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Introductory Note
THE LITERATURE OF FARMING

““There are three classes of farmers,” says Dean Davenport, of the Illinois State College of
Agriculture; ‘‘one class studies, experiments, originates ; another class emulates the success of
the originator, imitates his methods, and in time learns to go to first sources for information ; a )
third has little faith in ‘book-learning,” and. misunderstanding success, will neither imitate nor
learn. The whole tendency of modern times is to make farming so difficult a calling —so to raise
the standard of competition — that the third class will be crowded to the wall and be forced into
the poorest lands.”

It is for the class that puts brains into the management of soil and plants and animals that this
volume has becn published. The several articles have been prepared with a single view to giving
a brief, but sufficiently comprehensive, introduction to modern agricultural practice. This com-
posite of the sciences which we call farming is not to be dished up in a single volume ; but in a
single volume it is quite possible to tell the man who wants to read on any given farm topic,
where he may find the book he wants. It is possible, further, to give so clear an insight into the
essentials of farming under modern conditions as will simplify and illuminate all future reading,
and to add thereto such handbook matter and useful information as every farmer needs, and finds
it difficult to obtain at the moment it is needed.

In the preparation of the classified bibliographies, the several specialist contributors have been
absolutely uninfluenced by so much as the suggestion of commercial considerations. They have
treated each book, as regards omission or inclusion, solely on its merits, as those merits appeared
to them. In connection with the book-lists it should be observed that those publications of the
United States Department of Agriculture to which no price is attached may be had free of charge
on application to the Secretary of Agriculture, Washington, D. C.; those to which a price is
attached may be ordered from the Superintendent of Documents, Union Building, Washington,
D. C., making remittances by postal money order or registered letter—never in stamps. From
the Secretary, also, may be obtained lists to date of the free and priced publications. together with
the monthly list of new publications, which is mailed regularly on request.

For the convenience of those desiring to order books included in the lists given, any except
publications of the United States Department of Agriculture and the Experiment Stations of the
several States will be supplied at the price named, by Rand, McNally & Co., Chicago, liL
Departmental publications and those of the FErperiment Stations wmust be ordered direct from the
Department of Agriculture, the Superintendent of Documents, or the Station publishing them.

RAND, McNALLY & CO.
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PRACTICAL FARMING AND GARDENING

Modern Ideas in, Soil Treatment and Tillage

By JoserPH J. EDGERTON, B. 8. A.
Instructor in Agricultural Physics, Iowa College of Agriculture

FUNDAMENTAL NOTIONS

Modern farming, from the very nature of the case, represents no radical depar-
ture from the best agricultural practice of earlier days. The advance that has been
made is chiefly along the lines of a more thorough understanding of the principles
underlying successful method ; of the systemization of agricultural research and har-
monizing of results; and of the formulation of a body of flexible rules, more or less
easily adaptable to the solution of individual difficulties. We can not get away from
the necessity for experimentation ; for the science is intricate, and the conditions
under which its laws operate are ever varying. But instead of being dependent upon
his own experiments, as formerly, the farmer is now able, through the accumulation
of recorded data of experiments systematically conducted, to profit by the experience
of others. In many cases reference to this fund of accumulated experience will
enable the present-day farmer to project his operations on a sure foundation, where
otherwise he would be compelled to grope his way in the dark and with a great deal
of uncertainty as to the final outcome.

In the modern view, the soil is a laboratory, in which plant food is elaborated,
and in which, under favoring conditions, the physical and chemical processes of
organic growth are carried on. The soil had its origin in the rock masses of the
earth’s surface, from which it was broken down into its present form by the action
of rain, snow, wind, changes of temperature, erosion by rivers and glacicrs, the
growth and decomposition of vegetation, the burrowing of various forms of animal
life, and other similar agencies. Thus it will be seen that the bulk of the soil is
decomposed rock, the additional material being organic matter—dead plant or
animal tissue, returned to the earth that nourished it, and more or less completely

Copyright, 1902, by Rand, McNally & Co.
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WHAT GOVERNS SOIL FERTILITY ? (f

gradual decomposition of the rock materials, and their subsequent solution in the
goil waters.

Thus physical and chemical action in the soil are constantly transforming pofen-
tial into available plant food, and the soil water is transporting the salts thus
prepared to the root hairs of the plant. This food-laden water is passed from cell
to cell of the plant by what is called osmotic pressure,' and the excess of water over
what is required for purposes of growth finally is transpired from the leaves of the
plant, leaving the salts behind to enter into the combination of organized tissue.

This brings us to the consideration of the subject of

SOIL FERTILITY

Determining Factors— Soil fertility is dependent upon natural condi-
tions and upon soil management, and may be defined as the ability of a soil to
produce 1n response to a given amount of assistance rendered it in the form of culti-
vation. This term is too commonly used as referring only to the amount of the
mineral elements a soil may contain in a soluble form. But in reality the quantity
of salts or mineral plant food a soil may contain is only one of several factors that
determine its fertility. In fact, it is a factor of rather secondary importance,
because the most plentiful supply of plant food will fail to produce a crop in the
absence of sufficient moisture to convey it to and through the plant.

The quantity of soluble salts a soil contains is, nevertheless, of vital importance.
While but a very small percentage of the total plant is made up of these elements,
this little is just as necessary to the life of the plant as though it comprised the
whole. The absence from the soil of any one of these elements will insure as com-
plete a failure of plant growth as though they were all absent. If you plant seeds
in a soil from which one of these essential elements, ag potash, has been removed,
there will be but a very feeble growth of two or three leaves to a plant, and this
growth will be accomplished by the aid of the little of this element that nature
has stored in the seed for the purpose of securing its germination and start in life.
Some of these elements nced to be present in much larger quantities than others.
Iron, for example, is just as essential for the life of the plant as is any other
element, but only a comparatively small percentage is necessary.

In order for a soil to be fertile, it is necessary not only that these elements all
be present in a soluble form, but that the quantity be many times greater than the
immediate needs of the crop. This is owing to the fact that (a) the root hairs in

1 Osmosis is the term applied to the diffusion of liquids through porous membranes.




8 " SOIL FERTILITY

penetrating the soil come into contact with a very, very small part of it; that (b)
the capillary moisture is frequently so low that but a small portion of these salts is
taken up thereby and moved into contact with the plant roots; and that (c) the
feeding period of the plant covers but a comparatively short space of time.

It has been found by analyzing plants at various stages of development that, of
the total mineral plant food taken up by a crop (wheat being used as an example),
75 per cent of it is taken up during the first fifty days of the plant’s life (or, in the
case of wheat, by the time it has reached the height of eighteen inches). Consider-
ing these facts, it will be readily understood that not only must these materials be
present in great abundance, but they must also be in readiness for plant use as
early in the season as possible. This early availability will depend, especially as
regards the nitrogen portion, upon the amount of moisture, air, vegetable matter,
and heat there is in the soil.

Alkali Spots— A soil may be unproductive, on the other hand, from con-
taining too large a quantity of some of these essential salts. Thus are produced
what are termed alkali lands, or alkali spots. Through the presence of an excess
of these alkali salts the vegetation is corroded and killed. Such soils are referred
to as alkali soils, and occur mostly in sections having natural or artificial irrigation.
Small alkali patches occur more or less frequently in semi-humid regions where
there is a scepage of water from higher lands. The soluble salts in these higher
lands, being carried down by the seepage water and left behind upon its evaporation,
accumulate to an extent that is injurious to vegetation.

Remedy for Alkali Spots —There are two forms of alkali— the car-
bonate or ‘“black alkali” and the sulphate or ‘“ white alkali.” The latter may be
present in much larger quantities than the former without producing injurious
results.

If the soil is unproductive from too much black alkali, it may often be corrected
in part by the application of gypsum or land plaster, to convert the carbonate into
a sulphate. In irrigated sections it is well to examine the water used, and, if it is
found to contain considerable quantities of carbonate salts, to use land plaster in
the irrigation ditches to correct the condition of these salts before reaching the
fields.

In semi-humid climates these spots may often be temporarily remedied byscraping
off the immediate surface after a long-continued drought, when the long-continued
evaporation will have concentrated the greater portion of the excess of salts in the
surface three or four inches of soil. Where the trouble is mild a good application
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of a coarse barnyard manure well worked into the soil will often afford temporary
relief. The permanent remedy, however, is underdrainage.

NITROGEN OF THE SOIL

Outside of the elements of plant food contained in water, the nitrogen of the
soil is the only constituent supplied to the plants through their roots, the source of
which does not lie in the rock fragments, and the supply of which can not be
increased by improving the facilities for decomposition. .

Source —Its source is the free nitrogen of the air, and the quantity in the
soil may be increased naturally only by drawing upon this bounteous supply.

How Obtained — Our ordinary farm crops can not use this nitrogen in its
free form, but certain microscopical forms of life that grow upon the roots .of
leguminous plants (such as clover, lucerne [alfalfa], peas, beans, etc.), forming
nodules thereon, have the power of taking this free nitrogen and converting it into
organic nitrogen. In the subsequent decomposition of this organic matter the
increased supply is made available for the use of succeeding crops. The amount of
nitrogen that may be added to the soil by the growing of a single crop of some
legume is often relatively very large. When the effect upon future crops or the
commercial value of nitrogen as a fertilizer is considered, this collateral benefit
derived from a leguminous crop is often greater than the food value of the crop
itself."

Except in soils well supplied with nitrogen, in the form ordinarily available, the
leguminous plants will not thrive in the absence of these organisms. But if the
organisms are present this family of plants will thrive luxuriantly even on soils con-
taining little nitrogen. It follows that, while these organisms are parasitic in their
nature, they are in reality a benefit to the host on which they grow. This relation
of plants to each other, the growing together for mutual benefit, each obtaining
support from the other, is called symbiosis. Some soils upon which clover ordina-
rily refuses to thrive, after being inoculated with these germs by the addition of a
sprinkling of soil from an old clover field, will produce clover of the finest kind.

Forms of Soil Nitrogen — Nitrogen exists in the soil in several distinct
forms, representing the various stages of trunsition from the free nitrogen of the air
to that form available for farm crops. It may be present :

1 Crimson clover, when from 5 to 6 inches high, has
been found to contain nitrogen to the value of $2

per acre; in bloom, $37.06 per acre; l’ull{ matured, to
.94 per
acre; from 13 to 14 inches h, to the value of 83-?34

the value of $43.36 per acre. (Report of the Superin-
tendent of Institutes for Ontario, Can., 1900.)
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(a) As free nitrogen of the soil air, which is seized upon and made fast by the
forms of microscopic life previously described.

(b) As organic or albuminoid nitrogen, the product of these nitrogen-fixing
germs, and likewise present in all undecomposed vegetable and animal tissue. This
is the only form of soil nitrogen that is not soluble in water, and hence readily
leached out and lost from the soil.

(¢) As ammonia, nitrous acid, and nitric acid. These are transition stages in
tho development of the nitrate or available form from the organic or albuminoid
form.

(d) As nitrates of lime, magnesia, potash, and soda. This is the form in which
nitrogen is used by most farm crops, the nitrates being formed by the union of
nitric acid with one of the bases—lime, magnesia, potash, etc.—found in the soil.

Nitrification — The process of developing nitrates from the decayed and
broken-down albuminoids is termed nifrification, and involves four distinct stages :
(a) The ammonia stage, in which certain organisms, under the proper conditions of
temperaturae, moisture, and air, feed upon the organic or albuminoid nitrogen, throw-
ing off ammonia as a waste product. This is a highly volatile product, which, under
improper soil conditions, may escape from the soil and pass off into the air as gas.!
But under the proper conditions the ammonia is absorbed by the soil and the
soil water, and is rctained for the use of another class of germs which in the
(b) nitrons-acid stage use it in their life processes, throwing off nitrous acid as a
waste product. Still another class of germs? take up this nitrous
acid and oxidize it into (c) nitric acid, which attacks the bases that
are held in the soil by weaker acids, displacing them and forming
() the various nitrate salts. These nitrates are formed only under
favorable conditions of temperature, moisture, and air ; and, on the

other hand, when once formed, they may, under subse-
quent unfavorable conditions, be changed back into

1 The pungent odor arising from a rapidly-
fermenting manure heap is produced by am-
monia that is being formed and is escaping
to the air.

3 These are called ‘ nitre germs® or
‘“*mother of petre,”’ Some idea of the amount
of these nitrate salts that may be developed
] under proper conditions may be obtained from
Fi1a.8. Drawing from photograph showing comparative growth  a consideration of the fact that formerly the

of peas, rye, flax, oats, wheat, and buckwheat in soil fertile in nitrate of potash for the manufacture of gun-

all elements of plant food except nitrogen, the peas thriving  powder was obtained from the soil.  Thereby
in virtue of the presence of nitrogen-fixing bacteria ou their was developed what was termed ** nitre farm-
roots. (Prof. F. H. King: Physics of Agriculture. After  ing,” in which the soil was manipulated to

P. Wagner.) get the most rapid nitrification possible.
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forms unavailable to crops, or even be lost from the soil. This brings us to the
consideration of another process, called :

Denitrification — This process, as the name implies, is exactly the opposite
of nitrification. The soil is full of micro-organisms that require oxygen for their
existence, and their ability to extract it is such that, if the soil becomes so filled with
water as to exclude the air, they will take away that which is combined in the
nitrates, either partially or wholly deoxidizing them. In the latter case the nitrogen
is set free and may escape entirely from the soil.

Soils Lacking in Nitrogen — A soil that has little nitrogen in the avail-
able form will give indication of the fact in the yellow, slender, unhealthy condition
of the leaves of the vegetation growing upon it.

To the other elements of plant food obtained from the soil, and the best means
of maintaining or increasing their quantity, reference will be made under the head
of ‘“ Vegetable Matter as a Factor of Fertility.”

SOIL WATER AS AN ELEMENT OF FERTILITY

It has been seen that water is the vehicle whercby food, in solution, is conveyed
to the root hairs and distributed throughout the plants, besides entering largely into
the vegetable structure.! It is theref
an element of fertility as is the min
Many soils containing a very high perce
plant food are a barren waste because of
moisture, and it follows, by the same
that any addition of commercial fertil
goils deficient in plant food will prove
tnal unless conditions of moisture are
right.

The great semi-desert regions of
our western plains, as well as most,
if not all, similar regions the world
over, show the presence, upon chem-
ical analysis, of a large percentage
of soluble plant food, and numerous

CALTPU LUWML LUD BUyYCTBL W received §, X, aud o grams,

respectively, of Chile saltpetre. Comparison shows the

1 Water coml)rlm from 61 to 91 per centof the immense importance to such plants of nitric nitrogen.
total weight of all green crops, the amount varying (Prof. F. H. King: Physics of Agriculture. After P.

with the kind of crop aud stage of development. Wagner.)
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experiments have demonstrated that all that is necessary to make these waste places
fruitful is simply to supply the needed moisture.

But water, on the other hand, must not be too abundant. It must not fill all the
pores of the soil 80 as to exclude the air, or the land will be rendered unproductive
while this condition exists. Plants that will thrive in water will not thrive in a soil
saturated with water, because in the water culture the water is free to move, and, the
constant change bringing different parts constantly to the surface and into contact
with the air, a certain amount of this air is absorbed, replacing any that may have
been taken out by the roots; whereas, in a soil saturated with water there is not this
opportunity for the air to enter. :

Water in soils is of three kinds — kygroscopiec, capillary, and free.

The hygroscopic water is present in the form of a film around each soil grain.
Pressure will not expel it. Only heat above the boiling point of water will drive
it off. -

Capillary water is the outer film around the soil grain, more or less closely filling
the interstices, less firmly held than is the inner hygroscopic film by the molecular
attraction of the soil, and capable of motion in any direction under stress of capil-
lary attraction.

Free water is that which lies outside the range of control of the molecular attrac-
tion of the soil grains, and moves under the influence of gravity. This water
practically excludes oxygen from the soil it occupies. Its surface is called the
“ water table.” The capillary water is the only form of soil moisture that to any
extent can be made use of by the plants.

Water Required by Crops — The amount of water required in the proc-
ess of plant building is very large, the various farm crops requiring to be tran-
spired through their leaves from 300 to 600 tons of water for each ton of dry
matter produced.

According to Prof. F. II. King, the results of 138 trials with various farm
crops show that, to grow an average acre, the product of which was 5.987 tons of
dry matter, required 23.165 inches of water. The crop requiring the most was oats,
the average yield of this crop being 8.89 tons ; and water required, 39.53 inches.

Capacity of Soils for Capillary Water —The amount of capillary
water that may be retained in a given quantity of soil will depend upon the fineness
of the soil particles, the amount of vegetable matter present,’ the general physical

1 The effect of vegetable matter upon the capil- l under the head of ‘* Vegetable Matter as a Factor of
lary capacity of soils will be referred to more fully | Fertility."



ARTIFICIAL IRRIGATION 13

condition, the distance above the water table, and the frequency and amount
of rainfall. Prof. F. H. King has found that under field conditions, and with the
surface only eleven inches above the water table, soils would contain capillary
water as follows :

Clay 1oam. ... .o iiiirrceieccieeeececeen e 32.2 per cent.
L S 28.8 to 24.5 per cent.
Clay and 8and ... .o iiecccccccmcecccecccanaas 22 .6 per cent.
Fine BaNd - ... iicicmeciiccceccceccnenaan 17.5 per cent.

This, when averaged and reduced to inches, is equal to 21.24 inches of water
distributed through the first five feet of soil.!

Water not all Available to Crops — Of this capillary water only from
50 to 75 per cent can be extracted by the crops for their use, owing to the fact that
the roots, while thoroughly permeating the soil, actually come in contact with only
a very small part of it;' and to the additional fact thaf, when the water move-
ment through the plant for the translocation of materials falls below a certain rate,
growth ceases to take place. Long before this point is reached, growth becomes
very slow and imperfect. It frequently happens, in the absence of a properly dis-
tributed rainfall, that this condition is reached just as the crop is ready to form the
seed or grain. The result is an average and sometimes large growth of foliage,
but little grain.

Time of Greatest Need — By far the largest portion of the water used
by a crop is required from the time of blossoming to maturity. This period fre-
quently coincides with one of very limited rainfall. '

IRRIGATION

It follows from what has been said that the artificial application of moisture
may often, even in humid climates, be very beneficial to crops, and the furmer of
a humid climate, who is so situated that he can at comparatively small expense
maintain a storage supply of water for such use in time of need, will find this a
very profitable investment. In fact, the returns should be greater in proportion to
the amount invested than in arid countries, where all the water must be supplicd
in this way. A little additional water applied just at the right time may be pro-
ductive of large results, even in average years.?

1 A 5-foot column of the same so0il would contain | treatment, there were produced only 4 tons of dry mat-
less, because the water table would be much farther | ter per acre.
away from part of it than in the above case. Inan exreriment conducted by the writer during a

3 Prof. F. H. Kltgﬁrepor!sthe following result of an | year when the distribution of the rainfall was better
experiment conducted with a variety of flint corn: On | than the average, an application of water equal to 5
theirrigated soil, 14.5 tons of dry matter were produced; r cent of moisture in the first four feet of soil resulted
while on the same kind of soil, growing the same kind increasing the yield of corn from 68 to 91.5 bushels
of corn, not irrigated, but otherwise receiving the same | per acre.
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The quantity of water required to irrigate a tract of land is seemingly very
large. To cover one acre of land one inch deep will require 3,630 cubic feet of
water ; and to carry this depth of water onto 100 acres, in 50 hours, would require
a stream one square foot in cross-section, and flowing at the rate of two feet per
second.

'TILLAGE TO CONSERVE MOISTURE

Since the annual rainfall for a given locality, while fairly constant, is irregular
and uncertain as regards its distribution throughout the season, and since irriga-
tion is not generally practicable, it becomes necessary to conserve the soil moisture
and to make the available supply of capillary water as large as possible. These
ends are accomplished by such means as proper tillage, underdrainage, and in-
creasing the supply of humus.

" Deep plowing and subsoiling on heavy, close-textured clay soils may loosen
them up and increase their water-holding capacity. This practice is especially
applicable in climates where the frost does not penetrate to loosen up the subsoil.
Frequent stirring of the surface soil cuts off the capillary connection with the
deeper soil water, and thus prevents its coming to the surface and being evaporated,
besides checking the growth of weeds that would absorb moisture needed by the
crop. This frequent stirring to check evaporation is necessary for the reason that
when the surface is allowed to stand for a short time the capillary connection with
the lower ground becomes reéstablished. In case of a rain this redstablishment takes
place very quickly ; so, to retain the largest possible amount of a given rainfall, it is
necessary to thoroughly stir the surface soil as soon after the rain as it can be done
without puddling.! Tools used for this purpose should be such as will stir all the
surface and pulverize it as thoroughly as possible.

The Harrow —If the surface soil has been previously made very loose, or if
it is somewhat rough as left by the plow, harrowing, thoroughly done, may develop
a very good mulch. If, however, the surface has become somewhat firm, as after a
heavy rain, the harrow may increase the loss by evaporation by simply cutting small
furrows and increasing the amount of surface exposed.

The Disk — The disk-harrow or cultivator, as well as the surface cultivators

1 Very fine-grained soils have a tendency, owing to | moved, all parts of the soil subjected to the pressure of
the close contact of their icles, to contract upon | the horses’ feet and the tools used will be compressed
themselves at all times. When they become very wet | still more, excluding the air and reducing the capillary
this tendency is increased. If stirred at the proper | capacity of the soil. These portions, when dry, form
stage, ns the excess of moisture is leaving, this tendency | hard clods, and this cementing action in soils is termed
is readily overcome. If, however, this cultivation is | puddling.
done before & sufficient amount of water has been re-
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with blades running horizontally under the surface, form an excellent mulch. The
surface is practically all moved and deposited in a different place and in a finely
pulverized condition, thus cutting off the capillary connection very completely.

Effectiveness of the Soil Mulch — Professor King found that a 3-inch
goil mulch, as against no mulch, conserved from evaporation during a period of 100
days on a black marsh soil 2.928 inches of water ; on sandy loam, 3.009 inches ; and
on virgin clay loam, 13.458 inches.

Depth of Mulch — The same investigator found that during a 100-day period
a 3-inch mulch conserved 0.181 inches more water than a 2-inch mulch, and the
2-inch mulch conserved 0.11 inches more than a 1-inch mulch when stirred in the
same manner twice a week.

Frequency of Cultivation — Professor King also found that a 3-inch
mulch, when stirred twice a week, conserved 0.323 inches more water than when
stirred once a week, and that stirring once a week conserved 0.586 inches more than
stirring only once in two weeks.

The necessity for frequent cultivation will depend, however, upon the condition
of the weather and the character of the soil. Dry weather immediately following
the stirring makes the mulch more effective and moro lasting.

On a close-grained soil, as clay, the particles tend to draw together and reéstab-
lish capillary connection much more quickly than on a coarser, looser soil, or a soil
well supplied with vegetable matter. Hence, the former will require more frequent
stirring than the latter in order to maintain an equally good condition of mulch.

Plowing — The time and manner of plowing may affect the quantity of mois-
ture available fora given crop. Ground plowed late in the fall and left in the rough
will catch and hold the snows and rains, and will contain a larger amount of moisture
the next spring than similar soil left unplowed. On land that is to be put into a
fall crop, moisture will be conserved for the starting of that crop by plowing as early
as possible after the spring crop has been removed, to save what would otherwise be
evaporated through the growth of weeds and other vegetation. Spring plowing,
for the greatest saving of moisture, should be done as early as the soil is in fit con-
dition. When the frost leaves the ground, capillary connection between the lower
soil and the surface is very complete, and the warm, dry winds that are apt to occur at
thig time of year frequently cause a rapid evaporation of moisture. At this season
a loss of 28.2 tons of water per acre per day for seven consecutive days has been
observed. For the same reason, land that has been plowed in the fall should be
gone over with the disk-harrow or other eoffective tool as early in the spring as the
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condition of the soil will permit, for the purpose of developing a mulch. In the
same way, also, evaporation may be checked on unplowed land; where there is more
of it than can be plowed in good season.

For the conservation of moisture, plowing at any time of year except late in
the fall should be followed immediately by thorough harrowing. Ground freshly
plowed, unless very mellow, will allow the air to circulate more or less freely
throughout the greater portion of its depth. Such a condition, owing to the large
amount of surface exposed, affords an opportunity for very rapid evaporation, and
if allowed to go uncorrected, in a dry time, may so reduce the water content of the
plowed portion that seeds can not germinate. The writer knows of one instance
where there was no rain from the time of plowing in the spring until late in the
summer, and land that was plowed and left for some time without harrowing became
8o dry that the corn, when planted, did not germinate until the autumn rains;
while other tracts in the same locality which were not allowed to lie over night, or
even during the noon hour, without harrowing, and were kept well cultivated after-
ward, were by this difference in treatment enabled to produce a fair crop of corn.

The Roller — This implement is used mainly for the purpose of firming the
plowed soil, to bring the particles into closer contact. Through this resstablish-
ment of capillary connection with the deeper soil, the water may be drawn up from
the lower levels into the seed-bed, to aid in the germination of the seeds and starting
the young plants. When the roller is used it should be followed by some implement
that will stir the immediate surface into a dry dust mulch, in order to prevent this
water, when drawn up, from reaching the surface and escaping by evaporation.

Level culture will conserve the moisture better than ridged cultivation, there
being less surface exposed for evaporation. There is quite a prevalent notion that
ridged cultivation will increase the yield of potatoes, but experimeuts do not bear it
out. Late ridging, after the potatoes are set on, may be of some benefit in protect-
ing the tubers from the sun.

UNDERDRAINING TO CONSERVE MOISTURE

The lowering of the water table by underdrainage, on lands where it remains a
considerable portion of the time nearer to the surface than four feet, will increase
the amount of water available to plantsin two ways: '

() By increasing the supply of capillary water.

(b) By permitting a greater root development.

(a) Capillary Supply — The removal of the free water from a soil removes,
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to a great extent, the tendency of fine-grained soils to
contract into a puddled condition, also allowing the
various aggregations of particles to become broken up
and separated, and the soil to become more free and
open generally. In this way the amount of capillary
water that a cubic foot of the soil will retain is greatly
increased. This more open condition of soil allows
a free passage of water through it in all directions,
and enables a much larger proportion of a dashing
rain to enter it instead of running off the surface. It
also enables the surface to more quickly get in readi-
ness for cultivation after a rain, so that a mulch may
be developed, to prevent that which is taken in from
being lost by evaporation.

(b) Root Development — The root sys-
tems of farm crops do not, as many suppose, confine
themselves to the few inches of soil at the surface,
unless compelled to do so by a saturated soil or other
impassable barrier. There are few of our farm crops
but will penetrate to a depth of four feet if the soil is
in proper condition.

Where the soil is free and open to a good depth
there will be & much larger and better developed
root system, with corresponding increase of capacity
for absorbing and carrying moisture to the plant.
This last is & most important factor, as it frequently
happens, where the water table stands high during
the early part of the season, that there is so small a
development of roots that, when the piant reaches
the stage of most rapid development and most rapid
transpiration of moisture, the roots will not be able
to take in water fast enough to supply the needs of
growth, even with a comparative abundance of water
present in the soil.!

1 It is due to this fact that crops thrive and develop so much better
in a dry summer if preceded by a moderately dry spring than when pre-
y & ;'et, one.

F1a. 5. Photograph showing root de-
velopment of oats. (Prof. F. H.
King: Physics of Agriculture.)
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HUMUS AS A CONSERVER OF MOISTURE

The supply of humus,' as a factor in controlling the capillary supply of mois-
ture, can not be too highly valued. Its presence (a) produces a more porous con-
dition of soil, (b) prevents the soil particles from drawing togcther in a puddled
condition, (c) increases the actual capillary capacity, and (d) tends to prevent the
solidifying of the surface, thus serving to check evaporation in the absence of cul-
tivation, and making necessary less cultivation to maintain a good mulch.

AIR AS AN ELEMENT OF FERTILITY

As we have seen, air is necessary in the soil to supply oxygen for the develop-
ment of the nitrogenous plant food, and in its absence, though only temporary, this
plant food, once developed, may be reduced into an unavailable form, or even lost
from the soil.

Air is also needed for the processes of decomposition and other chemical action
that develop the various forms of plant food. Without air in the soil, the seeds of

“farm crops will not germinate. If after germination the air be excluded, they will
cease to grow, will get yellow and sickly, and, if this condition continues long enough,
will die. A soil may also be too open and admit of a greater circulation of air thun
is best. A very course, gravelly soil; land into which a large amount of coarsc
manure has been plowed ; or a piece of poorly plowed land left without any further
treatment, may in this way be subject to a loss of moisture by internal evaporation.

The supply of air in the soil may be modified by (a) tillage, (b) kind of vegeta-
tion grown, (¢) underdrainage, and (d) the addition of vegetable matter.

(a) Ventilation by Tillage— Almost all the different processes of tillage
produce a change of air at the time, and, also affect the movement of soil air for
some time to come. Plowing a hard, compact soil breaks it np and admits a freer
entrance and circulation of air, whereas, the plowing in of vegetable matter on soils
that are too loose and open will result in a beneficial restraint upon this movement.

Subsoiling will increase the air movement in the deeper soil.

ITarrowing may check the entrance and escape of air on fresh-plowed land where
ventilation i8 excessive, or facilitate the aération of lands that have lain without
stirring until a crust has formed over the surface. Disking and stirring with the
various forms of cultivators give more thorough atration to the seed-bed.

Rolling, by closing up the pores to some extent, usually results in a lessened

1 The influence of humus on moisture will be discussed more in detail under the head of ** Vegetable Matter
as a Factor of Fertility,” page 238.

[ )
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amount of air movement in the soil, and, on soils that are too open, will be beneficial
for this purpose. 4

(b) Ventilation by Vegetation — The growth of any kind of vege-
tation, by drawing the moisture out of the soil, tends to draw air in to take its
place. The decomposition of the roots of deep-feeding plants leaves openings that
admit of a greater a&ration of the deeper soil.

~ (c) Ventilation by Underdrainage — Underdrainage modifies the

amount of air in the soil* (1) By removing the free water that would otherwise
exclude the air. (2) By loosening up the soil and giving greater freedom of
movement. (3) The water in passing from the soil into the drain will tend to
draw the air into the soil to fill the space it has occupied.

(d) Ventilation by Addition of Humus — Vegetable matter, added
to the soil in the form of barnyard manure, stubble, weeds, sod, and other green
crops, plowed under, will have the effect of making a close, heavy soil more open,
and of binding together those that are too thoroughly atrated.

TEMPERATURE AS AFFECTING FERTILITY

A proper soil temperature is an indispensable factor of a high degree of fertility.
No matter how perfect the other conditions, if the temperature is too low germina-
tion and growth will not take place. Corn, for example, requires a soil temperature
of 60° to 65° Fahr. during a portion of the day, for satisfactory germination. If
the soil is so cold as to allow only slow and feeble germination the crop can never
make the growth and development that it would under the same after-conditions,
but with a good, vigorous start.

A certain degree of warmth is required also for the various chemical changes
incident to the decomposition and development of plant food. This is especially
true of the nitrogenous plant food. The nitrifying germs do not thrive below a
temperature of 55° Fahr., and do not attain their most rapid growth and elabora-
tion of nitrates until the soil temperature gets well up toward 100° Fahr.

The temperature of the soil also affects the rate of plant-feeding. As we have
seen,' the water and plant food of the soil are supplied to the plant by osmotic
pressure, and this, as well as the capillary movement of the soil water, is to a
marked degree affected by the temperature. If the soil temperature falls below a
certain point, this action may become so feeble as to allow the plants to wilt when
there is an abundance of water present in the soil.

1 See page 7, footnote.
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Poor Stands of Grailn are oftén caused, not by poor seed, as supposed,
but because the seed was placed in a soil too cold for germination. The above con-
sideration, coupled with the facts that the soil temperatures, under average field
conditions, between latitudes 40° and 45°, will not average above 45° Fahr. for the
month of April, or 58° Fahr. for the month of May, and that plants require the bulk
of their nitrogenous food during the early stages of growth,! emphasizes very
strongly the need of increasing the temperature of the soil, especially early in the
gpring.

Conditions Affecting Soil Temperature — These conditions are as
follows : (a) Color of soil, (b) topography of surface, (c) smoothness and compact-
ness of surface, (d) tilth, (e) wetness of soil, (f) rate of evaporation, and (g) amount
of vegetable matter being decomposed therein.

(a) CoLor oF SoiL— A dark-colored surface will absorb and pass on to the
deeper soil more heat from the sun than will a light-colored one, the difference
ranging from 1° to 3° Fahr.*

(b) ToroGRAPHY — A south slope will receive the sun’s rays more nearly verti-
cally than will a level ficld; hence a given cross-section of heat rays will be spread
over less surface of soil than on a level surface, or one sloping away from the sun.
Professor King found that a stiff red clay soil, sloping 18° to the south, had a tem-
perature of 70.3°, 68.1°, and 66.4° Fahr. for the first, second, and third feet in
depth, as compared with 67.2°, 65.4°, and 63.6° for the same kind of soil and the
corresponding depths on a level surface.

(c) SMooTHNESS AND COMPACTNESS— A rough, uneven surface, owing to the
greater amount of surface exposed, will radiate back into the atmosphere a larger
portion of the heat received than will an even surface. If the roughness is due to
a cloddy condition this loss is aggravated, since the poor connection between the
clods and the underlying soil prevents the heat being conducted downward. A
firm, compact soil will conduct the heat into the deeper soil much more readily
than one that is very loose and open.

(d) TiLLAGE—It follows from what has just been said that thorough culti-
vation, especially if deep, hinders the conduction of heat to the deeper soil. But
while the total amount of heat stored in the soil may be lessened on this account,
the temperature of the cultivated portion is very much increased by this concentra-
tion. This is one of the chief advantages to be gained by a thorough and early

1 See page 9, footnote. 2 A light-colored soil may be made materially darker

l by the addition of vegetable matter.
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preparation of the seed-bed. Tillage also favors a more rapid decomposition of the
organic matter in the soil, which action produces heat. Thorough preparation
further increases the temperature of the seed-bed by removing any excess of mois-
ture that may exist, and by checking evaporation from the surface.

(e) WETNEss OF THE SoIL— A wet soil is colder than a similar soil when dry,
for two reasons: (1) The various chemical changes which produce heat are taking
place less rapidly. () It requires a greater amount of heat to raise the tempera-
ture of a pound of wet soil through any given number of degrees than to effect an
equal increase of temperature in the same weight of dry soil. The specific heat of
water is much greater than that of soils. To raise the temperature of water a given’
number of degrees requires nearly ten times as much heat as for sand, weights
being equal in both cases. The matter of removing all excess of moisture is there-
fore very important, from this standpoint. For the same reason the manner of-
removing should be by underdrainage rather than by evaporation.

(f) EvaroraTioN — This process has a marked cooling effect upon the soil, as
much heat being required to evaporate a pound of water from the surface of the
goil as would raise through several degrees the temperature of a cubic foot of average
soil. Professor King records a difference in temperature, in favor of drained as
against undrained so1l, as great as 12.5° Fahr. on a cloudy day, and states that the
difference is due mainly to difference in rate of evaporation.

(g) ErrecT OF VEGETABLE MATTER — The decay of vegetable matter in the soil
increases its temperature (1) by making it darker colored, so that more of the sun’s
heat will be absorbed, (2) by lessening evaporation of water from the surface, and
(3) by reason of heat produced in the process of decomposition.!

MECHANICAL STRUCTURE AND ITS RELATION TO FERTILITY

The size of the soil particles, and their mechanical relation to one another, is
not the least of the factors that determine the value of a soil for the production of
crops. Soil grains vary in size from the coarse grains of sand down to particles so
fine that they can be seen only by the aid of a powerful microscope. The smaller
the particles, the larger the amount of soil-grain surface in a cubic foot of soil. A soil
- with particles of a given average size contains practically ten times as much surface
as one whose particles are ten times as large. The amount of surface, other things
being equal, determines the rate of solution of the mineral plant food.

1 Everyoneis familiar with the generationof heatin | proportionally upon the decomposition of all organic
the fermenting manure heap, and with the use of ma- | matter everywhere.
nure to develop heat in hot The same result follows

8
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The amount of surface also affects the amount of moisture that may be held in
the form of a film around the soil grains. The amount of surface also is a measure
of the amount of feeding ground allotted to the plant roots growing in the soil. A
column of soil one foot square and four feet in depth (to which depth the roots of
most of our farm crops penetrate), whose particles have an average diameter of .01
of an inch, would expose a surface of .34 of an acre, while one whose particles aver-
aged .001 of an inch would have a soil-grain surface area of 3.4 acres. The size of
the soil particles very materially affects the amount of pore space in a soil, as well as
the size of the pores. The larger the particles, the larger the pores, but the smaller
the aggregate amount of pore space;' and a greatly lessened proportion of this
space will consist of pores small enough to hold water, or to draw it from the decper
soil by capillary attraction.

It follows from the foregoing that, generally speaking, the finer the soil the
more capillary water it will retain, and the greater will be its power to draw water
from supplies deep down in the earth. It is possible, however, for both water
movement and water capacity to be lessened by an extreme fineness of soil grains.
In the case of an extremely fine clay soil the particles may be so drawn together
by their attraction for each other, rendering the interspaces extremely fine, as to
permit only a comparatively small amount of water to enter these various aggrega-
tions. An extremely fine-grained soil, with its consequent fine pore spaces, is
unfavorable to thorough aération ; neither does it allow the roots proper freedom in
penetrating and exploring the feeding ground. Any tendency toward a puddled
condition in these soils is apt to affect the uniformity of development of the root
systems, and in the case of tuberous crops, as potatoes, or root crops, such as sugar
beets, may materially affect the condition and quality of the crop.

How Certain Physical Defects may be Remedied — (a) Tillage
when the soil is in proper condition will break up the contracted condition and
increase the aération and capillary capacity of the surface portion of very fine soils.

(b) Freezing expands these soils, forcing the particles apart. Its beneficial
effects on a stiff clay soil can hardly be estimated, especially if not counteracted by
heavy rains after the frost goes out. The thoroughness with which the frost does
this work can not be duplicated by the use of any tool or combination of tools.

(¢) Underdrainage, to prevent the free water remaining in the soil, is a great
factor in' preventing its contraction.

1 The amount of pore s}mcein&cubicfootol’ soilthat | from a little more than one-third in the cam of a fine
pied, or pied only by air or water, varies | gravel to over one-half in some of the tinest clay soils.
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(d) The growth of grasses whose roots will thoroughly fill the upper soil, and
of the legumes, whose larger roots penetrate the deeper soil, is an important aid in
loosening up and expanding these soils. The decaying roots and other vegetable
matter, if sufficient in quantity, will effectually prevent their contraction into a
puddled condition, will render them
stantly more loose and open, will make
much more easily cultivated, and, in
will improve them in every way. Dec:
vegetable matter also tends to bind tog
those soils that are too course and +
pores are too large, increasing their w
holding, capacity and decreasing evapor
therefrom.

VEGETABLE MATTER AS
A FACTOR OF FERTILITY

Lands continuously cultivated grad
diminish in productive capacity. The gr
of any kind of vegetation, as we have
takes up a certain amount of various mi
elements from the soil. The discove
this fact, and of the additional one that
several substances are nccessary clemer
plant food, naturally led to the concl
that the loss in productive capacity mu
due to the diminished supply of mi
plant food, and that any successful effc
maintain or increase the fertility of :
must lie in the direction of replacing
elements by artificial means.!

The table® on the following page ¢
how much of each of the three eler
most readily lost from the soil is ren
therefrom in the production of various c

1 In some of the States more than $6,000,000 is ex. 3 Adapted from publications of the United States
pended annually for commercial fertilizers in an effort | Department of Agrimsture.
to increase the productiveness of the land.
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FERTILIZING CONSTITUENTS REMOVED FROM SOIL BY GIVEN QUANTITIES OF CERTAIN CROPS

Phos-
KIND OF CROP. Welght of | Nitrogen. | Potash. | phoric
aterial. cid.
Pounds. Pounds. Pounds. | Pounds.

Alfalta, dry.... 2,000 44.00 34.00 10.60
2,000 14.40 11.20 2.60
Barley, gra.ln OM{V 2,000 85.00 12.00 15 00
Beans, kernels on 2,000 80.00 24.00 24.00
Beets, red, roots only 2,000 4.80 8 80 1.80
“ 2,000 8.80 9.20 1.60

-12,500 t0 3,060 4.60t012.00| 5.54t017.20/1.47t04.74
Buckwhen.t - 2,000 16.70 48.40 12.20
2,000 10.20 8.60 2.20
C&bbane 2,000 7.60 8.60 22
3 07 2,000 8.20 1020 0.20
Clmr. Alslke dry seteeececesmacnscrtescnsanenesnntannsasanaasnsaannes 2,000 46 60 40.20 14.00
............. 2,000 8.80 4.00 2.20
“ orimBOD, ALY . ..o i 2.000 40.00 25.00 7.60
........... 2,000 8.60 9.80 2.60
DO 527 190 ¥ 28 P 2,000 42.00 40.00 10.00
DA 1.3 .- - RS 2.000 10.60 920 2.60
" 2,000 50.00 30.00 14.00
gree e 2,000 11.20 4.80 4.00
Corn. ﬂeld (kernels and cob8) ... . 2,000 28.20 0.40 11.40
fodder,dry (withears) ... ... ... .o .. . .iioiieiiiiiaio. 2,000 86.00 18.00 11.00
“  sweet (whole }.»Iant., to produce one ton husked ears) . . 5,260 15.20 17.80 5.80
Cotton (to dproduce Ibs. Mnb) oo o7 20.71 13.06 8.17
Cow-pea. y. whole plant.. e et teeeameieeem—anan 2,000 39.00 20.40 10.60
........................... R 2,000 5.40 6.20 - 2.00
Flax (to produ(,e 100 Ibs. fiber) ... ... iiiiiiiiiiiiiaoa.. 687 12.87 7.29 6.76
Hemp (to produce 100 Ibs. clean fiber) ... ... ... ....... 598 06.27 10.13 3.32
Hops,leavesand stems. ... ... ... e 2,000 15.00 17.60 8.00
Kentucky blue grass. ... ... e iiaiiaaaaaa. 2,000 23.80 31.40 8.00
Lettuce Jeaves ... .. iiiiae.. 2,000 4.60 7.40 1.40
Millet, dry ... 2,000 25.60 84.00 10.00
DR -4 3 - P 2,000 12.20 8.20 3.80
Qats, hny.in L5 10 2,000 24.00 50.80 13.40
* o green fodder. ... ... ...en i 2,000 9.80 7.60 2.60
“ogralnonly .ol 2.000 40.00 12.00 16.00
[0 11 10T 1T S 2,000 4.00 3.50 2.50
PArBNIPS .. oo i ciemceeieieaaa 2.000 4.40 12.40 8.80
Peas, dry,in bloom. ... ool 2,000 66.00 34.00 10.20
R -4 o < WU 2,000 10.00 11.20 3.60
“ Beed ONlY ..o 2.000 80.00 20.00 16.00
Potatoes, Irish, tubers .. e eeiaeaaaaas 2.000 4.20 5.80 1.40
“ BWEEL, FOOLS . . - . oot 2,000 4.80 7.40 1.60
Pumpkins, whole fruit ....._..................... . 1 2,000 2.90 1.80 3.20
Rice, unhulled grain only - .e- 2,000 20.80 5.60 9.40
Rye, grain only_. 2,000 385.00 11.00 16.00
Sugar cane, leaves and tops re , 000 3.40 217 1.48
Timothy hay 000 25.20 30.60 9.20

Tobacco (to produce one 2,600 to 3,000 44 to 1:20.101 70to 170 [11.8t020.4

Tomatoes, fruit__ 2.000 3.20 5.40 1.00

Turnips, roots .......... . 2,000 3.60 7.80 2.00
Whem. winter (to produ grain) 5,000 51.11 28,88 222

It is the gravest error, however, as has been previously pointed out, to consider
that the fertility of a soil depends upon its supply of mineral plant food ; neither is
it any more correct to consider the supply of soluble mineral plant food in any soil
as a definite amount, like so much horse feed in a barrel, to be drawn upon until
exhausted, with no power in the barrel to renew the supply.

As has been shown, all
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soils have their origin in the rock masses of the earth, and what has been developed
from a given material may continue to be developed therefrom under like condi-
tions ; under improved conditions the rate of its development may be accelerated.
If there were no means of replacing these elements from the foundation soil, the
estimates that have so commonly been made as to the number of years a given
soil might be expected to produce a certain crop, based upon the amount of plant
food in the soil as shown by chemical analysis, and the quantity taken up by an
average growth of this crop, would be entirely erroneous.

This method of calculation takes no account of leaching, which in humid or semi-
humid climates is very great, there being leached out of an average soil by the
percolating waters from five to seven pounds of plant food for every pound taken
up by the crop.

It is also a decided error to refer to the sale of so many pounds of plant food,
contained in grain, as the only, or even the greatest, evil resulting from the continued
production of grain crops and their sale from the land. Even if the whole crop
were returned to the soil, there would be replaced only 15 to 20 per cent of the
mineral plant food that has been given up by the soil during the production of
that crop.

As the rock fragments are decomposed and dissolved, a part is taken up by the
plants, and, as we see, a much larger part is carried away by the percolating waters
to the sea, to be again laid down, to go through the process of rock formation, and
perhaps at some future day to repeat the process now going on.

It may still be asked, what causes the reduction in fertility, if not the reduction
of the amount of soluble plant food?

The answer is, a lessening of that element in the soil which not only affects, but
very largely controls, all the factors of fertility heretofore discussed, namely, humus.

Effect of Humus on Mineral Plant Food — The supply of vege-
table matter in the soil not only improves the mechanical condition thereof as
regards the decay of the rock fragments, but the heat generated by its decom-
position and the humic acid supplied therefrom are among the most potent agents
in rendering soluble the mineral plant food.

The following experiment is given to show the effect of vegetable matter in
decomposing and rendering soluble the inert mineral matters of the soil. It also
illustrates the loss of this soluble plant food from a soil, aside from what is taken
up by the crop, as the soil was kept bare. Two boxes were filled with soil identi-
cally the same, except that to one was added 20 per cent of its weight in cow
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manure. These boxes were treated exactly alike for twelve months, the soil
receiving an occasional stirring. At the end of this period an analysis showed an
increase of 30 per cent in the soluble plant food of the soil to which manure was
added, after making allowance for what was contained in the manure, while that
which received no manure showed a loss in soluble plant food of 4.36 per cent.

According to a series of experiments that have been carried on for a number of
years at the Minnesota Experiment Station, continuous grain-cropping where (a) no
manure was applied resulted in the reduction of the humus content of the soil at
the rate of 1,500 to 1,800 pounds an acre per annum. But where (b) a rotation was
practiced that had clover for one of its factors, and had the second-growth clover
plowed under as grecen manure, there was at the end of the first complete rotation
not only no decrease, but a very decided increase, in the amount of humus in the
goil. The amount of soluble plant food was very greatly reduced in the first case,
while in the latter there was a decided increase. This, too, in spite of the fact
that the rotation lands had in consequence thereof produced larger crops which had
consequently removed more plant food from the soil. The increase in yield was five
bushels of wheat and twenty bushels of corn to the acre.

The more abundant the vegetable matter in the soil, the more rapid will be its
oxidation and reduction. It is found also that the amount of soluble plant food is
reduced much more rapidly than is the humus content, the change in this latter
showing itself very quickly in its effect upon the mechanical condition of a soil, and
consequently upon the decomposition of its particles.

Professor Snyder has done quite extensive work in the way of collecting and ana-
lyzing soils that have been cropped in various ways; also of soils that have not been
cropped at all. He finds that a native prairie soil contains about twice as much
vegetable matter, and three to five times as much of the more important elements of
plant food in a soluble form, as adjacent soils that have been continuously cropped
with grain for fifteen or twenty years, while many farms that have been under culti-
vation for much longer periods, but svhich have been allowed to produce an occa-
sional crop of timothy and clover (receiving now and then a dressing of manure),
remain in a condition almost equal to that of the native soils. One particular
instance may be cited. Of two adjoining farms, both under cultivation for thirty-
five years, and originally alike, one has received frequent dressings of manure, has
produced wheat, corn, oats and timothy, and clover in rotation, and shows no
apparent decline in fertility. The other has grown grain continuously without
receiving any manure or vegetable matter in any form. During the first few years
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heavy crops were raised, but during the past few years the yields have been very
low, especially in dry years. It is estimated that the producing power of this piece
of land has been reduced 68 per cent. A neighboring farm that has been under
cultivation for forty-two years, and has received a systematic rotation, with a dress-
ing of manure, every five years, at the rate of ten tons per acre, is in even better
condition than the one first mentioned.

Effect of Humus on Moisture of Soils —It has been found that a
native prairie soil will retain about 20 per cent more moisture than one that has
been continuously grain-cropped for fifteen or twenty years.

Some samples of soil taken in 1899, to a depth of four and one-half feet, showed
the following relation to each other in percentage of moisture and total volatile
matter. The samples were taken on the same day on land that was almost level,
being taken from adjoining plots, which had produced the same kind of a crop,
and had had the same kind of cultivation and treatment throughout the season.
The results are averages for the four and one-half feet in depth.

Vegetable Matter Moisture
SAMPLE. Per Cent. Per Cent.
B (o PN 2.87 11,98
D o e TP 4.5 2.7

A soil will not yield all its water to plants. In a good average soil, plants can
not reduce the moisture below 6 or 7 per cent. So that soil No. 2 contained at the
time of sampling less thun twice as much vegetable matter and more than two and
one-half times as much available moisture as No. 1. In experiments to determine
the effects of manure upon evaporation it has been found that a good application
of well-rotted manure, well worked into the soil, will reduce the evaporation to the
extent of one ton of water per acre per day.

To show the effect upon the moisture capacity of a soil produced by an extreme
amount of vegetable matter, the following example is given: This sumple was
taken on a piece of permanent pasture land and to a depth of four feet. The per-
centage of vegetable matter present was 34.66, and the moisture content was
63.13 per cent.

During the extreme drought of 1901 the moisture was so conserved on a plat
very rich ifi vegetable matter, as to result in a yield of over eighty bushels of corn
to the acre; while a plat a few rods distant, on practically the same level and
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Fi1a.7. Photograph of corn, showing
moisture-conserving effect of v
table matter in the soil during a
season. (Edgerton.)
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receiving the same cultivation, but poor in humus,
produced less than twenty bushels per acre. (Figs.
7 and 8.)

The loss of vegetable matter produces a decided
effect upon the soil in another way especially notice-
able in wet seasons or after heavy rains. As the
vegetable skeleton is decomposed the soil particles
are allowed to come together more closely and form
greater obstruction to the passage of the excess of
water through them, so that even if well under-
drained a much longer time is required for the sur-
face to get in proper condition for cultivation, and
for the soil to receive a new supply of air for the
use of roots and the various germs. The writer has
known this difference in vegetable content to mean,
on the one hand, the almost continual exclusion of
air from the soil,
with no opportunity
for cultivation; and,
on the other hand,
fairly good a¥ration,

a fair opportunity
for cultivation, and
a good healthy

growth of crop. (Figs. 9 and 10.)

Effect on Aération —In soils that are at
all compact the problem of improving the a&ration
is a very important one, and for this purpose no
treatment or manipulation can be applied that will
duplicate the effect produced by the presence of

decaying vegetable matter.

Tillage will open up

the surface portion but can not extend to the deeper
soil. After the soil is stirred, in the absence of & .8, Photograph of corn grown on

soil having the same elevation and

good supporting vegetable skeleton, it tends to located %a y @ fow rods from u,.t
scttle and draw together again, gradually cutting off B e o Jomd 22

tion, contained a v ery small amount

the air movement. In very fine soils & heavy rain, of vegetable matter. (Edgerton)
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soon after the stirring takes place, may cause almost an entire suspension of air
movement. The presence of a good supply of vegetable matter will maintain a
constant open condition on any well-drained soil under almost any conditions of
rainfall. The growth and decomposition of somewhat fleshy roots, as of clover
and alfalfa, open up passageways for the air into the deeper soil. On sgoils that
are too coarse and open, vegetable matter, by increasing the amount of water held
and binding the particles togegher, also by partially filling some of the larger inter-
spaces, tends to hold in check the excessive air movement of such soils and thus to
lessen internal evaporation.

Influence on Soil Temperature—As we have observed, the temper-
ature of a soil is a very important factor. Vegetable matter affects temperature
(a) by making the soil darker in color, and enabling it to absorb more of the sun’s
heat ; (b) by lessening evaporation, which is a cooling process; (c) by enabling the
soil to get rid of its surplus water by percolation, so that the same amount of heat
will raise the temperature of the soil to a higher degree ; (d) by its decomposition,
and by furnishing conditions more favorable for the action of the countless germs
in the soil, and for the more rapid decomposition of the mineral matters. Almost
all of these processes of decomposition generate more or less heat.

Methods of Increasing the Humus Content of Soils —As pre-
viously stated, the production of a cultivated crop on an average soil will result in
the loss from that soil of from 1,500 to 1,800 pounds of humus per acre, which in
some manner must be replaced if the fertility of the soil is to be maintained. There
are three ways in which this may be done: (a) By the application of manure, (b)
by proper rotation of crops, and (c) by a combination of the first two.

(a) APPLICATION OF MANURE— From what has been said it is but a logical
deduction that the sale of the roughage from the farm, or the burning of the straw,
is far worse for the fertility of that farm than is the sale of the grain portion of the
crop, inasmuch as the greater portion of the vegetable fiber of a crop is contained
in the fodder portion. If lands are to produce grain or other cultivated crops
continuously, and to be maintained solely by the application of manure, they will
require a dressing of at least fifteen tons of well-rotted manure every five years,
or as may sometimes give better results, a dressing of three tons each year. This
should be thoroughly worked into the soil.

The time of application should be governed by the crop that is to follow. More-
over, unless manure is plowed in soon after being drawn, the condition and topog-
raphy of the surface will have a great deal of influence upon the loss that may
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occur. Manure spread and allowed to lie for some time on a stiff clay, with an
unplowed surface, especially if rolling, or on rolling ground when frozen, may be
subjected to heavy loss by the action of rains leaching through it and carrying
portions of it away in the surfate drainage.

(b) ProPER RoTATION — This means not only that various crops shall be
grown, but that the variation shall be such as to allow the ground to be covered a
_portion of the time with crops, perennial in their nature, that do not require culti-
vation, so that they may be left to occupy the ground long enough for their roots

Fia. 9. Photograph showing how un-
derdrainage may be rendered inef-
fective during a wet season by lack

of humus in the soil.

(Edgerton.)

to thoroughly ramify the soil. It has been clearly
demonstrated that such a system may result, not
only in maintaining the supply of vegetable matter
in a soil, but in increasing it, while at the same
time, larger crops are being produced.

As regards the crops adapted for this purpose:
Some of the leguminous plants should be used in
tho rotation, as they will not only increase the supply
of nitrogen, but, their roots being large and pene-
trating deeply, they will open up and add humus to
the deeper soil. Some of the grasses that develop a
good sod, as timothy, blue grass, or orchard grass,
should also have an occasional place in the system, as
their roots permeate all parts of the soil most com-
pletely and greatly improve its mechanical condition,
cspecially as regards the upper portion, or that which
forms the secd-bed.

(c) CoMBINING ROTATION WITH APPLICATIONS
OF MANURE— A combination of the two methods
just described is much better than either one alone.

The application of manure can not well be made
to reach the subsoil with its physical effects, and,
on the other hand, the soil may be improved much
more rapidly by the addition of manure than by
rotation alone. Also, if so desired, a larger per-
centage of grain crops may enter into the rotation
without injury to the land, if the rotation is supple-
mented with an occasional dressing of manure,
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MIXED FARMING

The surest way to improve the fertility of a piece
of land, or even to maintain it, is to employ such a
mixture of stock and grain-growing that practically
all the grain and roughage that is raised on the farm
will be consumed thereon. If no stock is kept, the
only incentive for rotation is the improvement of the
soil, and consequently it is too apt to be neglected.
If there is a considerable amount of stock the grow-
ing of grasses and clover has for its additional purpose
the supplying of pasture and hay for the animals.
In the latter case, also, the manure, a large part of
which is sure to be lacking in exclusive grain-grow-
ing, is a consideration of value.

The kind of stock used is of minor importance
8o long as it is such a class or combination of classes

as to utilize the ‘“roughness” for either food or bed-

ding. Itisvery much better to have the straw worked
into manure by utilizing it for bedding than to let it
rot in the stack.

Bedding should be used freely enough with all
animals to absorb all the liquid, as there is often more
plant food voided in the urine than in the solid ex-
crement. Furthermore, the liquid portion of the
excrement is in such condition as to be very readily
transformed into available plant food and thus to give
quick returns for its application.

There is a difference, however, in the concentra-
tion and mechanical division of the excrement from
the different clausses of animals which renders the
immediate effects of their application decidedly
different. For example: The application of one
ton of sheep manure will produce much greater im-
mediate results than the same amount of the manure
of cattle, the difference in concentration making it
somewhat richer (it has a considerably less percentage

Fra. 10. Photograph of corn grow-
ing on the same level and only 100
feet from that shown in Fig. 9, on
land having the same underdrain-
age, but with a larger quantity of
vegetable matter in the soil. (kdg-
erton.)
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of water), and the difference in mechanical division making its content of plant
food more readily available and so increasing its immediate effect upon the soil.

Commercial vs. Natural Fertilizers —The term ¢ commercial fertil-
izers,” as used here, is intended to apply in its entirety only to those fertilizers
made by grinding up various kinds of rock material that contain a high percentage
of one or more of the essential elements of plant food. Those having an animal or
vegetable origin (like tankage from slaughter-houses, the guanos, etc.) have a value,
as heretofore explained, aside from the actual plant food contained.

Owing to the multiplicity of causes that usually combine to produce a given
effect in the agricultural world, it very commonly happens that first couclusions as
to the cause of a given result cover but a small portion of the actual field.

It was but natural, in the present case, that inasmuch as the percentage of
soluble plant food in a soil decreases as the yield of crops decreases, the soil’s con-
tent of soluble plant food should at first have been considered the sole controlling
factor in crop production. The logical procedure from such a basis would be an
attempt to maintain or increase the productiveness of the soil by adding to it some
material containing -these essential elements in large quantity. Hence, there has
grown up an immense industry, based on this theory, and more or less patronized
by all the older sections of the country. Most of the Eastern States spend annually
millions of dollars in an effort to increase the productiveness of their soils by this
method. That some benefit is often derived from such application there is no
* doubt, and in favorable seasons and under certain conditions the effect may even
be very marked. The outcome, however, is very uncertain, owing to the fact that
such an application, as a rule, affects only the one factor of fertility, namely, the sup-
ply of mineral plant food. The moisture capacity, temperature, atration, etc., are
unaffected thereby. Itfollows that very often this application produces no increase
in yield, and the total crop is sometimes worth no more than has been expended on
commercial fertilizers for its productlon

The mineral plant food contained in these fertilizers is only partla.lly soluble,
and those who have been using them for years have discovered that by mixing them
with manure and maintaining proper conditions for fermentation these materials
will be rendered much more soluble. It is only reasonable to suppose that a similar
action would produce a similar effect when applied to the same materials already
in the soil. This we have seen to be the actual result as evidenced by experi-
ment.

Therefore, when we remember that the soil contaings an abundance of these
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necessary mineral elements, in one form or another, and that the conditions neces-
sary for their rapid transformation into available form are also the conditions most
favoring the other factors of fertility, we can only conclude that millions of dollars
are annually being wasted. In fact, money spent in this way is very often worse
than wasted, because if the proper methods were pursued, the farmer would not
only save that expense but enjoy a much larger yield of crop and an improved
condition of soil for years to come. When a man buys such fertilizer he is spend-
ing money for a commodity which he already possesses in greater abundance than
lie can ever hope to utilize.

In short, it is poor business policy to buy what you can grow or develop yourself
without any expense, especially when by so doing you are increasing your gross
returns and permancntly improving the condition of your lands in other ways.

An extensive series of experiments with the various commercial fertilizers and
barnyard manure conducted by the Michigan Agricultural College furnishes a good
illustration.! This report covers nine separate sets of experiments, conducted, one
at the college and one in each of eight different counties.

The crops used were corn, potatoes, beans, and sugar beets. A statement of
the condition of the lands used is lacking in most of the cases, but those described
are spoken of as having been severely and injuriously cropped. These results do
not show much benefit to have been derived by the use of commercial fertilizers
over no fertilizers at all, whereas, the increase in yields of plots fertilized with
manure over those fertilized with commercial fertilizer was very marked, and in some
cases almost double. This, too, in the face of the fact that in some cases, at least,
the manure was applied in a coarse and unrotted condition, a procedure that would
not, by any means, give the best possible results for that year.

Many similar cases might be given, but this example is sufficient to show the
immediate effects produced by manure, and it very frequently happens, in the appli-
cation of manure, especially if it is not well rotted before being applied, that much
greater benefits will be derived therefrom in the second and third years after appli-
cation than in the first, and the effect may continue to be noticed for years.

An idea of the immediate benefits that may be derived from the growing of legu-
minous crops upon the land may be obtuined from the following examples :

Prof. J. F. Duggar reports an experiment in which the plowing under of a
crop of cow-pea vines, after the peas had been harvested, gave an increase in yield
of 250 per cent of wheat, 300 per cent of oats, and an increase in seed-cotton worth

1 Bulletin 181, Michigan Agricultural Experiment Station.
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Fio. 11.  Photograph showing beneficial effects upon the soil of growing
leguminous crops, alfalfa being used in this ¢xperiment. The two
larger samples of oats and wheat were grown upon alfalfa land, the
two smaller ones upon land that had been continuously insome grain
or cultivated crop. (Prof. B. . Buftum, Bulletin 44, Wyoming Ex-
periment Station.

(at 63c.) $16.50 to $17.40 to
the acre. Inanexperiment
at the Wyoming Station,
a tract of land of uniform
condition and quality was
divided, and one-half seceded
to and allowed to remain in
alfalfa for five years. The
other half produced each
year a crop of grain or pota-
toes. At the end of the five
years the whole plot was
plowed, prepared, and each
half planted to the same
crop. The increase in yiold
from the alfalfu land over
that from the land that had
been continuously cropped
with cultivated crops, when
figured at the local market
prices, was equal to $16 per
acre. This was figuring the
crop from the two sections to
be of equal quality, whereas,
as a matter of fact, there
was considerable difference
in quality in favor of the

alfulfaland. Where plants are enabled to go right along with a normal and vigorous
development they can elaborate and store np in their sceds a larger amount of
material, and plumper, heavier seed will result than where the plants are less
thrifty, or where their development is cut off by a sudden shortage in moisture
supply or other canse. In the above cuse oats from the alfalfa land weighed forty-

three pounds to the bushel.?

1 The legal weight of oats in the various States ranges between 26 pounds (Maryland) and 36 pounds (Oregon

and Idaho).
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SOIL AMENDMENTS

There may occur, either from improper treatment or from unfavorable natural
conditions, soil conditions that may be greatly ameliorated by the application of
certain mineral ingredients as corrective agents. As we have seen, lands that have
become unproductive through too great an accumulation of carbonate salts (black
alkali) may be greatly improved by an application of gypsum to change these salts
into the sulphate (white alkali) form, which is less injurious. Close, heavy soils,
or even lighter soils, under improper conditions may become seur. In such cases
an application of lime will be found of great value. From twenty to seventy-five
bushels may be applied, according to the severity of the case. A direct application
of lime is sometimes injurious to certain crops, so that the safer plan will be to
make any such applications the fall before the land is to be put into crop. Lime
may also perform a very valuable service in improving the texture of very fine heavy
clays, by flocculating® the minute particlés and thus rendering such soils more free
and open for the entrance of air, the movement of moisture, and the penetration of
roots.

UNDERDRAINAGE
WHAT TILE DRAINAGE DOES

In what has gone before, many of the various soil amendments effected by proper
drainage have been indicated in their connection. We may now summarize these
benefits :

It has been shown that air (the most important components of which are nitro-
gen, oxygen, and a small proportion of carbon dioxide) must be present in the soil,
being essential to the germination of seeds, to the growth of plants, to the activ-
ities of the nitrifying bacteria, to the life of the parasites of the legumens, and to
the chemical changes that sct free mineral plant food in the soil. Free water
excludes air, and the mischief, as has been seen, does not end with the simple
cessation of the processes mentioned; for the denitrifying bacteria, deprived by
excess of water of the oxygen they require, extract the needful element from the
nitrates, so locking up or even setting free available nitrogen.

Underdrainage Aérates the Soil — (a) By improving soil texture, or
making possible such improvement, so as to admit air to spaces formerly occupied
by free water; (b) by admitting plants to a deeper growth and providing livable

1 This term refers to the gathering together of the fine particles into groups or clusters, and has the cffect of
making the soil somewhat coarser.
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conditions for earthworms and burrowing animals, all of which aid in ventilation ;
(c) by permitting the flocculation of the clay subsoil and by lessening its tendency
to contract upon itself; (d) by the agency of the lines of tile themselves, into which
soil air is forced by barometric high pressure or expansion due to rising temper-
ature, and from which the plant roots derive fresh air when barometric low pressure
or fall in temperature produces a partial vacuum in the soil.

Effect on Soil Moisture — We have also observed that plants can not
properly develop without an adequate supply of capillary moisture. In the under-
drained field the reservoir of capillary water has been increased ; surface washing
and leaching are both reduced, owing to the greater capacity of this reservoir to

handle the rainfall ; a heavier rainfall
may be received without making the
surface soil too wet for proper cultiva-
tion. By no means of least importance
is the fact that the larger root develop-
ment, that is stimulated by underdrain-
age, enables the plant to absorb a given
amount of water with a much less per-
centage of moisture present in the soil.
Effect on Soil Temperature
— A warm soil, as we have learned, is
also of the greatest importance. Un-
derdrainage aids greatly in the produc-
tion of a warmer condition of soil : (a)
By removing the surplus moisture by
percolation instead of evaporation ; (b)
by decreasing the amount of surplus
water in the soil, and thus enabling a
given amount of heat to warm a larger
amount of soil ; (c) by enabling the soil
in the early spring to absorba larger pro-
portion of the warm rains (such rainfall
containing a very large amount of latent
heat); and (d) by improving the condi-
Fio.12. Photograph showing shallow rooting of corn in  tions for decomposition and various

bndrained soll.” (Prof. F. H. King : Physics of dgricul- o} emical actions which produce heat.
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Effect on Alkali Lands—It has also been pointed out that an excess of
salts (forming alkali lands) may be fatal to the growth of vegetation. Underdrain-
age is the only practical, permanent remedy for such conditions.

WHEN DRAINAGE IS BENEFICIAL

The kind of lands that need underdraining are: (a) Flat lands with basins, or
where surface drainage is very poor; (b) comparatively flat lands, if of large area,
that receive the surface drainage from higher ground ; (c) low-lying lands that are
kept too wet by the natural underground seepage from the surrounding higher
lands; (d) flat lands, of considerable extent, having fair surface drainage but
underlaid near the surface with thick beds of close, impervious clay; (e) hillsides
where there is an outcropping of water-bearing strata ; (f) lands that are subject to
inundation, especially if of a somewhat fine texture, or if surface drainage is not
first class; (g) lands requiring excessive irrigation for special crops, as rice: and
(h) alkali lands. i

All lands in which the surface of the free water remains for any considerable
length of time nearer the surface of the ground than three feet will be benefited
by underdrainage. This may be determined by digging a hole with a spade or post
auger, in which the water will stand on a level with that in the surrounding soil.

HOW TO DRAIN LAND:

Location of Ditches — The getting of a proper outlet is of course the first
consideration in locating a tile drain. The outlet should be as free and unob-
structed as possible; any obstruction at the mouth will tend to fill up the drain
farther back, for the water is carrying more or less sediment almost all the time,
and if the flow is checked the sediment will be deposited. It must be so located
that there will be a continuous rise in the line of tile from this point to the source,
else there will be a stoppage from the same cause.

In draining level land that is not affected by seepage from higher lands the
drain should in a general way follow the lower land. The exceptions occur where
there is so little difference in altitude between the outlet and some of the lower
portions of the field to be drained that the tile can not be placed far enough below
the surface in the lower portion to insure its remaining undisturbed ; or where, to
reach some low point in the field at a given altitude, it becomes necessary to cut
across and shorten the distance of the main line as much as possible.

Wet sloughs or draws that have a fair slope of surface are usually wet because

S
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of seepage water from the higher ground on either side, and will be dry ground if
this is cut off. So, in a wide draw, the best plan is to run a line of tile up either
side to catch this water as it comes from the higher ground. Where the draw is
narrow, one line up the center will usually answer every purpose.

In draining any piece of land the conditions should be carefully studied, and the
actual source of the water that is causing the trouble should be determined. Level
lands that are wet because of seepage from higher ground will usually be more
thoroughly dried by running one line of tile along the outcrop (several feet, it
may be, above the main body of wet land), to catch this water as it comes out
and prevent it getting into the other soil, than by a whole network of underdrains
distributed through the level land to remove the water after it once gets in. The
same principle applies to boggy hillsides and all lands made wet from the outcrop
of a water-bearing stratum.! The mistake has very frequently been made, in
attempting to drain such places, of putting the tile on the lower side to catch the
water after it has passed through the other soil and has done more or less damage,
instead of on the upper side, to catch it before it gets into the adjoining terri-
tory. -

In determining the location of a system of tile drains on level land a level
should be used, as the eye, measuring as it does by comparison with surrounding
objects, can not be depended upon to tell which are the lowest and highest points.

Depth of Drain — Except where the outlet is such as to necessitate a
shallower ditch in order to maintain a proper fall, tile should always be placed four
feet below the surface, and for the following reasons :

(a) To obtain, as we have seen, a large reservoir for capillary water and a larger
field for root development.

(b) To enable a given line of tile to drain a larger area.?

(c) To enable the excess of water to get away more quickly after a heavy rain.
It is a mistaken idea that a shallow-laid tile will carry off the surplus water more
quickly after a rain than a deeper one. Aside from the fact that the deeper-laid
tile develops a larger reservoir, into which this surplus water can sink many
hundred times as fast as it can get into any tile, the water will find its way through
the soil to the deeper tile faster than to the shallower one, by reason of the steeper
incline of the surface of the free water that may be developed. The water reaching

1 This water-bearing stratum may be a layer of | attraction of the soil particles, which hinder its flow, it
sand or gravel, or any other porous substance, with a | recedes on an incline so that a tile 4 feet in depth will
la,)er of clay or other less porous substance beneath. draw the water from a distance at least one-third

2 The surface of the free water does not extend | greater than one 3 feet in depth.
from the tile on a level, but owing to the friction and the
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the tile may also be forced into the deeper tile faster than into the shallower one,
by reason of the greater pressure developed by the greater depth, or head of water.

Establishing the Grade and Cutting the Ditch —In some sec-
tions tiling consists largely in the drainage of sloughs or other lands that have a
good fall all the way from source to outlet. In such districts a careful man of
good judgment may do a good job without using a level ; especially if he have run-
ning water for a guide. Such cases are, however, comparatively rare. The first step
in establishing the grade is to determine the distance between the source and the
outlet, and the difference in altitude between the outlet and the bottom of the pro-
spective ditch at the source. The amount of this difference in altitude, divided by
the number of hundred feet in length of ditch, will give the amount of fall for each
hundred feet of ditch. The fall or grade should be made uniform all the way, unless
the conditions are such as to bring the steeper grade at the lower end of the drain.

If the steeper grade be at the upper end of the line, sediment will be deposited
in the lower portion of the drain, where the water runs less swiftly. If the topog-
raphy of the area to be drained is such as to necessitate a steeper grade in the
upper portion, then a silt basin should be constructed at the point where the
change in grade is to be made, for the purpose of collecting the sediment brought
down by the swift-running water and preventing its getting into the lower portion.
This basin should extend two or three feet below the line of tile, and should be
occasionally cleancd, as the sediment gathers.

A fall of two inches for every one hundred feet should be secured where possible.
In the draining of flat lands this will very often be impossible, and in such cases the
greatest care must be taken to have the line of tile true to a line of uniform grade.
It is sometimes necessary to lay drains on such lands with a fall of less than onc-half
inch to the hundred feet. In such cases a little inaccuracy in the workmanship;
that would leave the bottom of the ditch a half-inch too high at any point, would
leave no fall for a hundred feet, would reduce the capacity of the tile, and might in
time cause a complete stoppage. For the laying of drains under these conditions
an experienced and careful man or crew should be secured, and even then the work
ghould be carefully supervised and inspected. The bottom of the ditch should be
scraped to an exact grade, as bringing the tile to grade by filling under loose dirt in
the low places will cause the tile to get out of shape through the settling of the loose
dirt. Perhaps the best method of obtaining an accurate grade to the bottom of the
ditch is by means of a line stretched above and attached to stakes sct every 50 or
100 feet along the line of ditch. Care must be taken that the liné is parallel with
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the desired grade ; then, that the measuring rod be set
accurately at the point indicating the depth of ditch
below the line, and the ditch carefully measured all
the way.

The ditch should not be made wider than will just
give room to work conveniently. Anything moreisa
waste of energy in removing the dirt and in filling the
ditch. The ditch should be narrowed down with the
last spading so that at the bottom it is little wider than
the tile. The bottom should be left rounded by the
use of a cleaning scoop of convexity similar to that of
the tile, to aid in keeping the tile in its proper place.
A ditch unnecessarily wide at the bottom is liable to
cause the tile to be misplaced in the filling.

Laterals should enter the main at a higher level
than the bottom of the main, unless the same sized
tile is used for both and there is good fall. They
may be brought in on top of the main, or at the side,
above the bottom. Many tile makers now make con-
nections for joining mains and laterals. If these are
used the difference in altitude of lateral and main
ditch should equal one-half the difference in diameter
of tileused. For example, in joining a 3-inch lateral
to a 5-inch main, the bottom of lateral ditch should
be one inch above bottom of main.

Fio. 13. Photograph showing willow Laying of Tile — The first thing to look to in
;oﬁgh?;eygggcggﬁe&l;icﬁoggﬁ this connection is the character of the tile. They
gerton.) should be smooth, strong, well shaped, and with good,
well-fitting ends. A porous tile is not essential, as but little water enters the drain
in this way. They should also be well and uniformly burned so as to be of uniform
diameter and thickness of rim. If they are not uniform in this respcct they may
be sorted, putting the hard-burned ones together and at the upper end of the sys-
tem, or using them for laterals, as they are smaller. The tile should be laid in
perfect alignment, crowded up as tightly and made to fit as snugly as possible, to
prevent sediment entering at the joints. The laying is usually done by means of a
tile hook on the end of a long pole.
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Filling the Ditch —After the line of tile has been carefully inspected a
few inches of dirt (clay, if possible) should be carefully filled in by hand to hold the
tile in place, after which the remainder of the filling may be done with horses
attached to a plow by means of a long doubletree, that will enable one horse to walk
on either side of the ditch. :

Frequency of Drains — The distance apart that drains should be placed
on level land will depend upon : (a) The character of the subsoil through which
the water must pass in order to reach the tile, whether fine and close or open ; (b)
the depth of the tile below the surface, the deeper drain drawing water from a greater
distance than the shallower one ; (c) the frequency of overflow or of rains sufficiently
heavy to produce percolation. It is seldom necessary to place drains nearer than
100 feet, and in open, alluvial soils, 200 feet will usually suffice if the tile is laid four
feet deep. On such lands a system may be put in in such a way that other laterals
may be inserted later, if those first put in are found too far apart. This will avoid
the possibility of needless expense in putting in more lines than are needed.

Size of Tile— A tile should be sufficiently large to carry away the surplus
water as fast as it can get to and into it. But any size greater than is necessary to
do this is not only an unnecessary expense, but in many cases does not make so good
a drain. The theory held by some that a large tile is less liable than a small one
to become filled with sediment, is not correct. With a given amount of water pass-
ing, the larger the tile the more readily will the sediment be deposited, because the
water, being spread out over a greater surface, will be more shallow and run much
more slowly. After this deposition has once begun the tendency is greatly increased.
A 3-inch tile is the best size for laterals or any single lines of not more than half a
mile in length and having a good fall. The fall is, of course, a large factor in
determining the amount of water a tile will carry. Larger sizes should be used for
the main drain, varying according to the amount drained into it. An 8-inch tile,
with a fall of two or more inches for every 100 feet is sufficient to carry the surplus
water from 80 acres of land. The carrying capacity of a tile varies according to the
square of its diameter, except for the influence of friction which is proportionately
greater in the smaller sizes.

Keep Clear of Tree Roots — Any living trees should be avoided with
lines of tile, or else the trees killed at once, lest they enter the tile and choke it up.
Such trees as the willow, poplar, elm, and soft maple should never be left nearer
than 75 feet.

Cost of Tiling —This is a question that can be determined for each case
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only by the conditions affecting the same. The cost of digging the ditch will
depend upon the average depth, the size of the tile to be laid, the character of the
soil, and by the amount of fall, making a greater or less amount of care necessary
in getting the line of tile true and even.

The cost of tile will also vary somewhat with different seasons and with the
distance to a good tile factory. The writer has paid all the way from $9 to $13
a thousand for 3-inch tile, and from 20 to 35 cents per rod for cutting a 4-foot
ditch, laying the tile and filling in sufficient dirt to hold the tile securely in place.
Most modern tile are made 12 inches in length and sixteen of them will lay one rod.

ROADS AND ROAD MAKING

THo condition of the roadways of any locality, whether in city or country,
largely determines the value of its property. A good road is essential, not only for
pleasurable driving, but also for the marketing of the various products of the farm.

In sections having very poor roads it frequently happens that the farmers are
unable to take advantage of the favorable changes in the market, owing to inability
to haul their crops whenever they desire.

The cost of moving farm products and supplies averages,? on all our country
roads, twenty-five cents per ton per mile, while in the ¢ good-roads” districts the
average is only about eight cents —a difference which in the aggregate amounts to
more than the entire annual expenditures of the National Government. Whereas,
one-twelfth of the farm value of the agricultural products of the United States
would be sufficient to pay for hauling over good roads to shipping points, the cost
of hauling over roads as they are is equal to one-quarter of the farm value. The
destruction of perishable products for want of access to markets, the failure to
reach markets when prices are at a maximum, and the enforced idleness of men
and draft animals during seasons of impassable roads, coustitute a ‘“bad-road tax”
upon the industry of the nation generally and upon that of the furmer directly.

EARTH ROADS

There are various systems of road construction, but for many years to come the
greater portion of the roads in many parts of the country will continue to be con-
structed entirely of earth, owing to the difficulty of obtaining other material. The

1 Whether friable and easy to dig, or hard and 2 According to calculations made by the United
stony; also whether or not there are sand patches that | States Department of Agriculture.
are liable to give trouble by caving.
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earth road, however, by the use of proper methods of construction and of mainte-
nance afterward, may be made into a very passable road for all seasons of the year.
As the construction should be the same whether an all-earth road is the end sought,
or whether it is to be finished by surfacing a part or all of it with stone or gravel,
the constrnction of the ‘‘dirt road ” will be first considered.

Drainage — The first essential of a good road, regardless of the surfacing material used, is
thorough surface and underdrainage, either natural or artificial. No stone surface will keep its
place for any length of time if it has a soft, spongy foundation.

There should be surface drains where necessary, to carry off the surface water quickly and
not allow it to stand and soak into the road.

If there is not good natural underdrainage, tile should be laid. This should have a free outlet
and as much fall as possible.

In most cases one line under the center of the road will be more effective than two lines run
on either side of the road, as the former gives a greater depth of drained soil where it is most
needed.

Where possible, the tile should be laid four feet below the natural level of the ground, regard-
less of the amount of grading that has been done.

If the road passes through a springy place in such a way that the water comes in from both
sides, it is usually best to put a line of tile on each side of the road.

If it is on a hillside and water comes out directly under the roadbed, these lines, or branches
therefrom, should be carried under the road in such a manner as to catch this seepage.

If the road passes such a place on the lower side, so that water tends to enter the roadbed only
from one side, the tile should be placed on that side in such manner as to catch the water before it
enters the road, instead of, as sometimes placed, on the lower side to catch it after it has passed .
through the road and done the mischief.

A 3-inch tile with a good fall will be large enough to carry the water for a half-mile of road,
except in very wet places or where the surface drainage is not good. Where it is necessary to put
in longer lines larger sizes of tile will be necessary in the lower part of the course.

Owing to the difficulty of securing outlets in many localities it may often be of mutual advan-
tage for the road supervisors to join with the farmers and drain the road and adjacent farm lands in
one system. .

Establishing the Grades — The steeper grades in the road should be lessened as much
as may be. The extent to which this should be carried, from an economical standpoint, will depend
upon the quality of the roadbed. It will be of no special advantage to be able to haul very large
loads over the main portion of the road if there are a few places over which these loads can not be
drawn.

Forming the Roadbed — The roadbed should be made of medium width; 16 or 18 feet,
with a strip of grass 8 feet wide on each side, making 22 to 24 feet between the surface drains, is
usually satisfactory.

The surface should be graded to a proper convexity by the use of a road machine, or by other
means where a road machine can not be used. The surface should have sufficient slope to carry off
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the water quickly, but not enough to cause washing, or to cause vehicles to slide or cut deep ruts
on the lower side by reason of the weight of the load being thrown largely on that side. A road of
the width mentioned should be about 6 inches higher in the center than at the margins.

The surface should be thoroughly harrowed to get it even and smooth and then well rolled with
a heavy roller. This will put the surface in shape not only for convenient traveling but also for
quick surface drainage, preventing the water from entering the road to soften it up.

Surfacing — In some localities where the soil is a gravelly loam, excellent roads may be
maintained without the use of any other material. In most sections, however, they may be very
greatly improved by surfacing with rock or gravel. '

MACADAM ROADS

Where a road is required to support a large amount of heavy traffic the surfacing
should be done on the macadam plan, which is as follows :

Prepare the roadbed a year in advance, if possible, to allow it to become thoroughly settled.

On each side of the portion of road that is to be surfaced, is left a shoulder of earth, of a height
equal to the desired thickness of the made surface, to hold it in place.

Over the roadbed is then spread a 3 or 4-inch layer of crushed rock of as nearly uniform size as
possible. This layer is thoroughly rolled and then evenly covered with enough finely crushed rock
to fill the interspaces between the larger rock, into which it is worked by thorough wetting and
rolling. :

Then another layer is applied in like manner, making a very solid road surface, 8 or 9 inches
thick.

The layer of rock should be evenly spread, so there will be no tendency to bunches and hollows.
The roller used should be heavy and of sufficient diameter so that it will not push the stone in front
of it in the least. The rolling should begin at the outer edges and continue toward the center, and
should be repeated until the surface is thoroughly hard and smooth.

COMBINATION EARTH AND STONE ROAD

Where there is less heavy traffic a much cheaper form of construction than the
all-stone road, and one that gives very good satisfaction, is that which employs stone
for one-half and earth for the other. The one track is sufficient for the heavy
loads, and may, in times when the dirt surface is soft, carry all the traffic.

GRAVEL ROADS

In many sections there are beds of gravel that may be used with very good
results for the surfacing of roads where traffic is not heavy. The best results are
obtained by screening the gravel and using the same methods in its application as
in the construction of the stone road.

Crushing the gravel will very much increase its value for this work, as it is usually
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8o rounded as not to bind nearly so well as the more angular forms. The thickness
of the application may depend somewhat upon the amount of traffic.

SANDY ROADS

A sandy country sometimes presents a difficult problem in roadmaking, owing
to the almost complete absence of binding properties in the sand when dry and to
the readiness with which it parts with its moisture.

Sand, when containing the necessary amount of moisture to bind it together,
forms a very good road, and with this principle in mind it may be readily under-
stood that the most practical treatment of such roads will be along the line of
increasing their water-holding capacity.

Clay, where it can be obtained, if applied to the surface in proper quantity,
will supply this deficiency in the best and most permanent form. Straw, sawdust,
and any other form of vegetable matter will increase the moisture-holding capacity
of such roads, but the rapid decay of these substances renders their frequent renewal
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Field Crops: Their Adaptations and Economic
Relations, with Specific Cultural Directions

By JoserH J. EDGERTON, B. 8. A.
Instructor in Agricultural Physics, Iowa College of Agriculture

In the great plan of nature everything has a place. Each class of animate
objects has some office that it can fill better than can be done by any other class.
It is only when these various component parts find their proper places that the
forces of nature will work together harmoniously for their development. A plant,
for example, the ancestors of which for countless generations have lived in arid or
semi-arid regions, has become adapted to those climatic conditions and will not
develop naturally in a moist climate. Accordingly, it does not follow, merely
because a certain plant will produce valuable crops in one locality, that it is the
best plant to grow under all conditions. What are valuable plants in some local-
ities are weeds in others.

One of the problems of the agriculturist, therefore, is to find those plants suited
to his needs that are best adapted to his conditions of climate and soil.

GRAIN CROPS

CORN'!

Corn is native to a tropical climate, and hence is favored by a warm soil and a
warm atmosphere. By cultivation and selection its range of successful growth is
being extended. Where it can be successfully grown it is well calculated to form
the major part of the ration for all farm animals. The color of the grain has little
to do with its feeding value.

The composition of any variety of corn may be changed by selection and breed-
ing, thus developing breeds of corn adapted to specific uses. In the North, where
seasons are short, early varieties should be planted, and farther south, for early
feeding, they may comprise a portion of the crop. But where the season is of

1 For notes on the selection of seed corn, see page 76.
Copyright, 1902, by Rand, McNally & Co.
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sufficient length to allow the larger, later varieties to mature, they will usually
produce much the greater yield.
About one-half the food value of the average corn crop is contained in the
fodder portion, hence, leaving the fodder to stand in the field is a great waste.
The best point in a rotation at which to apply manure is just previous to the
corn crop, as the application of manure just before a crop of small grain is liable to
cause lodging.

Culture —If land has been fall-plowed, stir thoroughly, preferably with a disk-harrow, as
early in the spring as the soil is in fit condition to conserve the moisture and warm up the seed-
bed. This will give the weed seed in the seed-bed an opportunity to germinate, so that by a
couple more diskings at proper intervals, the weeds may be very largely got out of the way before
planting. Thus the after cultivation of the crop will be materially simplified. If the land be not
fall-plowed, the plowing should, as a rule, be done as early in the spring as practicable and the
surface prepared as though the crop were to be planted at once, the weeds being killed as they
appear, the same as in the case of the fall plowing.

SpPRING V8. FALL PLoWING — As to which is the better, spring or fall plowing, much will
depend upon conditions. Much may often be gained by plowing a piece of ground early in the
fall, to turn under a crop of weeds before they ripen their seed. Sod, or manure that is somewhat
coarse, has more time to decompose and get in proper condition for the coming crop if turned
under in the fall. Fall plowing, by exposing certain insects that have buricd themselves in the
soil for the winter, will often cause their destruction. On the other band, early spring plowing,
especially of heavy clay soils, properly treated, may better conserve the moisture of the deeper soil
throughout the summer ; will make possible the absorption of a larger portion of a dashing rain;
in cases of continued, excessive rainfall will allow the excess of water to percolate away more
readily; and will keep the soil more open and porous for the admission and circulation of air.

Planting should not be done too early; but it may be safely done earlier in a dry spring than
a wet one, as the soil will warm up earlier.

Corn, as has been observed, is native to a tropical climate, and if put in the ground before it
is thoroughly warmed up is very apt to germinate slowly and poorly. The result will be a very
uneven crop, many of the plants getting a weakly start and never recovering. The writer has
seen éarly-planted corn overtaken and passed, before the season of cultivation was over, by corn
planted two wecks later, on no better soil, but where the seed-bed had been put in proper con-
dition early in the spring.

Plant in hills from 42 to 48 inches apart and from two to three grains in a hill, according as
the land is rich or poor. On new clean ground drilling may give a larger yield, but unless hoeing
is to be practiced it is usually better to plant so as to cultivate in both directions.

TiLLAGE —Where the 80il has been put in proper condition and the weeds all killed before-
hand, the harrow and weeder, used at the right time, will give all the cultivation necessary, except
in wet seasons, until the corn gets a good start. The weeder may often be used to advantage to
run crosswise after the first plowing. Used at the right time it may be just as effective as another
plowing, and can be done a great deal faster.
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On ground which, for lack of vegetable matter or for any other reason, tends to contract and
become solid, deep tillage, becoming shallower toward the last, should be practiced in order to
keep the soil properly loosened up and agrated. On light, loose soils, shallow tillage throughout
the season is preferable, as it conserves more moisture.

The argument against root pruning by deep cultivation, except where done in excess or late
in the season, is not well founded, as a little root pruning usually does no harm and may often do

great good.

The cultivation of the corn crop should not cease because the corn has become too large to
plow with the straddle-row cultivator. Very frequently conditions are such as to develop, after
this point is reached, a crop ‘of weeds which, if left, will absorb moisture and nutriment that
should go to making corn. Or, & rain may destroy the dust mulch and establish capillary connec-,
tion with the surface, causing loss of moisture by evaporation. This later cultivation is best
accomplished by means of one horse attached to a garden cultivator that stirs only the surface, and
that may be adjusted in width to conform to the width between the rows. ¥or the conservation
of moisture, level culture is better than ridging, as it exposes less surface for evaporation ; heavy
ridging may in some cases help the corn to stand against a storm, though it is doubtful if this

effect is often appreciable.
KAFIR-CORN

The grain from this crop is similar in composition to dent corn, the percentage
of fat being a little less and of starch a little greater. As would be expected from
the foregoing, its feeding value is hardly equal to that of corn, although experi-
ments indicate that there is no great difference. Its virtue as a grain crop lies in
its ability to thrive and produce a fair yield in regions so dry that corn can not be
successfully grown.

The fodder portion of this crop is somewhat superior in feeding value to corn
fodder.

Culture — Preparation of seed-bed and cultivation should be the same as for corn.

SOY BEANS

Soy beans are a highly nitrogenous crop belonging to that group of plants
which gather free nitrogen from the air by means of bacteria growing upon their
roots (Fig. 14). The beans are a very valuable feed when ground and used in con-
junction with corn or other starchy food, having an equal value for this purpose
with linseed and cotton-sced meal. In experiments made at the Kansas Experiment
Station the addition of soy bean meal to corn or kafir-corn effected a saving of 30
per cent in the amount of food necessary to produce 100 pounds of gain on hogs.
Aside from producing a valuable crop soy beans are highly beneficial to the soil.

1 According to the Kansas Experiment Station, | increase of five bushels per acre over that grown on
Bulletin 96, the yield of all crops is increased where | adjoining land that had not been in beans.
they follow soy beans, wheat showing in large flelds an
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This crop also is adapted to a
dry, hot climate.

Culture — Preparation of soil should
be the same as for the preceding crops, the
necessity for thorough preparation and for
a warm seed-bed in which to plant being
even more urgent in the case of soy beans.
Furthermore, in order to get the best results
in crop and the greatest enrichment of soil
it is usually necessary, on ground where
this crop has not been grown, to inoculate
the soil with the root germs peculiar to this
species of plant. This is effected by sow-
ing with the sced dry soil from some field
where soy beans have grown and developed
tubercles.! If grown for the beans north
of latitude 41°, a sandy loam or soil rich
in vegetable matter should be selected, as
on a cold soil they may not mature in time
to escape injury by frost. For this same
reason seed should not be used that has
been grown farther south.

Sow in drills 26 to 80 inches apart and
3 to 8 inches apart in the row. Give thor-
ough cultivation, letting the weeds at no
time get an advantage.

Sugar beet machinery is very well

Fic. 14. Photograph showing nodules formed by nitrogen- adapted to the planting and cultivation of
fixing bacteria on roots of soy beans grown the second this crop, four rows being planted at once

season on the same soil. Both A and B, two-thirds

natural size. (Prof. H. Garman, Bulletin 98, Kentucky and two rows cultivated at once when
Agricultural Experiment Station.) desired

COW-PEAS

The cow-pea is anotlier tropical plant of the nitrogen-gathering family and, like
the preceding, is rich in protein. While called a pea, it belongs properly to the
bean family. It is a vigorous-growing, deep-rooted plant, especially adapted to
the improvement of old and lifeless soils.® It is also a valuable addition to the
grain ration for all classes of animals. This crop requires even longer to mature

1 See Bulleting 96 and 100, Kansas Agricultural Ex- 2 Inoculation of the soil for this crop is also of t
riment Station, Manbattan, Kan.; Bulletin 22, Storrs | importance where the germs that grow upon it are -
ixperiment Station, Storrs, Conn. ing. Professor Duggar reports an increase of 600 per

cent in yield of crop as the result of such inoculation.
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than the soy bean, and ounly the earlier varieties should he grown in the North for
the production of seed. Some attempt is being made at present to develop by
selection and breeding a variety better adapted to northern conditions.

Culture —The same throughout as for soy beans, except to emphasize still more strongly
the importance of a warm seed-bed. Any plant to develop properly must make a continuous
growth. If held in check while young, they will seldom recover; for this reason, with many of
these tropical plants, time is gained by delay in the planting until the conditions are such as to
produce rapid development. The cow-pea, as far north as Central Iowa, should never be planted
before the 20th of June and then have the seed-bed well prepared beforehand.

FIELD PEAS

The field pea is another nitrogenous food of the family of legumens, but adapted
to cooler climatic conditions. It is not injured by a light frost.

Culture —May be (a) sown early with oats and the mixture harvested and threshed together,
(b) sown broadcast by themselves on good clean ground, or (c) drilled in with a grain drnll; or,
they may be (d) drilled farther apart and cultivated the same as soy beans and cow-peas.

If sown with oats, either the peas should be sown first and covered by plowing shallow with
a stirring plow, then the oats sown and covered by thorough harrowing; or, what is better, the
seed-bed should be prepared by the use of the disk and harrow, the oats and peas being then
mixed together and sown with a drill. Care is necessary, too, to get varieties of peas and oats
that will ripen together. If sown broadcast alone, the ground should be fairly free from weeds.
The peas may be covered by plowing as when sown with oats or put in with the drill. If sown in
rows and cultivated, the preparation of soil and tillage of crop may be same as for soy beans,
except that the peas should be planted early in the spring, so as to mature before the weather
becomes too hot.

WHEAT

Wheat, by its long cultivation and development, is adapted to a great variety of
climatic conditions. It may be sown in the fall in some localities, in others only in
the spring, and in some it may be sown in either fall or spring. It will survive a
great amount of cold, but some varieties endure much more than others. What
are spring varieties in cold climates may become winter varieties in warmer latitudes.

Wheat has been raised primarily for human food, but what is good food for man
is also good food for most other animals. Wheat, as such, is capable of forming
the bulk of the grain ration of any of our domestic animals, and the by-products,
especially bran, are a very valuable adjunct to the corn crib.

Culture— WINTER WHEAT — The matter of first importance is the selection of the proper
varieties. In the milder climates the basis of this selection should be the productiveness and mill-

o
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ing qualities of the grain.! In colder portions of the country, however, the matter of first impor-
tance is to obtain a variety that will withstand the severity of the climate with a reasonable degree
of success. The locality from which the seed is obtained, whether more or less severe in climate,
will affect materially the hardiness of any variety, and a variety not entirely hardy in a given
locality may be improved in that respect by continued growth and acclimatization.

For the milder climates some of the best yielding varieties at the present time are: Poole,
Mealy, Red Russian, and Early Ripe, of the smooth varieties ; Nigger, Currell’s Prolific, Gipsy, and
Egyptian, of the bearded varieties.?

Standard varietics for the South-Central West: Fulte, Extra Early Red, Currell’'s Prolific,
Hindostan, Jones's Winter Fife, American Bronze, and Missouri Blue Stem.3

For the region from Southern Iowa north the only variety that can be unhesitatingly recom-
mended at the present time is the Turkey Red. The Budapest is, so far as tried, standing the
winters well, but has no advantages over the Turkey Red, being, to all appearances, the same wheat
under a different name. Other varietics will come through most of the winters in good condition,
but there is much more risk in sowing them.

Ground that has been in corn or potatoes, and from which the crop can be removed in time for
proper fall seeding. makes a very congenial place for this crop. The best conditions, however,
are afforded by having the land previously occupied by some leguminous crop, as clover, cow-peas,
orsoy beans. If corn or potato ground is free from weeds and other trash it may be prepared by a
thorough use of the disk and harrow without resort to the stirring plow. If the ground be such
as requires plowing with the stirring plow, this should be done early, if possible, to allow the trash
that is turned under to decompose and the plowed portion to settle. The seed-bed should be in
finc condition, but the lower portion of it and the soil immediately below should be well compacted.
A loose, open condition in the lower portion of the plowed section will not permit the plant to
become so well established before the cold weather and it will be much more liable to winterkill.
The use of the roller, subsurface packer, disk, or a combination of these is usually necessary to
put plowed land in proper condition for the seeding of winter wheat,

Seeding in the milder climates should not be done too early, as there will be more danger of
trouble from the fly. For the central portion of Ohio, Indiana, Illinois, and Southern Iowa the
best time is from the 10th to the 20th of September.

Seeding should be done with a drill, and in the colder sections always with a press drill.*
Seeding should be at the rate of four to six pecks to the acre, depending upon the size of the
berry, and the tendency of the variety to stool. The land should not be touched with any imple-
ment after the drilling is done. The ridges left between the drill rows hold the snow for a
protection during the winter and in the spring will crumble down and fill in around the plant
when the freezing and thawing weather is tending to lift it out of the ground.

SrriNG WHEAT — This may follow to advantage the same kind of crops as the winter wheat,

1 Aneffort is being made to discover if there is any 2 Bulletin 118, Ohio Experiment Station, Wooster,
difference between the various varieties in withstunding io.
the attacks of the fly. The Ohio Station, in Bulletin 118, 8 Bulletin 21, Missouri Experiment Station, Colum-
reports as follows : 8o far as we have been able to learn | bia, Mo

a, Mo.
no variety of wheat is fly-proof, but some sorts have the 4 A drill having a wheel following each runner to
reputation of being less injured by the Hessian than | press the dirt firmly over the seed.
others; of these the following may be mentioned: Mealy,

Mediterranean, Fulcasterpand Clawson.
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but is a little more liable to lodge if the land is very rich. It will stand better, however, than
oats. Spring wheat should not be grown where winter wheat can be grown successfully, as its
later ripening renders it more subject to damage by storms, chinch bugs, and hot, blighting
days at time of filling. Prepare the soil well and sow with the drill! as early in the spring as the
ground is in proper condition for working.

MACARONI WHEAT

Macaroni wheat is a variety of wheat comparatively new to this country, but
grown in large quantities in the east and south of Russia. Its principal use at
present is for the manufacture of macaroni. There is a growing demand for this
variety of wheat in this country, and it is especially adapted to the hot and semi-
arid regions of the West and Southwest, where most cultivated grain crops are
uncertain. It is also adapted, by reason of its long residence on soils of that
character, to growing on soils that are somewhat alkaline. So far as it has been
grown in this country it gives promise of being proof against depredations of smut
and rust. In the northern sections it is a spring wheat, but in the South may be
grown as a winter wheat. Reports from Kansas indicate that this grain at present
is not sufficiently hardy for fall seeding so far north, but it can undoubtedly be
made 8o by selection. Fall seeding, where it can be practiced, will give the best
results. Macaroni wheat is a vigorous grower and where seeded in the fall will
make an abundance of winter pasture.

Culture —The same as for other wheats, using about the same amount of seed. The grain

should be thoroughly ripe before being harvested, and harvesting should not be done in damp or
cloudy weather if it can be avoided.

OATS

Oats also are adapted to a wide range of climatic conditions as well as uses.
Through selection and breeding there have been established varieties having a wide
range in time of ripening. The later ripening varieties, where the conditions are
favorable for their growth, will give a larger yield of grain than the earlier varieties,
owing to the greater length of time allowed for the gathering and elaboration of
food. On the other hand, for many conditions the early varieties are the more
satisfactory. They do not grow so rank, hence are better adapted to rich soils.
They are much less liable to be caught by storms or by hot days at filling time —
circumstances that will produce a poor-quality, light-weight grain. Not growing

1 All spring crops of small grain, as well as those | liable to be killed, or at least stunted, by hot, dry days
sown in the fall, should be sown with the drill. A fifth | soon after germination. Moreover, plants get a good,
less seed will produce as good a stand as in broadcast | deep, vigorous hold that enables them to better with-
seeding and the seeds are all down where they are not stand droughts. .
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so rank and ripening earlier, they are a far better nurse crop with which to start
clover or grass crops than the later varieties.

Culture — The same as for spring wheat, except that oats will not stand up on quite so rich
land, not being quite 8o stiff in the straw.

ReEMEDY For LopaINg — Lodging is due, except in cases of severe storm or extreme condi-
tions, to a lack of woody fiber in the stem, caused by undue shading by a heavy growth of foliage.

F1a.15. Photograph show-
ing a good type of ear,
Reid Yellow Dent corn.
(From an ear furnished
by L. C. Brown.)

By pasturing with a sufficient amount of stock to cat off the excessive
growth before the seed stalks are started, or hy mowing the crop just
a8 they are starting, the tendency to lodge may be very materially less-

ened,
BARLEY

Barley is an excellent food, when ground, for all classes
of animals, but is too hard to be properly masticated when
fed whole. It is not quite so well relished as corn, and ex-
periments indicate that its feeding value is a little less.
Barley is well adapted to cool climates and to rich lands.
Being shorter in the straw than oats or wheat it is less liable
to lodge than either of them, and this, combined with its
carly ripening, makes it one of the best nurse crops we have.
Considerable objection is sometimes offered to the raising of
this crop on account of the beards; but with modern machin-
ery and methods of handling this objection should have but
little weight. Varieties of beardless barley are being devel-
oped, some of which give much promise for the future. The
Success is one of the best of these, but as yet they are far
outyielded by the six-rowed, bearded variety known as the
Mandscheurs.

Culture — Prepare the soil the same as for oats (except that richer
ground may be used) and sow early with the drill. Barley will stand
more freezing than oats, hence may be sown earlier. It is important to
sow all these small grains that are adapted to cooler latitudes as early
as conditions will permit. Their nature is to ripen about a certain time of
the year, regardless of the time they were sown; so that a given variety,
if sown early, has a longer time in which to gather plant food than if
sown late. For this reason the early-sown grain is better filled and weighs

more to the bushel.
RYE

Rye is more resistant to cold and severe climatic changes
than winter wheat, hence, may be grown farther north. It
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is adapted also to places where for one reason or another
the soil can not be put in proper condition for wheat.
Being a more rugged plant and a coarser feeder it will
get hold where the wheat plant will not. This crop,
when ground, makes a valuable food for all kinds of
stock, there being no other feed that will make heavier
fleeces on lambs.

Culture — While it is true, as stated above, that barley will

make a fair crop under conditions where wheat would fail, yet

Fia. 16. Photograph showing a i i
a. typeo upllm a4 i HE there i8 no other crop that will respond more freely than rye to

ow Dent corn. (From anear good treatment. To get the best results the ground should be

furnished by L. c Brown.) as careftlly prepared as for wheat and the rye drilled in in the
same manner. It may be put in later than the wheat, but if put in early will make an abundance
of fall and early spring pasture and a good crop of grain besides.

EMMER'

Emmer is a cereal new to this country, but one that gives promise of great value
to particular sections. It comes from Europe, Russia, from which country we get
our best seed, raising the largest amount.®* The great value of emmer lies in its
drought-resisting qualities and its consequent adaptation to the regions of scanty
and uncertain rainfall. It will thrive, however, under a very wide range of climatic
conditions and is worth a trial in any section of the country. It is raised both as a
winter and a spring crop. Emmer is closely related to the wheats, although the
chaff adheres to the grain when threshed. It is similar in composition to oats,
containing a little less fat and a little more protein. For the year 1900, at the
Iowa Experiment Station, it gave a yield per acre of
2,200 pounds of grain, weighing 35 pounds to the struck
bushel. The North Dakota Experiment Station reports
a yield for 1900 of 63 bushels per acre.. In a feeding
experlment with sheep, at the Iowa statlon, in which
were compared the feeding value of emmer, soy beans,
corn, and gluten-feed and corn, all other conditions
being the same, the largest gains were made by the lot
fed on emmer. The straw is shorter and stiffer than

that of wheat, making it much less liable to lodge; for 17, Photograph, showing o

g' yBe butt end, Reid
1 This lsf uently lmlg af called speltz. ellow Dent corn, (From an
2 See ni taws Department of Agriculture. ear furnished by L. C. Brown.
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this reason it should prove an excellent nurse crop. Emmer seems thus far to be
more resistant to the attacks of rust than the more common cereals of this country.
Not the least of its prospective value lies in the improvement that may be made in
our wheats by crossing them with it.!

Culture —Same as for wheat, except that the earliness of seeding should be emphasized,
and that the rate of seeding should be about the same as for oats.

FLAX

Flax is a grain rich in fat and protein, which supplies the linseed oil of com-
merce on the one hand, and the oil cake, or oil meal for stock feeding on the other.

Culture — Flax is a strong-feeding plant adapted to the taming of freshly-broken wild land,
as it can be made to produce a fair crop where the sod is too resistant to be properly worked up
for any other crop. Such lands, however, should be put in as good condition as possible, as the
extra work will be more than repaid by the increased yield. A good heavy roller is a necessary
part of the equipment for properly putting in flax on freshly-broken wild land. If a soil that has
been under cultivation is used, it should be rich in vegetable matter and should-be prepared the
same as for corn.

The flax plant is very tender and seed should not be sown until all danger of frost is past. A
press drill should be used in the seeding.

FrLAx-sICK S0IL— One of the necessities for a rotation of crops lies in the fact that if a given
specics of plant is grown continuously on the same ground the various parasitic diseases that prey
upon it have an opportunity to multiply until they may destroy the crop. This is especially true
of flax, and for this reason it should not be grown two years in succession on the same ground. It
is the continued cropping that gives rise to what is known as * flax-sick soil.”

BUCKWHEAT

Buckwheat, while used primarily for human food, is also a valuable food for
stock, experiments indicating that it has a feeding value almost equal to that of
wheat.

Culture— One of the chief values of this crop lies in its adaptability to the production of a
crop late in the season on lands that have been too wet in the early part of the season for the start-
ing of other crops. It may be sown as late as the middle of July in sections as far north as the
center of Jowa. A good sced-bed should be prepared and the seed sown broadcast and well covered
or put in with the drill.

ROOT CROPS

One of the urgent needs of winter feeding in sections of the country where
animals must be fed for a long time on dry feed is for some product that will furnish

1 See Bulletin 63, lowa Experiment Station, Ames, Iowa.
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the laxative that is obtained in summer from the grass. Too lax a condition in
cold weather is not desirable, but a certain degree of it is necessary in order for the

various food materials to be properly assimilated and carried
through the body. This is especially true of animals from
which it is desired to obtain a large flow of milk.

There is probably no other form of succulent food that
will so largely aid in the translocation of food materials from
the digestive tract to their proper destination as the unor-
ganized compounds found in the various root crops. Their
value for use as a regulator of the system can hardly be over-
estimated.

BEETS

Of these several varieties are used for field crops. The
sugar beet, grown extensively for the manunfacture of sugar,
is also valuable for stock food, being better relished by hogs
than the mangel varieties. Where used for the manufacture
of sugar the pulp from which the juice has been expressed is
a valuable food.

The varieties of mangel are better adapted, however, for
exclusive stock feeding as they yield more heavily, are much
more easily harvested, carry less dirt with them to the cellar,
are better relished by sheep and cattle, and are about as good
for hogs.

0f the mangel varieties the Mammoth Long Red is one of
the best for light soils. It is usually the heaviest yielder and
is less liable to be damaged if caught in a little freeze before
being harvested, as the heavier growth of leaves affords
greater protection. In some sections the Golden Tankard
makes a better keeper, but this is not universally true.

Culture — When growing for feed select a piece of soil rich in
vegetable matter or enrich well with well-rotted manure. This should
be free from trash, corn stalks, etc., that will interfere with hoeing, or
cause the small beets to be covered up when cultivating.

Plow thoroughly in the fall or early spring. Develop a seed-bed
early and kill all the weeds as nearly as possible before planting the crop.

A fine seed-bed is necessary, but it must not be too loose. If loose in
the subsurface, the moisture will not be drawn up well around the seed

Fia. 18. Photograph show-
ing ear with grain too
|r| egular :In.mcs( \hl\in

Iowa State Colle
of Agnculture 8°
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for their germination, and if there is too much loose earth on the immediate surface, a dashing
rain may bury and destroy the young plants soon after they come up.

The seed may be sown with any garden drill, or in large areas with horse drills made especially
for that purpose. If the horse drill is used, care must be taken not to get the beets planted too
deep, as a uniform stand is highly important. Use plenty of seed, as they must be thinned in any
case. From 5 to 15 pounds of seed to the acre will be required, according to the width between
the rows and the care used in planting. Much more seed should be used with the horse than with
the hand drill, as the former is not so accurate in its work and more of the seed may be buried too
deeply to come up.

Give thorough cultivation. If done at the right time and if the land has been well cleaned of
weeds, this may be done mostly with the horse, no hand work in many cases being needed, except
a hoeing with a wheel-hoe when beets first come up, and thinning after they get well started. The
thinning may be done, first, with the hoe — cutting through the row, leaving bunches of two and
three in a place—and afterward by going over them and hand-thinning to one in a place, having
one plant every 10 inches when through.

Beets should not be harvested in the fall until there is danger of freezing weather, as it is
more difficult to keep them if harvested before the warm days are past. A light freeze will do
them no harm, if they remain in the ground until thawed out. When pulled, the tops should be
cleanly removed and the dirt jarred off, as both affect their keeping. They should be stored in &
cool place where the temperature will be as uniform as possible and where there is fair ventilation.

CULTURE FOR SUGAR — Where the sugar beet is grown for sugar, care should be taken, in the
first place, to obtain seed of beets that have been developed especially for that purpose. Secondly,
the soil must not be overrich, especially in fresh manure, as too large and rough a growth is less
productive of sugar. A smooth, clean beet of medium size gives the best quality of juice. Sugar
beets will also bear being left closer together in the row than where more size is desired, 6 to 8
inches being a good width on good soils.

CARROTS

These are grown more especially for horses. They start more delicately than
beets, are more difficult to harvest and do not ‘yield so well, but horses are very
fond of them, whereas they are not so fond of beets. For this purpose a large
growing variety that will yield well should be selected. The Large White Vosges
is perhaps the best variety. The Long Yellow Orange is a good yiclder, but grows
80 long that it is more difficult to harvest.

Culture — The same as for beets except that they may be left nearer together in the row,
6 inches apart being a good distance.

TURNIPS

A valuable crop for early winter feeding, but will not keep so well as beets.
Sheep are especially fond of them, and in the milder climates they may be fed off
the ground without harvesting.
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Culture — The best soil for turnips is one rich in vegetable matter. Prepare and sow in
drills, thinning and cultivating the same as for beets. Or, if the ground is free from weeds, they
may be sown broadcast. For winter feeding they should not be sown before the latter part of
June for Central Jowa. Turnips will stand considerable freezing weather, before harvesting,
without damage. They are better, however, not to be harvested while in a frozen condition.
If they are caught by a freeze, leave in the ground until the frost is again ou* of them.

RUTABAGAS OR SWEDISH TURNIPS

The rutabaga is a hard-fleshed turnip belonging to the same family as cabbage.
It is a much better keeper than the common turnip and in cool climates is a heavy
yielder and a very valuable crop ; but it is not adapted to the dry, hot summers of
Iowa and localities farther south and southwest, developing practically no bulb in
these sections.

Culture — The same as for beets.

KOHLRABI

The kohlrabi is another plant closely related to cabbage, but differing from the
one just considered in that it produces the bulb entirely above ground. It is not
properly a root crop, but is treated here because of its similar economic relation in
the problem of stock food supply The kohlrabi is a good keeper, is easy to raise
and easy to harvest, starting much more qunickly than beets or carrots. It is adapted
to & much wider range of climatic conditions than the rutabaga ; growing in warm
as well as cool climates and being resistant to drought.

Culture — The same as for beets.

POTATOES

Culture — A good clover sod, well plowed and prepared, makes an excellent bed fgr the
potato. The potato likes an abundance of vegetable matter, but not much of this should be in the
form of freshly applied stable manure, especially if the crop is intended for market, as it tends
to produce & scabby tuber. Too rich a soil is apt to cause a very rank growth of vine and few
potatoes.

For an early crop, potatoes may be planted as soon as the frost is out of the ground and the
soil in workable condition. For a winter crop they should be planted late enough so that”the
tubers will not be ready to set until the fall rains commence. They may be tended very largely
with the harrow if the soil is kept sufficiently loose for tlte harrow to be effective. A little drag-
ging, pruning, and burying of the tops will do them no harm. Use level culture until the tubers
set on, when they should be hilled enough to protect the tubers from injury by the sun. Experi-
ments indicate that ridging does not increase the yield.
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ARTICHOKES

Artichokes are a valuable food for maintaining hogs in a healthy condition
during the fall, when they are on a heavy feed of corn. They are very easily raised
and the hogs do their own harvesting.

) Culture — Plant moderately early on a picce of ground where it will be convenient to allow
the hogs to run in the fall. If the soil is not already rich in vegetable matter. manure well. Plant
and cultivate the same as potatoes. The tops, early in the scason, will get large enough to shade

the ground and keep down the weeds.

The tubers are usually attached to the plant by much longer stems
than are potatoes, which makes them difficult to harvest, but by allowing
the hogs to do the harvesting this objection is removed. By not allowing
the hogs to dig them too close they will re-seed themselves and produce a
crop the following year, without the necessity of any planting or cultivation.

PUMPKINS

The pumpkin has a similar economic place in the feed yard
to that of the root crops. It is a valuable fall and early winter
feed for cattle, sheep, and swine, and is adapted to a very wide
range of climatic conditions.

Culture — Pumpkins may be grown with the corn crop, producing,
where the stand is not perfect or where the corn does not grow large, a
considerable amount of fced without materially affecting the yicld of corn.
If grown as a separate crop. the ground should be prepared the same as for
corn. Plant about the same time, in hills 8 feet apart cach way, putting
3to 4 sceds in a hill.  'When the plants are well started, thin to one plant
in a hill. Give thorough cultivation. Harvest before freezing weather
and store in a cool, dry place.

SOILING CROPS

In those portions of the country that are subject, during
the summer, to a period of two or more weeks’ drought, in
which the grasses of the pastures cease to grow, there should
be planted each spring some crop of quick growth that may be
cut off and fed during this period. Such a practice not only
maintains a_ steady growth of the animals, but by saving the
pastures renders them more productive. If pastures are eaten
very close, they may become so thoroughly burned out at such
times as to kill much of the grass, making it slow in starting
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up again and much less productive for a long time afterward. This killing out, mak-
ing thin patches, gives the weeds their opportunity and thus makes weedy pastures.

A given amount of land may be made to carry a much larger amount of stock
by being handled in this way. In fact, a much larger amount of feed can be
produced per acre in this way in any locality than can be obtained by pasturing, so
that as lands become higher in price resort will have to be made more and more to
this method of summer feeding. Some of the crops best adapted for this use are*

SORGHUM

Sorghum is one of the best crops for soiling purposes. It grows very rapidly, is
ready early, yields abundantly, and above all is very much relished by all stock,
owing to its sweet, pleasant taste. It is also well adapted to the semi-arid regions,.
being exceedingly resistant to both drought and heat.

Culture — Prepare the soil the same as for corn and sow with a grain drill at the rate of
100 pounds of seed per acre. Sorghum should not be sown until the ground is thoroughly warm,
or it will be slow in starting and the weeds will get a start For Central Iowa it should not be
sown before the 1st of June, and will make a good, heavy crop when sown as late as the 10th
of July. )

In humid or semi-humid climates, when sown in this way on land that has been well prepared,
no cultivation is needed. In drier climates better results may be obtained by drilling in rows
26 to 80 inches apart and giving thorough cultivation to conserve the moisture.

SoraHUM PoI1soNING —In the drier regions west of the Missouri River there have been
occasional deaths from what appeared to be a virulent poison, when cattle have been grazed on
this crop. This has prejudiced a large number of farmers against its use. 8o far as the writer
knows no trouble of this kind is ever experienced where sorghum is cut and fed green or as dry
fodder.

There is a prevalent belief that it is only the second growth of sorghum that causes this
trouble, but this is not correct. Most of the reported cases have occurred in pasturing the second
growth, for the reason that the first growth is seldom pastured, being cut for fodder instead.

It is not yet known what is the cause of these deaths, but present evidence indicates that they
are not due to any poison in or on the plant itself. Like the corn stalk disease, it is yet to be
worked out. '

KAFIR-CORN

Kafir-corn also is an excellent plant for soiling and for some conditions may be
preferable to sorghum. It is not as large a yielder as sorghum and usually not so
well relished by stock, although a few reports indicate that there are exceptions to
this rule. Being in a Ligh degree drought-resistant, it is well suited to semi-arid
regions.

Culture— The same as for sorghum.
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CORN

Corn is not so well adapted for the use under consideration in the semi-arid
climates as the two crops just considered, but it is equal or superior to the kafir-
corn for humid and semi-humid climates, as it is just as well relished and, where
moisture is plentiful, will produce a larger yield.

Culture — Corn may be sown broadcast, drilled the same as the crops just considered, or
planted thickly in drills with a corn planter having a drill attachment. In the latter case it can
be given cultivation and will develop more grain. It should be planted thick enough so that the
stalks will be small and soft.

RYE

The chief value of this crop for soiling purposes lies in the fact that it will fur-
nish a supply of food earlier in the season than can be obtained from any of the
spring-sown crops.

Culture — The same as for a crop of grain except that 6 pecks of seed per acre should be

used.
- PEAS-AND-OATS

Peas-and-oats is one of the earliest spring crops that can be sown for soiling,
being ready to follow immediately after the rye. This crop may be grown as a win-
ter crop in the South.

Culture —Sow very early on rich soil, mix the oats and peas half-and-balf, and seed with

the drill at the rate of 8 bushels per acre.
RAPE

Rape is especially well liked by sheep and swine, yields heavily, is very succu-
lent and will continue to grow until freezing weather. Its great succulence gives
it a tendency to produce bloat if eaten ravenously, especially while wet. It grows
best in a cool, moist climate, but is quite resistant to drought.

Culture —If land is not rich, manure well and prepare thoroughly as for a root crop. Drill
with a grain drill, stopping two out of every three holes, or with a horse beet drill. Seed at the
rate of 6 pounds of seed per acre. Give thorough cultivation. This crop starts quickly and grows
rapidly and will soon shade the ground and keep down weeds.

Another method of growing this crop for a supplementary feed is to seed with the spring vari-
etics of small grain. In such cases seeding should not take place until the grain is well up, lest
the rape get the start of-the grain. As so'little sced is required, this entails very little expense,
and if the season is favorable a large amount of feed will be produced after the grain is cut off.

8till another plan that frequently meets with success is to sow in corn at the last cultivation.
The amount of feed that the rape will make in such cases will depend largely upon the condition
of the corn growth. If the corn is of good stand and rank in growth, the rape can make but little
feed.

N
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The soy bean is valuable for soiling, especially for use in conjunction with sorghum
or some of the more carbonaceous foods. It is especially adapted to use on lands

that need building up, as it will thrive better on this soil than
many of the other crops, and at the same time will improve the
soil. It is also well adapted to regions of light rainfall.

Culture — The same as for the seed crop except that a little heavier yield
may be obtained by using more seed to the acre.

COW-PEAS

The cow-pea holds a similar economic place among soiling crops
a8 the one just discussed. In many parts of the country it pro-
duces a much larger quantity of feed and in such localities is pref-
erable to the former on that account. It is also well adapted to
growing on and improving thin lands.

Culture — More seed to the acre should be used than for a seed crop ;
otherwise the culture may be the same, or, on good clean ground cow-peas
may be sown with a grain drill and not cultivated. The same observation
should be made in regard to securing the earlier, quick-growing varieties for
the northern sections, and £lso to securing seed grown as far north as possible.

TEOSINTE

Teosinte is a new crop for the North, but, so far as tried, does
not give promise of possessing any advantages over those pre-
viously mentioned for this region. It gives very large yields
under favorable conditions in the South and is reported as mak-
ing excellent forage. It is a native of Mexico, and is thought by
some botanists to be the original of our Indian corn.

Culture — Prepare the soil the same as for corn and plant in hills the

same distance apart each way; place two seeds in a hill, and cultivate the
same as for corn.

ANNUALS FOR DRY FORAGE

It not infrequently happens in many sections of the country Fie. 2. Photograph

that by reason of winterkilling on present mowing lands, or of
failure to secure a proper stand on those intended as such, there
is a temporary shortage in the supply of dry roughage for winter

showing ear too
open — space be-
tween rows too
grent (Iowa State
_College of Agricul-
“ture.)



66 ANNUALS FOR DRY FORAGE

use. There are a number of annuals well adapted, when properly grown and cared
for, to supplying such deficiencies. On some of the higher-priced lands it may
even be economy to grow some of these crops each year and maintain a smaller
amount of mowing land, as many of these will return a much larger yield per
acre than can be obtained from the permanent meadows. Furthermore, by the
use of some of these crops, good winter feed may be obtained in regions where, for
lack of rain, the native grasses do not get large enough to mow and where our
common perennial grasses will not survive the summer’s drought and heat. The
Experiment Station at Highmore, in the buffalo-grass region of South Dakota,
reports for 1901 a yield of three tons of dry fodder per acre in the case of yellow
Milo Maize and 2.9 tons per acre of Amber Cane.

CORN

The first thing that should be considered in this connection in a region where
corn is grown is the utilization of the fodder portion of the corn crop.

The corn should be cut when it is sufficiently matured, so that it will not shrivel up and
become loose in drying out. The grains on a majority of the ears should be well dented. Whether
or not this fodder maintains the value it has when first cut, will depend upon the manner in which
it is put up. This is a very important matter, even if the corn is only to stand in shock until it
is thoroughly cured, as an improperly built shock may become very much damaged within a few
days after cutting.

Whether the corn is cut by a machine and bound into bundles or set up loose, it is important
that each bunch be set up snugly at bottom and top, and that it be set up straight, not allowed to
lean to the one side or the other. No more time is required to set it up the right way than the
wrong.

It should be cut close to the ground, not only to save the feed and leave less stubble in the
way. but to have the ears kept up off the ground in better shape. This is especially important if
the corn is to stand and be fed from the shock during the winter.

The manner of tying the shock is also of the greatest importance. The band should be placed
just as near the top as possible and yet enclose all but a few of the tops. This will not only save
twine, but it will be found that the shock will stand much better than if placed lower down.
The band (ordinary binding twine may be used) should be drawn tight, both to exclude the rain
from the shock and to keep it from getting out of shape. In order to secure the proper tightness
of the band the shock must first be drawn up with a rope. This should be done in such a manner
as not to twist the shock at all in the operation, as any twist given to it at this time will tend to
throw it over as it settles. The best and quickest method of drawing up and tying the shocks is
for two persons to perform the work together. The rope is passed around the shock, each takes
an end, both draw with force as nearly equal as possible, and while one holds the two ends the
other tics the band.
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SEREDDING OR CUTTING — The cutting or shredding of the fodder, except for convenience of
feeding, for mixing with other grain, for spring feeding, or where it is desired to get the corn
separated from the stover, is not a profitable operation, as not enough more will be consumed, over
what would be consumed when fed whole and in a similar manner, to pay for the extra expense.

It is much easier, however, to feed the corn fodder when in this form, and if fed in the barn,
what is not eaten, if shredded or cut, 18 very good material for bedding. For spring feeding it
is much better to have fodder cut or shredded and under cover, as it damages rapidly in the field
after the warm weather comes on. It is also more difficult to get it from the field at this time and
the weather conditions are not so favorable for outside feeding. If fed whole, the fodder should
be fed in racks, or, during freezing weather it may be fed on a good clean, sheltered blue-grass
pasture, if well scattered. If corn is to be cut and fed with all the corn on, it will produce more
feed to the acre by planting somewhat thicker than for a grain crop, and the consequent lessening
in the size of the ears will enable the cattle to handle them better.

SORGHUM

Sorghum makes excellent dry feed for winter use and is much relished by all
classes of stock.

Culture — The same as for producing a crop for soiling purposes. Cut when the reed is in
the dough stage. It may be cut with a corn binder and shocked the same as corn, or mowed and
handled the same as hay. It should be cured well before being shocked, and then should stand in
shock for some time before being put in stack or barn, as the stalks dry out very slowly In
sections where the winters are dry and cold, it will keep in very good condition in the ficld for
winter feeding, if put in large shocks.

MiLo MA1zE — There are two varieties of this non-saccharine sorghum, the white and the
yellow. This is a heavy yiclding crop and one that is also well liked by stock. For some sections
this may be a more profitable crop than sorghum. Its culture is the same as for sorghum.

MILLET

Millet is a quick-growing plant of which there are many varieties, some of them
very resistant to heat and drought. Most of them make hay that is not neurly so
coarse, and is much more easily handled as such, than the crops previously con-
sidered in this connection. Some of them grow very large, Pearl Millet or Pencil-
laria, that is being so widely advertised by seedsmen, yielding a very large amount
of hay. Little satisfactory evidence can be obtained, however, at the present time
as to the character of the hay produced. The yield of most of the millets is very
much less than that of the sorghums.

Culture — Sow on well-prepared soil from the middle of May to the 1st of July. In favor-
able seasons a crop of the earlier varieties may be obtaimed, as far north as Central Towa, after a
crop of barley or early oats has been harvested. Millet should be cut when seeds are well formed
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SOY BEANS

The soy bean is a very valuable hay plant, especially if there is no clover or other
nitrogenous forage on hand. As has been observed, it is especially adapted to thin
lands and to sections of scant rainfall.

Culture —The same as for soiling purposes. Cut when first pods begin to turn.

COW-PEAS

This crop produces a hay very similar to that of the sdy bean, except that the
vines do not stand up so well, and it is difficult to obtain hay of as good quality.
Culture — The same as for soiling purposes. Cut when first pods begin to turn.

OTHER SOILING CROPS

Velvet Bean—In some sections of the South this plant produces a ]arger
crop of feed and greater improvement upon the soil than the cow-pea, but it is
adapted only to extreme southern conditions.

Oats and Field Peas —This crop furnishes a large quantity of excellent
forage and is especially adapted to northern sections where the more tropical plants
do not thrive so well. Varieties should be selected that will ripen together.

Culture — The same as when grown for soiling. Cut when the oats begin to turn.

Hairy Vetch —This is not a satisfactory hay crop when grown alone, on
account of its low trailing habit, but it may be grown with some kind of small
grain. It usually gives the best results when sown with winter wheat or, in the
milder climates, with winter oats.

Culture — Prepare the ground the same as for winter wheat and sow at the same time as for
a crop of winter wheat.

With winter wheat mix in equal parts, and with oats mix one part vetch to two parts oats.
Of the former mixture sow 4 to 6 pecks per acre; of the latter 8 to 10 pecks should be used. Sow
with a drill ; in the North this must be a press drill.

Salt-bushes — This is a class of plants adapted to extremely dry and strongly
alkaline regions, where none of the commonly cultivated crops will grow. While
they are called a bush, the percentage of fiber in them is not large. While green, they
are quite succulent. They are relished by all classes of animals, and, for the con-
ditions above mentioned, are a very valuable supplement to the other feeds. As
they take up a large amount of salts, their growth on alkali lands tends to correct

1 Prof. H. Garman, of the Kentucky Experiment | qualities than any other fo! plant that has recently
Station, says of this plu:t ** In short, it bas more good I engaged the attention of Our:ﬁl'm
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that trouble. Owing to the large amount of salts taken up by them the hay made
from them should not be allowed to constitute the whole of the roughage, at least
until the animals become accustomed to it.

PERMANENT MEADOWS

While the permanent meadow is not so productive as many of the annual crops,
yet a piece of good clean mowing ground is a source of great satisfaction to its
owner. This manner of obtaining forage can not be entirely dispensed with, if the
productivity of the land is to be conveniently maintained.

In order for each part of the farm- to have an occasional rest from cultivated
crops and a thorough filling up with grass roots, these mowing lands should not be
made too permanent, and yet there may often be reason why they should stand for a
considerable length of time. In such cases some care is often necessary to keep
them in the most productive condition.

In some sections meadows are subject to killing by extreme cold and in others by extreme
drought and heat. When this occurs the sod should be scaritled with the disk or other efficient
_implement and more seed sown. Frequently the same kind of seed will not produce a growth in
time to cut with the remainder of the crop the year that it is seeded. In such cases it will be
advantageous to seed with it some small grain or other quick-growing crop to help out the yield
of that year. A light dressing of manure immediately following this seeding will sometimes assist
in getting a good catch. This seeding should be done very early in the spring, before the ground
becomes settled by the spring rains.

In many parts of the country great dificulty is experienced in keeping the blue grass out of
the meadows for any considerable length of time This, while a very valuable pasture grass for
such localities, is not a desirable grass to have mixed in the mowing land, as it ripens earlier than
most other plants used for that purpose and does not grow large, thereby lessening both the yield
and quality of the hay obtained. This grass can best be kept down by inducing as early and as large
a growth as possible of the other grasses. To this end the meadows should not be closely pastured,
the stock being kept entirely from them during the late winter and early spring. An occasional
dressing of manure will also help greatly in this direction. On farms that can all be cultivated,
less care need be exercised in keeping this grass out, if the meadow be turned into pasture when
the blue grass comes in, that which has been in pasture plowed up, and a newly-seeded section used
for mowing.

‘Where plants are used, for permanent meadows, that have a tendency to thicken up into a
very dense sod, there is often produced what is termed a sod-bound condition. The remedy for
such a condition is thorough cutting up with a disk and sowing some clover seed, in sections where
clover thrives, after disking ; the harrow may then be run over the ground to advantage.

Manuring is also a help in correcting a sod-bound condition. A little manure is a good thing
for a meadow at any time, and, when it is not needed worse elsewhere, may be applied here to

(-}
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great advantage. It always should be well rotted, however. When spread on'the surface there
is much less opportunity for decomposition than when incorporated in the soil, and any coarse
manure will be gathered up more or less with the succeeding crop of hay.

SEED MIXTURES FOR MEADOWS

Not only is there an adaptation of plants to climate as regards temperature and
moisture, but there is also an adaptation to soil conditions. Where thcre is more
than one valuable plant adapted to a given condition a larger yield can be obtained
by growing them together than by growing them separately, owing to the fact that
different plants will feed somewhat differently. It is, therefore, of advantage, so
far as time of rlpenmg and habit of growth will permit, to grow these plants in
combination.

The following mixtures per acre! are given as in a general way adapted to the accompanying
described conditions. The variation of conditions, however, and the manner in which one may
shade off into another, make it advisable for each locality to do more or less expecrimenting for its
own peculiar conditions.

I. For Humid and Semi-humid Climates Having More or Less
Severe Winters

(a) For Rich, Well-under- (d) Or, for Rich, Well- (¢c) For Thin. High

drained Soils : underdrained Soils : (d) For Wet Lands:
Medium Red Clover 0 1bs.  Medium Red Clover 7 lbs. Mammoth Red Clover 0 Ibs. Alsike Clover...... 5 1bs.
timothy - ......... 4lbs. Orchard Grass..... 8lbs. Timothy............. 4 1bs. Timothy........... 4 1bs.

In some sections half the timothy may be replaced to advantage by red-top, although this
plant does not make as palatable hay as timothy.

These mixtures may be sown with cither a fall or a spring nurse crop. In some localitics
subject to severe, hot, dry weather at the time the nurse crop is removed, better results may be
oblained, in case a spring nurse crop is used, by seeding the timothy on the stubble at the close of
the hot weather — say about the 1st of September.

II. For Humid and Semi-humid Climates Having Milder Winters
and Hotter Summers

(u) For Light. Sandy (b) For Richer, Heavier, d) For Low, Wet
Well-underdrained Soils : (c) Or, instead of (b): Lands
Medium Red Clover 6 lbs. Medium Red Clover 5lbs.  Medium Red Clover. 5 lbs. Alsike Clover._.... 4 lbs
Tall Oat Grass ..... 41bs.  Orchard Grass ..... 51bs.  Orchard Grass .__.._15lhs. RedTop ........... 4 lbs.

RescueGrass. ...... .0 Ibs.  Tall Fescue......... 10 lbs. Large Water Grass 4 lbs.

As a rule, the best time to seed the foregoing mixtures, for the climates mentioned, is at the
beginning of the fall rains.

1 The quantity of seed here recommended contem- | thorough pre})uration of the seed-bed. If either of these
plates the use of pure, clean, germinable seed and & | conditions is lacking, more seed must be used.
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III. For Semi-arid Regions

Seed (a) with a press drill, on thoroughly-prepared ground, well firmed in the subsurface.
Sow moderately early in the spring, without any other crop, and mow the weeds to prevent
smothering the first summer.!

8eed (b) alone, with a press drill, on soil thoroughly prepared, and with the subsurface well
firmed. Alfalfa? should be seeded in the fall in localities having dry, hot summers. Where the
summers are more moderate and the winters more severe, seeding should be done early in the spring
and the weeds mown the first summer.

IV. For Arid Climates

AMalfa. ... ..o 20to301bs. Smooth BromeGrass...............cc....... 40 to 50 Tbs.

Seed (b) on well-prepared soil, with well-firmed subsurface, early in the spring. Fall plowing
is best for this purpose. Owing to the coarseness and lightness of the seed, it does not seed readily
with a drill. 8hould be sown broadcast, and covered as well as possible with the disk and smooth-
ing harrow. No alarm should be felt over a somewhat thin appearance of the stand at first, as it
tends to thicken up very fast after the first year.

PERMANENT PASTURES

In most localities there is more or less land that is not suitable for cultivation
and that must be utilized in the form of a permanhent pasture. In any case it is
usually desirable to have more or less land in this form. The value of such pastures
will depend very largely upon getting the varieties best adapted to the conditions
and upon the degree of care that is given them. They are subject to the same
damaging effects of extreme climatic conditions as are the permanent meadows,
and the same remedy is applicable. The sod-bound condition, especially in the
blue grass regions, is even more liable to occur in pastures than in mowing lands.
The method of spreading by underground runners, that is characteristic of some of
the best pasture grasses, contributes largely to the development of such a condition.

The disking of such pustures, followed by a light seeding of clover and the appli-
cation of manure, as in the case of mowing lands, is the best method of improving
them. The native pastures may also be very greatly increased in productiveness
by thoroughly cutting them up with a disk and seeding with plants adapted to the
various conditions.

1 Bulletin 62, Kansas Experiment Station. to the difficulty of curing it into a good quality of hay in
3 Alfalfa is hardy and productive in the more moist | such climates.
climates, but is not recommended as a hay crop owing
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As in the case of mowing lands, a greater productiveness may be secured by
growing a mixture of plants for pasture. The variety thus afforded also makes the
product of greater value.

SEED MIXTURES FOR PASTURES

I. For Humid Climates Having Severe Winters
(@) (c) For High, Rather Thin Soils:

Medium Red Clover.... Ibs. Mammoth Red Clover

I}
.. 8 Kentucky Blue Grass .
. 8 Orcl Grass.
0
Medium Red Clover ...........coccocciimiiiaannn 2 1bs.
White Clover..... 22 lbs.
Orchard Grass ... 8 lbs.

Meadow Fescue.. 5
Smooth Brome Grass.........cooooooooaeio.ine 8 1bs.

All the components of Mixture (a) start very early in the spring, and the clover and brome
grass will remain green and continue to grow during quite dry weather.

II. For Humid Climates Farther' South

(a) For Light Sandy Soils : () For Richer, Heavier, Well- (c) For Low, Wet Lands:
underdrained Soils :

Smooth Brome Grass....... 15 lbs. Alsike Clover
plowgpe. I Diieacotiiiioee
--------------- Medium Red Clover........ 8

1
(or Hairy Vetch, 12 1bs.)

Mixture (a). below the snow line, will afford growing pasture for almost the entire year.

One report? from the South mentions orchard grass as not being relished by the stock, but as
a rule they are fond of it.

All the foregoing mixtures are best sown at the beginning of the fall rains.

IIL. For Semi-arid Regions

Medium Red Clover..
AMBIIA « o eeeee e e e e et e aeem e eeeeaeneeeeaaeaan
(a) Prepare the ground thoroughly, and seed with a press drill early in the spring for the
more northerly regions, and in the fall farther south.
(b) The same mixture may also be sown advantageously on the native pastures, after first
thoroughly scarifying them with a disk or other effective implement.

1 This grass once introduced into a locality to which 2 Bulletin 87, Kentucky Experiment Station, Lex-
it is adapted, will usually come into a pasture very | ington, Ky.
quickly without seeding.
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NAME. Inches Apart in Rows or Drills, Quantity Sown
Rows. Inches Apart. Per Acre.
.............. 2to geekso
1to 2 bu.
Beets, for stock 5to 3
‘%  for sugar. In Drills 5 to 12
Buckwheat aemaeeenana- 2to ks,
Carrots ... 4 to 6 lbs.
Clover, Alsi 71bs.
* red..... 10 lbs.
Corn, 81bs.

s o 2 to 8 pecks.

[} wo L g to g peciI:s.
Cow-peas, fOrseed. ...............o.oooiiiiin i to 8 pecks.

DS (i F {0 1 V- TR PPy 4 to 6 pecks.
Bmmer. ... .o 8 pecks.
e reccecememaeenaan 10 pecks.
b % S 2 to 3 pecks.
Grass, blue ... ... _.......... 380 lbs.
“ " brome, smooth......._._...... 45 1bs.
. 25 lbs.
“ orchard....... 30 Ibs.
R K 9 Ibs.
 PeSCUB ......eeiieeeaaiaaaen 30 lbs.
¢ tallfescwe ... ... ... .. ....... 85 lbs.
“ talloat . . . .. ... ... 35 1bs.
* timothy .. ... 6 1bs.
ro, for grain. ... Z to go lbs';
¢ ¢ forforage ..,........oeaeoo-- to b pecks.
Kohlrabi. ... ... ... ..........c...... 2 lbs.
Macaroni wheat, spring seeding. ... ... Drilled 4 to 6 pecks.
*" s fa ing._ ........... Drilled 4 to 5 pecks,
Millet . ... ... ... Drilled 4 to 5 pecks.
e eeieemecceeam s Broadcast 6 pecks.
Milomaize ... ........................... Drilled 6 pecks.
et e Broadcast 8 pecks,
[0 7 S Drilled 8 pecks.

e eecaaan Broadcast 10 pecks.
Peas, fleld ... .. 2 to 3 bu,
Peas and oats, £or Orage . ... ..o oooooioiifiiiii e 3bu.
Potatoes..____......._ ... 6 to 10 bu
Pumpkins, alone........ 5 1bs.

................... 5 1bs.
%ﬁlrsn ------------- IB Dﬁil(lis j 1bS-k
e, for gr&ln ......... riiie PeCKS,

Wk e Broadcast 5 pecks

So“ o k} % rage .. T Drilled T b'p&c‘;?n 16:
jum, for fo! ri " to S.

@ .......... Blroadcz}st. 3.01(:)(0 125 1bs.

‘Turnips.. n Drills 2 Ibs.
I Broadcast 4 lbs.

L7 (Y RRY IR 1 bu.

Whead ..o i Drilled 4 to b pecks.
e emmmeamn see eeeeeene memeeeenenas Broadcast . 5 to 6 pecks.
L S 4 to 6 pecks.
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HOME-GROWN SEEDS

Nothing is of greater importance in the production of any crop than that good
seed be used to start it. While there are reasons why a man or company making
seed-growing a specialty should be able to make the best progress in the develop-
ment of good seeds, there are, on the other hand, very strong reasons why the farmer
to a large degree should be his own seedsman. ‘

Objections to Purchased Seed — As a rule, seedsmen are anxious to
supply the purchaser with good seed, since they know that spurious seed will lose
them customers. How well many of them do this depends entirely upon the intel-
ligence, vigilance, and integrity of their employes. Much sced is grown by con-
tract and often in a different part of the country from that in which the seed house
islocated. In this way the purchaser may obtain seeds not adapted to his climate.

A lack of vigilance in keeping weeds out of the growing seed crop may result in
seeding the purchaser’s farm with weeds that are very difficult to eradicate. The
handling of a large quantity of seed requires a great deal of care to prevent injury
to its germinating qualities. A little carelessness on the part of persons having this
.work in charge, or a lack of integrity in reporting conditions, sometimes results in the
sending out of a lot of seed that is very poor in germinating qualities. The writer
has purchased from prominent seedsmen seed not 5 per cent of which would grow.

Some Tests of Purchased Samples—Some of the conditions that
may be met with in purchased seeds or in home-grown seeds that have not been
properly cleaned or cared for, are illustrated in Figs. 21, 22, and 23.! In each
case tube No. 1 represents a pound of seed as it was obtained on the market; No. 2
the quantity of pure seed contained in the pound; No. 3 the amount of broken
seed and dirt; No. 4 the amount of spurious seed; No. 5 the total waste, and No. 6
the quantity of pure and germinable seed.

It will be observed that of the sample represented in Fig. 21, only about 60 per
cent was pure seed, and that if it were clover seed purchased at, say, %5 a bushel
the purchaser would in reality be paying nearly $10 a bushel for the pure seed.

In Fig. 22 is shown a sample which, while containing a larger percentage of
pure seed, at the same time contains very little germinable seed. Such a sample
would be of no value whatever as seed.

The sample represented in Fig. 23 shows a condition that should always
obtain, and that with proper care may always be secured in the home-grown seed.

1 From Farmers® Bulletin 111, United States Department of Agriculture.
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from those who handle it in
quantity is usually only an
average of that grown in
any one field.

It will not, of course,
be practical to select the
seed for the main crop
from individual plants of
such crops as oats, wheat,
and barley; but a small
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Advantages of Home Selection — The im-
provement of the various crops depends largely upon
the care used in the growing of the crop from which
geed is to be selected — whether the soil conditions and
the cultivation given are such asto produce the greatest
possible development, or only an imperfect crop. The
man who selects his own seed has the advantage of
knowing the condition of the crop from which he makes
his selection.

In any field there is more or less variation in the
development of different

i T T plants, due to various
causes, The man who se-
lects his own seed has an
opportunity to take advan-
tage of this and select from
only the best plants, while
the seed that is purchased

a f

Fia. 2.

quantity of seed of these crops may be selected in this
way each year from which to grow seed the following year.

One of the chief advantages in the home selection of
seeds lies in the opportunity afforded by the variation
due to climatic and soil conditions. In this manner
crops may be made hardy, the time of ripening changed,
and in other ways improved in their adaptation to local
conditions.
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¢“ Running Out’’ of Seed — There is a strong belief in many localities that
seed grown in a given place for a considerable length of time tends to ¢ run out,”
i. e., to become less productive, and that the only way to maintain the yield is
occasionally to import fresh seed. No doubt there often is a tendency to deterio-
ration of this sort, but it is usually due to a lack of proper care in the selection of
seed and to poor soil conditions.

Requisites in Seed Selection— Somo of the more important observa-
tions to be made in the selection of seeds are: Yield, quality, uniformity, hardi-
ness, time of ripening, freedom from attacks of smut and rust, and, in the case of
small grain, the stiffness of the straw.

CorN —This crop requires, perhaps, as great care in the selection as any other, and merits
special attention. The rapid improvement that has been made in this crop, combined with the
readiness with which the different varieties cross and mix, renders it extremely subject to vari-
ation. Constant care is necessary in order to establish the desirable qualities that are brought out
in these variations and to more thoroughly eradicate those not desirable.

Some of the points (see Figs. 15-20) to be observed in the selection of seed corn are :

(a) Stze and shape of car; ear should approach as nearly as may be a uniform diameter from
end to end.

(b) Stze and quality of cob, a medium-sized cob being much better than a large, spongy one.

(c) ! Depth of grain,

(d) ' Shape of grains; grains should carry their wedge shape uniformly to the end, so that the
ear may present as nearly as possible a solid surface.

(e) ! Covcring of cob; cob should be as completely and evenly covered as possible at both ends.

(f) Hardness of grain, too hard and flinty a grain not being readily masticated and digested.
A hard grain, also, is more liable to be a shallow one.

(8) Grains of even, uniform size and similar shape, to make possible uniformity of planting.

(h) Color of grain, purity of color indicating purity of the corn.

Care of the Seeds — After the seeds have been selected they should be
thoroughly dried where they have room to be well spread, so that there will be no
possible chance for any fermentation. They should not be subjected to freezing
temperatures until well dried. They should be kept in a thoroughly dry place
during the winter.

Preparing for Planting —No matter how great care has been taken in
the handling of seeds, it is a very good practice always to test them before planting,
as they sometimes lose their vitality from unforeseen causes. This may be done by
gpreading 100 average seeds on a piece of moistened blotting paper or cloth, cover-
ing with a similar moistened strip, laying them in a plate or pan and covering with

1 Characteristics (c), (d), and (e) very largely determine the relative percentage of grain and cob.
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another to prevent drying out, and setting in a room having a temperature of 65° to
80°. They should be examined occasionally, to see that they do not become too dry
for the process of germination to take place. The number that germinate (out of
100 tested) will give the approximate percentage of germinable seeds, and will serve
a8 a guide as to the quantity to plant.

In shelling the corn, the small grains on the tip and, where much unevenness
occurs, the .irregular ones at the butt, should be kept separate from those of the
rest of the ear, as different sizes and shapes of grains mixed together will not
plant evenly.

From the small grains and seeds all the smaller, weaker seeds should be, so far
as posgible, removed.

All seeds should be thoroughly clean, so that the drills will not become clogged,
leaving parts of the field unplanted, and so that a portion of what is cown shall not
be dirt instead of seed.

WEEDS AND THEIR ERADICATION

As stated in another connection, every plant has a place in the economy of
nature — some relation of conditions to which it is adapted better than any other.
To perform their greatest service, however, plants must be in their proper place.
When sufficiently out of place to be of no economic value, they become weeds.
Some grasses that are valuable fodder plants under some conditions, are very
troublesome weeds under the conditions of other localities.

Those plants that are not of economic value in a given locality and are therefore
termed weeds, should so far as possible be eradicated, as the moisture and nourish-
ment required to produce these plants should be utilized in the production of some
crop of greater value. No crop grown on the farm will make a maximum develop-
ment if weeds are allowed to occupy the ground with it. Weeds may also interfere
with realizing the value of thecrop that is produced. The writer has seen pastures
in which large areas were so thickly set with thistles and other weeds as not only
to interfere materially with the growth of the pasture grasses but also to prevent
the animals obtaining what little feed was produced.

Asregards general methods of eradication weeds may be divided into three classes.

I. ANNUALS
Annuals are those plants that come from the seed each season. This is by far
the most numerous group, and the method employed should be such as to prevent
their seeding.
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Eradication — 8ceding may be prevented by thorough cultivation with ordinary tools and
by the mowing of pasturcs and fence rows before the seeds are sufficiently matured to grow. The
least amount of cultivation required to kill any of these weeds is while they are very small, and a
great amount of extra labor may be saved by performing this operation at the right time.

If such plants can be entirely prevented from seeding and no weed seed is imported from
neighboring farms or in purchased seeds, it will be only a question of time when practically all the
seeds that are in the soil will havé germinated and the farm will be entirely free from them.

There is one class of crops in which it is sometimes very difficult to prevent some of these
plants from seeding — the various sorts of small grains. One of the best means of prevention in
these cases is the thorough preparation of the soil, so that no weeds shall be left growing at sceding
time, and there may be secured a good stand of strong, vigorous plants, that will keep the weeds
smothered down.

‘Where there are a few large scattering annuals that run up to a considerable height above the
grain; they may be clipped off with a scythe or sickle.

Some experiments hiave been made in the way of killing weeds in small grain by spraying with
various poisonous solutions. All plants are not affected alike by these solutions, hence, it is pos-
sible to kill some kinds by this means without doing much injury to others.

For example, at the North Dakota Experiment Station a 10 per cent solution of blue vitriol
was sprayed over an exceptionally weedy plat of wheat, the principal weeds being wild barley,
wild rose, penny cress, shepherd’s purse, wild buckwheat, lamb’s quarter, great ragweed, and char-
lock or wild mustard. The spraying was done June 7th, when the wheat was 8 to 5 inches high,
and on August 8th all the weeds, except the wild rose and the older plants of penny cress, were
dead: Some of the lcaf tips of the wheat had been slightly burned, but the yield of grain was
considerably larger than from an equal area unsprayed.

On June 20th part of an oat ficld containing many weeds was sprayed with a solution of
1 pound of copper sulphate to 4 gallons of water. The oats at time of spraying were about 6 inches
high. On August 1st the treated area was free from all weeds, except pigeon grass and wild rose.
The oats on the treated arca stooled well and were strong and vigorous, while those on the portion
ot treated were weak and had stooled but little.

These were stronger mixtures than have generally been found most satisfactory, but in this
case appeared to result in no injury to the grain crops. Probably the best results will be obtained
under general conditions by using a 2 per cent solution (1 pound to about 6 gallons of water) and
applying at the rate of 40 to 60 gallons per acre.

Copperas is also quite effective for this purpose and its use will cause less danger from poison-
ing 1n case animals should gain entrance to the sprayed field. To have anything like the same
effect on the weeds it must be used much stronger, about a 10 to 15 per cent solution being necessary.

II. SEEDING PERENNIALS

In this class are included those perennials (plants that live from year to year),
which spread only by the distribution of their seed. A good example and one of
the worst of this class in many localities is the common dock.
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The weeds of this class should not only be kept from producing seed but should be cut below
the crown with a thistle spud or a common spade and pulled up, as otherwise they will continue
to send up their seed stalks and require constant cutting.

III. SEEDING AND SPROUTING PERENNIALS

In this class are included the perennials, such as the Canada thistle, wild morn-
ing-glory, quack grass, horse nettle, sheep sorrel, and many others that spread by
means of seed distribution and also by underground stems or jointed runners.

Eradication — This is by far the most difficult group to eradicate. These jointed runners
will not only send up new plants while they are attached to the parént plant, but if cut or broken
and carried about, the pieces will grow, forming new centers of distribution. These runners have
great vitality. They may often become dried and lie dormant for a long time ; then, like a seed,
when the proper conditions are presented, spring into life. Thus it will be readily understood
how ordinary cultivation is a means of spreading rather than of destroying such plants.

The general treatment for this class of pests is to put the land into some hoed crop, where prac-
ticable, and by constant cutting off at the surface of the ground smother them out by not allowing
them sufficient leaf growth to gather the necessary food from the air.

Summer fallowing will accomplish the same result if thoroughly and properly done, not allow-
ing the plants to make an appreciable growth at any time and using surface tools that will shave
the whole surface, cutting off everything. Wild morning-glory may also be quite successfully
eradicated by close pasturing with sheep, as these animals are fond of it and will keep it very close,
soon smothering it out. It may also be destroyed by pasturing with hogs, and allowing them
to root up and eat the rather fleshy roots and underground stems.

POISONOUS WEEDS

The worst kind of weed to let grow is one that not only occupies ground and
consumes water and food that should be better utilized, but also actually endangers
the life of man and beast. There are many plants that to a greater or less degree
possess poisonous properties. Some will poison one kind of animal and not another.
Some are poisonous for man only when eaten, while others are liable to induce
poisoning by the handling, especially when they are wet. For a list of these plants,
together with descriptions by which they may be recognized, and antidotes for cases
of poisoning, the reader is referred to publications mentioned in the Bibliography.

Eradication — Use similar methods as for other weeds, working with great care about
those that are poisonous to the touch.

VAl s
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PUBLICATIONS ON FIELD AND FORAGE CROPS, SEED
SELECTION, AND THE ERADICATION OF WEEDS
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ALFALFA. ByF D. Coburn. Orange Judd Co., N. Y. .. $0.50

suggestive presentation of the best methods of gmwlng t.his moot valusble crop under
vnﬁons conditions.

ALFALFA, OR LUCERNKE. Farmers' Bulletin 81. United States Department of Agriculturs ——
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Frax CUuLTURE. OrangeJudd Co., N. Y. . . . . .80
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