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PRETIACE.

THis book has been written in the interest of persons fond
of rural affairs, and of students of agriculture. It makes no
special appeal to chemists or to students of chemistry. It
is based upon lectures, suggestive rather than encyclopedic,
which have been delivered annually by the author at the
Bussey Institution during the past sixteen years (1871-
1887). These lectures, which have been many times altered
and revised, were addressed to small classes of students of two
distinet types, viz. : first, young farmers, and sons of farm-
ers, familiar with the manual practice of agricultural opera-
tions, who were desirous of studying some of the sciences
which bear most immediately upon the art of farming; and,
secondly, city-bred men, — often graduates of the academic
department of the University,— who intended either to es-
tablish themselves upon farms, or to occupy country seats, or
to become landscape gardeners.

It should be said that the present publication of a part
of the matter thus accumulated is wholly an afterthought,
suggested by the recent solicitations of students. Dut it is
hoped that the work may appeal to many members of that
large class of practical farmers, interested in scientific agricul-
ture, who cannot possibly find time to leave home to study it.

The author desires to acknowledge his indebtedness to his
teachers Stoeckhardt and Boussingault, and to the publications
of Malaguti, Mulder, Dobierre, Wolff, A. Mayer, and Sachs,
and especially to those of Knop,* Heiden,t and Hellriegel.f

# Tehrbuch der Agricultur-Chemie, 8vo, 2 vols.
+ Lehrbuch der Diingerlehre, Stuttgart, 3 vols.
t Beitrige zu den naturwissenschaftlichen Grundlagen des Ackerbaus,

Braunschweig, 1883.
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Like all other agricultural chemists, he owes a great debt
of gratitude to the collaborators of the Jahresberichit and the
Centralblatt der Agricultur-Chemie, which were established
respectively by R. Hoffmann and R. Biedermann.

Special mention needs to be made of the publications of
his friend, Prof. S. W Johnson, of New Haven. The long
series of essays by this chemist which have appeared in the
American Journal of Science, and the Reports of the State
Board of Agriculture of Connecticut, and of the State Board
of Control of the Agricultural Experiment Station at New
Haven, constitute by far the most important contributions to
agricultural science hitherto made by an American. They
have from the first most deservedly been held in high esteem
both by scientific men and by practical farmers. Free use
has been made of these papers in the preparation of the
present book.

With regard to the books of Professor Johnson, notably
those entitled “ How Crops Grow,” and “ How Crops Feed,”
— which it is fair to presume are already in the hands of
almost every student of agriculture, — the author would
urge upon the reader, as he has been accustomed to urge
upon his pupils, the great importance both of studying these
treatises for their own sakes, and of consulting them freely in
elucidation of many subjects which are treated of in the pres-
ent work. Not a few points have here been lightly touched
upon, or even wholly omitted, simply because full explana-
tions concerning them may be found in one or another of
Johnson’s books.

Bossey INstiTUTION OF HARVARD UNIVERSITY,
Jamaica I'lain (Boston), Mass.
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CHAPTER L
GENERAL RELATIONS OF SOIL AND AIR TO THE PLANT.

ON considering the relations in which plants stand to the air and
the soil which surround them, the questions naturally arise, What
are the sources from which plants derive food ? and, How is it that
plants take in their food ?

Suppose, for example, that a seed was buried in the earth some
time since, that it has germinated there, and that the plant has
begun to grow independently, of what significance for this plant
are the soil and the air with which it is in contact ?

Strange as it may seem on first sight, it is from air and from
water that plants are chiefly derived. All the so-called carbonaceous
matters in a plant are formed from carbonic acid which is taken into
the plaunt through the leaves. From the air, too, comes the larger
part of the oxygen which next to carbon is the predominant con-
stituent of the dry matter in plants. Boussingault found in a crop
of 4,500 1b. of clover hay harvested from an acre of land

1680 1b. of carbon, 177 1b. of hydrogen, and
1340 1b. of oxygen, 74 1b. of nitrogen.

Plants contain much Water.

A fresh or living plant consists largely of mere water. Young
grass, for example, is three fourths water, which may be dried out
at 212° F. Potatoes also contain almost 75% of water, and the
more succulent vegetables contain a still larger proportion. Beets
and carrots contain 80 or 90% of water. A 2,000 lb. ton of tur-
nips may contain more than 1800 Ib. of water. Even trees seldom
contain less than one third their weight of it. Schiibler found that
ash trees felled at the end of January contained 29% of water, a

VoL L —1 .
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aple 34%, and a fir 53%. The same kinds of trees felled early in
pril had 39, 40, and 61% of water respectively. Gelesnoff, who
ade determinations for every month in the year, found that the
rerage yearly amount of water in a pine tree was 61%, in a poplar
3%, in a birch 49%, and in a maple 42%.

This water comes from the soil, 1. e. it is taken into the plant
wrough the roots. From the soil also the roots of plants take in
iat small proportion of inorganic matter which is left as ashes
hen the plant is burned. Every hundred pounds of the clover
vy examined by Boussingault contained some six pounds of ashes.
rom the soil come also the salts of nitric acid or of ammonia,
> the other nitrogen compounds of whatever name, which go to
rm the nitrogenized constituents of the plant, as will be seen
ereafter.

Water Culture.

It is quite possible to make plants grow tolerably well without
1e intervention of any soil, using the term soil of course in its
rdinary acceptation.

Not only do we see parasitic plants, like the mistletoe and
panish moss, growing freely in mere air, but it is easy to make a
reat variety of plants grow in water. It has long been customary
1 domestic horticulture to grow hyacinths and other bulbs, as well
s cuttings of rosebushes and of the so-called Wandering-Jew (Z7'ra-
escantia), in glasses of water, and it is true that almost any of the
rdinary grains may be made to grow and bear seeds in this way,
adian corn notably. It is only necessary that the water shall
old dissolved certain so-called inorganic, or ash-producing, con-
ituents of the plant, and a small quantity of some compound of
itric acid, the very things, namely, which are ordinarily taken by
1e plant from the soil. Though these soil-derived substances are
'w 1n number, and though the quantity of each of them required
y a plant is exceedingly small, they are none the less essential and
1dispensable.

It is impossible for plants of the higher orders to develop them-
2lves in the absence of potash, lime, magnesia, irom, phosphoric
°id, sulphuric acid, and chlorhydric acid, and some nitrogen com-
ound, such as one of nitric acid or of ammonia.

We know thus much not only from the fact that the substances
1 question (excepting the nitrogen compounds) are always to be
und in the asnes of plants; but, better, we know it from the
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results of manifold experiments made with factitious soils, in the
compounding of which one or more of the substances enumerated
were left out.

Even the parasitic plants, like the mistletoe, take food from the
sap of the tree to which they are attached, or from the decaying
wood itself in case they grow upon a lifeless branch.

History of Water Culture.

The method of “ water culture,” just now alluded to, has acquired
a good deal of importance of Jate years. Many experiments of great
value for the elucidation of questions in vegetable physiology lLave
been tried by means of it.

The idea itself is old. The Swiss naturalist Bounet studied it
longago. So too, as early as 1758, the French chemist and botanist
Duhamel grew beans in this way, and he produced chestnut, oak,
and almond trees. Some of his trees were six and eight years old
when an accident destroyed them. Duhamel fonnd that it was
necessary to change the water frequently, and we now know that it
is the matters in the water, the substances namely which are held
dissolved in the water, that need to be renewed.

In experimenting in this way it is no longer customary to take
spring water, but pure distilled water, in which can be dissolved
whatever substances we may wish to experiment upon. The subject
is described in some detail in Professor 8. W. Johnson’s book en-
titled ‘“ How Crops Grow,” under the head of *“ Water Culture.”

Sand Culture.

Instead of placing the clear aqueous solution to be experimented
upon in a jar by itself, it might be poured into a vessel filled with
pulverized quartz, or with any other inert substance incapable of
yielding plant-food, such as beach sand which has been leached
with an acid. If this be done, it will be found that plants will
grow in the mixture very much in the same way that they grow in
the water without the sand, excepting that in the sand the plant
provides for its own mechanical support.

The use of sand in this way is closely allied to a common method
employed by gardeners in their propagating-houses, though the ob-
ject of using sand in this case is to “start” cuttings in a soil free
from any putrescible matters which might make the cuttings rot.

So too, in Holland, gardeners grow the bulbs of flowering plants
on the large scale, and very superior potatoes also, on the sand
dunes of that country, after having heavily manurcd them. The
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mobile sand allows the roots and tubers to develop smoothly and
symmetrically, 1. e. an unusually large proportion of the sand-grown
crop 1s free from blemishes or irregularities of form.

Many experiments have been made in this way by scientific men
also. For example, the German chemists Wiegmann and Polstorff, in
order to obtain an absolutely inert sand, cut a quantity of platinum
wire into small pieces; they put the fragments in a platinum cup
together with a definite number of seeds of the common cress (Lepi-
dium sativumn) and they moistened the wire with pure distilled
water. The cup was then put under a bell glass, to protect its con-
tents from dust, and the air of the bell glass was kept fresh, and
proper for the growth of the seeds.

The seeds germinated, grew naturally during some days, and
even reached a height of three inehes before they began to droop
and die. On igniting the cup and its contents so that the plants
were burned to ashes, these ashes were found to weigh precisely as
much as the aslies obtained from another lot of seeds, equal in num-
ber to those sown upon the platinum. This experiment is here
cited merely in illustration of the method of researeh. The real
object of the experiment was to determine preeisely what happens
when a seed is made to sprout in a soil destitute of plant-food. It
helps to enforce the lesson, which has been learned from many
other observations, that, for continuous growth, food must be sup-
plied continually. If there had been dropped upon the platinum
sand a mixture of the needed ingredients, the plants would have
grown well enough, and would even have formed perfect seeds.

Uses of the Sol.

It would appear that ordinary earthy soil is of use primarily as
standing room ; the roots of plants spreading among the minute
particles of which the soil is composed adhere to them in sueh wise
that the plant is held seeurely in the position proper to it. The
plant is braced and ballasted. It is evident, moreover, that soils
from which erops are to be taken must contain in some shape the
ash-producing ingredients proper to those erops.

Assimilation of Plant-Food.

The questions still remain to be answered, In what state is the
plant-food eontained in the soil? and, How does the plant get at 1its
food ?

The weight of evidenee thus far aceumulated goes to show that
the plant-food passes from the soil into the plant in the form of a
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solution. But it is by no means universally true that all the food
consumed by a crop is in a state of solution in the soil, ready and
waiting to flow towards the roots and to enter the plant when
needed. Some plant-food — especially some particular kinds of
plant-food — is undoubtedly held in solution in the moisture of the
soil, so that the earth of cultivated fields is not wholly dissimilar
to the moistened sand of the greenhouse men and of the scientific
experimenters. But it would be highly erroneous to regard the soil
as 1f 1t were nothing more than a sort of sponge charged with solu-
tions of substances proper for the growth of plants. Really, the
soil, beside being a storehiouse from which plant-food is derived, is
a laboratory in which solutions of plant-food are compounded ; and,
in addition to all this, it is known that the roots of plants, or
rather matters exuded from the roots, play a very important part in
dissolving substances out of the earth which mere water would be
incapable of dissolving. The little hairs, in particular, upon the
roots which cling so tightly to the soil, are active agents both for ab-
sorbing food from the soil-water and for dissolving food from the soil.

The earth serves also to arrest and retain many substances ex-
cluded by the plant which would do harm if they were suffered to
remain dissolved so that they could accumulate about the roots.
One of the chief difficulties inherent to the method of experi-
menting by water culture is precisely this accumulation of hurtful
matters in the solutions used, as will be explained hereafter.

Diffusion and Osmose.

Nevertheless, for the sake of the argument, it may perhaps be
well at first to consider the soil as if it were merely a source or
reservoir of saline solutions,—-which indeed it most truly is, as well
as something more. This supposition will afford a convenient basis
for the inquiry as to the manner in which the plant receives its
food, and lead directly to a brief consideration of the laws of Osmose
and of the diffusion of liquids, which control the admission of food
to plants.

It is a matter of experience, that, if some salt be placed at the
bottom of a tall jar, and the jar be then quietly filled with water
and left at rest in a place of constant temperature, a perfectly
homogeneous solution of salt and water will be obtained, after the
lapse of some time.

No matter how carefully the vessel be protected from mechanical
agitation, the heavy brine which forms at the bottom of the jar
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when the salt and the water first come in contact with each other
will gradually diffuse into the lighter water above it, until the
entire mass of liquid has one uniform composition. This fact of
diffusion pure and simple may readily be illustrated by placing
a small quantity of a solution of a colored salt, such as potassium
bichromate, at the bottom of a bottle of water, and allowing the
latter to stand at rest for a day or two.

Even when brine and water are separated from each other by
a porous membrane, like bladder or the outer covering of the
minute cells of which plants and their roots are eomposed, this
liquid diffusion will still go on, though the plhenomenon is then
found to be less simple than before.

On interposing the membrane between the brine and the water,
phenomena depending upon capillary attraction, or the mechanical
power of the membrane to absorb liquids as a sponge absorbs
water, and upon chemical affinity of some ingredients of the mem-
brane for those in the liquids, are liable to be manifested simulta-
neously with the movement of mere diffusion. That is to say,
whatever force, whether of adhesion or of affinity, the matter of
the membrane can exert upou the substance dissolved in the liquid,
comes in to modify the simple diffusive force.

Thus, if a bladder full of brine be fastened to a narrow tube, best
of glass, and then be sunk in a jar of water, it will be seen that
water passes into the bladder more rapidly than the brine passes
out, and so causes a rise of liquid in the narrow gauge tube. By
analyzing the water in the jar, it would be found, indeed, that a
small quantity of salt has diffused out into the water; but it is
apparent, from the position of water in the gauge tube, that in this
ease water moves in through the membrane much faster than the
salt moves out.

Similar results can be obtained by substituting other dense
liquids, such as syrup of sugar, for example, for the brine in this
experiment.  The quantity of water which passes in this way into
a saline solution is often very muech larger than would be intro-
duced by mere liquid diffusion. It may even amount to several
hundred times the weight of the saline matter displaced.

The movement or current of liquid inward (i. e. of the water in
the supposed case) is called Endosmose, and the outward move-
ment (of the salt in this case) is called Exosmose. The shorter
word Osmose, or Osmosis (impulsion), which includes both the
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others, is used as a distinctive term for the phenomena of diffusion
through membranes.

Now in the same way that the bladder acts in the experiment,
50 are the roots of plants supposed to act in the soil. The roots,
and all other parts of plants as well, are composed of numberless
minute bags or bladders, called cells, which lie close together and
constitute the atoins, as it were, of which the fissues of the plant
are built up. These cells are geuerally very small, and even of
microscopic size, though in some plants they are large emough to
be readily seen and experimented with. Since the liquids within
the root-cells are of different composition from the liquids in the
soil, the soil liquids are presumed to pass into the root-cells in
much the same way that the water flows into the brine in the
experiment just now cited.

Some Membranes specially active.

It is to be observed that in all osmotic action very much de-
pends upon the character of the membrane employed. Different
kinds of membranes differ widely as to the amount of attraction,
whether of adhesion or of affinity, which they exert upon the
substances exposed to them. If, for example, the water and the
brine in the cited experiment were separated by a membrane of
such character that it could exert no action upon either of the
liquids, the diffusion would proceed very much in the same way
as if no membrane were present. Graham has in fact shown that
common salt diffuses into water through a thin sheet of ox-bladder
deprived of its outer membrane, at about the same rate as when
no membrane is interposed.

On the other hand, it has been proved by experiments of
Schacht on the cell membranes of plants having single cells large
enough for such observations, that the phenomena of osmose are
well marked in the case of these plant membranes. A marine
plant called Caulerpa prolifera, which has served for this purpose,
is said to consist of a single cell that is often a foot in length.

That liquids do actually penetrate into plants through their roots
may be shown by watering a plant with some inert colored liquid. T
have myself noticed, some years ago, that Indian corn which had been
made to sprout in a flower-pot that was watered with milk had white
leaves. Here it would seem that the minute particles of solid matter
in the milk must have entered the plant, though it is possible that
the whiteness of the leaves may have been due to chemical action.
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COollovds and Crystalloids.

One other point needs to be mentioned as bearing upon the ra-
pidity of the flow of liquids into plauts. The character of the
substances in solution, namely, has to be considered, as well as that
of the membranes through which the solutions are to flow. It has
been found by experiment that different substances diffuse through
water even at very different rates. There is one class of bodies of
very low diffusive power, called Colloids, which are characterized
by a tendeney to form jellies with water. And there is another
class of comparatively high diffusive power, called Crystalloids,
most of which are capable of erystallizing when they assume the
solid form.

Among colloids may be named glue (gelatin) ; the various gums
and uncrystallizable albuminous substances, dextrin, pectin, and
starch. Precisely those things which are formed within the living
plant in abundance have small chance to leak out through the cell
walls. Among the crystalloids, on the other hand, are sugar, many
vegetable acids, such as eitric, tartaric, and oxalic acids, and most
of the ordinary salts.

Movements of Plant-Food.

On proceeding to inquire as to the bearings of the foregoing facts
upon the theory of the growth of plants, it will be seen that active
cells in the rootlets will naturally absorb saline matters from the
soil, since the liquids in the root-cells (of a sprouted seed, for ex-
ample) are of different composition from the liquids in the soil.
Each root-cell is, so to say, charged with syrup or with brine.as in
the supposed experiment.

Diffusion and osmotie action must, moreover, go on from cell to
cell, throughout the entire plaut, so long as, from any cause, the
unlike liquids in the various cells are prevented from coming to a
state of equilibrium.

But by virtue of the mere fact of its life perpetual changes are
occurring in every part of a growing plant, and there is consequently
no lack of causes operating to prevent the attainment of any per-
nianent equilibrium. Almost every change which occurs within
the growing plant, no matter whether the alteration depends upon
chemical or upon physical action, will tend to perpetuate this inces-
sant diffusion of liquids.

If it be conceived, for example, that a portion of the contents of
one cell have combined to form solid starch, or some sluggish col-
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loid substance, like albumen or dextrin, an osmotic vacuum, as it
were, will be there established, and at the same time a movement
of liquids will be started throughout the entire plant to try to fill
this void space. A particle of lime coming in contact with oxalic
acid to form the insoluble compound oxalate of lime, would pro-
duce a similar effect. But changes analogous to these are constantly
occurring throughout the entire plant. As the plant grows, new
cells and new membranes are formed incessantly, and new quanti-
ties of soluble matters are continually brought into the plant.

In the foregoing brief sketch of the mode of introduction of food
to plants through their roots, the subject is presented merely as
witnessed from the chemist’s point of view. It should be said,
moreover, that the fact that the contents of the cells of plants are
alive or beginning to live tends to make the oswmnotic movements
more active than they would be in dead imnembrane. The mucilagi-
nous or granulating matter called protoplasm, which fills the interior
of the cells undoubtedly works to promote osmose, and physiologists
have much to say concerning the manner of its action as viewed
and studied by them.!

Transpiration of Water.

It is necessary to distinguish carefully between the movements
of mere water, by way of osmose, and the movements of plant-food.
The evaporation, exhalation, or rather transpiration of water from
the leaves of plants, undoubtedly exerts a highly important, and at
times a paramount influence, on the osmotic movement of this par-
ticular liquid, while it may have nothing or next to nothing to do
with the introduction of plant-food proper. In so far as mere
water is concerned, it will naturally happen that, as fast as the con-
tents of cells at the extremities of a plant become concentrated
through loss of water that escapes as vapor into the air, fresh sup-
plies of water will diffuse into them from the cells next adjacent,
and so the movement of water will be transmitted from cell to cell
until the store of moisture in the soil outside the plant has been
reached. DBut it is plain at the first glance that this movement of
liquid water through the plant is a fact to be considered by itself,
and that the exhalation of vapor from foliage cannot be regarded as
a prime motor in the matter of supplying saline food to plants.
Indeed, we often see vegetation assuming special luxuriance and
vigor in atmospheres that are completely saturated with moisture,

1 Compare, for example, Professor Goodale’s Physiological Botany.
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as in tropical forests, in some greenhouses, and in the so-called
Wardian case. That is to say, growth is most rapid under precisely
those conditions where exhalation from the leaves is necessarily
small.

Ward's Case.

The Wardian case, named from its inventor, Mr. Ward of Lon-
don, is a picce of apparatus worthy of attentive consideration. It
consists of a close box, provided witha glazed cover and charged with
moistened earth for plants to grow in.  In its original simplest form
the Wardian case was merely a corked bottle half full of moist loam.
Commonly it consists of a strong wooden box lined with zinc or
lead. At the bottom of this box a porous stratum of gravel or
broken earthenware is laid down ; immediately upon the gravel a
thin layer of turfy loam is placed to serve as subsoil, and finally the
box is filled to its brim with loam proper. The loam is well mois-
tened at the start, and a quantity of water is poured into the gravel
to serve as a store or reservoir for supplying water continually.
After plants have been set out in the earth, a closely fitting glazed
cover is placed upon the box, and, if need were, this cover might
be firmly cemented to the box. The apparatus thus represents a
little world by itself, in which one and the same quantity of water
continues to be used over and over again for the support of the
plants, while carbonic acid and nitrates are supplied to the plants
by the decay of the humus in the earth. The moisture that evapo-
rates from the loam, as well as that which is pumped np and ex-
haled by the plants, keeps the air in the apparatus saturated with
vapor, and the excess of this vapor either condenses upon the inside
of the glass cover and thence trickles down upon the earth, or it is
reabsorbed directly, as vapor, by the earth, whenever the tempera-
ture of the glass is too high to permit of condensation there. Thus
it happens that the plants are maintained in an atmospliere satu-
rated with moisture, and are so continually supplied with water that
all the evils of capricious and irregular watering are done away
with. So too the oxygen that is set free when the plants decom-
pose carbonic acid or water, as will be explained directly, is returued
to the air just as it is in the world at large, and this oxygen is thus
used over and over again for the oxidation of humus.

Ordinarily as employed in crowded cities where their chief pur-
pose is to protect the plants from soot, dust, grime, aud foul air, the
cases are not made absolutely air-tight, for it isa matter of convenience
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to.be able to open them occasionally in order to pluck off dead leaves
or to trim or readjust the plants. Thus it happens that small portions
of the outer air do gain access to the plants, but it is not necessary
that this should occur. One conspicuous merit of the Wardian case
is, that, practically speaking, it takes care of itself, both as regards
water and air, and the maintenance of a considerable degree of regu-
larity in respect to temperature. But when plants are to be carried
long distances on shipboard, as when, for example, Mr. Fortune
sent to Europe numerous living specimens of the florist’s plants dis-
covered by him in China, the cases are thoroughly closed. After
having once been sealed up and placed in such positions that they
are properly exposed to sunlight, they are left unopened for almost
indefinite periods, sometimes for many months. In smoky London,
in particular, these cases were at one time largely used, both within
doors, and out of doors in yards and courts and on balconies.
Influence of Capillarity.

It need hardly be said that capillary action within the fibres of
the plant is an important aid to liquid impulsion and to the osmotic
movenients of water in particular. DBut this capillary or rather con-
ducting movement may be regarded in some sort as if it were out-
side the cells proper, between them as it were in the interspaces.
The significance of it is familiarly shown when children suck up
water through a stick of rattan or the stem of a pond lily, and when
they make the flexible lily stem serve as a syphon to drain water
from a dish. It has been noticed by physiologists that water passes
most readily through the fibrous, vascular parts of plants, and it is
to be presumed that water drawn in at the roots by way of osinose
may be forced through such channels more rapidly than it could
pass from cell to cell.

As regards evaporation from the leaves, it may be said yet again,
that, although there are frequent times and seasons when the flow
of water into and through the plant, to supply the waste of water
from the leaves, is exceptionally rapid, this flow has little or noth-
ing to do with the bringing in either of nitrogen or of ash ingre-
dients from the soil for feeding the plant. Transpiration from the
leaves, and the movements of water into and through the plant to
that end, must be considered by themselves. They are of vast im-
portance, doubtless, but should not be confounded with the normal
movements of food and of organized matters downward as well as
upward into all parts of the plant, and which likewise appear to be
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due for the most part to the action of diffusion and osmose working
slowly and constantly through the liquids with which the plant and
its cells are charged.

Beside the fact just now alluded to, that plants in greenhouses
and glass cases and in tropical forests grow exceptionally well in
atmospheres saturated with moisture, we have the common experi-
euce that field crops often grow with astonishing rapidity in damp
and rainy weather, when the air is so highly charged with moisture
that all processes of simple evaporation wellnigh cease, and any
loss of water from the leaves by mere evaporation must be decidedly
slower than usual.

Transperation o Physiological Process.

A clear distinction must be made, too, between the idea of mere
evaporation, as of water from moist earth, and this special power of
“exhalation” or ¢ transpiration,” 1. e. the throwing off of vapor of
water into the air, which is possessed by the leaves of plants, and
which goes on incessantly to some extent even when the air which
bathes the leaves is already saturated with moisture.

Naturally enough, the escape of aqueous vapor from the leaves of
a plant is most rapid in dry, hot, windy weather, especially when
the soil as well as the air is warm ; but there are experiments which
go to show that the exhalation does not entirely cease when the
plant is kept in a confined volume of air absolutely saturated with
moisture, as in the Wardian case, for example,

Stomata, or Breathing Pores.

According to physiologists, the water transpired from plants
escapes for the most part through myriads of minute openings or
valves, called Stomata, which exist upon the surface of leaves and
of young stems. These openings close in the dark, and they close
partially when a leaf wilts, and as a general rule also when a leaf is
wet with water. Transpiration is known to be much more rapid in
direct sunlight than in darkness, and it is supposed that one reason
why this is so is that the stomata or breathing pores are wide
open in sunshine, while in the dark they close, and in diffused light
they tend to close. For example, Wiesner found that a plant of
Indian corn transpired in one hour from 100 square centimetres of
surface,

In the dark 97 milligrams of water,
In diffused daylight 114 <« o .
In sunlight 785  « 6 “
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But he casts a doubt as to whether the opening of the stomata can
account for the whole of these differences, since he found the sto-
mata of young maize plauts closed at a time when much water was
transpired by these plants.

The main point to be insisted on, however, in this place, is, that
the exhalation of water appears not to be essential for the feeding
of the plant with nitrogenous matters and ash ingredients.

Plants can live and flourish, as las been said, in atmospheres so
highly charged with moisture that exhalation is very feeble. And,
on the other hand, no harin is done when exhalation is very rapid,
provided the roots are supplied with water enough to make good
what 1s lost from the leaves; otherwise the plant will wilt, and
droop, and die. We find in nature plants exposed to the most
varied conditions in this regard : there is a wide range between
the aquatic plants, which are constantly covered with water, and the
cactuses and sagebrush of the rainless deserts.

Yet the amount of water actually exhaled by ordinary agricul-
tural plants is enormous; and it is certain that crops cannot be
grown with full luxuriance unless the earth can continually supply
to their roots enough water fully to compensate for all that goes off
through the leaves. It is plain, not only that water is of the first
importance as a means of keeping plants in a succulent juicy condi-
tion, so that food may move freely within them and all the neces-
sary physiological processes be favored, but that the exhalation of
water acts as a great regulator, which by absorbing and removing
heat keeps the plants within fit and proper limits of temperature.

Examples of Transpiration.

There is a familiar illustration of the rapid exhalation of moisture
from blades of grass, which has never been sufficiently dwelt upon.
When the outer sashes of windows (double windows) are takeu
down or put up in spring or autumn, or when the sashes of cellar
windows are removed, the workmen are apt to leave some of these
glazed sashes for a time lying upon the grass about the house. But
the moment the cool glass is thus exposed to the exhalation of
moisture from the grass, it becomes cloudy and obscured through
deposition of the moisture. So, too, if a cold bell glass be placed
over a bunch of growing grass, even in the driest season, water
enough to trickle from the sides of the jar will be deposited in the
course of two or three minutes.

The English observer Watson, who first performed this experi-
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ment, was led to conclude from it that an acre of grass land might
exhale more than 30 hogsheads of water in a day.

The experiments of Mr. Lawes on various field crops showed that
from 250 to 300 grains of water pass through a plant for every
grain of solid matter added to the plant ; and those of Hellriegel
show that rather more than 300 grains are needed, as will be seen
directly.

Iu the old experiments of Hales a single cabbage plant of moder-
ate size exhaled 25 ounces of water in the course of 12 hours, and
a sunflower plant 3} feet high gave off nearly 2 Ib. of water in
the course of 12 hours on a very warm, dry day. More recent
experiinenters have observed that grass-sod may give off as much as
from 2 to 5 1b. of water for each and every square foot of surface
in 24 hours. According to Knop a grass plant in a hot, dry
summer’s day will exhale its own weight of water. As a rule, young
plants give off more water in this way than old ones.

Hellriegel has taken a great deal of trouble to determine how
many pounds of water were transpired by various plants which
were thoroughly well fed, watered, and cared for at Dahme, a
village some miles south of Berlin, in Prussia. For barley, in
particular, he found that in the course of its eutire life 310 pounds
of water were exhaled for every pound of dry matter which was
produced in the form of leaves, stem, and fruit, at that particular
locality. For other plants, somewhat less carefully studied, he gives
the following figures as the amount of water transpired for each
pound of dry crop produced : —

1b. Ib. 1b.
Summer wheat, 338 Horsebeans, 282 Buckwheat, 363
Summer rye, 353 Peas, 273 Summer rape, 329
Oats, 376 Red clover, 310

The general result of the experiments is evidently that the various
crops do not by any means differ so much from one another as to
their relative powers of transpiring water as might have been sus-
pected from the differences which they exhibit as to their outward
forms or structure. It is of interest to observe in particular that
the leguminous plants tested seemed, on the whole, to transpire less
water than the cereals for each pound of dry crop produced ; and
this conclusion was supported by measurements of the transpiratory
surfaces of barley, bean, and lupine plants, taken at that particular
stage of development of the plauts, i.e. that condition of maturity
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when their lower leaves had begun to die. It appeared, in fact, that
these plants have very much the same amounts of transpiratory
surface for every pound of dry substance which they contain. Thus
the relations found for barley were 1: 115 and 1: 139 ; for the
horsebean, 1: 131 ; and for the lupine; 1: 136.

The figures in the table all refer to perfect plants, that grew un-
der the most favorable conditions possible. But it was noticed
that, when the yield of a crop is lessened by any circumstance that
hinders growth, the proportion of water transpired to crop produced
is always abnormally high. ‘

Apparatus for exhibiting the Force of Osmose.

Ocular evidence of the great force with which the roots of grow-
ing plants take in water from the soil may be had by arranging an
experiment such as is depicted in the diagram on page 248 of
“How Crops Grow.” On fastening a pressure gauge to the stump
of a vigorous plant, water will be pumped up by the plant from the
soll into the gauge, and the mercury in the latter will be forced up
into the narrow tube until the column of mercury in that tube is
so high that its pressure has become equal to the absorptive force
which the roots of the plant are capable of exerting.

By experimenting in this way, Hales found that a grape vine was
capable of supporting a column of mercury 32} inches high, —
which would be equal to a column of water 361 feet high.

Another experimenter, Hofmeister, found that a grape vine sup-
ported 29 inches of mercury, a nettle 14 inches, and a bean 6 inches.
The flowing of sap in trees when excited by the return of warmth
in the spring, long before the appearance of any leaves, as familiarly
witnessed in the case of the sugar maple or the “bleeding ” of a
grape vine that has been cut or injured in the spring, illustrates the
same thing precisely. If a glass tube be tied firmnly in a vertical
position upon a bleeding branch, it is easy to collect a long column
of liquid that has been forced up by the action of the roots in direct
opposition to the force of gravitation.

Mention may here be made of another piece of apparatus,® de-
vised by the German physiologist, Sachs, to illustrate the osmotic
action of the root-cells. A short piece of wide glass tubing is closed
at one end with a piece of pig’s bladder; it is then filled with a
solution of sugar, and closed at the other end with a piece of parch-
ment paper. A caoutchouc cap carrying a narrow bent tube is then

* Figured on page 361 of “ How Crops Grow.”
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tied firmly over the parchment-paper end of the apparatus, and the
latter is immersed in water.

The short wide tube represents a root-cell, the outer or bladder-
covered wall of which is less penetrable to liquids when exposed to
pressure than the inner wall of parchment paper. But the water
that passes into the cell by force of osmose soon exerts such a pres-
sure on the parchment paper that a quantity of liquid is forced
through this paper into the bent tube, in which it rises to a very con-
siderable height above the surface of the water in the dish. The
narrow bent tube may be regarded as representing the stem of a
plant, or rather as representing an open capillary channel within
a plant stem. This apparatus is readily prepared and is highly effi-
cient. It will sometimes continue to pump water actively during
several days.

Solutions of Plant-Food may be highly Dilute.

The subject of osmose and the so-called selective power of plants
for inorganic foods will naturalty come up again for discussion under
the head of manures. For the present, it will be sufficient to have
indicated roughly the relation of the plant to the soil, if only the
student has been led thereby to reflect upon the manner in which
the food of plants is absorbed.

It is to be remembered that the water, or rather the moisture,
within the soil, like the water of most of the springs and wells which
flow from the soil, is usually by no means highly charged with the
substances which have been named above as essential to the growth
of vegetation. But the plant has power to gather its food from ex-
ceedingly dilute solutions. It can collect phosphoric acid, for
example, from waters which contain no more than one part of that
substance in ten thousand or twenty thousand parts of the liquid.

It is no unusual thing for the chemist to find substances in the
ashes of a plant which he cannot detect by his most delicate experi-
ments ?ither in the soil in which the plant grew or in the water of
tha't S?ll. It is a familiar fact, for that matter, that an abundance
of iodine for use in medicine and in the arts is obtained from the
ashes of sea-weeds, though we are wholly incompetent to obtain
lodine directly from sea-water, or even to detect its presence there
with certainty.

It may be remarked, in passing, that sea-plants well illustrate this
capital principle of osmose. The floating sargasso, or aulf-weed, of
the middle Atlantic ; the kelp of onr own coast, — growing often
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upon a loose stone or an old mussel shell, from which no nourish-
ment can be derived ; the green slimes that flourish upon the sur-
face both of salt and of fresh water, and all the other vegetations
which have their being beneath the surface of water, are capital ex-
amples of the phenomena in question.

It should be understood, withal, that it is not from actual flowing
water alone that plants are nourished. Most plants are supplied
with food and with water also in good part from the mere dampness
which is noticeable in loam that has been recently disturbed. The
hairs upon the rootlets of plants cling to the damp loam and drink
in the moisture from 1t. Young plants are apt to wilt when trans-
planted because their rootlets cannot immediately come into inti-
mate contact with the earth, and they remain wilted until the
rootlets have had time to adhere to the soil.

The significance of the dampness in loam is a matter of common
observation. It is exemplified in some sense by an experiment of
Sachs. Having grown a bean plant in a pot filled with stiff clay,
this experimenter left the plant unwatered until it began to wilt.
He then hung the pot in a close vessel full of air that was wellnigh
saturated with moisture, but he left the plant proper projecting
into the outer air. The wilted leaves soon revived, and the plant
remained fresh during the two months devoted to the experiment,
although 1t did not grow.

CHAPTER 1L
THE ATMOSPHERE AS A SOURCE OF PLANT-FOOD.

As has been said already, a very large proportion of the dry
matter of plants is derived from the air. A seed planted in mere
sand may grow into a perfect plant if it be properly watered, and
may produce a crop of new seeds, each as large and perfect as the
first, although no particle of organic matter, of woody fibre, of
starch, of oil, or of any other of the so-called proximate constituents
of the plant, be contained in the sand or the water from which the
plant has apparently been produced. In one word, there need not
be any carbon in the soil, for this most important constituent

of plants comes from the air.
VOL. I. —2
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Composition of the Air.

Concerning the chemical composition of the atmosphere, it needs
to be insisted, first of all, that beside oxygen and nitrogen, together
with some vapor of water and a minute trace of ammonia, air
always contains a certain small proportion of carbonic acid gas.
The average composition of air, by volume, is often stated as
follows : —

Oxygen 20.61
Nitrogen 77.95
Carbonic acid 0.04
Aqueous vapor 1.40

100.00

Since carbonie acid is much heavier than air, 4 volumes of it to
10,000 volumes of air means y;845 parts by weight.

The proportion of carbonic acid in the air varies somewhat in
different places, and in any one place at different times, though,
taking the whole world through, the amount of the gas is wonder-
fully uniform.

In countries like the French province Auvergne or the Eifel dis-
trict on the western bank of the Rhine, where the gas is given off
in very large quantities from fissures in the earth, and in the viein-
ity of active volcanoes, it is but natural that more carbonic acid
than the usual proportion should be found in the air. The amount
of this gas given off every day from volcanoes in South America
is simply enormous. Even in a thick wood where the ground is
covered with decaying leaves, twice as much carbonic acid may be
found in the air as in that above open fields. Much carbonic acid
1s, however, evolved from the soil anyway, where it is formed by
the oxidation of organic matters; much of it is formed also when-
ever wood, or coal, or peat is burned, and it is a constant product
of the respiration of all kinds of animals.

Experiments . made under my own eye in Boston by my assist-
ant, Mr. A. H. Pearson, in the winter of 1869-70, showed an
average of 0.0385% by volume of carbonie acid in the air. Angus
Smith found from 0.03 to 0.04% in the air of Manchester, Eng-
land, and 0.0336% in the air of the Scotch hills. AllnSthll“‘
found 0.031% in the North of England, and Thorpe 0.0295 to
0.031 in sea air. Boussingault in France found from 0.032 to
0.038% ; Reiset, 0.0296 ; Levy, 0.027 to0 0.035 ; and Miintz, 0.0284
to 0.0286. In Germany, Schulze found 0.0292% at Rostock on
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the Baltic; Henneberg, 0.032 near Gittingen ; Fittbogen, 0.0334
at Dahme; and Faisky, 0.034 in Bohemia. For more southern
regions, the estimations of Miintz and Aubin in air from Hayti,
Florida, Mexico, Martinique, Patagonia, and Chili give an average
of 0.0271%.

The Carbon in Plants vs deriwed from the Carbonic Acid of the Air.

It is this carbonic acid in the air that feeds the plant. In the
absence of carbonic acid no green plant can grow. The foliage of
young plants cannot even exist for any length of time when
exposed to sunlight in air that is totally free from carbonic acid.
De Saussure has shown this by, enclosing the branches of plants
in glass vessels charged with moistened lime, so that the carbonic
acid might be absorbed by the lime, and thus be removed from
about the leaves.

Decomposition of Carbonic Acd by Foliage.

The history of the discovery that the leaves of plants decompose
carbonic acid is not a little curious, and some of the old experi-
ments through which the knowledge of the fact was finally arrived
at are highly instructive.

So long ago as 1752 the Swiss naturalist Bonnet observed that
green leaves immersed in water and exposed to sunlight give off
a gas. Methods of analyzing gases had not at that time been dis-
covered, so that Bonnet’s means of studying the phenomenon were
limited. He observed, however, that leaves which were immersed
in water that had been recently boiled developed no gas, whence
he concluded, incorrectly as we now know, that the gas ordinarily
observed was nothing more than atmospheric air which had been
dissolved by the water, and which collected upon the leaves when
the latter were immersed in the water.

In 1771, Priestley, who had devised methods of analyzing gases,
turned his attention to the subject. He found that the gas given
off by the leaves of plants was sometimes carbonic acid and some-
times oxygen. Sometimes he could not get any gas at all, and,
although he noticed that air which had become impure from having
been breathed by men and animals could be made better by means
of plauts, he nevertheless thought that carbonic acid gas was
poisonous for vegetation. Percival was the first observer who
maintained that carbonic acid taken in at the leaves serves for the
support of plants.

A few years after Priestley, in 1779 namely, Ingenhouss proved



20 AGRICULTURE.

that oxygen is given off only when the leaves and water are ex-
posed to sunlight. This was the key to the whole matter. He
found also that carbonic acid is given off in the dark, and that
those parts of the plaut which are not green, such as flowers,
roots, and fruit, never give off oxygen, but only carbonic acid.
He found, moreover, that in well water the plant evolved more
oxygen than in river water. We now know that the well water
employed by Lim probably contained more carbonic acid than the
river water.

Our own countryman, Rumford, devoted some time to the study
of the question at this period, and his observations are uot a little
interesting. But it was Senebier who first systematized the matter
by showing conclusively, in 1783, that the oxygen thus given off
from leaves comes from carbonic acid that was held dissolved in
the water in which the leaves wefe immersed. If there is no car-
bonic acid in the water, no oxygen will be set free when the mix-
ture of water and leaves is exposed to sunlight. Just so it is with
sea-plants that live immersed in water, and so it is with leaves that
are in the air. Finally, at the beginning of this century, De Saus-
sure proved that simultaneously with the evolution of oxygen
the plant increases in weight through the formation of organic
matter.

Nowadays it would usually be found more convenient to study
this question with plants or leaves kept in the air, and not in
water. The foregoing statement is simply a fragment of history
which may serve to indicate how one item of knowledge now
familiar was first acquired. There is indeed no one fact relating
to vegetable growth which can be more truly called fundamental
than this, — that green leaves decompose carbonic acid in sunlight,
and that the oxygen of the carbonic acid is set free while the car-
bon is retained in the plant.

Direct proof that carbonic acid is absorbed from the atmosphere
by the leaves of plants is given by an experiment of Boussingault.
This chemist thrust the branch of a living vine into one of the
orifices of a three-necked glass globe, and fastened it there ajr-
tight. He made a current of air charged with a definite quantity
of carbonic acid to flow into one of the orifices of the globe and
out of the third orifice. But attached to the third orifice was an
apparatus for collecting and weighing all the carbonic acid which
was left undecomposed by the vine leaves. He found when tho
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globe was exposed to sunlight that the foliage within it consumed
three quarters of the carbonic acid which was admitted.
Osmose of Gases.

Carbonic acid doubtless enters the leaves of the plant by virtue
of the forces of diffusion and osmose, — in a manner analogous to
that in which liquids enter at the roots.

It is true of gases even more emphatically than of liquids, that
when two or more of them are brought together in a confined space,
they instantly begin to commingle, no matter how dissimilar their
weights, nor what their relative positions may be. They continue
thus to diffuse into one another until a perfectly homogeneous
mixture is obtained.

As regards osmose also, it is with gases as with liquids; the rate
of their passage through membranes depends only in part upon
their relative diffusibilities, since the character and condition of
the membrane, and the degree of adhesive force by which it can
attract the various gases, come in to modify the mere diffusive
force. Other things being equal, the gas which adheres to or is
attracted by the membrane most strongly will soonest penetrate
the partition.

A remarkable application of this osmotic action was suggested by
the English chemist, Graham, several years since. Graham found
that the oxygen of the air can be concentrated, as it were, by
osmotic filtration. Thin films of caoutchoue, for example, as well
as of other membranous substances, though impervious to air, as
such, and devoid of porosity in the ordinary sense of the term,
are nevertheless capable of absorbing or liquefying the individual
gases of which air is composed in such manner that the oxygen and
nitrogen absorbed can pass through the membrane, just as ether
or naphtha would, and can evaporate again in the form of gas
into a vacuum upon the other side of the film.

It appears that in a given time oxygen can pass through a caout-
chouc film two and a half times more abundantly than nitrogen, —
so that the film may be nsed as a sieve, so to say, to sift out or ex-
clude as much as one half of the nitrogen contained in ordinary air.
Air that has been made to pass through such a film contains between
41 and 42 per cent of oxygen, instead of the 21 per cent which is
normally present. A glowing splinter of wood will burst into flame
in this concentrated air.

In order to perform the filtration, one side of a thin caoutchouc
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bag, kept distended by wire cloth or other proper mechanical appli-
ance, is freely exposed to the outer air, while the atmosphere inside
the bag is maintained in a statc of partial rarefaction by means of
an air-pump. It was thought at one time that air thus concen-
trated would be useful for smelting metals, but experience showed
that it cost more to get the improved air than it was worth.

In the same way, Graham found that carbonic acid can pass
through thin films of caoutchouc or other membrane much more
rapidly than air or than oxygen. The rapidity of passage of nitro
gen being taken as 1,000,

That of oxygen is 2,556
That of atmospheric air 1,149
That of carbonic acid 13,558

Absorption of Gases by Plants.

The leaves of plants, or, more precisely, the membranous cov-
erings of the cells which abut upon the numberless air passages
which pervade the plant, are permeable to gases, as other mem-
branes are ; they take in the carbonic acid of the air, and the
green parts of the plant have power to decompose this carbonic
acid in such wise that its carbon is retained by the plant, while the
oxygen is allowed to return to the air.

There is no special attraction on the part of the leaves that
should draw carbonic acid towards them, except that, as fast as one
particle of the gas is decomposed at a given spot in the air, and so
withdrawn from the air, another particle diffuses thither to fill the
void space, and is naturally decomposed in its turn. As Pfeffer has
well said, the movement of carbonic acid in the air towards the
leaves of plants is similar in principle to the movement of this gas
towards a lump of caustic potash that has been left exposed to the
air. In a very short time this potash will absorb a great deal of
carbonic acid, simply because, as fast as one particle of the gas is
absorbed, another particle moves into its place to be in its turn held
fast by the alkali.

In this way it happens that carbonic acid is continually taken in
by plants out of the atiosphere, and transformed into the various
components of vegetation.

By force of the law of the diffusion of gases, to say nothing
of the stirring action of winds and other currents of air, new
portions of carbonic acid are incessantly brought to the plant from
without.
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Fuxation of Carbon by Plants.

Very little is known as to the precise manner in which the de-
composition of carbonic acid is effected within the plant. It is
known, indeed, that the decomposition is in some way intimately
connected with the green chlorophyl grains to which the color of
the leaves is due ; and 1t is known that light is necessary in order
that the decomposition may be brought about. But little has been
learned as yct as to the details of the process of decomposition.

Boussingault has suggested tlie hypothesis, that carbonic acid and
water may possibly be decomposed and deoxidized simultaneously,
in accordance with the formula,

€0, + H,0 = COH, + O,.
Or, if each of these symbols be multiplied by 12, then C,H,0,,.
And if from this formula one molecule of water be subtracted there
will be left C,H,,0,;," which represents the actual composition of
cane sugar and gum. If two molecules of water be removed, the
formula of starch, cellulose, and their isomers, is obtained, viz.
C]ZHQOOIO'

All this is, of course, mere speculation. It is equivalent to say-
ing that one way at least may be conceived of in which the decom-
position might occur.

It is interesting to observe, however, that the equation as above
written consists with the observed fact that the volume of oxygen
set free by the plant is very nearly equal to that of the carbonic
acid decomposed. It is known, also, that in the great majority of
plants more or less starch is to be found in the chlorophyl grains,
and it has been noticed that the starch thus cnclosed in the chlo-
rophyl is usually the first visible product that is formed when
carbonic acid is decomposed by leaves.

The starch thus formed is continually dissolved and carried out
from the leaves to be used in building up new leaves and other
parts of the plant, and it is only the excess of it, so to say, that
can be observed at any one moment. Microscopists have repeat-
edly noticed that starch disappears completely from the chlorophyl
grains, both in the dark and when the leaves are exposed to air
that contains no carbonic acid, but that new quantities of it are
specdily produced when the plant is again exposed to light and to
normal air. There are exceptional cases, however, where, instead
of starch, other compounds are formed in the chlorophyl grains
when carbonic acid is furnished to leaves that have previously been
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deprived of it. Sometimes oil is formed, sometimes mannite, and
sowmetimes grape sugar (or an isomer) as in the onion. The promi-
nent facts are, however, that the green chlorophyl grains assimilate
a part of the carbonic acid of the air, and that the assimilated mat-
ter is digested by the plant cells and converted into the various
components of the plant, somewhat in the same way that the food
eaten by an animal is changed to bone and muscle by the stomach
and the blood.
Some Plants feed upon Organic Matter.

The foregoing statement refers, of course, to the ordinary plants
of cultivation, that bear flowers and seeds. Mushrooms, toadstools,
and the other fungi, assimilate food in a different way. They have
no power to produce organic matter out of carbonic acid and water ;
but, like animals, they are forced to feed upon vegetable or animal
matters, or their remains, which they find ready formed. Not only
do we see the larger fungi growing freely upon decaying matters,
but experimenters are accustomed to cultivate the smaller micro-
scopic kinds in solutions that contain some soluble compound of
carbon, such as sugar, or a tartrate, or an acetate, beside ash ingre-
dients, and a nitrogen compound.

Unlike animals, which destroy organized matters, plants of the
higher orders may be regarded as agents for accumulating power
from inorganic materials, and for storing up power for future use in
the forin of food and fuel. 1In this sense, the primme object of agri-
culture is to collect, for purposes of human aggrandizement, as much
as may be possible of the energy which comes to the world in the
form of light and heat from the sun. Plants work constantly to
counteract destructive agencies, such as combustion and animal life,
which are continually resolving fuel and food into inorganic mate-
rials. All the wood, coal, and peat, and all the food in the world,
have been formed in the last analysis from the action of sunlight
on the chlorophyl grains in the leaves of plants, working to decom-
pose the carbonic acid of the air.  Of course, every pound of carbon
thus taken from the air and converted into vegetable matter repre-
sents an increase in the available energy of the world equal to the
force which can be generated on burning this amount of carbon.

Kind of Light needed for the Fixation of Carbon.

With regard to the agency of light in the matter of decomposing
carbonic acid, it is interesting to observe that the action is not due
to the actinic or chemical rays, whose power of effecting chemical
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decomposition is familiarly seen in the processes of photography,
and in the myriad instances of the “fading” of colors by sunlight.
The actinic rays doubtless play an important part in the elabo-
ration of some of the components of the plant, but they have very
little if any influence in the process of decomposing carbonic acid.
For this fundamental operation intense sunlight is essential.

Several observers have found that the decomposition of carbonic
acid by leaves is most rapid in the yellow rays of the solar spec-
trum, and that in passing from the yellow part of the spectrum
towards either of its ends the decomposition diminishes. Pfeffer
has drawn up the following table to illustrate the rate of diminu-
tion, the maximum decomposition in the brightest yellow being
taken at 100,

Red . 25.4 Blue . 291
Orange . 63.0 Indigo 13.5
Yellow 100.0 Violet . 7.1
Green 37.2

In the invisible Leat rays that lie beyond the violet there was no
decomposition at all. When the results as above given are depicted
graphically, the curve resembles very nearly one which represents
the brightness of the spectrum as it appears to the eye.

Plants need Abundant Laght.

All experience tcaclies that the amount of carbonic acid decom-
posed at a given time depends on the intensity of the light ; and,
in general, it is known that the prosperity of plants depends largely
upon the amount of light they rcceive. Indeed, the importance of
abundant light, as distinguished from heat, for the rapid growth of
plants can hardly be overrated.

The marvellously rapid advance of vegetation which, as travcllers
report, is to be scen in Norway and Sweden in spite of the late
spring and short and by no means hot summer of that northern
clime, is to be explained by a reference to the very short nights, or
rather to the long-continued daylight, to which vegetation is there
exposed.

The farther north grain is grown, so much the shorter is the term
of its vegetation. Barley ripens 20 days earlier at Alten in 70° of
north latitude, where on the average of years the mean summer
temperature is only 54° F., than it does at Christiania in latitude
60°, where the mean summer temperature is 60° ; and yet the plants
are as well developed in the one place as in the other. Curiously
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enough, this power of ripening speedily becomes hereditary in the
course of some generations, so that plants springing from seeds that
have been brought from the far north to more southern localities
grow as fast, ab first, or almost as fast, as they would have grown at
home.

It is because of the abundant light of the arctic summer that rye
and wheat can be grown in Siberia as far north as latitude 65° or
66°, where, because of the long, cold winter, the mean anunual tem-
perature is no higher than 15° ., and where the ground is so nearly
perpetually frozen that the soil never melts to a greater depth than
two or three feet.

Plants grown by Artificial Light.

It was disputed at one time whether the mormal processes of
growth can be carried on at all in artificial light, and the question
was complicated by results such as those obtained long since by
Mr. Ward (the inventor of the closed case), who found that cro-
cuses at least may be grown by gas-light. But here, of course, the
motive force had been stored up in the crocus bulb the year before.
In a similar category must be placed an old experiment of the bota-
nist De Candolle. By confining a sensitive plant in a dark place in
the day-time, he found that the leaves soon closed ; but on lighting
the chamber with many lamps, they opened again.

The general conclusion seems, however, to have been, that the
light of oil lamps and gas burners is not strong enough to enable
the leaves of plants to decompose carbonic acid ; though the experi-
ments of Hervé-Mangon in France and of Siemens in England show
clearly that the growth of many plants is possible in strong artificial
light, such as that of the electric arc, much in the same way that it
is possible in the dim light of a forest, or in any dense shade.
There is no longer any reason to doubt that many kinds of plants
may be grown by artificial light, especially such plants as require
but little light naturally.

Some Plants grow in Cool Weather.

It hardly needs to be said that a certain dearee of cold checks
the power of leaves to decompose carbonic acid. Cloez found that
at 30° F. certain water plants studicd by him no longer evolved
oxygen; and that none was given off until the temperature had
reached 59° F. TFrom this point the evolution increased until 86°
had been reached, at which point it was at its maximum. When
the temperature was allowed to fall, the decomposition of carbonic
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acid diminished, until at 50° it ceased entirely. On the other haud,
Boussingault found that larch needles decompose carbonic acid at
temperatures ranging from 33° to 36° F., and it is probable that
many kinds of plants that continue to grow in cool weather can
assimilate carbonic acid perhiaps even more readily than the larch.

Heinrich observed that Hottonia leaves can still decompose car-
bonic acid regularly at a temperature of 42° F., but hardly to an
appreciable extent at 37°.  The highest temperature at which these
leaves still evolve oxygen lies between 122° and 133° F., and the
best action occurs at about 88° F. In the case of Vallisneria, Sachs
observed a slow evolution of oxygen at 50° F., but none at 45°.
Indian corn and Mimosa pudica, he says, first begin to decompose
carbonic acid at temperatures above 59° F.

Plants give off Carbonic Acid in the Dark.

It is to be observed that in the entire absence of light plants
exhale no oxygen but only carbonic acid. So far from the plants
being able to decompose carbonic acid in the dark, this gas 1s then
not only produced within the plant, by the action of oxygen upon
some portion of it, but is actually given off from the plant into the
air. This point will be referred to again directly, when the rela-
tions of tlie plant to oxygen are treated of.

In testing the significance of light, Boussingault found that a
bean which weighed 0.922 grm. grew in 25 days, under normal
conditions, to a plant which weighed when dry 1.293 grm. The
increase of 0.371 grm. consisted of 0.1926 grm. carbon, 0.1591
grm. oxygen, and 0.02 grm. hydrogen. DBut another bean grown
at the same time, under like conditions excepting that light was
excluded from it, diminished in weight from 0.926 to 0.566 grm.
This loss of 0.36 erm. consisted of 0.1598 grm. carbon, 0.1766 grm.
oxygen, and 0.0232 grm. hydrogen.

Composition of the Air in Plants.

The importance of light in enabling the plant to decompose car-
bonic acid has been shown by still another method of research,
somewhat different from either of those above alluded to. It has
been shown, namely, by comparing air taken from the interior of
plants which had been kept in the dark with air taken from inside
similar plants after exposure to sunlight.

To collect the air, the plants under examination were placed in
glass vessels full of water, from which water all traces of air had
been expelled by boiling. The vessels were then put into commu
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nication with a vacuum, in such wise that the air in the interior of
the plants escaped therefrom into the vacuum, where it was col-
lected for analysis. Separate pairs of bundles of the plants were
kept in the dark for some time; one of the bundles was then ex-
posed to sunlight for about 20 minutes, and both bundles were
then subjected to the process of exhaustion which freed them from

alr.
The Gas taken from the Plants contained

Oat Plants kept in Date. Percent of
Nitrogen. Oxygen. Carbonic Acid.

The dark, 31 July 77.08 3.75 19.17
In sunlight, € 68.69 24.93 6.38
The dark, 2 Aug. 68.28 10.21 21.51
In sunlight, i 67.86 25.95 6.89
The dark, & 76.87 8.14 14.99
In sunlight, o 69.43 27.17 3.40

These experiments, which were made by Messrs. Lawes, Gilbert,
and Pugh, shew, that atmospheric air does gain access to the inte-
rior of the plant ; that, in the dark, the oxygen of the air acts upon
portions of the plant to form carbonic acid; and that in sunlight
carbonic acid is decomposed by the plant, and oxygen set free.

It is noticeable in the table, that the proportion of oxygen was in
one instance reduced, in the dark, from the normal 21% to 49 of
the volume of the air. KEvidently most of the oxygen had been
used up in combining with some carbonaceous portion of the plant.

Importince of Oxygen as Plant-Food.

It is important to recognize clearly that this action of oxygen upon
the growing plant is a matter of the first importance. Misconcep-
bions as to this point are apt to arise in the minds of students, be-
cause of the fact that the subject is so complicated with that of
carbonic acid that writers often mention it as if it were subordinate,
or even trivial. This is not the case. To begin with, the amount
of oxygen contained in vegetable matters is really very large.
Boussingault weighed and analyzed all the crops that were pro-
duced in the courses of various rotations practised on his farm in
Alsatia, and lie found, for example, that the useful products har-
vested from a hectare (= 2.5 acres) of land during a six years’
rotation of potatoes, wheat, clover, wheat and turnips, peas, and
rye, weighed altogether 46,566 kilograms (1 kilo. == 2.2 1b.) in
the fresh or air-dried condition, and that there was contained in all
these products : 1 —

1 Mémoires de I’ Académie de France, 1842, xviii. 3883.
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10950 9405 1269 354 1353
kilos of kilos of kilos of kilos of kilos of
carbon. oxygen. hydrogen. nitrogen. ashes.

Furthermore, it may be said of plants as truly as it can be said
of animals, that all the processes of life go on within them by day
and by night by virtue of forces that are developed by the oxida-
tion of organic matter. In the same way that animals die when
placed in air which contains no oxygen, so do green plants, except
that the latter can (in the light) get enough oxygen to prolong their
existence somewhat, by decomposing the carbonic acid which is
formed within them. Some plants of the lower orders, such as the
yeast plant, for example, are exceptions to the rule only in so far
as they are able to get the necessary oxygen from the organic sub-
stances on which they feed. It has been noticed even as regards
mushrooms and lichens, that they absorb oxygen freely from the
air for purposes of respiration, and evolve carbonic acid.

Large Quantities of Oxygen are consumed by Germinating Seeds,

and by Roots, Buds, Flowers, and Fruit.

Oxygen is essential, from the beginning, for the process of ger
mination. Seeds do not germinate in the absence of oxygen.
Even a seed that had sprouted would soon wither and perish if it
were wholly deprived of oxygen. It has been noticed, howerver,
that, while in pure oxygen gas germination is no quicker than in
ordinary air, the process succeeds in air that contains from § to
oxygen as well as if the air contained the normal proportion (}) of
oxygen. Germination is still possible in air that contains no more
than 35 of oxygen, though in this case the process is very much
retarded, and there is a risk of producing weak and unhealthy
plants. In sowing seeds care has to be taken not to bury them too
deeply, lest they should be too completely cut off from the oxygen
of the air.

The opening buds of trees also absorb oxygen from the air in
considerable quantity, as was shown long ago by De Saussure, and
in an atmosphere free from oxygen such buds soon decay. Some
oxygen is taken up by the roots of plants also, and the presence of
oxygen is essential for the life and activity of roots, though plants
differ very much as to the amount of oxygen needed for this par-
ticular purpose. Most agricultural plants will not prosper unless
the soil in which they stand contains numerous pores, which are
filled more or less completely with air. Such plants are apt to suf
fer whenever the soil becomes watcr-soaked, and thereby freed from



30 AGRICULTURE.

air. But many water plants have access only to the oxygen which
is held in solution by the water which surrounds them. Various
rushes also, and other swamp plants, grow freely in soils so satu-
rated with water that very little air can come to their roots beside
that which is dissolved in the water. Indeed, some swamp and
marsh plants can withstand water which has been exposed to re-
ducing agencies, and deprived of most of the oxygen that would
naturally be dissolved in it. But it is nevertheless true, generally
speaking, that the roots of plants need oxygen in order that they
may live. DMost plants speedily die when their roots are enveloped
with an atmosphere that contains nothing but carbonic acid gas
and nitrogen. Roots appear to be able to live, however, when im-
mersed even in pure oxygen; and it has been noticed that while
they take up oxygen they give out carbonic acid, though the
amount of the latter exhaled is less than the quantity of oxygen
absorbed.

One objection to the establishment of too large an amount of
asphaltum pavement in parks appears to be that the asphalt may
hinder the tree roots from gaining ready access to oxygen, though
the vapors or liquids that comne from the asphalt are likely to be
directly hurtful in themselves.

Even in water culture it has been noticed that the roots grow
better when air is made to bubble through the liquid, and that the
formation of sulphide of iron which ordinarily occurs there may
thus be wholly prevented.

Oxygen is taken up by ripening fruit also, and particularly by
flowers, a corresponding quantity of carbonic acid being meanwhile
produced, and even given off from those parts of the plants which
have absorbed much oxygen.

Plants generate Heat.

It is notorious that in all chemical processes of oxidation, such
as these, more or less heat is evolved, and it is found as a matter
of faet that heat is actually generated by growing plants. It often
happens that snow falling upon growing grass in earlv autumun or
late spring may be seen to melt away rapidly, and cnl‘lthme to do
so for a considerable period of time, while it may remain lying
intaet for a long while upon the adjaeent ploughed fields and road-
ways. S0 too, when a leafy plant is placed in a confined volume
of air that has been saturated with moisture, it will coutinue to
throw off vapor of water from its leaves into that air, while the
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temperature of the air, and consequently its capacity for holding the
vapor of water, will be increased by the heat which the plant emits.

Indeed, the mere act of evaporating water from the leaves into
ordinary air must often depend in some part on warmth that has
been generated within the plant by the chemical reactions which
occur there. It is because of this chemical action that the temper-
ature of plants is usually somewhat higher than that of the sur-
rounding air, and that™from plants, as from animals, aqueous vapor
1s constantly escaping in the form of insensible perspiration.

At the moment of flowering, so much heat is developed by plants
that it is often easy to ineasure it with the thermometer. Garreau
observed that a spike of the flowers of Arum italicum absorbed 28%
times its own bulk of oxygen in one hour, and that its temperature
was 15° F. higher than that of the surrounding air.

Dutrochet noticed au increase of temperature of 11 or 12° C.
caused by Arum maculatum in the act of blossoming, and Poisson
reports an increase of about 10° C. above the temperature of the
room when Dioon edule flowered.

Fruits, such as apples, pears, and oranges, absorb large quantities
of oxygen, and give off corresponding amounts of carbouic acid, not
only in ripening, but even when they are fully ripe, as the term is;
and this process of oxidation is manifestly necessary, both for the
maturation and for the life of the fruit. So, too, with seeds. A
seed that has been made to germinate in the dark, far from show-
ing any increase of weight as the sprout grows, actually decreases
in weight steadily, from loss of substance through oxidation. Car-
bonic acid is given off from it, as was just now stated.

Oxygen seems, in short, to act for the most part upon matter
which is already organized in the plant. It takes conspicuous part
in the changes by which this matter is converted into other organ-
ized forms; as when portions of the plant are converted into flow-
ers and fruit, or the matter of the germinating seed is made to
nourish the young sprout. These are processes, it should be no-
ticed, which go forward at the expense of the plant itself, both by
night and by day. It is only in the green leaves and stalks of
plants, not in their seeds and flowers, that the crude, unorganized
materials taken in from the air and the soil are elaborated into new
compounds. The flowers and fruits of plants correspond, in fact, to
the eggs and the young of animals in that they are nourished by
the parent plant.
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That oxygen has important functions to perform at all times
might justly be inferred from the well-known fact that in the dark
plants slowly but incessantly exhale carbonic acid derived from the
oxidation of some part of them. From all that is known of this
exhalation of carbonic acid, it would appear that the gas is really
produced continually within the plant, both in the light and in
darkness, by the action of oxygen upon certain components of the
plant. But in the light the carbonic acid thus formed is decom-
posed again in due course by the green chlorophyl grains, so that
it is never actually exhaled. Hence it is only in the dark that the
effects of the oxidizing action can readily be perceived.

It has been found that plants exposed to the dull light of a
cloudy day will sometimes exhale carbonic acid, and at other times
oxygen, according to the intensity of the light, and the age, or
rather the state of development, of the plant. But in any event
the quantity of oxygen absorbed by plants, as measured by the
amount of carbonic acid given off in the dark, is vastly less than
the quantity of carbonic acid fixed by the plant during the day.

From the experiments of Corenwinder, it appears that a plant
will absorb and decompose as much carbonic acid in 15 or 20 min-
utes of direct sunlight as it would exhale in a whole night.

Boussingault found, as the average of several experiments, that
while a square yard of oleander leaves exposed to sunlight decom-
posed a quart of ecarbonic acid in an hour, the same amount of leaf
surface exhaled no more than six hundredths of a quart of carbonic
acid in the dark.

It is to be remarked, that red, or dark, or purple leaves, as of the
purple beech, for example, or colored algee, decompose carbonic acid
readily enongh, for such leaves contain chlorophyl grains that are
masked or concealed by the dominant color.

The relations of oxygen to the soil need not be considered here,
since they can be discussed much more conveniently further on, in
connection with the subject of tillage.

I'ree Natrogen Gas is not Food for Plants.

Of free nitrogen, as it exists in the air, it may be said curtly,
there is no good evidence that any of it can be assimilated by agri-
cultural plants. It seems surprising, at first sicht, that this state-
ment should be true, so accustomed are we to exhibitions of the
prodigality of Nature. It secms strange indeed that plants should
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be bathed with an atmosphere containing nearly 80 per cent of
nitrogen and have no power to use any of it.

Much thought and labor have been expended by chemists in try-
ing to prove the contrary. But all the trustworthy experiments
which have been made hitherto, and there is no lack of them, point
plainly to the conclusion that free nitrogen canuot be assimilated
by the higher orders of plants.

Without going into any discussion of the extended researches
which have been made upou this subject, it will be sufficient to de-
scribe briefly one of the methods of research employed by the dis-
tinguished French chemist Boussingault. He put into a number
of glass carboys artificial soils made of washed and roasted pumice-
stone admixed with the ashes of stable manure. He moistened the
soils with pure water, and sowed in them the seeds of various kinds
of plants.  After the seeds had germinated he inverted a small flask
of carbonic acid gas in the mouth of the carboy, and fixed it there
air-tight, the idea being to supply in this way the carbon needed
for the growth of the plants. The apparatus was then set into the
soil of a garden to keep it cool, and left to itself for several months.
It was a Ward’s case, except that the soil in which the seeds were
sown contained neither nitrogen nor carbon.

Finally, the plants obtained were carefully analyzed for nitrogen ;
and, in the same way, an equal number of the seeds were analyzed,
1. e. a number of seeds similar to that from which the plants had
grown.

As the mean of many experiments, it appeared that the total
amount of nitrogen in the dwarf plants obtained was a little less than
that contained in the seeds from which they grew. Absolutely no
nitrogen was gained from the air.

But plants have great need of nitrogen, and if any of that element
had been put into the carboy in assimilable form (as a nitrate or
an ammonium salt, for example) it would have been quickly taken
in by the plants and have been detected when the plants were
analyzed.

It is always hard to prove a negative ; but in the present case so ‘
large a mass of adverse evidence has been accumulated that there
would seem to be no longer any point left open for discussion, were
it not for the recent discovery that certain microscopic organisms in
the soil do actually fix free nitrogen from the air, as will be described
under the head of Vegetable Mould. Although these microscopic

VOL. I. — 3



34 AGRICULTURE.

fungi differ widely from most agricultural plants, their action sug-
gests anew the inquiry whether the cells of some special kinds of
cultivated plants may not perhaps be able to fix small quantities
of free nitrogen in an analogous way. As has been said, there is
much evidence which militates against this supposition.

An interesting account of several standard experiments made to
test the significance of nitrogen gas as plant-food will be found in
Johnson’s “ How Crops Feed,” pp. 28-33. It is to be remarked
that the investigation is beset with several palpable sources of error,
which need to be specially guarded against.

1. The soil employed must be wholly freed from nitrogenous
matters and from the germs of fungi, and no dust from the air
should be allowed to gain access either to the soil or to the plants.

2. There are some small traces of ammonia and of nitrates in the
alr whose influence must be avoided.

3. It is extremely difficult, if not impossible, to prepare water
that is wholly free from ammonia ; and in any method of experi-
mentation, where much air or much water is used, the influence of
the ammoniacal impurity tends to become cumulative, and greatly
to increase the risk that it may vitiate the experiment.

4. Probably most plants, if not all plants, can on occasion obtain
a little nitrogenous food from insects that die upon them, and it is
assuredly possible that lupines (which are both hairy and sticky),
and perhaps clover also, may really be carnivorous enough to profit
to an appreciable extent from the nitrogen of insects which they
may capture.

From all of which it appears that that method of experimenting
must be best which most fully excludes the various sources of error.
Regarded in this light, the arrangement of Boussingault’s apparatus
will be seen to display an amount of common sense which distinctly
simulates genius.

Leaves may absorb Ammonia Gas.

There can be no doubt that the carbonate of ammonia which
exists i minute proportion as a gas in the air is absorbed by
plants. But the amount of this atmospheric ammonia is so small
that it can have little direct effect upon vegetation. When col-
lected and coneentrated by dew or rain, and so brought down to
the roots of the plant, it acquires a certain smnall geological impor-
tance, as will be shown hereafter,

Many experiments have proved that this atmospheric ammonia
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has no appreciable influence upon the growth of plants that are
protected from contact with dew and rain; although it has been
found that the vapor either of ammonia or of carbonate of ammo-
nia, added artificially to the air, greatly promotes the growth of
plants that are standing in that air, whence it appears that the
only trouble with the atmospheric ammonia is its extreme dilution.
If there were but more of it, it would be valuable.

Very striking results are said to have been obtained by placing
lumps of solid carbonate of ammonia upon the hot-water pipes of
a conservatory, so that the ammonium salt could evaporate into the
apartment in the proportion of from 2 to 4 parts for every 10,000
parts by weight of air.

It does not appear that light has any influence upon the ab-
sorption of such atmospheric ammonia. It is likely, however, as
Mulder has suggested, that the ammmonia enters into chemical com-
bination with the acids with which the juices of growing plants
are almost always charged. Even before the elaborate experiments
of Darwin showed that various fly-catching plants actually digest
and feed upon the flesh of their prey, it might justly have been
concluded that the pitcher-plant can gain nitrogenous food from
the insects that are drowned iun its reservoir of water. For even
if the insects were not consumed directly by the plant, they would
decay in the water, and ammonia would thus be formmed, and by
the absorption of this ammonia the plant would profit.

Absorption of Aqueous Vapor by the Leaves of Plants.

Tt has been not a little disputed whether ordinary plants ever
absorb directly for purposes of growth any of the vapor of water
that exists in the air. That they can do so, however, on occasion,
at least in some cases, is familiarly shown by branches, or even
logs, of willow or poplar, that have been detached from the parent
stem or stump before the growing season, and left disconnected in
the air. Such branches or boughs die hard. They may indeed live
for several nionths, and continue to form occasional new leaves
after all counection with the soil has ceased, and no liquid water
has come to them. It is plain in this case that the vapor of water
in the air must play an important part in keeping up the move-
ment of sap by which the leaves upon these detached boughs are
nourished. Such observations as these seem at first sight to be
little consistent with the well-known fact that aqueous vapor is
ordinarily given off continually from the leaves of growing plants,
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under all circumstances, and even when the air that surrounds
them is saturated with moisture. But since neither of the facts
can be discredited, the chief point to be insisted upon is that the
quantity of water ordinarily absorbed by leaves must be very
small. On the other hand, there can be no question that the
amount of water taken in by roots is very large, and of overwhelm-
ing importance for the growth of crops.

Contrary to the commonly received opinion, it does not appear
that the foliage of ordinary plants usually absorbs much, if any,
of the liquid water that falls upon it as rain, or that is deposited
as dew ; although it is true, as has been shown by careful experi-
ments, that small quantities of liquid water can be absorbed by
leaves that are immersed in it, and brought into intimate contact
with it. Mariotte taught, toward the close of the seventeenth cen-
tury, that when wilted leafy twigs are placed in water with their tips
downward so that the part where the twig has been cut or broken
shall be left in the air, the leaves will gradually swell to their origi-
nal condition. So too, the rapidity with which plants that stand
badly wilted in the field in hot weather are seen to revive when
they are rained upomn, would appear to indicate that some of the
rain water must be absorbed directly by the leaves; for, on the
supposition that, when leaves are cooled by rain, the moisture pre-
viously lost from them by excessive exhalation can be made good
by water that is pumped into the plant by the roots, it would seem
as if much more time would be required in order that water may
pass from the roots to the leaves than does in fact elapse during
the actnal resuscitation.

But, upon the other hand, it will be noticed, when the leaves
and stalks of plants are covered with particles of rain or dew, that
the liquid is usually prevented from coming into intimate contact
with the absorbent surfaces of the plant, either hy the waxy coat-
ing natural to the leaf or stem, or by the numberless little lhairs
which grow upon it.

The foregoing statements all refer to ordinary leafy plants, but,
as regards mosses and lichens, it is known that they can absorb
moisture freely from damp air, and become soft and flexible ; and
that contrariwise they. are made harsh and brittle by hot dry air.
After all has been said, it may be asserted without any hesitancy
that .the roots of. plants are the true absorbents of water, and that
practically speaking almost the whole of the water consumed by
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plants is taken in through the roots from the soil. Indeed, it is
a matter of familiar experience, that enormous quantities of water
are taken in at the roots of plants and given off again into the air
throngh the leaves. A small part of the water thus taken in is
undoubtedly assimilated by the plant, and made to combine chem-
ically with carbon to form vegetable compounds. Moreover, it is
to the water thus taken in, and, so to say, fixed, that we must look
for the source of the hydrogen which is an essential component of
every organized substance. Some water, moreover, is always held
mechanically in the pores of the plant.

As might be anticipated, all the experiments go to show that the
amount of vapor given off by plants may vary greatly, accordingly
as the external air and the soil also are hot or cold, moist or dry.
Transpiration is peculiarly rapid in warm, dry air. It is much
more active in direct sunlight than in the shade, but it does not
wholly cease even at night. Evergreen plants are said to transpire
less than other kinds. In the intense heats of summer, plants
wilt because moisture is given off by their leaves faster than the
roots can supply moisture ; but the revival of the wilted plants by
a shower of rain appears to be due chiefly to the facts, that evapo-
ration is checked when the plants are cooled by the rain water,
and that the air around the leaves becomes partially saturated with
moisture.

Relation of the Soil to Heat.

There is little need of insisting that abundant heat is indispen-
sable for the growth of crops. It is a familiar fact that the distri-
bution of each particular kind of plant upon the earth’s surface is
determined primarily by climate. In the words of De Saussure,
““We deceive oursclves exceedingly when we imagine that the
fertility of any district depends wholly on the nature of the soil,
because abundance and scarcity in crops arise priucipally from the
degree of heat and humidity in the air.” “I have seen,” he says,
“in Sicily and Calabria, arid and uncultivated rocks and gravel,
such as in Switzerland would have been altogether barren, which
there produced more vigorous plants than are to be seen on the
richest and best cultivated lands among the Helvetic mountains.”

It is true, however, after fully allowing for the general climate of
the locality, that the temperature of the soil of any particular field
may be subject to a great variety of circumstances. It will be in-
fluenced not only by the quantity, quality, and direction of the
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sun’s rays which fall upon it, but by the temperature and amount
of the air, the rain, and the ground water which come in contact
with it; by the amount of heat developed within it through oxida-
tion of the organic or other oxidizable substances which it contains ;
by loss of heat through evaporation of water ; by the capacity of the
soil itself, for absorbing and retaining, or for radiating and reflecting
heat, and doubtless by other conditions, such, for example, as those
dependent upon the prescnce or absence of vegetation, and of micro-
scopic organisms.
Position of the Soil as regards Sunlight.

The importance of ‘“aspect” or ‘ exposure” need hardly be
dwelt upon. Iiverybody recoguizes the significance of the ¢lay of
the land.” In popular estimation, the morning sun is held to be
specially auspicious for the growth of plants, and no doubt justly.
In the words of an English writer (Marshall): “ A southeastern as-
pect collects a greater quantity of heat, enjoys a longer day, than
any other. It is noon before a western aspect reflects a ray. In
thie morning it will frequently remain dewy aund cold several hours
after vegetation has been roused against an eastern inclination. The
afternoon sun is no doubt more intense on the west than on the
east side of a hill; but its duration is short. In the afternoon
the air is everywhere warm ; and a regular supply of warmth ap-
pears to be more genial to vegetation than a great and sudden transi-
tion from heat to cold. The coolness of evening comes on, and
vegetation is probably checked, as soon, or nearly as soon, in all
aspects. Hence we may fairly conclude that the southeastern aspect
enjoys more vegetative hours, and receives a more regular supply of
heat, than any other.”

Mr. Mitchell also speaks in terms of enthusiasm of “the gentle
slope south or eastward which shall catch the first beams of the
morning, and the first warmth of every recurring spring.” He
says : “In a mere economic point of view, such slope is commended
in every northern latitude by the best of agricultural reasons. In
all temperate zones two hours of morning are worth three of the
afternoon. I do not know of a writer upon husbandry who does not
affirm this choice, with respect to all temperate regions. If this be
true of European countries, it must be doubly true of New England,
where the most trying winds drive from the northwest.”

In Italy, the irrigated mowing-fields are made to slope from north

to south, whenever practicable, while the irrigating aud drainage
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ditches run across them from east to west. It ison high mountains,
however, that the significance of exposure is best seen. It is known,
for example, that on the southerly sides of some of the Alps both
vegetation in general, and the cultivation of grain in partieular,
reach higher elevations than on the northerly sides. While rye
and barley are grown at a height of 4,000 feet above the sea level
in Swiss valleys that face to the north, they attain to 5,000 feet in
valleys that arc exposed to the south. In Lapland also, and in
Spitzbergen, the southern sides of hills are said to be sometimes
eovered with vegetation, while the northern slopes are buried in
perpetual snow.

The question of aspect has been studied methodieally by Kerner,
and afterwards by Wollny at Municl, who threw up for his ex-
periments an artificial mound, in the soil of whieh were planted
numerous thermometers. These instruments were sunk six inehes
deep in the sandy soil, which contained a little hwmus and which lay
sloping at an angle of 15°. It appeared plainly that the maximun
temperature of the soil from November to April was on the slope
that faced southwest ; in the summer, it was on the southeast slope ;
at the beginning of autumu, on the south ; and in late autumu, on
the southwest. So too, in beds running in various direetions ther-
mometers sunk six inches deep showed in summer that the southerly
sides were warmest ; next eame the flat land, then the east and west
sides of the beds, while the northerly slopes were coldest. Henee
crops cultivated in beds running from north to south will be more
equably warmed than if the beds ran east and west, although the
latter may sometimes attain a higher temperature by day. It was
noticed, however, that flat eultivation insured a more equable tem-
perature than any of the beds, and indeed a higher average temper-
ature than the best of them.

Wollny coneludes that, of the several exposures, the south, south-
west, and southeast are the warmest ; that east and west eome next
in order, then northeast and northwest, and last north, which shows
the lowest temperature of all. Generally speaking, varations of
temperature in the soil are widest on southerly exposures, and they
are smaller in proportion as the slope approaches towards the
north.

The steepness of a slope is not without its influence. The sun’s
rays will strike most powerfully upon a hillside inelined towards
the south at an angle of 25° or 30°. In northern countries a de-
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clivity thus exposed to the sun, and sheltered against cold winds,
may enjoy a local climate as different from that of the surrounding
region as if the field had been transported through several degrees
of latitnde.

In the vicinity of Boston farmers choose the southern slopes of
hills, even where the soil seems to be poorand gravelly, for growing
early vegetables. So it is with regard to the placing of dwelling-
houses, as well as with the planting of crops. As the city expands,
many houses are built upon the ““ right sides ” of the suburban hills
long before any one thinks of erecting buildings upon the “ wrong
side.”

Reflected Heat.

The significance of reflected heat is illustrated by the common
European custom of ripening delicate fruits upon the sunny sides
of walls. Pears and plums are ripened in this way in the north of
England every year, even in the least favorable seasons, in a climate
which even a New Englander would call horrible.

Absorption and Radiation of Heat.— Significance of Color.

The capacity of walls and soils for absorbing and radiating heat
is another item of importance ; and with this point the color of the
soil is more or less intimately connected. As a general rule, it may
be said that dark-colored soils absorb heat most rapidly, and radiate
it most freely.

The experiments of Franklin are familiar, in which bits of cloth
of different colors were laid on the surface of snow. After a while
it was found that the snow had melted most beneath the darkest
cloths.  Other things being equal, it is the frozen ridges of black soil
in the ploughed fields which are first seen to emerge from beneath
the snow in early spring.  Light-colored soils can be made warm
in this sense by strewing dark-colored substances upon them.

There is an old experiment of Professor Lampadius, of Freiberg,
who was able to ripen melons in that inclement town by covering
the soil with coal-dust to the depth of about an inch. So, too,
Hanney leached a quantity of soot with water to remove its fertiliz-
ing constituents, and strewed it in alternate stripes upon half the
soil of a potato field.  Before the vines had grown large enough to
shade the ground, the temperature of the soil on sunny days, as the
mean of ten observations, was : —

At a Depth of 2 Inches. At a Depth of 8 Inches.
Soot. No Soot. Soot. No Soot.

62° F. 60° 60° 58°.5
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The potatoes sprouted sooner beneath the soot, and the vines grew
faster and more vigorously there ; that is to say, the soot gave the
plants a good start.

On the Rhine, it is said, grapes mature best where the soil has
been covered with fragments of black slate; though it is not im-
possible, as some writers have urged, that a part of the useful effect
may depend upon the fertilizing power of potash that is contained
in the crumbly shale.

The geologist Bakewell, when travelling in Switzerland, in pass-
ing by a ravine near Tour, noticed a deep section made in a bed of
very dark schist, that was covered on many parts of its surface
with a saline efflorescence, which, as his guide informed him, was
often licked off by chamois that descended for the purpose. It is
from this bed,” he says, “that the inhabitants procure the black
earth which they sprinkle over the snow to accelerate its solution
in the spring. As the summers in this elevated situation are of
short duration, it is of great importance to save time in getting
their seed into the ground, and it was probably accident which first
discovered to them a fact, now well known in natural philosophy,
that dark surfaces are sooner heated by the sun’s rays than white
ones. It was proved by the experiments of Franklin, that black
cloth laid upon snow caused it to melt faster than where it was
uncovered, by absorbing the sun’s rays, which are in a great meas-
are reflected from the surface of the snow itself. The simple pro-
cess of sprinkling the surface of their fields with this black earth
makes the sunow melt many days sooner than it would otherwise
do; but our guide informed us, it was sometimes a tedious labor,
for if any fresh snow should fall, or be drifted over the black earth,
the operation must be repeated. We saw several heaps of this
black earth collected mear the cottages, to be ready for the follow-
ing spring.”

In a series of experiments upon potatoes, the French chemist
Girardin found that the times at which the crop ripened varied
from 8 to 14 days, according to the character of the soil. At a
given date (the 25th of August) he found 26 varieties of his pota-
toes ripe in a very dark soil charged with much organic matter,
while upon sandy soil there were but 20 varieties ripe ; in clay 19
varieties, and on a white limestone soil only 16.

Oemwler has tested a variety of air-dried soils of different colors,
as to their power of absorbing heat when exposed to the sun’s rays.
His results are given in the following table :
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slmee percentas

of Heat, Absorption.
Moor earth ; 24.40 100.00
Fine dark brown humus 23.25 95.29
Sandy humus (50% humaus) 22.75 93.24
Dark reddish brown sand . 22.65 92.87
Loam rich in humus (20% liumus) 22.10 90.57
Clay ““ 50 16 21.40 87.70
Reddish yellow loam 21.00 86.07
Light gray clay 20.00 81.97
Fine sand, containing a little loam 20.75 85.04
Limestone colored with blue phosphate of iron 20.70 84.83
Coarse sand 20.50 84.02
Pure chalk 19.77 77.90

Schiibler long ago examined a variety of soils as to the influence
of color upon their temperature. A table of his results is given
in “How Crops Feed,” p. 196.

Wollny also found, from the results of numerous experiments,
that a dry soil is generally warmer in proportion as the color of its
surface is darker; and that, as a rule, for soils that are tolerably
nearly alike as to their condition, color has no inconsiderable influ-
ence on the temperature of the soil, even at appreciable depths.
This influence of color varies, of course, according to the time of
year and the time of day, and as the sky is clear or cloudy. The
greatest differences were found when the temperatures of the soils
were highest. At times when the earth attains a daily maximum
of temperature, in summer sunshine, a soil will be decidedly
warmer in proportion as its color is darker. But during the colder
seasons the differences in temperature between dark- and light-
colored soils are less emphatic, and they are less noticeable below
the surface. DBoth elevation and depression of temperature are
more rapid in dark than in light soils, and dark-colored soils are
consequently liable to wider daily variations of temperature than
soils of lighter color. The dark soils cool off more rapidly by night
than the light-colored soils, although the temperature falls no lower
in oue than in the other. By the time the temperature of the
twenty-four hours has fallen to its lowest point, it appears that all
differences between the temperatures of soils of different colors have
disappeared.

For the experiments in question boxes were filled with dry white
quartz sand, upon the surface of which was sifted a thin layer of the
coloring matter, in the same way that Schiibler had done previously.
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For one set of experiments the coloring matter consisted of mix-
tures of lamp black and marble powder in the proportions of § : 1,
L:1, and 1: $; while for another set of trials hydrated oxide of
iron and marble powder were mixed in similar proportions. One
box was strewn with pure lamp-black and one with the iron oxide.
All of the boxes were shielded from rain, and two thermometers
were sunk in the earth of each box. The bulb of one of the ther-
mometers was placed fourinches below the surface, while that of the
other was just covered with earth. The thermometers were observed
every two hours during the twenty-four, and the figures in the
table represent the means of all the readings by day and by night.
The lamp-black experiments are given in the first part of the follow-
ing table, and those with iron oxide in the second. The figures

denote degrees of the Centigrade thermometer.

At Swrface. Four Inches deep.
Dark  Med. Light . Dark Med. Light
Black. gray. gray.  gray. Blagk. gray.  gray.  gray.
28, 29 June, 1879, 32.82 32.39 31.98 30.94 28.33 28.46 27.83 27.20
Variations 34.55 32.90 32.45 30.10 15.20 14.25 12.50 11.85

Dark Med. Light Faint Dark Med. Light Faint
brown. brown. brown. brown. brown. brown. brown. brown.

28, 29 June, 1879, 31.76 31.65 30.93 30.70 27.29 27.19 27.34 26.40
Variations 31.95 31.75 29.90 27.65 12.30 12.15 11.80 10.75

It is interesting to observe, in all such experiments, that a mere
superficial layer of the coloring matter imparts its character to the
soil beneath it; and that the whole of the soil behaves as if it
were as capable as the matter which covers it of absorbing the sun’s
heat.

It should be borne in mind, that the question of the absorption
and radiation of heat is usually complicated with that of reflection,
and that in many instances the reflective power of a soil may be as
important for the crop as its power of absorbing and radiating heat.
Thus in some accounts of the Rhine vineyards it is reported that
the vines are kept low and as near the soil as possible, in order that
the heat of the sun may be reflected back upon them from the
ground during the day, and that the process of ripening may go on
through the night by virtue of the heat radiated from the earth.
Here both reflection and radiation are sought for, and it might per-
haps be possible to profit from both by strewing two kinds of
stones, or say black coal and bright tin.

It is to be remembered that smoothly polished surfaces reflect
heat more completely, while they absorb and radiate it less easily,
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than substances which are rough, — all this quite independent of
color. Sand, for example, reflects a large proportion of the sun’s
heat, vastly more than dry humus would ; but what heat the sand
does absorb it holds eomparatively well. Substanees differ widely
withal in their capaeities for absorbing heat of different degrees of
intensity. Some things, like lamp-black, absorb and radiate all
kinds of heat equally well; but there are other substances, such as
white-lead and snow, which, while they can readily absorb heat of
low intensity, such as is radiated from a can of hot water, or from
carth or stones that have been heated, have eomparatively little
power to absorb intense heat, such as comes from a lamp, or fire, or
from the sun.

Loose incoherent sands, espeeially if they are dark-colored, may
beeome hotter in sunshine than other soils. Even in temperate eli-
mates, Arago found the temperature of sand on the surface to be
122° F.; and at the Cape of Good Hope, Herschel observed it to be
as high as 159°

Gravel retains Heat better than Sand.

As a rule, soils that become warm the quiekest cool off most rap-
idly and are subject to the widest varnations of temperature. The
greater the weight of a given bulk of soil, —in other words, the
larger and denser its particles, —so mueh the longer will it retain
heat. Gravel eools much more slowly than sand. It remains warm
much later in the night. Hence gravelly soils are esteemed to be
“early ” by market gardeners, and are known to be well suited for
the ripening of grapes; not to say of potatoes, in cold, dank latitudes.
It is precisely in the matter of spring vegctables and delicate fruits
that considerations like the foregoing have their application; they are
comparatively unimportant, however, with regard to many crops.
Evidently they can have little bearing in the ease of crops whose
foliage covers the surface of the ground ; their influence will then
be limited to the time during which the soil remains bare after the
seed is sown. Malaguti and Durocher have shown in fact that land
covered with grass sod is cooler (in summer) than bare land. A
thermometer bulb sunk four inches deep under greensward showed
the same temperature as one sunk seven inches in the same soil
when bare. In South Ainerica it has been observed that a bare
granite rock marked 118° F., while an adjaeent rock that was cov-
ered with grass marked 86°.

The warmth of gravel may be illustrated by that of rocks and
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masses of masonry. The following paragraph is quoted from Dr.
Hooker's ¢ Himalayan Journals.”

“We encountered a group of Tibetans encamped to leeward of an
immense boulder of gneiss, against which they had raised a shelter with
salt-bags. They were crouched round a small fire of juniper wood.

A resting-house was in sight across the stream, —a loose stone hut,
to which we repaired. I wondered why these Tibetans had not taken
possession of the hut before we arrived, not being then aware of the
value they attach to a rock, on account of the great warmth which it
imbibes from the sun’s rays during the day, and retains at night. This
invaluable property of otherwise inhospitable granite I had afterwards
many opportunities of proving.”

The same thing is shown very emphatically in cities, where masses
of brickwork cool off but slowly by night.

Oemler determined the time required by different soils to cool
down to 59° F. after they had all been equally heated to 122° F.
His results are given in the following table : —

Minutes Comparative Power of
cousimmed retaining Heat, Coarse Sand
in Cooling. being taken as 100.
Coarse sand 192 100.0
Fine sand 175 91.2
Loam 166 86.5
Pure clay. 161 83.9
¢ chalk 158 82.3
Loamy humus 156 81.3
Clayey humus 152 79.2
Sandy humus 142 74.0
Fine humus 127 66.2
Moor earth 120 62.5

Movsture keeps Soils cool.

The influence of moisture in the soil upon its temperature will
be treated of under Draining. It need only be said here, that the
presence of varying quantities of moisture in the soil makes it diffi-
cult to experiment satisfactorily upon points like those of the ab-
sorption, radiation, and reflection of heat, to which reference has just
been made. It is a very difficult matter in the field to eliniinate
this disturbing element of moisture, so that the amount of heat
really due to absorption can be aceurately measured, in any given
case.

When speaking of making soils warm by means of dark-colored
matters placed upon them, it is important to insist that neither
swamp mud nor black loam is at all suitable for the purpose, be-
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cause such muds and peats liave an enormous capacity for holding
water in their pores, and when tle sun shines upon them this water
absorbs thie heat of the sun, and is thereby changed to vapor, which
flies off and carries the heat with it, so that the effect of the peat
may really be to make the land cool in spite of its black color. Tt
is much as when a man sits in damp clothing in a breezy place.
Lampadius’s black coal-dust, and the black slate of the Swiss
mountaineers, are true examples of the significance of dark-colored
materials. Neither of these things would be likely to absorb
enough moisture to interfere with their proper action as absorbers
of heat. Dr. Hooker’s rock also was a compact mass practically
free from moisture.

One highly important fact in respect to the transmission of heat
is, that, while the sun’s rays can readily pass through the air, with-
out sensibly heating it, to warm the earth by their impact, heat
such as is radiated back from the earth to the air cannot so easily
pass through it. Hence atinospheric air, and particularly the vapor
of water in the air, acts as a cloak or screen to hinder the escape of
Lieat which the earth has received from the sun.

“Turn of the Year.”

One circumstance that needs to be kept in view when discussing
the influence of light and heat upon the growth of crops is the
time of year. Winter rye, for example, sown in the spring, will
not grow as well as when sown in the autumn (or as spring rye
sown in the spring), although to all appearance the conditions
(warmth and light included) in the spring may be specially favor-
able for vegetable growth. Gardeners are familiar with the fact, that
many kinds of plants grow better in greenhouses at some times and
seasons than at others. In general it is thought to be well by
greenhouse men to delay sowing many kinds of seeds until the
“turn of the year.” That is to say, they prefer to sow seeds
in January rather than in December. Vilmorin, in calling atten-
tion to the dissimilarity of behavior of various plants in this
respect, has stated that, while the term of growth of strawberries,
melons, and grapes may be much shortened in a heated greenliouse,
that of wleat, rye, oats, and turnips remains very much the same,
as it is naturally out of doors. As he puts it, strawberries, melons,
and grapes seem to be wellnigh indifferent to the season. They
can readily be forced to grow fast at any time when constantly
exposed to high temperatures.
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CHAPTER IIIL

RELATIONS OF WATER TO THE SOIL.

THE importance of watcr for the plant, and its uses also, in some
part, will have appeared from what has already been set forth ; but
there is still much to be said concerning the water in the soil.

The most familiar source from which any soil derives water is
rain, and it is certain that the agriculture of a country, and indeed
the power of a country to support inhabitants, must depend upon
the amount of rain that falls within or near its limits.

The first question to be considered is, What becomes of the rain-
water that has fallen upon the earth and has soaked into it? And
this question can perhaps best be answered by considering some
special instances where the conditions are not complex.

Between the large islands Nantucket and Martha's Vineyard, off
the southern coast of Massachusetts, there is a little sand island
called Muskeget, which, like thousands of other similar islands,
well illustrates the subject now under consideration. Muskeget is
a mere sand-heap, a mile or so across, elevated a few feet above the
surface of the ocean and kept from blowing away by a scanty growth
of beach grass. But on digging down two or three feet anywhere
into this sand, which was brought there by ocean currents, and is
kept there by conflicting tides, a well of fresh watcr may be ob-
tained. Whence comes this water? Manifestly from the rain that
falls upon the island ; for modern invesiigations have clearly shown
that particles of mere silicious sand have no such power of remov-
ing saline matters from solutions as would serve to make sca-water
fresh.

In the well-holes on the island now in question, the fresh water
falls and rises slightly as the tide of the ocean ebbs and flows, and
so it should, to accord with our theory. The water of the wells is
nothing but rain-water which, falling upon the sand, has been ab-
sorbed by it, as by a sponge : and the supply of fresh water in the
1sland is kept up by the rainfall.

No doubt the sea-water outside tends incessantly to diffuse into
the fresh water, and to percolate through the sand towards the heart
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of the island; but this process of diffusion takes time, and, as
things now are, it can never be completed. No doubt thorough dif-
fusion and penetration would eusue if there should happen to be at
Muskeget a long series of years without rain. DBut as matters really
stand, every new rainfall pushes outward the line of brackish water
about the shore, and a state of equilibrium is maintained which
enables the fishermen to get fresh water by digging only a few feet
back from the sea-beacl.

We have in the foregoing illustration an exceedingly simple in-
stance of a state of things which exists everywhere, in all kinds of
soils. Rain falling from the clouds soaks into the earth and remains
there as “ ground-water,” at a height determined by the head of
water around it. The surrounding water may be that of the sea
immediately, as at Muskeget, or, as most commouly, it may be
other ground-water in the soil of adjacent fields dependent finally
for the most part upon the back action of brook- or river- or sea-
water for the height at which it stands. An instance has been
noticed where the back pressure of the river Rhine at high water
affected the hieight of water in a well 1670 feet distant fromn the
river’s edge, and Chaumont has noticed also in Hampshire, Eng-
land, that a well 83 feet deep and 140 feet above mean water level
was affected by tides in the Hamble River, at a distance of 2240
feet.

In studying this subject, it will be instructive to reflect upon what
must happen to the rain-water which falls upon a mnarrow, isolated
ridge of gravel, and to cousider how the draining away of water
from the gravel, which is now rapidly accomplished, would be re-
tarded if the ridge were to be sunk in the sea almost to the level of
its summit ; or if, instead of water, the ridge were to be completely
surrounded with earth of one kind or another. WWhenever water
gets enclosed between impervious beds or layers of soil, a flowing
spring may often be had by pricking the superimposed layer. From
causes like this fresh water sometimes spouts up from beneath the
sea. It did so formerly in Boston Harbor, at a point now covered
by Loug Wharf.  Were there no sea around Muskeget, if that
island could be left in the air high and dry as a hill of sand, most
of the water would soon drain out of it, and holes might be dug in
the sand in vain.

So too, if numerous powerful pumps were set in action to draw
water from the wells in the sand, sea-water would eventually soak
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into them. Roberts has described a condition of things at Liver-
pool which consists very nearly with the last-named supposition.
He says that beneath the buildings and pavements of that city there
are pebble beds, in the so-called Bunter sandstone, which are overlaid
by a thick layer of impervious boulder clay. Kvery day several
millions of gallons of water are pumped out from wells sunk in the
pebble beds, though from the circumstances above stated it is im-
probable that much, if any, of this water can have percolated directly
down from the surface into tlie sandstone. Manifestly this large
supply of water must come from some distant source ; and, from the
observed fact that the water of the wells becomes more and more
brackish with the course of years, it is cvident that, ever since the
wells have been established and drawn from, sea-water from the
river Mersey has been continually percolating in towards the wells;
that is to say, experience shows that the ground-water proper to the
locality is not in sufficient quantity both to push back the sea-
water, as of old, and to supply the new drain occasioned by the
continual pumping from the wells.

As one example among several, Roberts gives analyses of water
taken from a well situated 800 yards from the river Mersey and
500 yards from the ncarest dock : —

Salts in Solution in the Grains per Gallon. In the River
Well-wuater. In 1867. In 1871. In 1878. Mersey.

Chloride of Sodium 133.44 208.64

Chloride of Magnesium 49.01 63.49

Chloride of Calcium 51.45 69.26

Total chlorides 233.90 341.39 1334.9

Sulphate of Lime 26.55 37.38

Carbonate of Magnesia 2.22 1.16

Carbonate of Lime 8.68 6.58

Nitrate of Soda 2.15

Total solids 231.00 271.35 388.66 1505.0

Between the years 1867 and 1871 the salts increased 19.637%, and
between 1871 and 1878 they further increased 40.649. The rate
of increase during the first period was almost 5% per annum, while
during the second period it was nearly 6%. This difference consists
with the fact that much more water was pumped from the well dur-
ing the second period. Since 1871, 295,200 gallons daily have
been taken from the well, or very nearly 90,000,000 gallons per
annum. There are scveral such wells within a mile of the river,

VoL. I —4
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yielding daily several million gallons of water. This yield has been

continuous for many years, but the water has become more brackish

each year, so that in some cases it is now half as salt as sea-water.
The Sotl a Moistened Sponge.

The soil upon the earth’s surface, with much of the rock also, may
be regarded, at least in those parts of the world that are proper for
agriculture, as if it were, like the cited sand island, a great sponge
full of water up to a certain height. Near the surface, it usually
happens that this sponge of earth i1s merely damp, and not actually
wet. Here its pores are full of air, and only some comparatively
speaking small quantities of moisture cling to the solid portions of
the earth by force of capillary attraction. DBut at and below a certain
small depth all the interstices of the sponge of earth are filled with
water, so that there would be a continuous sheet of this liquid were
it not for the fact that the fluid particles are separated from one
another by the solid particles of soil. Out from the lower, i.e. the
wet portion of the sponge of earth, there is everywhere a constant
slow draining away of ground-water into and towards the sea; just
as there is at Muskeget after a fall of rain has made the head of
water within the island greater than the head of water in the sea
outside. As was said, the water in the wells there sinks and rises
accordingly as the fall or rise of the tide decreases or increases the
external head.

This draining away of the ground-water is of course impeded here
and there by the presence of impervious layers of soil or rock, such
as were just now alluded to; but these hindrances are of excep-
tional character, and their existence does not in any way invalidate
the general argument. _

The growth of trees upon places like the Milldam in Beston, and
the little oases of upland which occur frequently upon some of the
salt marshes of the New England coast point out, as well as the
sand island, the presence and the source of ground-water.

Movements of the Ground-water.

Yet another illustration may here be given, which is perhaps even
more striking than either of the foregoing, inasmuch as some of the
conditious of the experiment were artificial.

It is but a few years, comparatively speaking, since the large
tract of land in Boston known as the Back Bay district was covered
to no small depth with salt water. The Back Bay, which formerly
lay behind the city, has been filled up, since 1858, with clean sandy
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gravel, so that the surface of the soil, on which houses are now built,
1s elevated a considerable number of feet above the salt-water level.
At the beginning of the operation of filling, a railway was run across
the middle of the bay on piles, and the gravel was dumped into the
water by car-loads in such manner that every load of the gravel was
thoroughly soaked with salt water, excepting that very small pro-
portion of the whole which went to form the uppermost layer or
surface of the land.

In 1870, when the outer edge of a part of the filling was just be-
yond Dartmouth Street at the west, and at the line of the Provi-
dence Railroad at the south, as it had been then for five or six years,
there was still — at the point where the Albany and Providence
railways intersect — a little pool of water that was separated but a
few feet from the salt water of the unfilled bay by a low, narrow
strip of gravel. On noticing that frogs lived in this pool, I had some
of the water from it analyzed, to see how much saltness the creatures
could withstand. To my surprise, it appeared that the water was
fresh water. '

Following up the inquiry, analyses were made of ground-water
taken from several different points upon the filled land, the sam-
ples having been collected at a comparatively dry time from holes
that had been dug for the purpose of sawing off the heads of piles
upon which buildings were to be erected. The results of the analy-
ses! are given in the following table.

1. One litre of water taken from frog puddle at the intersection of  grm.

the railways contained of common salt 0.3699
2. One litre from a well-hole at corner of Berkeley and Boylston

Streets (Hotel Berkeley) . 0.8368
3. One litre from a well-hole, then not far from the unfilled bay, on

Dartmouth Street, opposite the Museum of Fine Arts 0.6604

~

One litre dipped from the still open bay, between the two railways 17.2196
5. One litre dipped from the open bay, half-way between Dartmouth

and Parker Streets . 18.1428
6. One litre dipped from the open bay at another point, nearer
Charles River 20.1459

At the time these analyses were made there was a narrow line or
ditch of fresh water on the south side of the Providence Railroad

1 These analyses were made by my lamented friend, Wm. Ripley Nichols,
subsequently widely known as an authority on the chemistry of waters, who
was at that time my assistant in the laboratory of the Massachusetts Institute
of Technology. — F. H. S.
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filled with rushes and flags, and other fresh-water plants, although
the land where the ditch then was had been filled in but a few
years, and was separated from salt water by nothing but the low
railroad bed. From all these facts it appears that, in the course of
the few ycars which had elapsed since the land had been made,
the ground-water of the soil had pushed out almost the whole of the
salt water with which the gravel must have been saturated at the
time of the filling in.

In so far as the water in it is concerned, the whole territory had
in fact arrived at the condition proper to a normal soil. Fresh
water could be had upon it anywhere, as it can now, by digging
wells of very few feet in depth. It was noticeable, furthermore, in
1870, as it has been in more recent years, that in the spring-time
the ground-water stands at a much higher level in the excavations
that are made in this land for laying the foundations of houses than
it does in midsummer or early autumn, after time has been afforded
for the water derived from the rains of winter and spring to drain
away into the sea. One conclusion to be drawn from this fact,
which seems indeed to have been fully impressed upon the minds
of builders, is that piles had better be driven in late summer or
early autumn, so that their heads may be sawn off without any such
expense for pumping out the foundation trenches as has to be in-
curred whenever the level of the ground-water has been brought
somewhat nearer the surface by the rains of late autumn, winter,
and spring.

The Water-Table.

It is this ground or bottom water, — subsoil water, or under-
ground water, as it is often called — which supplies wells and springs,
and for that matter brooks and rivers, at all times excepting those
when rain- or snow-water is flowing off the surface of the ground.
It is impossible to insist too strongly upon the enormous importance
of it for the growth of crops.

Engineers call the upper surface of ground-water the ¢ water-
table,” and they are familiar with the fact that it lies at very differ-
ent depths in different soils and places, and at differeut seasons of
the year. Sometimes tle water-table is at the very surface of the
ground, or at a depth of no more than a few inches or a few feet,
while in other sitnations 1t may lie perhaps hundreds of feet below
the surface of the land. DMuch depends on whether the soil is
porous or compact, whether or not the upper soil is underlaid by
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impermeable strata, and whether or not there is ready opportunity
for the water to flow out sideways and so escape from the soil.

The position of the water-table, i. e. the height of the ground-
water, is continually changing, and the rate of change naturally
varies very much in different places. Generally speaking, the dis-
tance between the highest and lowest points reached by the water-
table in the course of a year amounts to several feet at the least.
At Munich, for example, this distance is estimated at 10 feet. But
in some places the rise and fall of the ground-water may be no
more than a few inches in the course of the year. At Saugor, in
Central India, the water-table is but a few inches below the surface
of the land in the rainy season, while it is 17 feet deep in May.
At Jubbulpoor it is 2 feet from the surface in the wet season, and
12 or 15 feet in the dry season.

The rate at which the ground-water drains away may depend not
only on the amount of the rainfall and of the back pressure from
brooks and rivers or from the sea, but on the amount of water that
flows 1n from behind, as 1t were. It has sometimes been noticed
that rains occurring in distant places may cause the ground-water
to rise, notably on plains which lie at the foot of hills. Occasion-
ally in such situations the effect of rains may not be felt until sev-
eral weeks, or even months, have elapsed since they fell.

Wells and Ponds.

An ordinary well is nothing but a hole sunk a little below the
level at which ground-water habitually remains in the soil. It is
a hole made large enough to contain an amount of water somewhat
greater than is likely to be consumed at any one moment or hour.
A pond is often nothing but a large well. An Artesian well is a
boring that is, generally speaking, driven until it reaches ground-
water that is supplied from some distant source. Sometimes the
Artesian boring reaches water which is confined under pressure, and
then a fountain or “flowing well” is obtained. Years ago, water
was obtained for several manufacturing establishments on the
Cambridge marshes by boring down throngh the peat into the wa-
ter-bearing subsoil below the lowest depth of the salt water of the
river. From these wells the fresh water had to be lifted, of course,
with pumps.

There is a simple device for reaching the ground-water that finds
much favor in this country, which consists simply in driving nar-
row iron tubes into the ground to a point below the level of the
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water-table, and then pumping the water through the tubes. The
first length of tube is closed at the very end, but has many small
Lioles bored through its sides near the end. This first tube is driven
into the soil with sledge-hammers ; a seeond length of tube is then
serewed to it, and driven down as before; then a third length is
serewed on and driven ; and the process is continued until the level
of the water is reached.

On attaching a pump to the tube, and working it, quantities of
sand and fine earth are brought up with the water at first, so that a
sort of reservoir to collect and hold a supply of water is soon
washied out around the bottom of the tube.

This method can hardly be applieable in stiff clays, or where
there are roeks or boulders in the soil ; but for many loamy, sandy,
and gravelly regions it has great merit. It is readily applicable on
low-lying, sandy plains, and has often been found invaluable by
armies of invasion, as in the war of the rebellion, when it was
invented, and more reeently by the English armies in Abyssinia
and Egypt.

Heeght of Ground-Water Variable.

As was just now said, the height of the ground-water, that is to
say its distance from the surface of the earth, varies greatly at
different times in any given soil aceording to the permeability of
the soil, and to the time whieh has elapsed sinee heavy rains.
More or less ground-water will naturally be present according as a
season 1s wet or dry, and as less or more time has been allowed
for it to drain away. Its movements are usually slow after the
first flush of water eaused by spring rains has subsided.

When people speak of wells and springs as being “full” or
“low,” their meaning is that the ground-water is up or down. So
too, a ‘““never-failing well ” is one that has been sunk so deeply
into the domain of the ground-water that the store of water in
the soil is ample, even in late summiner, for the demands that
are made upou it. It happens eoustantly, of eourse, in many
places, that before the supplies of such a well are wholly ex-
liausted by the natural draining away of the ground-water and by
pumping they are replenished more or less eompletely by new falls
of rain.

Many interesting observations upon the flow, or rather the per-
eolation of ground-water, have been made by engineers in various
localities when studying the question of supplying potable water
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to towns, — notably in connection with the water supply of
Brooklyn, N. Y., as well as that of Munich and that of Berlin.!
Grading and Ewxcovating may do Harm by changing the
Position of Ground-water.

In the vicinity of a growing city the significance of the ground-
water for the support of vegetation is constantly brought to notice
by the sufferings of large trees near places where the land has been
considerably disturbed, either by excavating or filling, as where
banks of gravel are dug down, or roads and avenues are built. It
will constantly be seen in such cases, even where no roots have been
laid bare, that trees pine away or die simply because their relations
with the ground-water have been disturbed. A tree may suffer
from this cause either because the water can now drain away out
of the land more quickly and completely than was possible before ;
or because, conversely, the building up of a new bank of earth has
put a check upon the old system of drainage, and compelled the
ground-water to remain so long upon the roots of the tree that they
are smothered or ¢ drowned out.”

Even in cities, highly interesting effects are often produced by
processes of grading or excavating. In Boston, for example, there
i1s a district lying around Church Street which was originally low
land that sloped gently down to the water’s edge. This declivity
was built upon many years ago, long before there was any thought
that the Back Bay just now spoken of would ever be filled up.
But as soon as the Back Bay had been filled with gravel to its
present high level, the Church Street district, lying behind it, so
to say, and at a lower level, becamne undrainable, and as good as
uninhabitable, not only because the water proper to it could no
longer find an outlet, but because ground-water from the compara-
tively high new land soaked out continually upon the lower tract
which lay beside it. To obviate this trouble all the houses upon
the older land had to be raised up by means of screws, and gravel
was thrown in beneath them until the surface of the land was
almost as high as that of the adjoining new tract. But one of
the results of this operation was to make a new stretch of table
land behind houses facing the Public Garden, and into the cellars
of some of these houses ground-water immediately proceeded to flow,
to the great annoyance of the occupants.

1 Compare W. R. Nichols in his book on * Water Supply,” New Yoik,
1883, p. 105.
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Several other similar instances that have occurred in Boston
might be mentioned. One set of men will build houses just above
the marsh level ; but directly another set of men will fill in the
land next adjoining to a proper height, and from this higher land
the ground-water will inevitably flow towards the lower. Next
the city authorities step in, and raise, at great expense, the houses
on the low tract, and in so doing usually cause the difficulty to;
pass along to a new place. The houses upon the region about
Dover Street in Boston, for example, have been lifted twice during
the last forty or fifty years at the cost of the city, and gravel has
been thrown in beneath them to raise the grade of the land.

Rate of Percolation of Ground-water.

An interesting example of the rate at which water percolates
through soil is afforded by the Natron Ponds between Cairo and
Alexandria in Igypt. These so-called ponds are a series of rock-
walled basins about thirty-five miles west from the Rosetta branch
of the Nile. They are fed by infiltration from the Nile, whose
waters take three months or more to percolate through the inter-
jacent desert of sand and rock. Thus, the annual rise of the Nile
culminates in the third or fourth week of September, after which
the water of the river begins to fall gradually; but the annual
rise of the water in the Natron Ponds begins only about the end
of December, and continues till the middle of March, when the
fall commences.

The water that percolates through the desert dissolves out from it
a quantity of carbonate of soda and common salt, and carries them
into the ponds ; and when the water evaporates during the summer,
these saline matters crystallize out, and are collected and sold, as
they have been time out of mind.

Best Height for Ground-water.

The height of the ground-water may be ascertained in any spe-
cial case by noting that of the surface of a well, or any open ditch
or hole in which water is standing. Dut it is to be observed
that the water in such ditch or well is usually a little lower than
that of the water in the soil.

It must be remembered also, that the foregoing statement would
rarely be true for a stiff clay soil. In clay soils the wells are com-
mouly “over-shot wells,” as the term is; i c. they are mere pits
to reccive and hold the surface water, which flows into them at
the top.
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The proper height at which ground-water should stand in order
best to conduce to the prosperity of the growing plant is a question
of no little complexity. There are numberless swamyp plants which
prefer to have their roots constantly immersed in ground-water.
Rice also, and the cranberry, and ribbon-grass, and a few other
useful grasses, flourish with their roots actually wet. But as a
general rule the plants of cultivation cannot bear such an excess
of this kind of moisture ; it i3 with them much as it is with green-
house plants, there must be a hole in the bottom of the pot or the
plant will drown.

Many plants having powerful roots do indeed send some of
them dowm to the bottom water. There are innumerable examples
upou record, for that matter, of the choking of drains by the roots
of various kinds of clover, and of turnips, grape-vines, and the like.
As has been shown withal, under the head of Water Culture, it is
possible to grow a great variety of plants in mere water. DBut in
spite of all this, it is notorious that plants flourish best in soils
where the ground-water is several feet distant from the surface of
the soil. In the cultivation of moors and bogs in Europe, it is held
as one essential condition of success that the ground-water must
be kept at least three feet below the surface of the land in summer,
and as much as two feet below the surface in winter.

The comparatively low temperature of ground-water is un-
doubtedly one reason why the too close proximity of such water is
obnoxious to plants. A distinction must always be carefully made
between running water like that of a brook, or of an open drain
even, and the cold sluggish ground-water. A noteworthy example
of the distinction to be made in this case is to be seen in the floating
islands of the old Mexicans, as well as those still to be seen in
China and in Cashmere. These islands were great flats of basket-
work made strong enough to carry a layer of earth, which was of
course kept continually moist by the water of the lake on which
the island floated. But the ground-water in the earth of these
islands was really the surface water of the lake, i. e. a warm, living
water, in every way fit to be used for irrigation. The roots of the
maize and of the various kinds of vegetables that were grown upon
these floating islands must have been- continually immersed in the
ground-water ; but, precisely as in the case of the experiments in
water culture, the ground-water was of a kind that did the roots no
harm.
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For many crops — perhaps for most crops — it is held that where
the soil, though light and {riable, is in good heart, the ground-water
should be from four to eight feet distant from the surface. The
grasses, llowever, and some other plants, such as squashes and pota-
toes, succeed well in certain soils where the ground-water is very
much higher than this.

Almost any one can recall from his own observation plots of
grass-land where the ground-water is at just the right height for
this kind of vegetation. At the banks of brooks it might perhaps
be said that the influence of flowing water is felt, and that the
observed luxuriance is due to irrigation from the brook rather than
to the presence of ground-water. Usually, however, this concep-
tion would not be true; for in the generality of such cases it is
ground-water percolating towards the brook that supplies moisture
to the grass. Just so it is on the bottom lands of rivers (inter-
vales), and in reclaimed bogs.

A low-lying slope, like the parade ground on Boston Common,
is apt to have ground-water very nearly right for grass. This
parade ground would be a fine mowing-field if soldiers could be
excluded and boys decimated. Very much depends, of course, on
thie texture of the soil. Clayey soils retain their ground-water
with great tenacity, and are often, on that account, unfit for general
culture until drained by artificial means.

Some interesting examples, where the presence of ground-water at
just the right height makes the cultivation of mere sands possible,
are recorded by Boussingault. In a certain district in Spain there
were a number of sand dunes composed of sand so loose and dry
that it drifted hither and thither with the wind. But since the
lower portions of these hills were kept continually moist by the
infiltration of water from the Guadalquivir, it was only nccessary to
remove the loose sand from above the moistened layer, in places
where no great amount of labor was required, in order to obtain
some very fertile land ; i. e. a soil which united in the highest de-
gree two essential conditions of fertility, porosity and a constant
supply of moisture. The climate, moreover, was specially well
suited for land thus moistened, and it was found in fact that the
levelled dunes yielded abundant crops, particularly when the sand
was manured. This instance is closely related to the so-called
method of sand culture, whicli has been successfully employed in
many scicntific experiments. Onc great merit of the method, as
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has been urged by Hellriegel, depends on the remarkably complete
manner in which the roots of plants develop in the incoherent sand.
A perfectly developed system of roots occupying every part of the
soil proper to it must manifestly be particularly well fitted for
taking nourishment from that soil, and from the water that comes
to it.

I have myself noticed an instance somewhat analogous to the
foregoing, on the bank of the Merrimack River, on the line of the
railway, not far from Concord, N. H., where mere sand lying upon
high bluffs upon the river’s bank yields crops in spite of the very
unpromising appearance of the land. The explanation in this case
appears to be that the sand is fine enough to be capillary, and that
the ground-water is continually percolating through the bluff towards
the river, at a depth from the surface not too great to put it out of
reach of the crops. Indeed, the history of the improvement of sand
dunes by plantatious of trees is full of instances of the advantages
to be derived from the ground-water when it is near enough to be
accessible to the roots. The idea is simply, that, where there is
ground-water within reacli, trees can be started, and wherever this
can be done the action of wind upon the loose sand in the vicinity
can be checked, and the dunes thus be kept quiet enough to admit
of grass, and finally trees, being grown upon them. In Holland, the
best possible potatoes are grown on sand dunes, thanks to the pres-
ence of ground-water and the free use of manure.

In some localities, the presence of beds of clayey loam, at a
depth of a few feet beneath the surface, permits profitable crops to
be grown continually, although nothing but sand is to be seen
where the plants are standing. It is manifest, in such cases, that
the capacity of the subsoil to hold a store of moisture is the salva-
tion of the farmer.

Upon the slopes of hills, there is generally a strong probability
that somewhere, 1. e. on some part of the slope, ground-water may
be found at a good height. It is for this reason, doubtless, as much
as on account of the soil which has been washed down from above,
that so many of the hill farms of New England are situated near
the bases of sloping hills. Indeed it might almost be urged as a
general rule, that the positions of homesteads and of farms in
Northern New Ingland have been determined by the position and
character of the ground-water as much or more than by the quality
of the soil. The house was put where water could be got handily ;
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but where water can be got handily, crops will flourish. ~ Of course,
as the country has dried up through the destruction of woodland, —
or rather of the mossy humus which the wood protected, — the
relations of the ground-water to the surface soil have been greatly
changed in many places. In the beginning, even the roads had to
be carried along the high ridges in order that they should be mod-
erately dry, during the rainy seasons, and that they should dry off
after rain.

It is very noticeable that the most successful market gardeners in
the vicinity of Boston keep near the ground-water. That is to say,
they cultivate low-lying land for the most part, — often that which
is very low. And it is true, in general, that the differences noticed
in the fertility of fields or districts depends as often, or perhaps
even more frequently, upon the presence in the soil of good supplies
of moisture, as upon the stores of plant-food of other kinds than
water.

In exceptionally dry seasons, indeed, access to the ground-water
may become an absolute necessity for the success of crops, as may
be seen from the following experiments by Wilbelm. It happened
that an wnusally small amount of rain fell in Germany during the
autumn of 1865 and the following winter, while from March to
July, 1866, the rainfall was very nearly equal to the average for
that season. DBut, because of the previous lack of rain, all kinds
of crops were seen to be suffering from drought during the spring of
1866 excepting those grown upon fields low enough to be within
reach of the ground-water.

In order to determine how large the deficiency of water really
was, samples of soil were collected at different depths in March and
June, and examined as to how much moisture was contained in
them. '

1. From low-lying fields, moistened by the ground-water.
SAMPLEs OF MARCH 2.

Amount of Water
At Depth Kind of in 100 Parts of the for every 100 Parts
in Feet. Soil. Fresh Earth. of Dry Earth.
1 Loamy marl running to 16.92 — 18.84  20.37 — 23.22
13 sandy marl and to sand, 18.01 — 20.81 21.96 — 26.28
2% according to the depth, 21.61 — 24.26  27.57 — 32.03
SAMPLES OF JUNE 18,
1 18.86 23.25
13 [As above.] 21.19 26.88

2} 21.56 27.44
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I1. From upland fields, above the influence of the ground-waler,

SAMPLES OF MARCH 6.
Amount of Water

At Depth Kind of in 100 Parts of the for every 100 Parts
in Feet. Soil, Fresh Earth. of Dry Earth.
3  Sandy marl 7.20 — 10.96 7.76 — 12.31
1% Quicksand . . 2.32 — 5.09 2.38 — 5.37
2% Sand and gravel 0.65 — 1,07 0.66 — 1.09
SaMpLES oF JUNE 18.
1 9.74 10.79
1} [As above.] 4.92 5.17
21 0.66 0.66

Soakage of Rain-water.

One point of primary importance which it would be well for
every farmer to know about if he could is that classed by engi-
neers under the head ¢ percolation of rainfall”’; for speaking in
general terms it is true of most localities that, next to the amount
of rain that actually falls, no one of the conditions which deter-
mine the success of crops is of more importance than the capacity
of the soil to absorb and hold a good store of the water that falls
upon it.

As is well known, the amount of rain which falls upon the
land varies widely in different regions. Of some countries, such
as Peru and a part of Egypt, as well as of the deserts of Africa and
Central Asia, it may be said that no rain ever falls there. Upon the
table-land of Mexico, and in many other localities, rains are very
rare. Speaking in general terms, the most abundant rainfall is in
regions near the equator, where there are usually regular wet and
dry seasons; though in certain localities, as in some parts of Gui-
ana, it rains wellnigh continually. Nevertheless, taking the year
through, there are commonly fewer rainy days in the tropics than
in the temperate zones. While as many as 95 inches of rain may
fall at the equator in 80 days, there are some 170 rainy days at
St. Petersburg, although no more than 17 inches of rain falls there
in a year. In the northern portions of the United States there may
be some 130-odd rainy days in the year against perhaps rather more
than 100 in the Southern States. The average rainfall in the temper-
ate zome is something like 35 inches, though there are wide varia-
tions in different countries. Some 25 inches of rain fall in a year
at London, and nearly 280 inches at Vera Cruz.

It would be well for every farmer, doubtless, if he could but
know about how much rain-water will soak into and pass out from
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the soil of each of his fields in the course of a year, and how much
at each season of the year. Many experiments have been made,
indeed, in various localities, in order to ascertain what proportion
of the rain-water that falls on a given field passes into or through
the soil.

As Lawes and Gilbert have put.it, the amount of percolation-
water passing througl any soil depends, first, on the amount of the
rainfall ; secondly, on the physical condition of the soil, i. e. its
permeability and water-holding power; and, thirdly, on the amount
of evaporation that is taking place. This evaporation, which de-
pends largely on the temperature of the soil and of the air, and
upon the capillary power of the soil, is often greatly increased when
crops are growing upon the land, both because the foliage presents
a large surface for the evaporation of rain-water which collects
upon it and clings to it, as is seen very conspicnously in woodland,
and because the crops pump up much water from the soil and tran-
spire it as vapor from their leaves into the air.

Evaporation must often be very large, even where no crops are
growing, as is shown conspicuously when rain falls upon hot sand.
At the extremity of Cape Cod a brisk summer shower falling upon
the shingled roof of a house will be seen to add several barrels of
water to the contents of the cistern which supplies the needs of the
family. But such a shower hardly leaves even a momentary
impression of moistness upon the bare sand which surrounds the
house.

As regards permeability, Hellriegel has shown that, while rain-
water will soak into a soil so much the faster in proportion as the
particles of the soil are coarser, it is still true that where there are
layers of coarse and fine particles the latter will take up and hold
the largest amount of water. The fine earth may even suck water
out from the layer of coarser materials, and, iu general, it will not
give up water to the coarser layers until it has itself become sur-
charged.

Drain-Gauges.

The usual method of studying the question of the percolation of
rain-water is to establish drain-gauges in the soil of the field which
is to be examined. So long ago as 1796-98, the English chemist
Dalton sunk a cylinder three feet deep and ten incles in diameter
into the soil, filled it with earth, made it level with the surface of
the land, and after the first year grew grass upon it. By collect-
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ing the water at the bottom of this cylinder, he found that 25% of
the yearly rainfall had percolated through the earth in it, The
difference he attributed to evaporation.

Simultaneously with Dalton, Maurice at Geneva, using an iron
cylinder filled with earth, found that the percolation was equal to
39% of a rainfall amounting to 26 inches per annum. Gasparin, in
the South of France, in 1821-22, noted 20% of percolation from
a rainfall of 28 inches. Dickinson, in England (in 1836-43), at a
locality where the average rainfall was 26.6 inches, used a Dalton
drain-gauge 3 feet deep and 12 inches wide, filled with gravelly
loam and grass-grown at the surface. He found, as the average of
eight years’ observations, that 11.3 inches percolated in a year, or
about 42.5% of the rainfall, while 57.5% either evaporated or re-
mained in the soil. In round numbers £ of the rainfall in this
case would pass out from the land through the drains, though very
considerable variations were noticed, ranging from 33 to 57%, in the
course of the experiments. Or, stated in other terms, while the
annual rainfall ranged from 21 to 32 inches, and amounted to from
2.137 to 3.139 long tons to the acre, the annual evaporation was
from 43 to 67% of the rainfall. The mean winter rain of the eight
years, i. e. from October to March inclusive, was 13.95 inches, of
which 10.39 inches percolated, or 74.5%; while the mean sumimer
rain of the same years, viz. between April and September, was
12.67 inches, of whicli only 0.9 inch percolated, or 7.1% of the
rainfall of these summer months. During the warmer months of
the years 1840 and 1841 absolutely no water percolated through
the drain-gauge.

Risler in Switzerland (1867-68), by gauging drains that had been
laid 4 feet deep in a compact impervious soil, which bore crops at
the time of the experiment, found that 30% of the average annual
rainfall of 41 inches percolated, while 70% of it evaporated.

Pfaff in Erlangen, and Woldrich at Salzburg and at Vienna,
found that only 1 of the yearly rainfall percolated through two
feet of bare soil when evaporation was greater than the rainfall;
that almost } percolated when evaporation was equal to the rain-
fall; and that rather more than } percolated when evaporation was
somewhat less than the rainfall. Woldrich found invariably that
less water percolated 2 feet in soil upon which grass was growing
than in a bare soil. Very light rains were wholly lost by evapora-
tion from the grass, because the drops clung to the leaves until they
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evaporated. During late autumn and winter the differences be-
tween the percolation in bare land and that which was grass-grown
were less than they were from May to September. In January
they were least, and it was noticed, when the ground was frozen
and covered with snow, that the soil water in the bare land con-
tinued to sink to a greater depth than it did in the grass-covered
earth. When the snow melted in spring, the water from it passed
into the bare land much quicker and in larger quantity than it did
into the soil that was grass-covered.

With the first awakening of vegetation in the spring, the differ-
ences between the bare and the grass land became more prominent,
both because of evaporation of water that had clung to the blades of
grass and because of the transpiration of water by the plants. The
greatest differences were noticed in hot summer weather, viz. in
June and July. In May not quite half as much water percolated
through the grass land as through the bare earth; and during the
last fortnight of June, at Salzburg, 23.16 lines of water passed
through the bare soil against ounly 0.23 line that passed through
the grass-covered earth. A similar contrast was observed in July
also. The monthly differences between the bare and the grass-
covered land were as follows: May, 25% ; June, 53%; July, 23%;
August, 29%; September, 12%. At Vieuna in the winter 7% less
water percolated 2 feet in grass land than in land that was bare,
while for the spring months the figures were 221%; or 15%, taking
winter and spring together. At Salzburg 35]% less water perco-
lated through grass land in summer than passed through the bare
land.

Some of the results of percolation experiments made in woodlands
by Bavarian observers will be found on a subsequent page under
the head of Mulching. In these Bavarian experiments it was
found that in winter and spring rather more water dropped from
draiu-gauges that were 4 feet deep than from those 1 foot deep;
i. e. within these limits of depth there was less water in the upper
layers of the soil at that time of year than in the lower layers. In
autumn and summer, on the contrary, the percolation water di-
minished as the depth of the gauges was greater. In summer, in-
deed, there was less than half as much water at a depth of 4 feet as
at 1 foot. All of which illustrates the well-known importance of
the store of water which accumulates in the land from the rains of
late autumn, winter, and early spring.
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From a rainfall of any given amount, more water will soak into
the ground when it comes in the form of moderate persistent rain
than when it falls in short lLeavy showers, and the fact is specially
true, of course, as regards hillsides or any sloping land. But it
has been found to be true, in Central Europe, that, excepting short
sharp showers, more water will soak into level ground at a given
time from a heavy rain than from two lighter rains yielding the
same amount of water to a rain-gauge, manifestly because of the
better chance for evaporation in the second case. In any event, the
percolation of rain-water is greatly modified by evaporation ; and
since evaporation is much more rapid from the upper layers of the
soil than from the lower layers, it sometimes happens that water
may still be dropping from a drain-gauge even at a depth of one foot
some considerable time after the last rain has fallen.

In Bavaria, much more of the water from a given amount of
rainfall percolates in winter than in summer, because of the small
amount of evaporation in winter; and for a similar reason much
more of the rain that falls on a drain-gauge kept in the shade of a
wood during the summer months will percolate, than can at that
season pass through a drain-gauge kept in an open field.

In general, it appeared that, with the rapid increase of evaporation
from May to the end of September the moisture in the soil dimin-
ished, while with the diminution of evaporation in October and the
later months the moisture in the soil increased. So that, even if
the amount of rainfall in late autumn and winter were to be con-
siderably smaller than it is in summer, the amount of water in
the soil would still be larger during the cold months than during
those which are warm. In other words, the amount of water in
the soil stands in no direct proportion to the rainfall of the several
months.

In the same sense that tillage may promote percolation, by loos-
ening and lightening the soil, so that water can freely enter it, so
does a thick mat of vegetation hinder the admission of water. Any
crop that stands thick, and fills the soil with roots that are entwined
one with another, hinders the percolation of rain-water. Much less
water will soak through grass sod than into bare earth, and Euro-
pean foresters have noticed a similar hindrance ‘when the soil is
covered with the matted roots of heath plants. On this account, it
has been urged that, when young trees are to be planted, it will be

best to remove heath, grass, or the like, and to cover the land with
VOL. L. —5 -
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a layer of loose litter, such as will permit water to pass through it.
On the same account, it has been urged that large trees growing in a
wood so situated that they get no other water than the rain which
falls upon them may perhaps do better in case there is a growth of
underbrush beneath them instead of a sod of grass; but in this
case the water taken by the shrubs for their own support might
perhaps more than counterbalance the increased soakage. The
trouble with the grass sod, or similar mat, is not only that the
plants use water and hold it upon their leaves to be evaporated,
but that the felted roots offer a serious mechanical obstruction to
the admission of water.

None of the water of light summer showers penetrates far into
the soil in any event, because it evaporates from the upper layers of
soil, and, from the causes just now enumerated, it may happen that
such showers will be as good as lost on soils closely covered with
vegetation. At some of the Bavarian stations, drain-gauges 2 and
4 feet deep, that were kept in open fields, gave out no drop of water
during July, August, and September, and in two of the localities
water ceased to drop from the one-foot gange even in July.

As will be shown more in detail on a subsequent page, per-
colation may be greatly increased by hindering evaporation and
facilitating the admission of water to the soil, as happens when leaf-
covered drain-gauges are kept in the woods.

Wollny found that a calcareous loam which permitted 38% of
the rainfall from April 14 to November 18 to soak through it,
when it was bare of vegetation, percolated no more than 20% of the
rainfall when grass or clover was growing upon it. In other trials,
lasting from May to October inclusive, three different soils, viz
sand, peat, and clay, were compared side by side in three conditions;
1. e. bare of vegetation ; with grass growing upon them; and cov-
ered with a layer of horse manure 2% inches deep. The percolation
was as follows, in per cent of the rainfall : sand, peat, and clay,
when bare, 64, 44 and 32, respectively ; when grassed, 14, 9, and 1;
when mulched, 45, 39, and 49. The superiority of clay and peat
as absorbents of water is manifest, as well as the pumping power
of vigorous plants. The heavy mulch lessened the amount of per-
colation as regards sand and peat, i.e. as compared with the bare
soils, but increased it in the case of clay. On repeating the mulching
trials with a layer of horse manure only % inch deep, the percola-
tion was somewhat larger than through the bare soil, and evapora-
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tion was less. A coating of gravel had the same effect as the thin
layer of manure in lessening evaporation and increasing percolation.

No oune has taken more trouble to study the subject of percolation
than Lawes and Gilbert (1870-81), who built elaborate rectangular
drain-gauges 6 feet by 7 feet 3 inches in area (= y4%55 of an acre).
These gauges had depths respectively of 20, 40, and 60 inches.
Care was taken to keep the soil in a perfectly natural condition
of consolidation, so that it should neither be more porous nor more
compact than ordinary field soil, and the surfaces of the gauges
were kept bare of vegetation. The results of these trials have been
tabulated for each of the several depths above mentioned, and for
each month of each year during a period of ten years. The average
rainfall of the locality and period being 31} inches per annum, the
mean yearly percolation through the drain-gauge that was 20 inches
deep amounted to 14 inches ; through the gauge that was 40 inches
deep the percolation was 14.9 inches, and through the 60-inch
gauge it was 13} inches.

As tabulated by Lawes and Gilbert, the percentages were as

follows : —

Percent of Rainfall that went

Mean Rainfall through the Gauge.

During the

Inches. 20-inch. 40-inch. 60-inch,
4 years, 1871-74 27% 35.4 34.7 28.4
6 ‘¢ 1875-80 34.2 49.6 54.2 49.4
10 ¢ 1871-80 31.5 44.6 47.4 42.1

Naturally enough, some of these European experiences may not
be directly applicable to a country the surface soil of which remains
so long frozen as does that of the Northern United States, or to re-
gions where the air is so dry as ours is, and which are subject to
showers so violent as those we not infrequently experience. More-
over, rain falling upon our superheated soils in midsummer will be
exposed to excessive loss through evaporation. Hence the special
importance for us of American experiments. Dr. Sturtevant at
South Framingham, Mass., found that of the annual rainfall of
47.15 inches, 8.7 inches, or 17.9%, percolated through the 25
Inches of grass-covered sandy soil in his drain-gauge. Stockbridge
abt Amherst, observing during the seven growing months of the year,
found that 5.14 inches of the 25.7 inches of rain that fell during
these seven months percolated through 36 inches of a very leachy soil ;
that is to say, he noticed a summer percolation of 20%. During
the same period, 27 inches of rain fell upon Dr. Sturtevant’s
drain-gauge, and 14y5% of the water percolated through it.
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Professor Johnson calls attention to the fact, that, while the per-
centage of percolation is larger in England than in this country, the
total amounts of water that penetrate the soil, as measured in inches,
are not very different in the different countries. He cites the Iing-
lish results of Dickiuson, Greaves, and Lawes, 11, 6%, and 10
inches respectively, the Swiss results of Maurice and Risler, 101
aud 1243, the French of Gasparin, 5,5, and the American of Stur-
tevant (5% in 1876 and 11 in 1877) and Stockbridge (5% for
seven months of 1877), in illustration of this view, and argues that
the filtration of water through drain-gauges amounts to from 5 to
10 inches annually with a rainfall of 26 to 44 inches. Heavier
rainfalls are evidently compensated by greater and more rapid evap-
oration ; and evaporation and rainfall vary within much wider limits
than percolation, which is relatively constant.

As a matter of course, water can percolate more rapidly through
sand than through clay or humus; but it is nevertheless true, that
soils and most rocks can retain some of the rain-water that falls
upen them. The coarser the grain of the rock or of the sand, so
much the more freely can water pass into and through it. As has
been stated already, dry silicious sand can imbibe as much water as
will amount to 20 or 25% of its weight. Engineers have noticed in
the field that loose sands may hold two gallons of water to the cubic
foot, and that ordinary sandstone may hold one gallon of water to the
cubic foot. It is said that Liverpool sandstone, when saturated with
water, can take up g% of its own weight of the liquid, and that ¢ will
drain away by force of gravity, while y}; remains fixed in the cavities
of the stone by capillary attraction. According to Roberts, each
cubic foot of this sandstone can store 0.733 gallon of water. Even
the driest granites and marbles may contain from 0.4 to 4.0% of
water, or perhaps as much as a pint in each cubic yard. Looking
from the geological point of view, it has been argued in England,
that, on an average, about 25% of the rainfall in that country pene-
trates into the chalk, and from 60 to 96% into the loose sands,
while the remainder either runs off the surface of the land or
evaporates.
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CHAPTER IV.
MOVEMENTS OF WATER IN THE SOIL.

THERE are two kinds of movements of water in the soil. First
the movement of percolation of the ground-water towards the sea,
which is, on the whole, a downward movement ; and, secondly, a
movement by force of capillarity, which is, or may be, a movement
in all directions in those parts of the soil which are above the
ground-water proper.

The movement of percolation, caused by the ground-water seek-
ing its level, is usually slow. It is retarded by a great variety of
circumstances. Witness, for example, how much more slowly water
drains away from a wooded country — covered with mossand leaves
and vegetable mould — than it does from the same region when
cleared. Even the roots of trees have been found to retard its
movements. _

Sometimes, as in a stiff, retentive clay, the movement seems to be
as good as annihilated. Its sluggishness, in almost any soil, is made
manifest when a deep well into which some impurity has fallen is
left for a time to itself. It often happens in this event, that the
water will long remain foul, so slow is the current that flows through
or across the well. At Munich, Pettenkofer reckons the rate of the
lateral flow of the ground-water at fifteen feet daily, while in the
rather dense chalks of England engineers have supposed that the
water moves three feet downward in the course of a year.

It is plain, on the face of the matter, that, in general, deep-lying
ground-water can have comparatively little movement. Those por-
tions of the ground-water, namely, which lie at a lower level than
that of the brooks or ponds or wells into which the upper layers of
the ground-water flow, cannot possibly find any easy outlet. To
take again the example of the isolated gravel ridge with a brook
flowing at its base, it is evident that the great mass of the ground-
water that results from the rainfall will drain out from the ridge
into the brook ; but how is it with the water that lies deeper than
the brook * Why, that will slowly drain away towards the sea,
beneath the brook. It will drain away in the same general direction
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as the brook flows, both beneath the line of the brook and beneath
the plane of the brook. There is no longer any ready escape for it.

It follows, of course, that in a great number of instances deep
ground-water must be more or less stagnant ; and in fact it is found
on boring or digging into such water, that it is apt to be either
somewhat highly charged with saline matters which have been dis-
solved out from the rocks and gravel that are continually soaked by
the water ; orit is apt to be somewhat  sulphuretted,” as the term is.
That is to say, it tastes and smells feebly of sulphuretted hydrogen
which has resulted fromn the decomposition of gypsum (or other
sulphates) and organic matter, reacting one upon the other, in the
stagnant water. Of the two most prominent artesian wells in Bos-
ton, one, at the gas-works, yields water which is decidedly saline;
while the other, near the Providence Railway station, gives a some-
what sulphuretted water. But the soil of Boston rests in a great
cup or depression, against one side of, or rather against the front, of
which the deep sea presses, and so prevents the lower ground-water
from draining out.

On examining the waters of several deep artesian wells in France,
Gérardin found that they contained absolutely no oxygen gas in
solution.

Professor Gregory of IEdinburgh many years ago called attention
to an interesting illustration of the movement of ground-water. He
found that the carcass of a pig, buried on the slope of a hill which
was moist and undrained, had in the course of 14 years shrunk into
a flat cake, composed entirely of fatty acids, from the fat of the
animal. Not only had the muscles and membranes, nerves and
vessels, all putrefied and disappeared, but no trace of bone-earth was
to be found. The whole of it had been dissolved — probably in
much less time than the 14 years — by water percolating through
the body of the animal. Gregory found that the water of the
locality contained considerable carbomic acid, and it was evident
that this carbonic acid had helped to dissolve the bone. But the
fact that percolation must have occurred was manifest.

In general, it may besaid that so long as springs and rivers flow
there can be no doubt as to the movement of the upper layers of the
ground-water.

Where to dig Wells.

The power possessed by some men of selecting places where wells

may be dug with success depends upon a just appreciation of the
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conditions which control the percolative movements of ground-water.
There was a French Abbé years ago, named Paramelle, who became
noted for his power of discovering subterranean water. Many
powerful springs were opened by him, — ten thousand or more, of
one kind or another, as the story goes. He was called to all parts
of France to exercise his art, and, after practising it with great suc-
cess, he published a book which describes his methods of procedure.
The gist of his narration is simply that water tends to flow, i.e. it
tends to percolate most freely beneath the lowest parts of valleys,
ravines, furrows, gutters, slopes, and depressions of all kinds; that
is to say, water stands or flows at precisely those places beneath the
surface where it would stand or flow most readily on the surface if
there were enough of it to reach the surface.
Causes of the Capillary Movement.

As to the causes of the movement of water by capillarity, it is to
be noticed that the force of gravitation may at times exert some in-
fluence to accelerate the movement. Thus, when rain falls upon the
earth, or when snow melts upon it, those portions of water which
soak into the soil are speedily subjected to the influence of capil-
larity, and dragged downward. Even in the heaviest showers the
rain does not penetrate as such to the depth of an inch. It is only
when the capillary pores at the surface of the soil have become full
that water passes downward into the pores which lie below the sur-
face, and it is only when all the pores of the soil have become
saturated by the capillary movement that percolation proper, due
to hydrostatic pressure, can occur.

But at times when no water is coming to the land, either as rain
or snow, the capillary movement is upward rather than downward,
and it is occasioned, or rather kept up, by evaporation of moisture
from the surface of the ground ; and this evaporation may be due
either to exhalation of moisture by plants, or to the direct action
of sun and wind upon the land.

The actual movement of the water from below upwards is
effected by the adhesion or surface attraction of the soil and the
water, one for the other. The water tends to stick to the soil. A
dry soil, like an empty sponge, drinks up, absorbs, and actually
lifts the water ; and beside all this there will be a movement of
water through any soil that is moistened, even no more than very
slightly, to make good whatever waste of water has occurred by
way of evaporation from the contiguous parcels of soil.
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There are two prominent facts to be held to : first, that the par-
ticles and pores of the soil absorb and hold rain-water that comes
to them from above ; and secondly, that the particles of soil and the
pores of the soil above the ground-water proper suck up moisture
from it precisely as a wick draws up oil in a lamp. Hence it
happens, not only that moisture is left adhering to every soil to
a considerable height above the ground-water after the draining
away of the latter from any cause, and after every fall of rain, but
that new portions of moisture taken from the ground-water are
incessantly lifted through the soil, even to its surface, if not too
distant, by force of capillarity, there to supply the place of the
moisture which has been taken up by plants, or in any way evapo-
rated from the surface.

This movement of water by capillarity is incessant, so long as
there is any outgo of water from the upper layers of the soil, either
from evaporation or from the exhalation by plants ; and it is to be
noted that the capillary movement is greatly favored by bringing
the soil into a fine, porous, mellow condition by frequent tillage.
As Professor Johnson has said, just as the strands of wicking in a
lamp must neither fit too tightly nor too loosely in the socket in
order to the best capillary action, so in the soil there is a certain
degree of porosity which is best suited to the lifting of water.

Saline Incrustations upon Soils.

It is by this capillary movement of the soil water that saline
matters are brought to the surface in many dry climates in such
quantity as to incrust the surface of the ground throughout the
summer season ; and in this way, also, soluble matters necessary to
the growth of the plant may be brought up out of the depths of
the soil to the roots which feed upon them.

It is said that in some parts of Greece, after the rainy season has
ended, and rapid evaporation of water from the soil has set in,
saline matters rise to the surface in such abundance that the more
tender herbage is gradually killed by them, and only very robust
plants continue to grow. Even the growth of grass is prevented,
although abundant wheat crops can be ripened every year, appar-
ently because the more important part of the life of the wheat
plant is finished before the land has become salter than the crop
can bear.

Mr. Darwin has described in the following terms the incrusta-
tions of sulphate of soda admixed with common salt which he met
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with frequently in Patagonia and other parts of South America.
As long as the ground remains moist, he says, nothing is to be seen
but an extensive plain composed of black muddy soil, supporting
scattered tufts of succulent plants. On returning through one of
these tracts, after a week of hot weather, one is surprised to see
square miles of the plain white, as if from a slight fall of snow,
here and there heaped up by the wind into little drifts. This
latter appearance is chiefly caused by the salts being drawn up
during the slow evaporation of the moisture round blades of dead
grass, stumps of wood, and pieces of broken earth, instead of being
crystallized at the bottoms of the puddles of water.
Lllustrations of the Capillary Movement.

Experiments to illustrate the significance of the capillary move-
ment of fertilizers have been made in ordinary earthen flower pots
by cementing into the hole at the bottom of the pot a tube a foot
or so in length, and filling both pot and tube with loam. The pot
is then placed upon a rack in such manner that the lower end
of the tube may dip into a fertilizing solution, such as barn-yard
liquor, for example, or a solution of nitrate of potash. It is easy
to see in this way that plants growing in pots whose tubes have
access to plaut-food grow much better than those so situated that
the tubes dip into mere water. Moreover, by putting saline solutions
at the bottoms of the tubes, and analyzing them occasionally, it will
be seen how rapidly the saline matter is drawn up into the earth.

Nessler has illustrated the matter by experiments made to test
the question whether moisture evaporates chiefly from the surface
of the soil, or whether any considerable quantity of it can exhale
directly into the air, as vapor which has fornied in lower layers of
the soil. He filled two cylinders with loam that contained 149 of
moisture, and sunk them in the earth so that their tops were level
with the surface of the ground. The loam in one of these cylin-
ders was pretty firmly compressed, while that in the other was :
made to lie as loosely as possible in order that evaporation from
its interior pores miight be favored. Both of the cylinders were
shielded from rain. In the course of six weeks 510 grm. of water
evaporated per square foot of surface from the loosely packed loam,
and 1680 grm. from the loam which had been compressed. Sam-
ples were collected for analysis, to the depth of about one line from
the surface of the original soil, aud of the loams in the two cylin-
ders, and there was found in 1,000 parts of the
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Original Loose Compressed

Earth. Earth. Earth.
Total soluble matters 0.14 0.19 1.00
Organic ¢ ¢ 0.06 0.08 0.32
Inorganic & 0.08 0.11 0.68
Potash 0.03 0.19

Whence it appeared that the evaporation of water was chiefly from
the surface of the soil ; that too much loosening of the earth dimin-
ished evaporation ; and that substances such as potash, which tend
to be fixed and held by the soil, as will be explained hereafter, do
nevertheless move towards the surface in the current of the capil-
lary water. But since, as a general rule, more water evaporates
from soils during the summer months than comes to their surfaces
as rain, more soluble substances will be brought to the surface in
summer than will be carried down from the surface into or towards
the subsoil.

In the field, when everything is favorable for the growth of
plants, there is between the ground-water and the surface of the
land a gradation of moisture ranging from the soil that is saturated
or absolutely wet with moisture by mere force of capillarity to that
which is nearly or quite “air-dried.” It is capillary water which
is seen when, on digging a few inches below the surface of the soil,
even in midsummer, we find the earth to be, not dry and dusty
but somewhat moist.

Frost wn the Ground.

So too, when, as the saying is, the soil freezes in the winter, it
is the capillary moisture in the soil that congeals to a greater or
less depth accordingly as the soil is bare and exposed, or shielded
from the cold as when covered with a mat of sod. Any covering
of loose materials, as of snow, or straw, or leaves, or branches of
evergreen trees, will greatly hinder the penetration of the frost,
while in case the soil is firmly compacted, as on a well-worn or
macadamized road, it may freeze to a great depth. A neat applica-
tion of this knowledge is seen when excavations are made in cold
autumn weather, and the workmen take care at nightfall to loosen
a layer of the soil with their pickaxes, and to leave it lying until
next morning as a mulch to hinder the soil beneath it from
freezing.

In the spring, on the other hand, after extreme cold weather has
ceased, and the frozen soil begins to melt, the moisture in the soil
beneath the frozen layers often exerts a very marked influence to
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accelerate the process of melting. That is to say, the compara-
tively warm ground-water and the capillary water that is lifted
from it help to “draw the frost” ; or, to state the matter in the
language of the farm, when * frost is coming out of the ground,”
the moisture beneath the frost often assists very materially to
hasten the process. Instances have fallen under my own obser-
vation in Boston where firmly frozen ground, that had been cov-
ered with a thick bed of gravel towards the end of winter, thawed
out completely before the advent of spring. The land in question
was coarse, loose gravel, and the original surface of it was no more
than three feet or so above the ground-water.

As was said before, it is the almost invisible moisture held by
capillary action in the soil, which in the main supplies both water
and saline nourishment to the roots of cultivated plants. The
little hairs with which the rootlets are covered (see “ How Crops
Grow,” p. 245) cling tightly to the particles of soil, and extract
therefrom the capillary water and whatever of plant-food this water
holds in solution.

Capillary Power of Soils.

From the following table drawn up by Zenger, it appears that
the capillary power of soils is greater in proportion as their pores
are finer ; but fineness of pores must not be confounded with fine-
ness of particles. It is true enough that up to a certain point a
soil will have more capillary power in proportion as its particles
are more finely divided ; but the moment this limit is passed,
fineness is disadvantageous for capillarity, since the minute par-
ticles of earth are apt to cohere and cling together so closely that
few if any open spaces are left between them for the admission of
water,

The figures in Column I. of the table represent the percentage
amounts of water that were imbibed by the soils which had been
screened to a tolerably uniform state of moderate fineness, while in
Column II. are given the percentage amounts of water imbibed by
the same soils after they had been finely pulverized. It will be
noticed that there is but little difference between the second column
and the first in the case of soils which are naturally porous.

Other experiments have confirmed these results by Zenger. Thus,
Wilhelm noticed, for example, that a garden loam that naturally
imbibed 114% of water could absorb only 62% after it had been
pulverized.
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L I1.
Quartz sand . 26 54
Marl . . 30 55
¢ Marl” from beneath a peat bed . 39 49
Brick clay 66 58
Moor earth . 105 101
Calcareous sinter 108 70
Soil from a moor meadow 178 103
Pecat dust 377 269
Garden loam 123

The chemical character of a soil, though far less important than
its porosity, may nevertheless have some influence upon the rapidity
of the capillary movement, as may be seen on contrasting quartz
and kaolin that have heen reduced to powders of equal fineness.
The quartz will absorb water considerably quicker than the kaolin.

The following table gives the water-holding power of a variety of
soils as determined by different observers. The figures represent
percentages of liquid water absorbed and held by the dry soils, as
determined by soaking the weighed soils in water, allowing the
excess of liquid to drain away, and again weighing the wet earth.

Schiibler. Trommer. Heiden.

Quartz sand with rounded edges 25 26

o “ with flakes of mica 32
Limestone sand - 29 29
Carbonate of lime in powder 85 80 5 5

“  of magnesia 256

Gypsum (earthy) 27 ot
Potter’s clay 40 40
Loamy clay 50 50
Pure gray clay 70 70
‘White clay 74
Yellow clay 68
Elutriated feldspar 54
Silicicacid, as prepared from silicate of potash 241 ;
Humic acids 181 1200(frem
Humus 180 }peat')
Loam . 52 40
‘Wheat soil 58
Fertile marly loam 59
Barley soil of second quality . 47
Strong wheat land with 8 %, carbonate of lime 61
Peat 201
Humus (not acid) prepared from peat 645

See also Meister’s experiments in Hoffmann’s Jahresbericht der
Agrikulturchemie, II. 39.
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Experiments have been made by Treutler to test the question
whether or not the water-holding power of mixtures of different
kinds of soils is equal to the sum of the water-holding powers of
the substances when unmixed. It appears from his results, as
given in the following table, that with few exceptions the power of
mixtures to imbibe and hold water is less than that of their com-
ponents taken separately. It is reasonable to suppose that, if the
particles of each of the substances to be mixed were of equal size,
the mixture would hold water as well as its components, as appears
to be the case with some of the mixtures of fine earth and whiting
or magnesia, in the table. But when the particles are of unlike sizes,
thie smaller ones fall into the spaces between the larger, and prevent
water from occupying these spaces. Compare the nixtures of sand
with whiting and maguesia.

In these experimeunts, 100 cc. of water and 50 grams of the sub-
stance to be tested were placed in a glass funnel, at the apex of
which there was a small moistened filter which permitted the water
that was not held by the earth to drain away. Tach trial lasted 24
hours, excepting those with magnesia, wlich required 2 or 3 days,
and those with bone meal, which required 10 days. In Column A
of the table are given the number of cubic centimetres of water
which were held by the earth, while Column B gives the sums of
the absorptive powers of the components of the mixtures. Fifty
grams of the substances named absorbed and held respectively the
following quantities of water : —

A. B. Differ-
Substances. Found. Calculated. ence,
cc. CC. CC.
Fine earth 34.2
Quartz sand 14.0
Caustic lime 61.0
Whiting 25.0 oy
Magnesia . 230.0 X
Bone meal 46.0
40 grm. fine earth and 10 grm. lime 44.0 39.6 —4.4
30 ¢ = 20 & ‘¢ 49.0 45.0 —4.0
25 ¢ e g 25 & R 51.6 47.6 —4.0
40 < oy 10 ¢ whiting 32.0 32.4 +4-0.4
80 % & ety W 0w 927.0 30.5 +3.5
25 ¢ & “ 925 ¢ i 26.0 29.6 +3.6
40 « & ‘¢ 10 “* magnesia 73.5 73.4 —0.1
30 ¢¢ L %90 OC 112.0 112.5 +-0.5

25 ¢ “ “ 25 ¢ € 133.5 132.1 —1.4
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A. B. Differ-
Substances. Found. Calculated. ence.
cc. cce. CcC.

40 grm. fine earth and 10 grm. bone meal 36.0 36.6 0.6
30 ¢ ‘¢ 20 ¢ ¢ 35.0 38.9 +3.9
25 ¢ ¢ ¢« 25 ¢« ¢ 36.5 40.1 +3.6
40 < ¢ “ 10 *“ quartz sand 28.5 30.2 +1.7
30 ¢ K “20 < e 23.0 26.1 +3.1
40 ¢ quartzsand ¢ 10 ¢ lime 19.0 23.4 +4.4
30 ¢ ¢ €= 120) e o« 29.0 32.8 -+3.8
25 ¢ ¢ & f2n R e 34.5 37.5 +3.0
40 ¢ € “ 10 “ whiting 12.0 16.2 +4.2
30 ¢ “ <€ 20 "¢ = 12.0 18.4 -+6.4
25 g % @l e gl 14.0 19.5 +5.5
40 < £ “ 10 ““ magnesia 53.5 57.5 +4.0
30 ¢ 4 20 < a 96.5 100.4 +3.9
25 ¢ € ge 25 ¢ & 113.5 122.0 +8.5
40 < < “ 10 ¢ bone meal 16.5 20.4 +3.9
30 ¢ £ “ 20 ¢ ¢ 9.0 26.8 +17.8
25 <« “ “ g5 « « 8.0 30.0 +22.0
40 ¢ ¢ “ 10 ¢ fine earth 15.0 18.0 +3.0
30 ¢ ¥ & 20 £C 18.5 22.1 +3.6
25 ¢ S &« 25 4 = 21.0 24.1 +3.1

The inereased absorptive power exhibited by the mixtures of
fine loam and eaustie lime is probably due to granulation or “floc-
culation” of the earth by the lime, as will be stated more explieitly
under the head of Tillage, though possibly it may depend on chem-
ical combination, i. e. on the formation of a hydrated silicate of
lime. The extremely large differences observed in the ease of mix-
tures of bone meal and sand are admitted to be erroneous. The
experiments with bone meal have little value, because it was a diffi-
eult matter to wet the meal in the first place, and because water
dried off from it quiekly. The greasy bone repelled water, and hin-
dered it from flowing between the fine partieles of the meal, and a
part of the water that did adhere to the meal at first soon evapo-
rated. Detmer also, experimenting with mixtures of sand and peat,
found that by a mixture containing

Per Cent of Per Cent of  There were absorbed  If Sand =1, the observed
Sand. Deat. Grams of Water, Absorptive Power =
100 12.2 1

80 20 24.0 2
60 40 42.0 3%
40 60 Uele7 6
20 30 99.1 8

100 114.4 93
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The Capillary Force hinders Evaporation.

Naturally enough, the power of a soil to hold water tends to re-
tard evaporation from the soil. The figures of the following table
are Schiibler’s determinations of the amounts of water that evapo-
rated from various wet soils (the same as those examined by him
as stated in a previous table) in the stated times when these soils”
were spread out upon a given surface.

Of each 100 Parts of the Water in the wet
Soil there evaporated at 60° F.

From the Wet in the Course 90 Parts in

of 4 Hours. Hours. Minutes.-
Quartz sand 88 parts. 4 4
Limestone . 76 ¢ 4 44
Gypsum (earthy) 72 ¢« 5 1
Potter’s clay 52 ¢« 6 55
Loamy clay 46 ¢ 7 52
Pure gray clay 32 « 11 17
Fine carbonate of lime 28 ¢ 12 51
Carbonate of magnesia . Ll 33 20
Humic acids 21 ¢« 17 33
Loam 32 ¢ 11 15

See also Meister’s results in Hoffmann’s Jahresbericht, II. 41.

It will be noticed that, in proportion as a soil absorbs more water
by imbibition, so much the less water does it give off through evap-
oration. The powerfully absorptive soils not only lose compara-
tively little water through evaporation in a given time, but, from
having a larger store of moisture, they can continue to meet the
demands of evaporation through a much longer period than the
soils which are comparatively speaking non-absorptive.

From some experiments of Sachs, it appears that plants cannot
exhaust the retentive soils so completely of their water as they can
the soils which are non-retentive. Thus, in a loam capable of
holding 52% of capillary water, a tobacco plant wilted at night,
when the soil contained 8% of moisture. In a mixture of humus
and sand competent to absorb 46% of moisture, another tobacco
plant wilted when the moisture had been reduced to 12%; and in
coarse sand which could hold 21% of moisture, a third plant wilted
when the proportion had fallen to 11%. Here the plant was able
to pump the soil almost absolutely dry. In these experiments 44%,
34%, and 19% of water, respectively, were more or less available for
the plant.

Different kinds of plants appear to resemble one another more
closely than would have been expected in respect to this power of
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exhausting soils of their moisture, and the experiments of Hellriegel
liave shown that any soil can supply plants with all the water they
need, and as fast as they need it, so long as the moisture within
the soil 1s not reduced below one third of the whole amount that it
can hold.

Influence of Humus and Clay on Capillarity.

From the tables above given it appears, as would be anticipated,
that the best soils possess a medium absorptive power. The lack
of this power in coarse sandy soils is doubtless one prominent cause
of their sterility. On the other hand, the value of humus and of
clay in a soil depends in great measure, no doubt, upon the facility
with which these substances imbibe and retain moisture.

In general it may be said, that the larger the proportion of clay
or humus in a soil, so much the more power will that soil have of
holding water ; while the water-holding power will be so much the
smaller in proportion as sand is more abundant in the soil. While
coarse gravel can be seen to suck up the ground-water to no greater
height than an inch or two, good capillary loam may visibly litt it
to a height of six feet. On the other Land, a small amount of rain-
water falling upon the land may moisten a large volume of coarse
sand, perhaps as much as twenty times its own bulk, while the same
amount of rain-water might not moisten more than three times its
bulk of cohesive clay. Numerous experiments by Meister upon the
power of air-dried soils to suck up water from moist earth are re-
corded in Hoffmann’s Jahresbericht, 11. 42.

One merit of the ploughing in of green crops upon sandy soils is
that humus is thus supplicd to increase the capillary and the reten-
tive power of the soil. In case this had been done with the third
soil of Sachs, for example, it might perhaps have been made equal
to the first soil.

It has been noticed, however, of soils too highly charged with
some kinds of organic matter,—such as some reclaimed peat bogs,—
that, though capable of holding much water when wet, they have
only a comparatively feeble power of absorbing water when once
thoroughly dried. Such soils, though wet and cold in the spring,
may become so dry in summer as wellnigh to lose all power of
absorbing moisture. Rain-water may even stand upon the surface
of such soil for a considerable time without being absorbed to any
appreciable degree. In some cases this behavior may depend on
alterations in the actual physical texture of the peat induced by
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drying ; but it is probable that in other instances the peculiar re-
pellent action of such peats may be due to the presence in them of
waXxy, resinous, and fatty matters, which coat the surfaces of the
particles of peat and make them greasy enough to hinder water
from adhering to them. It has been noticed by Hayes and others,
that appreciable quantities of matters soluble in ether and in alcohol
can be detected in most soils that are rich in organic matter, and
there is no improbability in the idea that some soils may contain
such things in considerable quantity. Fatty matters may be pro-
duced in the soil by the action of microscopic organisms, such as
the butyric ferment ; wax may come from the chlorophyl of decayed
plants, and resinous matters from pine needles or the like.
Best Amount of Coapillary Water.

As regards clay and humus, it should be said that it is bad to
have too large a proportion of either of them in a soil because of
their liability to make the soil too wet. Wet land is always cold
land. It cannot be warmed rapidly by the sun, because water needs
to absorb a peculiarly large amount of heat in order that its tem-
perature may be increased, and because water carries away much
heat when it evaporates. Many wet soils cannot be ploughed or
tilled early in the spring, for reasons that will be set forth under
Tillage, nor can air gain access to them when their pores are full of
water.

It is a fact of observation, that plants are liable to sicken and die
on soils that are too wet, the more readily, no doubt, in case the
water becomes stagnant, and so occasions reducing chemical action
such as gives rise to the formation of ferrous and sulphuretted com-
pounds that are poisonous to most agricultural plants. Hellriegel
finds that as much water as may amount to 809 (or more) of what
the soil can hold is hurtful to ordinary agricultural plants, and that
a soil charged with water to the extent of 50 or 609 of its capacity
offers the best possible conditions for the growth of crops, when
other circumstances are favorable.

Plants need so much water, and it is in general so important that
the capillary and water-holding power of a soil shall be large, that it
might be thought at first sight that the best soils would be those
which can offer the largest amounts of water to crops. But, as has
just been indicated, this conclusion can only be true for cases where
the stores of moisture are not excessive. The living water of the
Spanish sand dunes, before mentioned, and that of the floating

voL. 1. — 8
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gardens, is a very different thing from cold or stagnant water, such

as might clog or poison soils that are too rich in humus or clay.

Examples of good capillary soils may be seen in many of the mix-

tures of peat, sand, leaf-mould, rotted sod, etc., which greenhouse

gardencrs prepare for the growth of ferns and certain other plants.
Ameliorants, so called.

The results recorded in the table above given explain at once
the good effects which are often seen to arise from the application
of various other substances besides humus, which alter the texture
of a soil. It is a practical maxim, however, that while a small pro-
portion of clay will greatly improve a light sand, a large quantity
of sand is needed to correct the tenacity of a stiff clay. Other ex-
amples of the “amelioration ” of soils are seen in the application of
lime to clay, and in the burning of clay. The particles of burnt
clay are no longer plastic and sticky, like those of the crude earth.
In this sense, coal ashes are often valuable as an application to stiff
clays.

A just conception of the mode of action of the capillary force
may be got by considering a process of butter-making that was
patented at Washington some years since. It is perhaps the more
instructive because of its economiic absurdity. It bas long been
believed by many agricultural populations, that cream wrapped
in close cloths and buried in the earth over night may be changed
to solid butter by morning. All the watery portions of the cream,
with whatever the water may have held in solution, will be ab-
sorbed by the earth by virtue of capillary attraction, which drags
the buttermilk first into the porous napkins and then into the soil.
Acting on this idca the patentee buries his bag of sweet cream in a
vessel filled with slightly moistened bran or with meal, and leaves
it there for twenty-four hours. He then finds butter inside the bag,
while outside the bag he has meal charged with butter-milk which
he proposes to feed to hogs, or to other animals, as a most nourish-
ing and fattening food.

Capillarity as modified by Hygroscopicity.

The main facts as to capillarity are evident enough, but some of

the details? are sufficiently complex, as may be seen, for example,

1 The agricultural student will do well to study the experiments of Johnson
and Armsby in the Reports of the Connecticut Agricultural Experiment Sta-
tion for 1877 and 1878 ; and those of Nessler in Hoffmann’s Jahresbericht der
Agrikulturchemie, 1873-74, 1. 49.
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on seeking to explain the manner in which moisture rises through
the soil to or towards the surface of a high gravelly ridge. Here
processes of evaporation and condensation within the soil come in
to help the capillary movement, i. e. vapor exhales from that part
of the soil which is moistened by simple capillarity, and this vapor
is absorbed by the overlying soil. But when once the soil has be-
come damp in this way, it is better able than it was before to lift
water from the adjacent layers of soil, and the scope of the capillary
movement is thereby extended.

Experimenters operating upon tubes standing in water, and filled
with dry earth so arranged that samples of it could be taken out at
different heights for examination, have found that the proportion of
moisture in the columns of soil diminishes so gradually from below
upward that it is wellnigh impossible to distinguish between sim-
ple capillary and hygroscopic movements, or to detect any limit
of height at which water ceases to be absorbed. As evidence of
the constancy with which the hygroscopic dampening precedes the
capillary lifting, Wollny reports a trial where four tubes full of earth
were made to stand up in a dish of water and were subsequently
examined as to the amount of water that had disseminated itself in
the earth. Omne of the tubes was examined at the end of an hour
and a half, another after it had stood for a day, the third at the end
of a week, and the fourth after five weeks. It appeared that the
soil gradually took up more and more water, and continually lifted
it to higher elevations, in such manner that it was evident that at
any given height the soil must have passed through various stages
or degrees of moistness before it finally acquired the full amount of
water that it was capable of holding under the conditions of the
experiments.

Speaking generally, it is plain enough that up to a certain height
above the actual ground-water the pores of the soil will be com-
pletely filled with liquid, just as the pores of a lamp-wick are filled
with oil, by force of capillary adhesion. But above this real or
conceivable limit of absolute saturation there must be in multi-
tudes of cases layers of soil that are only partially saturated by the
capillary movement, and, above these, there will be other layers still
less completely saturated ; and so we may readily conceive of pass-
ing to heights quite beyond the scope of capillarity, in so far as it
relates immediately to the ground-water, and come to layers of soil
so elevated that, if no rains were to fall, the soil might soon become
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nearly or quite air-dried ‘between the upperimost limit of capillary
action and the surface of the land. In the case here supposed,
slow evaporation wounld naturally occur at the top of the uppermost
layer of moistened earth, even when, as was just suggested, it is
situated at some distance beneath the surface, and the vapor thus
gencrated would slowly escape into and towards the air.

Practically, however, that is to say usually, in soils devoted to
agriculture the earth is moistened by rain-water from above, as well
as by water lifted from the permanent store below ; and whenever
liquid water sinks downward through the soil, very considerable
quantities of it will be retained by the soil, no matter at how great
a distance above the ground-water the surface soil may be situated.
That is to say, much water will be retained both by soaking into
the actual particles of the soil, and by clinging to the surfaces of
the particles, especially at the points where the particles touch or
nearly tonch one another. The finer the soil, up to a certain point,
so much the larger will be its power of thus retaining water, be-
cause of the great extent of surface presented by its particles ; and
a similar remark will apply to the condition of looseness, or rather
compactness, in which a soil happens to be. In order to the best
results, the soil 1nust neither be too hard and compact, nor yet too
loose.

It appears from all this, that it would be a matter of merely
secondary interest in actual practice to know how rapidly water
could rise in a dry soil of given character, or how high a level it
could reach in such soil, since in nature the problem is seldom or
never presented in that form. As Johnson and Arinsby have urged,
the tendency in the field is simply to preserve the original distri-
bution of the water by a motion through the already filled or
partly filled interstices of the soil toward the point from which
water is being abstracted, — generally the surface.

Practically, water rises wellnigh continually from below to sup-
ply that wasted at the surface, and, excepting times of actual rain,
this movement is doubtless very extended, since it is naturally trans-
mitted from one particle to another even to considerable depths. A
soil that will thus permit capillary water to move freely and rapidly
within it, to supply a deficiency at any point, is said to be in good
mechanical condition.

For soils that lie high above the ground-water, it is important
that their texture and the crops may be such that the amount of
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water evaporated into the air shall not be too largely in excess
of the amount that can rise through the soil by virtue of the capil-
lary movement. For success with timothy, squashes, and some
other thirsty crops, it is wellnigh essential that the amount of water
sent out into the air from the land shall be no greater than what
can rise daily through the soil. It is noteworthy withal, that even
coarse soils may often serve perfectly well for transmitting water
upward, to supply that wasted by evaporation, in cases where the
ground-water is high, 1. e. near the surface of the soil. Here, mere
permeability is all important.
Hygroscopic Movsture.

In connection witl the retention of liquid water may be men-
tioned the power of the soil to draw in and hold small portions
of the invisible aqueous vapor, which, as 18 well known, forms a
constituent part of the atmosphere. That moisture can really be
absorbed and held in this way is proved by the fact that a soil to
all appearance dry, as it lies in contact with the air, will still lose
weight when lLeated to 212°, the point at which water boils. It is
found in practice that ordinary air-dried soils heated in this way
during several hours invariably suffer an appreciable loss of weight
which may range from less than 1 to 10% or more. Even the driest
dust of the highway is by no means wholly free from moisture.
When once within the soil, the hygroscopic water that has been
absorbed from the air is not to be distinguished from the capillary
water with which it may be said to mix.

According to Hilgard, the amount of hygroscopic moisture that
can be held by cultivable soils when they are exposed at a tempera-
ture of 59° F. to air saturated with nioisture varies from 1.5 to
23%. He finds that pure clay rarely holds more than 12% under
these conditions, though ferruginous clays and some calcareous clays
may hold from 15 to 21%. Peaty soils may hold 237%, or even
more.

The power of the soil to absorb atmospheric moisture is of course
nothing more than a particular instance of a very geueral law.
There are hosts of things far more hygroscopic than any soil; wool
and hair, for example, of which hygrometers are sometimes made.
In selling silk in France, it is customary to make an allowance
for the hygroscopic moisture. At the same time that a lot of silk
is weighed for sale, a small sample is weighed out by itself, and
the proportion of moisture contained in it is determined by drying.



86 AGRICULTURE.

The amount of water thus fouud is then subtracted from the weight
of the undried portion of the silk.

Even dried plants or plant-roots will absorb more moisture from
the air than most soils can absorb. Hay, straw, corn-stalks, and
most other air-dried vegetable matters — even grain — usually con-
tain some 10 or 12% of hygroscopic moisture, and when exposed to
damp air they contain much more than these amounts. Trommer
found that the following number of pounds of water were absorbed
from moist air by

In12hours. In24hours. In48hours. In72hours.

100 1b. of fine-cut barley straw 15 24 34 45
s Tye straw 12 20 27 29
¢ white unsized paper 8 12 17 19

Perhaps the most familiar instance of all is charcoal, which freely
absorbs aqueous vapor from the air, as well as many other gases, to
the extent sometimes of a quarter of its own weight. Charcoal that
has been recently burned, or heated to expel the absorbed vapor,
kindles very easily ; whereas, in case it has been kept for some time
in a damp place, it kindles with difficulty and snaps and smokes
while burning. After having had occasion to use a charcoal fire,
chemists sometimes throw any live coals that are left into an iron
pot, which they cover tightly, in order to have a store of perfectly
dry coal wherewith to kindle the next fire. After having long
been stored in a damp cellar, charcoal and even fire-wood do not
kindle readily.

Numerous estimations of the amount of hygroscopic moisture
that can be absorbed by different soils have been made by different
observers, notably by Knopand by Meister. The significance which
such moisture may sometimes have for plants when all the condi-
tions are favorable is well illustrated by the closed glass cases of
Mr. Ward. In this apparatus, as was explained before, the soil is
left to itself, after having once been watered, so that vegetation is
subsequently supported by the water which the soil drinks in con-
tinually, as vapor, out of the air, as well as by condensed water,
which in temperate climates trickles down from the roof and sides
of the case. But at sea within the tropics where the temperature
of air and water, and of things upon the water, is continually the
same (almost 85° F.), there can be comparatively little condensation
of vapor in a Ward’s case. Here at least the atmosphere of the
case is kept charged with vapor by the natural exhalation from the



ABSORPTION OF VAPOR. 87

plants, and the soil must drink in much of the vapor, as such. Once
in the soil, the roots of the plants will again pump it up, to be again
exhaled.

So too in the field cultivation of broad-leaved plants, — such as
the whole tribe of turnips and cabbages, clover, Indian corn, squashes,
and the like, — the ground doubtless reabsorbs a part of the aqueous
vapor which is exhaled by the leaves, though this illustration is of
course much less emphatic than the previous one. It is complicated,
moreover, to a slight extent, by the consideration that the plants in
question shade the ground, and so hinder somewhat the evaporation
from the surface which would naturally be due to the action of sun
and wind upon the soil ; and by the fact that much dew condenses
upon the great leaves by night, so that liquid water dribbles from
them into the ground. In the tropics, in particular, where the noc-
turnal radiation of heat occasions very considerable differences of
temperature between night and day, so much dew is deposited that
in some localities it goes far to supply plants with all the moisture
they need. It is said that in tropical forests so much dew condenses
by night, that it may often be heard dripping from the leaves of the
trees even at daybreak.

The absorption of moisture by the soil from the air naturally
tends to increase by night and to diminish by day. Doubtless at
some seasons of the year dry soils may gather in this way appreciable
quantities of moisture, even when no dew is deposited.

Surface Soil often very Hot,

But it must be remembered that in droughty summer weather the
surface of a dry soil may become very hot. Herschel observed at
the Cape of Good Hope that the soil atfained a temperature of
150° F., when the air was 120°; and Humboldt says that in the
tropics the temperature of the soil often rises to from 124° to 136°.
But a soil once thoroughly heated, even in temperate climates, will
often remain so warm throughout the night that it cannot be in a
condition to absorb much hygroscopic water. On the contrary,
soils thus heated must often give off by night vapor that may per-
haps have come from considerable depths, where supplies of moisture
are held in store.

Nessler has observed in late summer, when the days are hot and
the nights cool, that on placing an inverted glass funnel on the
ground by night, much water will be deposited upon the inside of
the glass ; thus showing that a part of the moisture which, on such
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nights, condenses as dew upon plants or other matters at the surface
of the ground, has come, not out of the air, but out of the soil.
Indeed, the moisture that in times of drought evaporates within the
soil from those layers which are still moist, and passes up as vapor
into the dry surface soil, is presumably much more important for
vegetation than any vapor that is absorbed by the soil from the
air. This subterranean evaporation must be strongest at times when
the soil is most thoroughly heated in dry weather, and much of the
vapor must condense near the surface whenever, as of an autumn
night, this part of the soil becomes cooler than the layers of earth
immediately below it. It is true, in general, that the air contained
in the pores of the soil is decidedly damp, even if it is not actu-
ally saturated with aqueous vapor at no great distance below the
surface, so that whenever the soil is cooled some of the vapor in
it condenses and is deposited as liquid water upon the particles
of earth.

It has sometimes been argued that the utility of the time-honored
practice of frequently stirring the surface-soil in the dry season,
by means of hoes or the cultivator, in order that the crop may
not suffer from drought, is to be attributed to the increased power
of the loosened soil to absorb the vapor of water from the air; but
this explanation can no longer be accepted as a true one, since it has
been shown that the amount of moisture thus absorbed from the air
is wholly inadequate for the suppott of crops. The subject of sum-
wer tillage will be discussed on another page.

Estimations of Amount of Hygroscopic Moisture.

Many estimations have been made of the amount of aqueous
vapor absorbed by soils. Thus Davy found that, while 100 parts by
weight of sands absorbed 0.3, 0.8, and 1.1 parts of moisture in an
liour, loams absorbed 1.3, 1.6, and 1.8 parts. In these experiments
the soils were dried at 212°, and then exposed to air saturated with
moisture at 62°.

Schiibler found that at temperatures of from 60° to 65° F., and
in the times stated, 100 1b. of the substances enumerated in the fol-
lowing list absorbed from air that was saturated with vapor the
number of pounds and tenths of pounds of water that are given
in the tables.
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In 12 hours. In 24 hours. In 48 hours. In 72 hours.

Quartz sand . . 0.0 0.0 0.0 0.0
Lime-stone sand 0.3 0.3 0.3 0.3
Lean clay 2.1 2.6 2.8 2.8
Fat clay 2.5 3.0 3.4 3.5
Clay soil 3.0 3.6 4.0 4.1
Pure clay 3.7 4.1 4.8 4.9
Humus 8.0 9.5 11.0 12.0
Garden loam 3.5 4.5 5.0 5.2
Loam from Hoffwyl 1.6 2.3 2.3 2.3
Loam from the Jura 1.4 1.9 2.0 2.0

Trommer also, operating on soils that had been dried at 212° F.

and then exposed to air saturated with vapor, obtained the follow-
ing results : —
In12hours. In 24 hours, In 48 hours. In 72 hours.

Stiff clay soil (wheat land). 3.5 4.0 4.4 5.5
Another wheat sotl 3.0 4.1 4.8 5.0
Humic acids 7.5 9.0 10.8 12.8
‘White clay 4.0 4.6 5.0 5.5

Knop, who made many experiments upon this subject, was in-
clined to believe that the amount of vapor absorbed by a given
kind of soil depends upon the temperature of the soil and not upon
the amount of vapor in the air ; but Hilgard insists that this state-
ment is too strong. He finds that in some soils the amount of
vapor absorbed from saturated air varies but little between 45° and
77° F., but always tends to increase with the temperature, while in
other soils the increase of moisture absorbed is considerable, and
may amount to nearly 0.1% for each degree Centigrade between
14°and 35°. From half-saturated air, on the contrary, absorption
increases as the temperature falls, but to an extent varying with
the degree of saturation, so that practically the general fact of ab-
sorption is in accord with Knop’s view. Absorption will naturally
be more rapid from moist air than from that which is dry.

An exaggerated view of the influence of temperature may be had
by considering what happens during frosty nights, i.e. when the
temperature of the soil is decidedly below the dew-point of the air,
for then actual liquid water will condense in and upon the soil, and
soak into it or freeze upon it. A small thermometer laid upon
grass land by night, when all the conditions are favorable for radia-
tion, may mark from 14° to 16° below the temperature of the sur-
rounding air. Jourdanet has stated that certain marshes in Mexico
cool so decidedly at night that they cease to be malarious for the
time being, i. e. they are not dangerous by night. He reports that



90 AGRICULTURE.

a thermometer there indicated 32° F. at the surface of the ground,
and 50° when hung 16 feet above the ground.

Professor Hilgard, who has devoted much attention in California
to the absorption of aqueous vapor by soils, is convinced that the
agricultural value of a soil depends in some part upon its power of
absorbing vapor of water from the air, 1. e. either from atmospheric
air, or from ground air which has been charged with moisture as it
lay in contact with lower layers of the soil.

All soils, he says, which can absorb no more than 2% of moisture
at 59° F. when placed under the most favorable conditions are in
practice droughty soils. Ordinary upland soils not easily damaged
by drought can absorb at the best from 4 to 8%. Soils more
hygroscopic than this are mostly heavy clays, whose resistance to
drought is great when they are well tilled. He argues furthermore,
that the evaporation of the hygroscopic water from a soil in times
of extreme heat may act as a safeguard to keep the soil cool; i. e.
it may hinder the soil from becoming so hot that the surface roots
of crops would be destroyed. These cousiderations must be spe-
cially important in countries where rain falls only in winter, to be
succeeded by long-continued dry weather, and where the success
of crops is dependent upon the power of the soil to husbaud the
supply of water within it until such time as the crop has completed
its term of growth.

The importance of Hilgard’s observations is the more conspicuous,
inasmuch as they indicate the limitations of other experiments
which have been made in mere pots of earth ; i. e. under conditions
where there can be no damp air continually rising from the sub-
soil to supplement and protect the capillary water, and to eke out
the supply available for the crops. For example, Heinrich and
A. Mayer have found that most plants wilt when the soil in which
they are growing still contains considerably more moisture than it
has the power to absorb when dry from moist air. Thus Heinrich,

experimenting with oats and maize, found that the plants
Wilted when 100 Parts  But 100 Parts of the

of the dry Earth dry Soil could absorb Kind of
contained Parts of  from moist Air no more Soil.
Moisture Moisture than Parts
1.5 1.15 Coarse sandy soil.
4.6 3.00 Sandy garden loam,
6.2 3.98 Fine sandy humus.
7.8 5.74 Sandy loam.
9.8 5.20 Calcareous soil.

49.7 42.30 Peaty soil.
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Numerous other experiments with grasses and leguminous plants
showed that in a calcareous soil capable of holding 5.2% of hygro-
scopic moisture the minimum of moisture for grasses was 9.859, and
for legumes 10.95. In a peaty soil competent to hold 42.3 of Liygro-
scopic moisture, the figures were 50.79 and 52.87 respectively.

A. Mayer’s experiments with peas showed that the plants

Wilted when Hyg. The dry Soil could ab- Kind of
Moisture was sorb % of Moisture Noil,
1.3 0.3 Sand.
33.3 16.3 Sawdust.
4.7 1.9 Marl.
Liebenberg, also, who experimented with beans, gives the follow-
ing table.
Percent by Volume of Percent by Volume of
Moisture in Soil when Hyg. Water absorbable Kind of Soil
the Plants wilted. at 59° F.
6.91 3.40 Marl.
10.02 7.46 Loam.
10.32 3.43 Granitic soil.
12.49 6.18 Sandy moor earth.
9.15 5.89 Calcareous soil.
1.20 0.46 Coarse sand.
0.51 0.19 Moderately fine Sand.

Experiments recently published by Hellriegel seemed to enforce
the conclusion that the amount of aqueous vapor ordinarily ab-
sorbed by soils from the air cannot be of much practical importance
for the growth of crops. For in his trials the water thus absorbed
by garden loam amounted to less than 2% of the weight of the dry
earth, and to no more than 3 or 4% of the water that the soil was
capable of holding, while plants could not grow at all in such soil
unless it contained more water than amounted to 5% of its water-
holding power, and even 10% was inadequate for the support of
Crops.

Fertility dependent on Moisture.

From all that has been said hitherto, it is evident that the fer-
tility of any soil must depend in no small measure upon the be-
havior of the soil towards water, and upon its position or situation
with regard to the ground-water.

If the earth be of such quality that it can imbibe moisture freely,
and retain it tolerably forcibly, without impeding that capillary
movement which is essential to the proper transfer and circulation
of the water in the soil, and if at the same time the ground-water
be at such a height that it favors the capillary movement, there
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will be little risk that tillage and ‘manure will fail of producing
good effects. With an open sand or a close clay it is often difficult
to fulfil these conditions. Through sand, rain-water runs away
quickly, carrying with it mechanically some of the fertilizers which
may have been applied, while into clay the rain-water can hardly
penctrate at all.  Unless it be improved by green manuring, or by
the application of peat or clay, sand has comparatively little power
to lift water by capillary action, or to hold it against evaporation.
And, on the otlier hand, clays are apt to be so dense that they
materially hinder the capillary movement.

The Rain that falls on a Field is insufficient for Large Crops.

The importance of the ground-water for agricultural crops, and
the futility of trying to carry on productive agriculture without
it, i. e. in places where the ground-water lies at so great a distance
beneath the surface soil that it can have but little direet influence
on the growth of crops, may be shown very emphatically by care-
fully considering the question, Is the rain-water that falls upon a
crop during the period of its growth sufficicnt for the support of that
crop? Mauny European investigators have studied this question, and
they have frequently found that it must be answered in the negative.

For most temperate regions it may be laid down as a rule that
the ground does not receive, during the growing season, enough
rain-water for the support of really good crops. Iun many places
there is not nearly enough rain-water. If any different conclusion
from this could be reached, it would follow that a much larger pro-
portion of the earth’s surface could be profitably cultivated than is
now found to be possible. As bearing upon this question Lawes and
Gilbert have called attention to the fact that a good crop of hay,
wheat, or barley will exhale rather more thau 700 loug tons of water
to the acre during the period of growth, or about seven inches of
rain, since one inch of rain represents 101 tous of water to an acre.
Ina year (1870) of extreme drought in England they found that
all the rain which fell during April, May, and June amounted to no
more than 2.79 inches, or 282 tons to the acre. But from a mow-
ing field which had been dressed for many years with a mixture of
artificial fertilizers, there was harvested in 1870 rather more than
56 ewt. of hay, so that some 700 tons of water to the acre must have
been exhaled by the grass, on the assumption that no more than
300 Ib. of water had passed through the plants for each pound of
dry substance produced. In this case it is evident that little more
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than one third the water actually transpired by the erop could have
been supplied by the rain which fell during the period of growth.

The contrast between the amount of water needed by crops, and
that supplied directly to a field by rain, is all the more striking
when we reflect how small a proportion of the yearly rain falls
during the growing season, how much of it runs off the land any-
way, or soaks away from the crop into the depths of the earth, and
how much of it evaporates directly without passing through the
crop. It has been thought in Germany that hardly one half of all
the rain-water that falls in a year upon an acre of land can possibly
be of any direct use to the crop that is standing upon the land.

In the vicinity of Boston much more rain comes to the land than
in North Germany, for the annual rainfall amounts to more than
forty inches. But our storms and showers are so very unevenly
distributed that even here the water supply cannot be regarded as
particularly favorable for vegetation.

Nevertheless, very much depends upon the time of year when
the rain falls. Thus, in California, in the valleys of the Sacra-
mento and San Joaquin, where the annual rainfall rarely exceeds
twenty inches, and is often very much less than this, abundant
crops of grain are obtained provided as much as twelve or fifteen
inches of rain fall in late winter and early spring, for much of the
water is absorbed by the soil, and held in store during the spring
months ; i. e. long enough to nourish the crops, and to enable
them to ripen off before the dry season.

Evaporation versus Rainfall.

Extremely interesting tables, showing the differences that have
been observed at various localities between the rainfall and the
amounts of water that evaporate from open reservoirs, are given in
the books that relate to hydraulic engineering; for example, in
Beardmore’s Manual of Hydrology, London, 1862, p. 296 a, et seq.

At London it is admitted that evaporation from the surface of
water in an open reservoir is nearly equal in a year to the rainfall
which occurs there. Howard at Plaistow found, as the average of
three ycars, that 21 inches of water evaporated from the surface of
a vessel in a year, while 23 inches were caught in au adjacent rain-
gauge. Dividing the year into terms of four months, he found on
the average,

Rainfall, Evaporation.
For the winter period 7.28 3.66
“  spring 7.79 10.41

¢ summer ¢ 8.08 7.06
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Vallé at Dijon, as the mean of seven years, found that 26 inches
of water evaporated from a reservoir per annum, while the rainfall
was 27 inches.

Hoffmann at Giessen observed that from May to September
457 tenths of cubic inches of rain fell, while 559 tenths of cubic
inches evaporated from an open vessel that was charged daily with
water. This evaporating-dish was placed in a garden six feet from
the ground ; it was somewhat shielded from wind, but not from
rain or from the sun.

Golding at Copenhagen, as the mean of twelve years’ observa-
tions, noted that the rainfall was 22 inches, and that the evapora-
tion from a dish of water was 28 inches. He found also that 44
inches of water were exhaled in a year from long grass grown in
soil kept saturated with water in a vessel that had no outlet, and
that 30 inches were exhaled from a second plot similarly moistened
where the grass was kept short.

Meister in Bavaria, and Grouven in North Germany, observed in
the year 1863 that the amouunt of evaporation from the surface of
water kept in the shade was larger than all the water that fell as
rain, snow, dew, etc., during the year. Grouven found even that
there were but two months in the year (March and November)
when the rainfall of the month was larger than the evaporation
from the surface of a dish of water.

Schiibler claimed in his day that the average evaporation of
water per diem during the growing season, from one square foot of
surface, was, from water, 1 line; from sod, 2-3 lines; from bare
soil, 0.6 line ; and from woodland, 0.25 line.

Evaporation from the Soel.

The foregoing experiments, it will be noticed, refer merely to
the evaporation of water from vessels artificially charged therewith.
It was observed furthermore by Saint-Martin, long ago, and by F.
Schulze, Wilhelm, Nessler, Ebermayer, and Masure, that more water
may evaporate from a soil that is very wet than from mere water.
This fact may be due in part to asperities of the soil which increase
the evaporative surface, and in part perhaps to the color of the soil.
It consists at all events with Wollny’s observation that the heat
absorbed by dark-colored wet soils accelerates the evaporation of
water from them. Wilhelm urges that the evaporation from wet
eartll is more rapid in proportion as the surface is more uneven.
When he separated the coarse from the fine portions of a soil aud
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moistened both, he found that the former lost water by evapo-
ration much faster than the latter, because they exposed a much
larger surface to the air. He suggests that in dry regions it is well,
in order to retain in the soil the water that has been brought to it
by the winter’s rains, not to plough the land in the spring, or, at
the least, not to leave it lying in rough furrows for any length of
time at that seasomn.

Schulze found at Rostock on the Baltic, during the six months
May to October, 1859, that 596,000 grm. of water, or, in other
words, a layer of water nearly 21} inches thick, evaporated from an
open vessel one square metre in area that was daily filled with this
liquid. The vessel was kept on a stand three feet from the ground,
in the middle of a garden that was somewhat sheltered from north
winds, but was uncovered, and not shielded in any way from sun
or air.

In contrast with the evaporation from mere water, a variety of
experiments were made, in similar vessels, upon soils both in their
natural state and when kept more or less saturated with water.
In the cases where the earths were kept wet, the bottoms of the
vessels were perforated, so that rain-water might flow through into
a trap below. One set of vessels were charged with so-called dry
earths as follows : white sea-sand, with a water-holding power of
26%, that contained 19% of water; garden loam, with a capacity to
hold 94% of water, that contained 11%; and moor earth, the ca-
pacity of which for water was 170%, and which contained 49%. The
mean daily evaporation of water from these dry earths, during the
months stated, is given in the following table, together with the
rainfall, comparative force of the wind, ete. The area of surface in
each case was one square metre.

Loam. Sand. Moor Earth, Water. Rain. Moisture of Temp. vy 4

grm. grm, grm, grm, grm. Air, % °C.
May, 630 965 751 4760 8864 67.5 13.7 20
June, 1041 1082 1160 4543 25927 76.6 16.9 14
July, 864 915 859 3563 32526 77.6 19.0 5

August, 1076 1093 1136 3245 69138 77.2 19.5 4

The rains of July were at the end of the month, and show their
influence upon the increased evaporation of August.

Other experiments were made with loam that was kept half wet,
1. e. half as much water was added to it as it could hold; and in
other experiments both the loam and the moor earth were kept
saturated to 2 their capacity. Finally, experiments were made



96 AGRICULTURE.

with fully saturated earths. From the fully saturated loam and
moor earth the mean daily evaporation fromn a square metre of sur-
face for the several months was as follows, rainy days being ex-

cluded from the account.
Saturated Loam. Saturated Moor Earth.

grm. grin,
June 25-30 7600 7783
July 4680 4935
August . 4433 4600
September 2640 2713
October 972 1076

‘Whence it appears that the wet moor earth gave off water rather
more freely than the wet loam.

The belavior of the partially saturated loam will appear from the
following table, which gives the average daily evaporation, as before.

dum.  Lowm  Tomme  Water

grm. grm. grm. grm.
June 25-30 6248 7600 5587
July 4116 4856 3847
August. 3137 4405 3448
September. 2722 2965 3025 2659
October . 1113 1181 1026 907

In the Bavarian experiments reported by KEbermayer, it was
found, in general, that during the summer months rather more water
evaporates from a layer of earth half a foot deep that is kept satu-
rated with moisture, than will evaporate from an equally large sur-
face of water, though occasionally the reverse of this is true, since
much depends upon the amount of wind that blows. In woodland,
where the movements of air are comparatively feeble, evaporation
of water from the saturated earth is almost always larger than that
from mere water similarly sheltered from wind.

Naturally enough the evaporation of water from saturated wood-
land soil, even that which is bare of leaves, is less than from satu-
rated soil in the open. It was in fact from 61 to 63% less. From
saturated woodland soil covered with leaves the evaporation was
still less (22% less); i.e. both trees and leaves upon the ground
bencath trees work to hinder the evaporation of water from the sur-
face of the ground. In general, the evaporation of water from soil
covered with litter and kept in woodland was 61 times smaller
than the evaporation from bare saturated soil in open. fields.

At most of the Bavarian stations the yearly rainfall was larger
than the amount of evaporation from the surface of water that was
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shaded from the sun’s rays and shielded from rain, but kept in open
fields; while in the close forests the evaporation from dishes of
water was so small as to he very much less than the rain and snow
that came to the ground in such situations in the course of the year.
During the summer months more water was alumost always lost by
evaporation from the dishes kept in fields than fell as rain, as had
been noticed before by Hoffmann, Dufour, and others, while in the
woods the rainfall exceeded the evaporation even i summer. In
winter, when evaporation was small anyway, there was a great
excess of rainfall both in the woods and in the open.

In the course of the year, 36 cubic inches of water evaporated on
the average from dishes kept in the woods for every 100 c. in. that
evaporated from dishes in the fields; 1. e. evaporation from a sheet of
water in the woods was 2.8, or 64%, less than in the fields. In sum-
mer, evaporation from dishes of water was four times more rapid
than in winter, and it was nearly three tinies less rapid in the woods
than in the fields. 429 c. in. evaporated in the woods in summer,
and 111 c. in. in winter, while in the fields the quantities were
1223 e. in. in summer, and 314 c. in. in winter. It was noticed
that by night evaporation was 4 to 4 less than by day.

Wollny found that water evaporated most rapidly from sand
that was saturated with water, and least rapidly from peat thus
saturated ; while Haberlandt found that both sand and loam, even
when they are not completely saturated with moisture, lose more
water by evaporation than is lost from an actual sheet of water.
So too Masure found that from a soil which is tolerably, but not
excessively wet, water may evaporate just about as rapidly as from
mere water ; but from drier soils evaporation is not so rapid as from
water by itself. Ie urges that the evaporation is less rapid in
proportion as the soil is drier.

It is plain from all this, that the yearly evaporation from a field
wholly bare of vegetation must generally be less than the rain-
fall. In actual farm practice there must be wide variations in this
regard, according to the character of the soil, the contour of the
district, and the kind of vegetation, as well as the amount and the
distribution of the rainfall. On a light soil bare of vegetation and
fully exposed to sun and wind, evaporation will often be rapid im-
mediately after rain ; but when once the surface soil has become dry,
the rate of evaporation may be greatly diminished. On the other
hand, where crops are growing, the evaporation will be more con-
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stant on the whole, though sometimes less conspicuous immediately
after rain. From woodland in particular, there is always continuous
and rapid exhalation of water from the foliage during the spring
and summer months, although the surface of the ground is shielded
so that comparatively little evaporation can occur there. Light
showers, even though frequent, may be of little use to crops because
of the rapid evaporation of the water which they have brought.

It appears that even frozem water, or rather melting ice, may
serve as a useful store of moisture, at least in certain situations and
for some crops. Mr. Barneby reports of Assinobia, on the line of
the Canada Pacific Railroad, that even in late July some of the soil
still holds the winter’s frost at a depth of several feet below the
surface. He says: ¢ This underground layer of frozen earth is be-
lieved to explain the wonderful fertility of the soil ; as the frost, in
gradually coming to the surface duriug the sumnmer months, creates
a moisture which, meeting the warmth from above, forms a kind of
natural hot-bed. This moisture counteracts the scarcity of rain
during the spring and summer, and accounts for the grain being
forced with such amazing rapidity after the late sowing ; for in point
of fact grain crops are not usually sown until early in May, and yet
they are harvested at the end of August.”

Modes of controlling the Ground-water.

It will be instructive to consider briefly what steps have been
taken by farmers, at one time and another, to put the soils of their
fields into proper relations with water.

The open ditch seen so often in bog-holes is one simple example.
Instances are abundant where the level of the grouud-water has
been reduced by means of such ditches to a point which permits the
cultivation of English grasses, potatoes, squashes, or the like; par-
ticularly when the excessively high capillary power of the bog earth
is mitigated by a dressing of sand or gravel.

The mcthod employed on the sunken polders of Holland is not
dissimilar, though, in the lack of any natural outfall there, the
ditches have to be pumped out continually in order that the ground-
water may drain into them. In case a drought occurs, the pumps are
stopped, and the ground-water is left in the land to support the crops.

Trees as Pumping Engines.

The planting of willows and poplars, that is to say, of trees that
love water, is another device for drying over-wet meadows so that
sweet grasses may work in. If, as has been shown, the exhalation
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of moisture from mere grass sod can bedew and obscure glass in the
twinkling of an eye, it is manifest that the great mass of foliage
which is concentrated into the space occupied by a single tree must
be an engine of no small power. In point of fact, trees do pump off
and evaporate enormous quantities of water, and they thus hinder
the stagnation of it beneath the soil.

Some idea of the efficacy of this method may be got by considering
the amount of leaf surface which is presented by a good-sized tree.
Professor Asa Gray computed, some years ago, that the Washington
Elm at Cambridge, which, though a fine tree when in its prime,
was never extraordinarily large, must produce every year some seven
millions of leaves, equal to 200,000 square feet of surface, or about
five acres. But since the crown of this tree is no more than about
seventy feet in diameter it cannot cover as much as one tenth of an
acre of land.

It is to the enormous extent of leaf surface thus presented to the
air that the drying effect of trees must be attributed, for it is known
that less water can evaporate from any limited area of leaf surface
than evaporates from a similar surface of water. Unger found that,
in general, about three times as much water evaporates from a
measured surface of water as from a similar surface of leaves, aud
this conclusion has been corroborated by the experiments of Sachs.
Occasionally, indeed, Unger found that the evaporation from water
was five or six times larger than from leaves.

But it is none the less true, that, when vigorous plants are grown
upon a given surface of soil, they will evaporate much more water
than would evaporate either from the soil or from a water surface of
similar area, because the evaporation from the leaf surface is added
to that from the soil surface. Thus, in the experiments of Schulze,
at Rostock, barley was sown in June upon garden earth contained
in a vessel one square metre in area, and duckweed was floated
on a square metre of water. Grass sod also, and other plants, were
set out in garden earth contained in similar vessels, and all were
copiously watered, and kept in a garden. Though some of the plants
suffered from exposure to rain, and perhaps from improper trans-
planting also, they gave off very large quantities of water, as will
appear from the following table, which gives the mean daily evapo-
ration in lines from water in a dish, and from the several kinds of
plants, as well as the rainfall, the humidity of the air, the tempera-
ture, and the force of the wind.
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Nightshade Houseleek
Water. ° : Grass iv
Lines. (SOIé"]I_'lﬂg').m' (Poa annua). Barley. (Siggég%ll;lim
June 2.05 3.13 2.92 2.08
July 1.60 3.27 2.74 2.58
Aug. 1.41 2.50 1.95 1.70 0.63
Sept. 0.81 1.44 0.35
Oct. 0.36 0.60 0.39
Duel d . Moisture of Temp. Force of
(Letl:;l;“;fx?uor). Rainfall. Air, per Cent. ©) C.p Wind.
June 11.6 76.6 16.9 14
July 14.5 77.6 19.0 5
Aug. 1.54 7.2 77.2 19.5 4
Sept. 0.60 31.2 85.1 14.1 7
Oct. 0.30 6.4 92.9 9.5 5

On comparing the evaporative power of the plant Xeranthemnm
bracteatum with the evaporation from an exposed surface of water,
Masure found that three times as much water was transpired by the
plant as evaporated from the water surface. This consideration ex-
plains the detestation in which certain trees, such as elms and pop-
lars, are held by most farmers and gardemers. Both these trees
are thought to be specially prone to suck the land dry.

Pfaff, at Erlangen, in Germany, studied in detail the power of an
oak tree to transpire water. He found that his tree had 700,000
and more leaves, which between the 18th of May and the 24th of
October, that is to say, from the time the leaves appeared until they
fell, transpired 264,000 1b. of water into the air during the day-
time. But this amount of water was 8% times more than fell as rain
upon an area equal in circumference to the tree top. In addition to
this, it is known that about one quarter of the sumier rainfall may
cling to the leaves of trees and evaporate therefrom.

In a similar way, Vaillant observed that an oak tree, 69 feet high
and 8% feet in circumference at 3} feet from the ground, transpired
of a fine summer’s day 4,400 1b. of water.

European foresters have often noticed that clay lands are apt to
become wet, and gradually to get into a springy or swampy condi-
tion, after trees have been cut off from them ; and that, conversely,
such lands dry out when new trees have been planted upon them,
aud have attained to some size.

In studying this subject, Risler dug up samples of earth from
contiguous fields, on which different kinds of plants had been grown,
or were growing, and determined how much water was contained in
the earth in each instance. The soil of the locality was a stiff clay,
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and the conditions to which the several fields were exposed were
similar, excepting the differences due to unlike crops. The pieces of
woodland were some 25 or 30 acres in extent.

Per Cent of Water in the Soil,
Date. The Samples of Earth were taken from at a Depth of
6to8in. 16to 18in. Mean.

Aug. 25. An unplanted part of a garden not far
from fruit trees 15.00 17.00 16.0

“ 26, A field that had borne winter vetches,

and had been ploughed after the har-

vest in July 11.00 18.20 14.6
¢ 26, A stubble field, not touched since the

oats were harvested : 7.57 17.38 12.5
“ 26. Woodland, oaks 9 years old 10.57 13.95 12.3
¢ 26, Woodland, oaks 35 to 40 years old 9.53 7.54 8.5
¢ 26, Woodland, spruces 20 years old 12.85 4.46 8.6
¢ 24, Vineyard 9.25 10.41 9.8

Not only did it appear that towards the end of August the
woodland soils had become drier than those of the garden and fields,
but it was noticed that in the subsequent mouths the forest soils
became drier still, for the rains of early autumn happened to be
light, and a large part of the water that fell upon the tree tops was
caught there and evaporated without ever coming to the ground.

Surface Drains.

The running of simple water furrows with a plough across those
parts of a field that are liable to suffer from moisture is another
device of merit, and the system of furrows may, of course, be made
as simple or as elaborate as the case demands. Some little trouble
must naturally be taken to clear the furrows with a shovel at their
points of intersection, and wherever earth has clogged them through
imperfect action of the plough. It is to be noted, however, that the
purpose of the water furrow, like its construction, is superficial. It
is useful to remove any excess of moisture that may fall in a violent
shower or come from melting snow, and may consequently be some-
times almost as important on land that is tile-drained as on that
which has no artificial drainage.

Land-Beds.

The throwing up of beds or ridges upon moist or springy land is
another method, used not infrequently upon the somewhat sloping
banks of brooks and ponds, and upon level clay lands also. Here
again, as with the open ditch, the level of the ground-water is
slightly lowered so as to admit of producing English hay.
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It is noteworthy that this idea of raising the level of the soil,
without lowering the original level of the water, is a thoroughly
natural one. The process is to be seen in every wild swamp or
bog where the height of the soil has been increased by the slow
deposition of water plants and of the products of their partial
decay.

Many of the numerous patches of bog land which have been
brought under cultivation in New England are to all intents and
purposes land-beds, which have been built up naturally through the
growth of aquatic plants. That drains have to be cut after all
to depress the level of the water in these natural land-beds is due
mainly to the exceedingly retentive character of the vegetable
matter with which they have been built.

Land beds were formerly a favorite device of the English farmers.
They doubtless mark one stage in the progress of a country towards
civilization. The English agricultural writers of a lundred years
ago make frequent mention of such ¢ lands,” as they were termed,
in all sorts of positions. The noted writer, Marshall, argues at
length, as a matter of practical experience, that, in seeking to im-
prove cold poachy hillsides in this way, the land-beds should be
laid up across the slope of the hill, not up and down, as we usu-
ally see them in this country, and everywhere else for that mat-
ter. If the beds are thrown across a slope, he says, taking care
merely to give descent enough that water may find 1ts way along
the interfurrows, none of the rain-water that falls upon the beds
will ever have to run any farther than the width of a single bed
before it is caught by an interfurrow, even supposing that it falls
upon the upper edge of the bed.

But where the beds run up and down a hillside, much of the
rain-water which falls upon them will flow over their entire length,
from the top to the bottom of the hill, without finding its way into
the parallel furrows. Unless the up and down beds be erowned
tolerably high at their centres, there will be comparatively little
tendency for water to run off sideways into or towards the open
furrows. The argument scems not unreasonable in the main, es-
pecially when applied to the case of a rainy locality.

Making of Land-Beds.

Land-beds have the merit that they can be cheaply constructed.
The making of them is a mere matter of ploughing and harrowing.
An approved method is to measure off the land and plongh a furrow
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at the place which is to be the middle of the bed. Then plough
deep furrows on either side of the first furrow so as to “shut it,”
as the term is, i. e. so as to bury the first furrow ; and so go on
ploughing the land up towards the centre until the edge of the plot
is reached, where open furrows will be left on either side to serve
as ditches. The bed is then harrowed and left to itself for the earth
to settle, after which the operation of ploughing is repeated. The
ditches need to be cleared out, of course, and made to dip so that
water shall flow in them, and it is well nowadays to make them
wide, with sloping edges, so that the mowing-machine may be
driven through them.
Celtic Land-Beds or Ridges.

Beside the comparatively shallow land-beds proper, such as are
still used, much higher beds or ridges were formerly in vogue.
Until a comparatively recent period, the soil of many districts in
England, no matter what the crop, was kept permanently laid up
in broad high ridges, which had existed from time immemorial and
the purpose of which had even been forgotten. It must still be
true, for that matter, that many of these ridges are even now in ex-
istence, since it is not easy to destroy one of them all at once without
turning up an undue quantity of unproductive subsoil.

These ridges are said to have prevailed particularly in the coun-
tries which had been brought under the influence of, the Roman
civilization. In other words, they were most common in districts
that had been longest settled, for the Romans were accustomed to
overrun and occupy inhabited places.

As to the size of the ridges, Marshall, writing in 1796 of the Vale
of Gloucester, says that the usual ridge of that period and locality
was about 8 yards wide and from 2 to 21 feet high. Some ridges
that he measured were 15 yards wide by 4 feet or more high ; others
were 20 and 25 yards wide, and high in proportion, — so high,
indeed, that a horseman riding in one ditch could not see his com-
panion riding in the ditch at the other edge of the bed.

There can be no doubt that the original idea of heaping up the
soil in this way was to render some portion of it dry and warm, by
removing it from the influence of ground-water; though in the
course of centuries the reasons of the practice were so far lost sight
of that ridges were built, not only upon clays and the other fine
soils which are liable to become muddy and impervious when
soaked with rain, but upon all kinds of soils, even in elevated posi-
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tions and upon porous subsoils. The ditches between the ridges,
moreover, were neglected and suffered to become clogged, often
to such an extent that they stood full of stagnant water in wet
seasons.

At the close of the last century it was held as a popular opinion
in England that the soil had thus been heaped up merely to in-
crease the amount of surface. DBut it is evident that these high
ridges must have had no little merit upon retentive soils, and for
pasture land in countries liable to much rain. In a field thus laid
up there was always a variety of herbage suited to every season,
just as there was a variety of soil and of moisture. In a wet
season some portion of the ridge would still afford sweet pasturage
and dry land for the stock to rest upon, while even in the driest
seasons the furrows still remained green.

These ridges have been wholly superseded by systems of under-
ground drains. Their iusufficiency was clearly seen by Arthur
Young, who, writing in 1769, urged that the ridges should every-
where be ploughed down, and the whole field be hollow-drained.

It is now recognized that the ridges are a characteristic of the hus-
bandry of the Celts, who preceded the present races as occupiers of
the soil of Europe. Indeed, the history of the ridges is not a little
interesting, as indicating the strenuous and long-continued fight
that had to,be waged against water in the days when Europe was
a mere swamp covered with forests. Some remnants of this style
of farming may be seen to-day in the tendency to operate upon wet
lands, to dig ditches, to throw up beds, and to handle spades
rather than hold ploughs, which is exhibited by Irishmen, both in
their own country and in many other localities where they have
happened to settle down. Historically considered, the term “ bog-
trotter 7 1s seen to depend upon truths which might not be fully
evident at the first glance.

“Illing” wversus Flat Cultivation.

In like manner, the practice, still common in many localities, of
“hilling up” around corn and potatoes, is a device for keeping the
soil dry and warm ; so that, even when much water is near at
hand, some portion of the roots of tlie crop may stand in earth
that is dry cnough to permit air freely to penctrate its pores. It
may be said, in general, of the practice of hilling, that it is a relic
which has been handed down to us from times and lands of more
abundant moisture. Nowadays many good practitioners occasionally


http://to.be

“ HILLING ” AND FLAT CULTURE. 105

resort to ‘“flat culture,” and some writers have urged that hills
should be wholly discarded. It is evident at all events that in
dry situations more moisture may be retained in the soil by resort-
ing to flat cultivation.

Experiments by Gabler as to the comparative merits of hills or
no hills were continued for a term of years and many different
varieties of potatoes were tested. On the whole, it appeared that
larger crops were obtained by lLilling than by flat cultivation,
though some varieties of potatoes profited much more than others
from being hilled. The results differed from year to year, accord-
ing to the character of the seasons, and they were complicated by
the fact that the earth heaped upon the hilled tubers tended to pro-
tect them from rot and from other diseases. These trials led to no
very definite conclusions as to the significance of hilling as a means
of regulating water supply, but they teach the lesson that the po-
tato is a crop not well adapted for studying the question, because
of its liability to suffer from disease.

In order to determine what influence hilling may exert upon
the temperature of a soil, and upon the amount of water retained
by it, Wollny made a number of hills, each of them a foot high
and twenty inches broad, with soils of various kinds, and contrasted
the temperature of these hills with that of contiguous flat land that
was similarly exposed to sun and air. Observations for tempera-
ture were made by day and by night, at regular and frequent inter-
vals during the growing season, upon thermometers whose bulbs
had been sunk four and eight inches in the earth.

It was found that the earth in the hills retained decidedly less
water than was held by the contiguous flat land, especially in the
case of soils of good capillary power and of small capacity for heat ;
and that, in general, during the growing period, the earth in the
hills was warmer than that of the flat land. The difference be-
tween the two situations was greatest at the season when the daily
mean temperature of the soil was at its highest, aund it was least
noticeable when the daily mean temperature of the soil was at its
lowest. But it was only in the summer and in warm weather that
the temperature of the hilled earth was higher than that of the
flat land. In cold weather, viz. in spring and autumn, and when-
ever cool weather occurred in summer, the temperature of the
hilled earth was lower than that of the flat earth.

It was noticed furthermore, during the growing season, that in
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warm weather the earth in the hills was decidedly warmer by day
and usually cooler by night thau that of the flat land, and that
the variations in tempcrature in the hilled earth were much wider
than those in the flat carth. The high day temperature of the
hilled earth, as compared with that of the flat earth, is said to have
been specially evident on contrasting the average mean temperature
of day (6 a.M. to 6 P.M.) with that of night, reckoning from
8 p. M. to 6 A. M. By night, however, except in peaty soils, the
temperature of the hilled earth was correspoudingly Iow.

In the morning, the earth of the hills was, in warm weather,
usually cooler than that of the flat land ; but in the evening it was
warmer. Other experinients made to test the influence of varying
exposures to sunlight showed that hills runuing from east to west
were warmer by day and cooler by night, and were subject to
wider variations of temperature than those ranging from north
to south.

Covered Drains.

Beside open ditches, the employment of which is as old as agri-
culture itself, covered drains of one kind or another have long
been used occasionally, and their use has become extremely com-
mon of late years in many districts. As long ago as 1650
W. Bligh published a work in which he recommended that drains
should be made by putting faggots or pebbles at the bottom of a
trench and covering them with earth.

Marshall, the old English agricultural writer, has much to say
of covered drains. He describes several varieties. The oldest
consisted of three alder poles or larch poles, laid one upon two, so
as to form a kind of pipe. Others were formed of bundles of fag-
ots: these lasted a dozen or fifteen years. An excellent drain,
said to be more durable than the fagot drains, was made of sods,
by scooping out a narrow treuch so as to leave a shoulder upon
which, and across the water-way, sods were laid grass side down-
wards, aud then trodden firm and close, after which operation the
trench was filled with the excavated soil. In case the soil was
not firm enough for the shoulder, an artificial shoulder was formed
with sods cut square and set firmly on eaclh side of the bottom of
the trench, so as to leave a channel 3 or 4 inches wide between
them. Marshall commended pebble drains, but he directs that sods
should be laid upon the pebbles to cover them before tlie earth is
shovelled in.
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A modification of the old pole drain has recently been described
as in use in British Columbia. Trees are split edgeways, and the
sections are placed with their narrower part downward at the
bottom of a narrow three-foot deep trench. Water runs freely
beneath the wood, i. e. between the point of the wedge-shaped rail
and the sides of the trench, and, if good hearty timber is selected,
the drain will continue to work for years.

Arthur Young in his ““Six Mouths’ Tour” describes at some
length the very extensive drainage operations of Lord Rockingham,
which consisted in first digging numerous open ditches, of suitable
depths, and of width proportionate to the original wetness of the
land. The larger ditches were left permanently open, but all the
smaller ones were converted iuto covered drains. In some of them
capacious rectangular drains were built of flagging stone set against
the sides of the ditch, and covered on top with broad flat stones
laid across and resting upon the tops of the upright flags. In ditches
that were still smaller, oblong flags were set with their lower edges
on the bottom of the ditch, and their upper edges resting against
each other, so as to form an inverted A. Pebbles were thrown in
upon these stone conduits, and finally a good depth of earth. Though
costly, such drains were doubtless effective and durable. Young
says of them: “The improvement by these drains, which last for-
ever, is almost immediately manifest. The summer succeeding the
first winter totally eradicates in grass lands all those weeds which
proceed from too much water, and leaves the surface in the depth of
winter perfectly dry and sound, insomuch that the same land which
before poached with the weight of a man will now bear without
damage the tread of an ox. In arable lands the effect is equally
striking, for upon land that used to be flowed with rain, and quite
poisoned by it during winter and spring, grain now lies perfectly
dry throughout the year. In the tillage of such land a prodigious
beunefit accrues from this excellent practice, for the drained fields are
ready in the spring for the plough before the others can be touched.
It is well known how pernicious it is to any land to plough or
harrow it while wet.”

This example is interesting, as showing what strenuous efforts
were sometimes made to drain land before drain tiles were invented.
So too, Fellenberg at Hoffwyl drained his entire estate with fagot
or pebble drains in the year 1804.
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Drainage by Pricking.

Still another system applicable in certain cases was to bore into
moist places with a boring tool, so that the confined water might
well up through the opening and flow away. The same boring im-
plement was used also for pricking retemtive subsoils, so that the
ground-water might drain away into the underlying gravel or sand.
Both these operations, however, were of extremely limited applica-
bility, and good judgment, as well as an accurate practical knowledge
of the geological structure of the locality, was required in order
that they should succeed.

Another method of merit in some special cases, as where an iso-
lated flat or saucer-shaped field is surcharged with moisture, is to
dig a simple well or pond-hole, and pump water from it continually,
or as often as need be, with wind, or steam, or water power. In
this way, a considerable area of land may be drained when the cir-
cumstances are favorable.

Drawn Thles.

An enormous impetus was given to the practice of thorough
draining by the substitution of bent roofing tiles for the poles and
fagots and stones previously employed. A horse-shoe tile was laid
at the bottom of a trench with the concavity upward, like an in-
verted N. An improvement on this idea was to put a flat tile
beuneath the horseshoe, thus: 1; and in either case the earth was
shovelled back into the trench to bury the tiles.

Short earthen tubes made expressly as “drain tiles” were soon
substituted for the clumsy roofing tiles. Taken in section, the com-
monest form of drain tile resemnbles the letter O. Such tiles have
now for many years been in familiar use in most countries where
agriculture is in an advanced condition. In some parts of this
country, even, enormous numbers of them have been laid down.

Ordinarily, the drain pipes are simply placed end to end at the
bottom of the narrow ditch which has been scooped out to receive
them, and the earth is packed down hard above them. The pipes
thus constitute a continuons tube, whicl is laid at such inclination,
and so connected with cross or main drains, that the water can flow
in it freely and find ready discharge.

Water will run freely in a hollow pipe like this even when the
fall is very slight. It is said that, when carefully laid, such drains
will still discharge water where the fall is not more than at the rate
of three feet to the mile, though in actual farm practice the fall
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is of course much greater than this. The ground-water slowly
soaks in at the joints of the pipes, and quickly flows away through
the hollow tube.

Even the stiffest clays may be dried and made mellow in the
course of a few seasons by such pipes laid at a depth of 3 or 4 feet,
in frequent rows, from 15 to 30 feet apart. With regard to the
soaking of the ground-water into the pipes, it may be observed that
1t is an exceedingly difficult matter to keep water out of any
earthen-ware construction sunk in the ground. The city sewers,
for example, built of hard-burnt bricks laid in cement, invariably
drain off the ground-water from the territory through which they
pass, though no intentional cracks or openiu(rs are left in them.
Aqueducts built of masonry often act in precisely the same way.
Great trouble 1s commonly experienced when a village grows to be
a town, and proceeds to have sewers laid in its streets ; for the sew-
ers almost invariably drain many of the wells completely dry, from
which the water supply of the inhabitants had been procured. And
the trouble is one that cannot readily be avoided, since it is impor-
tant that sewers should always be laid before aqueducts, lest the
increased use of water, due to its presence in unwonted abundance,
cause the old cesspools to overflow, and occasion epidemics of
disease.

Drought often matigated by Draining.

Far better results have been obtained by the use of hollow drains
on clayey soils than could have been anticipated. It is plain
enough that great advantage will be gained when wet lands are
drained, in that they can now be ploughed and harrowed much
earlier in the spring than was possible before, and that, in conse-
quence of this power of tillage, the farmer will have much greater
freedom on the drained land for planting his crops at appropriate
seasons. It is evident, moreover, that it might easily happen that,
through unfavorable weather, undrained land could not be planted
at all until after the proper time for planting had gone by ; or, sup-
posing that the land had been planted, rains might set in, either in
spring or autumn, and so clog the pores of the soil that seeds could
not germinate or young plants continue to live in it.

But it could hardly have been foreseen, thongh now found to be
true of many clayey soils, that the ground, beside being made warm
and sweet and mellow when thoroughly drained, is actually much
less liable to suffer from drought than it was before. The depth
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of soil fit for roots to penetrate is so much greater in drained land
than in that which is undrained, that the plant provides itself with
better apparatus for taking up water. More than this, the capillary
movement of water is freer in the drained soil ; and the power of
such soil to absorb rain and dew is increased. In order to the best
results in this sense, drains should be laid deep enough to admit of
deep ploughing above them.

Something more will need to be said in another place of the
action of air that is introduced to the soil through the drain pipes.
1t can be conveniently discussed under the head of Tillage.

Tile Drains better than Pebble Drains.

Tile drains are almost always much to be preferred to the rough
pebble drains which are still clung to in some parts of New Eng-
land. The tile drains are often cheaper than the other kind, to
begin with, and they are vastly more efficient. The open pipes
offer a ready flow and outlet for the ground-water, as if they were
a natural brook, while in drains full of stones the flow is hindered
and checked at every turn. Moreover, the soil immediately above
the narrow tile drain has access to water, and does not fail to draw
up an abundant supply of it by force of capillary attraction. Above
the broad ditch of stones, on the contrary, there is apt to be an arid
strip, where the plants, being cut off from water, die of thirst.

The argument so often heard in favor of the pebble drains, that
the farmer must in some way disembarrass himself of the stones
upon the surface of his fields, 1s apt to be a specious argument.
Such pebbles had better be thrown away, or into heaps, or into bog-
holes, for the chief cost of a tile drain must always be the labor of
excavating for it.

One word needs specially to be said to New Englanders with
regard to the inapplicability of tile drains in soggy peat meadows.
‘When the water i1s drained out from such spongy lands, the earth
settles upon itself to an enormous extent, and so tends to bring near
to the surface any tiles which may have been laid in the bog, no
matter how deeply. But when thus raised up, as it were, the tiles
can no longer do efficient service, and they are liable withal to be
struck by the ploughshare.

As a rule, the process of draining wet, boggy peat lands should be
gradual. Frequent open ditches, that may occasionally be deepened
in the course of years as the land subsides, should precede the tiles,
which may eventually be put in deeply beneath the bottoms of the
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ditches when the land has become consolidated. It is in such soft
and mucky places as ‘this that “collars” (i. e. rings which encircle
the joints of the drain) have significance, as a means of holding the
pipes in place. But collars are usually quite unnecessary when
tiles are laid in stifl clays.

Drain Tiles are not stopped up by Roots.

Nothing illustrates better the mode of action of tile drains than
the fact that, when properly laid, without ““dips” or depressions, the
roots of crops rarely stop them. But why is this? Simply because
the roots of agricultural plants have absolutely no inducement to
enter the hollow pipes. At the times when water is actually
flowing through the drains, the soil around them is surcharged
with moisture, and the crop has more water at its disposal than it
can use. DBut when the drain is not flowing, there is no water in-
side it, and nothing to attract the roots. The moisture is all now
outside the pipes, — below them indeed, —and there, in point of
fact, the roots go in search of it.

A mat of rootlets outside the tiles is common enough, but they
have no call to enter the pipes, unless perchance the pipes have
been laid improperly, so that there are depressions in them filled
with water or with moist silt. Of course, in case one of the lines of
pipes should serve as an outlet for some actual spring, then it
would be an aqueduct, and might contain water when the soil
around the pipe was comparatively dry. In this event roots would
be liable to enter the pipe, but instances such as this are excep-
tional. Cases are on record, lowever, where the fibrous roots of
mangolds have completely filled up and stopped such aqueduct
pipes laid two or three feet beneath the surface of the soil.

Drains warm the Land.

The influence of drains in warming the soil is very decided, par-
ticularly in the spring of the year. The large amount of water
which then drains away from the land through the pipes, instead
of evaporating, represents an amount of heat equal to that which
would have been consumed in effecting the evaporation. The
moment an attempt is made to calculate the quantity of heat which
would be required to evaporate the surplus water from an acre of
land, figures are encountered which are simply enormous. Besides
the immense amount of heat required for evaporating water, that is
to say, for changing liquid water to the vapor of water, there is an-
other reason, as was said before, why wet land must always be cold
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land ; viz. because the caloric capacity or specific heat of water itself
is larger than that of any other solid or liquid substance. More heat
is required in order to warm up a given weight of water than would
be needed to warm a similar weight of soil. More heat is used up,
so to say, in raising the temperature of the water from one ther-
mometric degree to another, than would suffice similarly to increase
the temperature of the soil itself. Oemler has determined the spe-
cific heats of several kinds of soils, as follows. All the samples of
soils were completely dry.

Specific Heat. Specific Heat,
Water . . 1.0000 Loam . . 0.1496
Moor earth 0.2215 Pure clay. 0.1373
Humus 0.2086 Fine sand 0.1048
Sandy humus 0.1414 Coarse sand 0.0968
Loamrich in homus 0.1662 Pure chalk 0.1848
Clayey humus 0.1579

Some of these figures are specially interesting, notably those
which show low small a capacity for heat is possessed by sandy
soils, and how much greater is the power of clay and humus and
chalk.

In so far as agricultural soils are concerned, it does not help
matters much that water, when once it has been warmed, holds
heat forcibly, as is seen familiarly in the coniparatively slow cooling
of the water of the ocean and of lakes at the close of summer.

An excess of water in the soil may hinder the absorption of heat
in another way, viz. because water is a very poor conductor of
heat. When water is warmed at its surface, only very little, if any,
of the heat can be transmitted downward. The soaking of warm
rain-water into a drained soil has, however, a marked effect in
elevating the temperature of the soil. It is evident that, in soils
naturally so porous that rain can readily soak into them, the
warmth brought from the air by this water and that taken by it
from the surface of the land will be imparted to lower layers of the
soil, often to the great advantage of the crops ; and the same thing
has been found to be true of soils that have been made porous by
draining them.

The English engineer Parkes observed that a mnatural bog had a
constant temperature of 46° F. at depths between 12 inches and
30 feet, and a constant temperature of 47° at a depth of 7 inches;
whereas in a portion of the bog that was drained and tilled a ther-
mometer sunk to a depth of 31 inches indicated a maximum temper-
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ature of 481°  In the tilled land the temperature rose to 66° at a
depth of 7 inches after a thunder-stormn, and on the average the tem-
perature was 10° higher at a depth of 7 inches than it was in the
natural bog. By a rain in the middle of June, the temperature
of the tilled land at a depth of 7 inches was raised 31°, though
it fell again half an hour after the rain had ceased, because of the
rapid evaporation of water from the surface of the soil.

Practical men justly attach much importance to all processes of
culture which tend to make soils warm aud mellow. It is not
alone the warmth of the air, but that of the soil also, which pro-
motes the growth of crops.

It has been officially determined in Prussia, that the snow melts
in that couutry a week earlier, on the average, upon drained than
on undrained land similarly situated. It is notorious, moreover,
that the advance of vegetation is peculiarly rapid upon drained
land. Parkes has given the following illustration of the cooling
effect of evaporation. Suppose, he says, that the yearly rainfall is
30 inches ; this would amount to 108,900 cubic feet, or 3,038 long
tons, to the acre per anmum ; or to 298 cubic feet per diem, i.e.
to 81 tons, or 18,647 1b., for each day in the year.! To evaporate
such an amount of water, 24 cwt. of coal a day, as ordinariiy used
under steam boilers, would be needed, or 1 ewt. per hour, per acre
throughout the year.

According to (Gasparin, ohserving in France, 827 of the water
that falls upon an acre of land in the course of a year, or 5,326,000
Ib. of water, go off by way of evaporation. Whence Barral has
computed that an amount of heat is consumed equal to what would
be disengaged by burning 240 tons of coal.

The amouut of water actually present in a soil has often a prepon-
derant influence on the temperature of that soil ; and the different
kinds of soils, when once thoroughly wet, will naturally be very much
alike as to their power of absorbing and retaining heat, for the ab-
sorption of heat by the water as it passes from the liquid to the gas-
eous state in the process of evaporation will be the chief cause of
refrigeration.  Differences of temperature as great as 10° or 15° be-
tween wet and dry soils, due to this cause, have often been noticed.

The cooling influence of water is shown very distinctly in experi-
ments made to test the effect of dark-colored substances upon the

1 One inch of rain on an acre of surface equals 27,154 U. S. gallons, or 862
barrels. — S. W. Johnson.
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temperature of soils. Wollny found in effect that the influence of
color on temperature diminished in proportion as the amount of
water in a soil was larger, and that it might be entirely overpow-
ered in cases where the presence of an abundance of humus, or
some other circumstance, was favorable for the accumulation of
large quantities of water. The darker the soil, however, so much
the more strongly may water depress its temperature, since the
heat absorbed by the colored material enables just so much more
water to evaporate.

Although there are hundreds of thousands of acres in this coun-
try that could be improved by means of tile drains, the fact must
not be lost sight of that current statements regarding the general
or universal good effects of draining apply far more forcibly to
damp countries, like England and North Germany, than they do
to most parts of the United States. They apply also to districts
where tle soil is extremely fine, as in some of the Western States,
as well as to stiff clay soils. Since the main province of drains is
not to carry off a sudden fall of rain, but to relieve the land from
any excess of water which may soak into it from any source, and
to promote the circulation of air and moisture in the soil, their
purpose will naturally be better accomplished in countries where
light drizzling rains abound, than in our own land of heavy
showers.

In countries where the land is liable to be frequently moistened
at seasons when the operations of tillage and seeding need to be
attended to, drains are often indispensable. But in this country
rains are not particularly frequent. They are apt to be heavy, and
are often of such character that much of their water flows off the
surface of the land. It is true that a larger number of inches of
rain falls here in the course of a year than in England and Ger-
many, but the character of our showers is very different from that
of theirs. The fact must be remembered also, though often lost
sight of by over-strenuous advocates of drainage, that many of our
leachy, hungry uplands of “drift” gravel are far too thoroughly
drained already. It is trne withal, that in America much land is
so cheap that it might often bLe better policy to buy an additional
new field rather than to spend money in improving an old one.

Fer sanitary reasons the draiming of fields about houses is not
infrequently a matter of importance everywhere. Excellent Ameri-
can books on Drainage are those of French and of Waring.
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CHAPTER V.
TILLAGE.

THE purposes of tillage are twofold. First, to improve the tex-
ture of the soil, in the mere mechanical sense. That is to say, to
stir and loosen the soil so that the roots of plants may readily pass
through it ; that air and water may freely enter it ; and that water
may move through it easily, while at the same time a certain
amount of moisture may be retained, and indeed be rather firmly
held by it. Secondly, so to alter the position aud condition of the
particles of which the soil is made up, that changes in the chemi-
cal composition of these particles may be brought about by the
action of air and water, and the microscopic organisms which act
as ferments.

Some soils are so stiff and heavy that neither roots nor water can
freely penetrate them. Others are too light and open; and the
particles of some are so very finely divided that special care must
be taken lest thiey run to mere mud at every fall of rain, and there-
after bake hard.

In all these cases great improvement may be made by tillage,
through mere alteration of the mechanical condition of the land.
But it is manifestly impossible to disturb the soil in any way with-
out bringing its particles into new relations with the air, and com-
mingling anew the various substances proper to the soil, together
with whatever fertilizing or alterative materials may have been
added to the soil or have been grown upon it. Hence, as a matter
of course, chemical changes are induced in all operations of tillage,
as will be insisted more in detail hereafter.

It is true also, that biological changes are induced by the opera-
tions of tillage ; for, as is now well known, a variety of microscopic
organisms, some of them useful and others hurtful in respect to the
growth of plants, have their being in agricultural soils. It is
known, too, that the growth of some of the useful kinds of these
microdemes is most rapid iu soils that have been brought into a
good condition of porosity, so that air and moisture may have free
access to all their particles.
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Importance of Good Tilth.

It will be proper first of all to describe some of the essential con-
ditions in respect to standing room which plants require, and to
dwell upon the enormous influence which good tilth must neces-
sarily exert upon the growth of crops.

A soil should be firm enough to afford proper support to the
plants that grow in it, and yet be loose enough to allow the most
delicate rootlets to grow without hindrance. Its condition should
be such that air may freely enter the pores, and that any undue
excess of water may drain away readily, and yet the texture should
be so close that much of the rain-water which falls upon the land
may be retained and held permanently, or until the growing crops
have put it to use. Nothing illustrates more forcibly the sentiments
of practical men upon this point, than the care they take to prepare
a mellow seed-bed whenever an important crop is to be grown,
There are in fact very good reasons why the soil should be made
mellow before seeds are sown in it. For not only is it necessary
that some air shall gain access to a germinating seed, but the points
of the roots of young plants that are just starting into life are so
soft and feeble that they can only make progress in those directions
where they find pores in the soil. Every hard obstacle which such
roots encounter tends to distress the plant: it 1s a hindrance to
proper growth, and may even cause the young plant to perish in
case the roots cannot find a way of working around it.

So too with more mature plants. The soft points of growing
roots do not habitually bore through solid clods or firmly impacted
earth, but they push into any open spaces which they may happen
to encounter between the lumps and particles of which the soil is
made up. Hence the importance of tilling the soil to increase the
number of these interspaces. A soil that is in good tilth, and
mellow, presents innumerable openings and channels for the passage
of the rootlets in this way.

Roots must have ample Room and Freedom of Motion.

Practical men lay special stress also upon the importance of
thorough tillage for “root crops,” such as beets, carrots, and ruta-
bagas. They direct that, in preparing for these crops, the land
should be ploughed and harrowed repeatedly to make it mellow and
friable, and urge that it is useless to try to grow roots unless the
land can be well prepared beforehand.

A familiar illustration of the importance for roots of open spaces,
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which they may enter, —of air, moisture, and good drainage, —
is seen in American greenhouses in the use of very small flower-
pots for growing cuttings after they have been “started” in a
propagating bed. As compared with the amount of earth that is
contained in these little pots, there is presented a very large inner
surface of porous earthen-ware, and the roots insinuate themselves
between the earth and the inside of the pot, where they find room
for their development, while an abundance of air comes to the roots
through the porous ware, either directly or to replace the water
exhaled from it. There is little chance withal that so small a vol-
ume of soil can become much impacted.
Roots are developed by Young Plants.

The natural tendency of roots is to grow downwards, when the
soil is in fit condition to receive them, and to grow with surprising
rapidity so long as the plant is young.

Hellriegel found upon barley plants that had but a single leaf some
roots that were 9 or 10 inches long ; on plants whose second leaf had
begun to unfold there were single roots 20 inches long. On a barley
plant one month old he found some roots that were three feet long.

So too, buckwheat a fortnight old that was beginning to develop
its second leaf had roots nearly a foot long, and so had clover plants
that were showing their fifth leaf. Pea plants a month old that
were 10 to 16 inches high had some roots that were 13 to 17 inches
long. These figures, it will be noticed, have no reference to the
total length of the roots, as obtained by adding together the lengths
of all the roots of a plant. They refer only to single roots, which
had attained the lengths above stated in garden loam under favorable
conditions.

Hellriegel found that barley plants ten days old in their third
leaf had 42 1b. of dry matter in their roots for every 58 lb. of dry
matter in the leaves and stem. In plants a month old, at tle
time of shooting, the relations were 29 in the roots to 71 in the
leaves and stem ; while in ripe barley plants there were less than
8 1b. of dry matter in the roots for 92 in the leaves and stalks.
With oats, the relations were 241 :76, 17 :83, and 13 : 87 of dry
matter in the roots to that in the stem and leaves when the plants
were shooting, in blossom, and ripe, respectively.

In the chapter relating to Rotation of Crops examples will be
given of the distribution of the roots of various crops in soils of
different characters.
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Roots strive to develop Symmetrical Forms.

In general, it may be said that just as any obstruction above
ground that interfered with the symmetrical development of the
branches of a tree would hinder the profitable growth of the tree, so
any impediment or injury to the roots of plants that impairs their
useful development will lessen the amount of crop to be harvested.
The analogy is specially close in respect to the crowding of one
plaut by its fellows, as when too many plants are permitted to grow
in a given space. In such case, the roots of the different indi-
viduals interfere with one another very seriously, and the growth
of the crop is apt to receive even a more emphatic check than
would be occasioned by the crowding of its leaves and branches
above ground. DBut the better the land has been tilled, so much
the more useful root space will it contain, and so much the larger
will be the number of plants that can be grown upon a given area
without distressing one another.

It is to be observed that the leaves and branches of plants have
naturally a much better opportunity to unfold than the roots can
have. For the air offers no resistance to their development in any
direction, while the soil must necessarily present obstacles at every
turn to interfere with the progress of the rootlets.

The power of obstructions to hinder the growth of roots is well
illustrated by some experiments of Hellriegel, where peas and beans
were grown in moistened sawdust, some samples of which had been
impacted and others not. When the sawdust had been strongly
compressed, it was noticed that the development of the roots of
many of the plants was greatly impeded, and that many of the tap-
roots in particular were arrested, or even destroyed.

Many Kinds of Plants need abundant Standing Room.

One prime purpose of tillage is to diminish such interference of
the roots of crowded plants, in so far as this can be done economi-
cally. Both deep tillage and drainage must manifestly help to in-
crease the amount of room useful for the growth of roots. The
importance of abundant standing room is familiarly illustrated by
root crops, such as beets, carrots, and rutabagas. These crops are
seldom or never sown excepting on well-tilled land, and it is notice-
able, when care is taken to thin out the rows properly soon after
the young plants have started, so that plenty of room shall be left
between each individual plant, that the crop will prosper, and that
fine large roots will be secured. But if the plants are not thinned,
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i, e. if they are permitted to crowd one another unduly, they suffer
very much, and few of them will grow to a large size.

Boussingault measured the amounts of space that are habitually
allotted to various plants by practical men in the garden culture of
Alsatia. He found that each bean plant has at its disposal 57 1b.
of earth, a potato plant 190 lb., a tobacco plant 470 1b., and a hop
plant 2900 1b. These weights correspoud very nearly with 1,
3, 7, and 50 cubie fcet respectively. As contrasted with the results
of scientific experiments made under conditions which permitted
the soil to be kept constautly in good tilth, these measurements go
to show how very far from theoretic perfection the operations of
field tillage must be, even at their best.

This question of standing room, or rather the influence exerted
by varying amounts of soil on the growth of plants, has been care-
fully studied by Hellricgel in two distinet ways, and some of his
results may well be cited as illustrating the vast importance of til-
lage for the success of crops. They fully support the common con-
ception that all things are possible in a deep soil kept in good tilth
and well watered. He first filled a large number of glass jars of four
different sizes with sifted garden loam of good quality, and grew
pairs of plauts of various kinds.in these jars in such wise that each
kind of plant could be tested as to the freedom of its growth in jars
of all the sizes. The idea was that the amounts of earth in the
jars should be to one another as 1 : 2: 4: 6, and that the absolute
weights of soil should be 7, 14, 28, and 42 1b. respectively. The
soil used was known to be rich enough for the growth of maximum
crops ; it was kept constantly moistened to good advantage, and all
the jars were kept out of deors in fair spring and summer weather,
being set on a railway carriage which could be run under cover in
case of storms.

In the course of three or four weeks after the beginning of the
experiment, it could be seen that all the plants in the larger jars
prospered better than those in the smaller, and that the plants the
root room of which was restricted could not keep pace with those
which had an abundance of earth at their disposal.

It was found to be true of clover, barley, buckwheat, peas, horse-
beans, and lupines, that the plants formed regular series or grada-
tions iu consonance with the varying sizes of the jars in which they
were growing. That is to say, each individual plant was larger in ac-
cordance with the amount of ground which had been allotted for its
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own exclusive use. It was found also, that the weights of the crops
harvested varied much in the same proportion as the amounts of
earthh in which they had grown.

As Hellriegel puts it, it could be truly said that the amount of
crop harvested was practically in inverse proportion to the sum of
the mechanical hindrances to their development which the roots had
encountered. He urges that the roots of plants do not naturally form
a chaotic tangle, but strive always to grow in harmony with a sym-
metrical plan, which is just as definite and well proportioned, and
as characteristic for each particular kind of plant, as are the forms
exhibited by the stcms, boughs, and leaves of the plant, above
ground. Anything which works seriously to prevent the original
plan as to root structure from being carried out will be seen to affect
the development of the crop as well.

In the case of the pot experiments just now cited, it was found
that the mass of roots was much larger in the larger jars than in the
smaller, though somewhat less compact.

The Weight of a Crop may depend on the Amount of Standing Room.

Some curious parallelisms between the amounts of standing room
and the weights of crops produced were noticed. Thus, with red
clover, while the amounts of earth .in the jars were as 1: 2: 6,
the dry crops were 1 : 2.4 : 5.7. In the case of peas, quantities of
earth related to one another as 1: 2 gave dry crops equal to 1 and
to 1.6 respectively, and similar coincidences were noticed in respect
to beans and barley.

Even in volumes of earth so small as those employed in these
experiments, it was easy to destroy the tilth of the soil by improper
treatment. TFor example, in case air-dried loam was poured into
the jars and left to lie loose umntil after the time of planting, the
mechanical condition of the soil was damaged to such an extent
when water was then poured upon it that the crops were seen to
suffer. This effect was 1nore conspicuous in the larger jars, and
seems to have been due to a partial puddling of the earth. The
trouble was avoided subsequently by compressing the dry soil
slightly, layer by layer, when it was placed in the jars.

Harm done by Crowding.

By another, and still more interesting, series of experiments, Hell-
ricgel proved that any considerable number of plants grown together
in large jars did no better, individually, than one or two plants
grown in a small jar. Indeed, generally speaking, they did not
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grow as well. That is to say, the bad effects of crowding may be
shown as conspicuously by growing an undue number of plants to-
gether in a large volume of earth, as by allotting a small volumne
of earth to a single plant, or to a pair of plants.

In these trials 1, 2, 3, 4, 6, 8, 12, 16, and 24 barley plants were
grown in jars of three different sizes containing respectively about 4,
11, and 28 1b. of garden earth. The plants were fed and watered,
and cared for as before. It was calculated that in the large jars
that carried 3 and 4 plants, in the medium jars that had 3 plants,
and the small jars that had 2 plants, the crops stood about as
thickly as barley does usually in field culture ; but that the larger
jars, with 8 or 12 or more plants, were crowded. So were the small
jars that carried 4, 6, and 8 plants, while the jars which had only
a single plant, and most of those that had two, supplied from two
to four times as much space as is ordinarily allowed to barley plants
in the field.

The effects of the crowding were soon seen in the smaller size of
the plants both in the small jars and in the jars that contained
many individuals, and these differences were more and more clearly
defined as the plants became more fully developed. The growth of
the single plant in the largest jar is said to have been marvellous.
There seemed to be no limit to its power of stooling. When the first
ears of grain were ripening, young shoots were still being thrown
up from below. This plant produced no less than fifteen stalks
that bore ears, and some of the ears were of gigantic size, filled with
superb grain. In the large jar that had two plants, the luxuriance
was already less marked, though one of the plants had eight stalks
that bore ears and the other had six. In the other jars the ten-
dency of the plants to stool decreased according as they were
more crowded ; the large jar that had 24 plants showed hardly a
trace of it. The crowded plants ripened also sooner than the
others.

In contrast with the enormous single plant in the large jar that
contained about 28 1b. of earth, the 24 plants in the medinm-sized
jJar that contained 11 Ib. of earth were noteworthy. They were
perfectly healthy, and to all appearance normal, though compara-
tively small. Each of these mature plants weighed when dry from
600 to 1200 milligrams, and bore from 10 to 22 seeds, while the
single plant of the large jar weighed over 33,000 milligrams and
bore 636 seeds.
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All the experiments went to show that it is easy to determine
beforehand how large a well-fed and well-watered plant shall grow
by limiting the volume of earth which stands at i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>