than a

deficient in carbonate of lime.

a soil deficient in lime the clays
sion

by advanced science.

agriculturist will have noticed that even in a

by limestone

soil

is less likel}-

similarly situated

and

The reason of this is plain. In
when once brought into suspen-

by moving water assume a semi-colloid state and remain
Clays, on the other hand, which

indefinitely in suspension.

are heavily impregnated with lime salts are in a flocculated

and the larger aggregates thus produced

state,

The
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such a
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moved by

water, and a field thus treated less exposed to washing by
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Our knowledge
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The change in the physical condition of the soil, which is
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results is

A
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almost impervious to the

penetration of surface water and thus the
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contrary, in
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which the

maximum.

amount which
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particles are perfectly

soil,
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on the
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pervious and the amount of water which will be
retained and delivered gradually to vegetable growth is much
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both ways
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;

the beneficial effects of lime are manifested in

in the better retention of the flocculated clays

in increasing the capacity of the soil for holding a given
of

water in

its interstitial

There are many other

and
amount
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salts

which

also

have the same prop-
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because they are cheaper and, therefore, more economically
applied.
Perhaps next to lime, common salt would be the most
erties as those of lime,
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producing the results already described; but combeing 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
efficient in

mon

salt

sure that

all

who

will give the subject a thoughtful considera-

me in saying that this aspect of the subject
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 time, 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 bordering 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,
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by no means as dangerous as the loss of the soluble materials
caused by the percolation of the water through the soil. The
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study of the nature of the loss of these soluble materials,
together with the estimation of their amount, forms the subject
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purpose of determining the character and amount of the
soils.
Evidently the treatment of a specially prepared portion of soil by any solvent, although giving infor the

natural drainage of
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teresting results, does not indicate the natural course of solu-

The

tion.

only

way

which this can be determined is to be
and study the character of the drainage

in

able to collect, measure

from a given portion of the arable surface of the earth in situ
and under normal conditions. Various methods of lysimetric

and used,

investigation have been proposed

many

ing

An

excellent system

lished,

for instance,

Indiana.

of

all of

them

possess-

points of value.

It

is

such observation has been estab-

of

at the

Agricultural Experiment Station

my

purpose, however, to discuss the

not

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
other foods.

its

harvest
soils

if

of the excess or deficiency of

Soils richest in plant food will

produce a small

there be a great excess or deficiency of water, while

which are poor

in'

plant food will produce an abundant

the water be present in proper amounts and have proper
and timely access to the rootlets of the plant. The study,

crop

if

therefore, of the water

movement

upward, or downward,
The methods of a study

by

is

of

whether laterally,
utmost practical importance.
this kind have been well established
in the soil,

of the

King.''

The

plant food of the

soil, it

is

well understood, only has

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
access to the absorbent organs of the plant

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
1 "
2

Some Physical

lysimetric observations for the

Properties of Soils," U.

S.

Weather Bureau, Bulletin No.

Ninth Annual Report of the Wisconsin Kxperiment Station,

p. 129, et seq.
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