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PREFACE

The Cumberland Plateau has an area in Tennessee of abhout
5000 square miles. The average elevation is in the neighborhood of
1800 feet, or nearly 1000 feet above either the East Tennessce Valley
on the east or the Highland Rim on the west. This section is prac-
tically undeveloped from an agricultural point of view, and lands are
very cheap—$2.00 to $10.00 per acre. The soils are fine sandy
loams, which support a varied growth but, unaided, are light pro-
ducers under cultivation. The cultivated soils are apt to he shallow,
two to five feet being a common depth to the underlying sandstone.
The rainfall, however, is ample, being in the neighhorhood of 55
inches per annum, and is well distributed throughout the year, and
crops appear to suffer less heve from dry weather than on the deep
limestone soils of the East Tennessee Valley.

At Erasmus, Cumberland County, with an altilude of nearly
1900 feet, the average date of the last killing frost in the spring is
April 21, and of the first killing frost in the fall October 15.

The experimental work done by the Station for the past six
vears in this section was under the care of Mr. J. E. Converse, to
whom thanks are due for efficient service and for valuable sug-
gestions.

Numerous experimental results with various crops have been re-
ported in detajl in Bulletins 86 and 92, which may be obtained upon

request.



THE RATIONAL IMPROVEMENT OF CUM-
BERLAND PLATEAU SOILS

CONCLUSIONS FROM SIX YEARS OF FIELD EXPERIMENTS
FROM VARIOUS FARJ CROPH

PRINCIPLES OF SOIL FERTILITY WITH SPECIAL
REFERENCE TO THE CUMBERLAND PLATEAU

THE PLANT-IFOOD ELEMENTS

Plants need food of different kinds, very mueh as do animals,
That is, 2 plant will starve if deprived of any one of several sub-
stances in the soil, just as a man will starve if he tries to live on fat
meat alone, or on starch alene, or on sugar alone, or, for that matter,
on all three of these articles of food, because they lack the clements
that make blood and lean meat and which are found in cegs, milk,
lreans, and the like. To state the case another way, a person to be
well fed, not only must get enough food to satisfy his hunger, bul
also the food must contain in proper amount the clements needed
to renew all parts of the body. In like manner, plants, to be well
nourished, require an abundance of cach of a number of clements.

The elements found in the soil whieh ave neces-
The elements sary to plauts are nitrogen, phosphorus, cal-
necessary cium, potassinm, magnesium, sulphuv, and iron,

Those that come wholly {rom air and water are
carbon, hydrogen, and oxygen. The latter group makes up the bulk
of the dry substance of plants, or 90 ta 9% pavts out of 100, The
element nitrogen can be given an intermediate plage between the
two groups, because the orviginal source of the soil nitrogen is the
air. Also certain kinds of plants, the Tegumes, are able to utilize at-
mospherie nitrogen. though this is done indivectly, through the
nodule-forming bacteria found in their voots,

To the farmer the discovery of the elements that plants must
have, meant much, for as long as they were unknown there was no
way to tell exactly what could be used to help make poar land vich
Since this knowledge was obtained the world has been searched for
minerals and refuse that supply these elements; =oils have been an-
alyzed to find out how mmuch of each they contain; and it is now
possible to take almost any soil and make it fertile,
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Of the seven soil elements mentioned, only
The four elements  four have been found to be especially impor-
of most importance tant in practical farming, That is, they are

the only ones which are apt to be deficient in
the soil, and which generally make the difference between a rich and
a poor soil, so far as plant food is concerned. These four elements
are nitrogen, phosphorus, calcium, and potassium. The last three
are sometimes called the “minerals” and are generally referred to
under the names of “phosphoric acid,” “lime,” and “potash.”

Une of the prime objects of this bulletin is to

Principles of xoil show the special plant-food needs of the Cum-
fertility must be berland Platean soils, what fertilizers to buy,
applied to the and, as far as possible, how much to use on
Platean different crops in order to get the best praec-

tical results. The writer may be allowed to
say that he Dbelicves that this part of the State will become, in the
course of time, a prosperous agricultural section; but this condition
will be brought about only when the people understand the funda-
mental principles of soil fertility and apply them with special re-
gard to their soil needs.

PHOSPHORIC ACID AND LIME NATURALLY VERY DEFICIENT
IN PLATEAU SOILS '

Chemical analysis tells much about a soil’s supply of plant food,
and if the evidence furnished by the analysis is supported by the
results of field trials there can be little doubt as to the correctness
of the conclusions. In the case of the Cumberland Plateau soils we
have hoth kinds of evidence Lo prove that they are naturally very
poor in two important mineral substances, phosphoric acid and lime.
According to the chemical analyses made at this Station, an average
acre of Cumberland County soil to the depth of one foot contains
only 1600 pounds of phosphoric acid and 3100 pounds of lime that
can be dissolved out by the aid of strong, hot hydrochloric acid,
as compared with 8000 pounds of phosphoric acid and 11,000 pounds
of lime in the rich Central Basin soil. The results of experiments
made chiefly in Cumberland County have demonstrated repeatedly
that lime and phosphoric acid are greatly needed. Since the relative
values of these two elements is a matter of practical imnportance, the
writer will state at the outset that Platean soils are in greater need
of phosphorie acid than of lime, but the need of both is so great
that there is no occasion for surprise that in the past many farmers
have become discouraged and failed in the attempt to get satisfac-
tory erops from such a soil. Fortunately, these two substances are
easily obtained, and can be profitably used from the beginning. The
soils of the greater portion of the eastern United States are defi-
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cient in these same elements, and little move is requived by the Pla-
teau soils than should be used elsewhere outside of a few favored
localities.

HOW MUCH AND WHAT KIND OF LIME TO USE

‘Ground limestone, fresh burnt lime, air-slacked lime, and wood
ashes may be used for liming the land. Any one of them will
“sweeten” the soil; and the Plateau soils arve generally “sour,” a
condition that is unfavorable to most farm crops. A reasonable ap-
plication of ground limestone for this section is two tons pev acve;
and if it is evenly distributed this amount will probably be ample
for five, or perhaps ten years. One ton of burnt lime is equal to
two tons of ground limestone, and where the hauling is an impor-
tant item may be used to advantage. About one and one-third -tons
of air-slacked lime is equal to one ton when freshly burnt, and three
tons of wood ashes are required to equal about two tons of ground
limestone. Any of these materials can be advantageously applied
for almost any crop. The ecrops most benefited are the legumes,
such as clovers, cowpeas, and soybeans, but according to ouvr field
experiments corn, sorghum, millet, oats, and the like are nearly
always helped to a marked extent, so that the expense of liming is
often more than met the first year by the increased yields. Even as
little as half a ton of ground limestone per acre, or of a correspond-
ing quantity of any one of the other materials mentioned, may be
sufficient, if evenly distributed, to supply the immediate lime re-
quirement, even for a crop like red clover.

The question may now arise, If lime is highly
Why is lime beneficial to Plateau soils, why has it not been
little used? extensively used? There ave, doubtless, sev-

eral reasons, such as the expense and labor of
hauling and applying, but in particular a lack of knowledge in re-
gard to its true value. The fact must be remembered that in addi-
tion to making “sour” land “sweet” lime adds only onc element of
plant food to the soil, and that it does not take the place of phos-
phoric acid, or potash, or nitrogen. The writer has little doubt that
if lime were the only deficiency it would have been ex-
tensively used long ago, but the fact that other things were necded
complicated the matter and obscured its true value. Lime the land,
but do not expect this to take the place of phosphate, manure, soil-
improving crops, or any good method of soil improvement. [or
further details and experimental data of different kinds, veference
may be made to Bulletin 97 of the Tennessee Experiment Station,
“Liming for Tennessee Soils.”

PHOSPHATES

Phosphoric acid is the valuable constituent of a number of com-
mercial materials which are known as “phosphates.” Some kind of
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phosphate is necessary in order to lay the foundation for a fertile
and durable Plateau soil. At present either acid phosphate or basic
phosphate is advised as the most profitable for general use. Bone
meal might be used, but is too expensive. Raw phosphate rock is
recommended by some writers, but, according to numerous experi-
ments by this Station its effect is uncertain and it is of doubtful
value for Plateau soils. Unlike an application of lime, which need
pe made only once.in several years, acid phosphate should be used
in small quantity and applied for almost every crop. Two to three
hundred pounds per acre is a practical amount for a common farm
erop, sueh as corn, sorghum, millet or cowpeas, and will more than
yeplace the phosphorie acid which the crop removes.

Since acid phosphate is the basic material of

Composition and the commercial fertilizer mixture, its composi-
» . . I

grades of acid tion and properties should be understood by ev-

phosphale ery farmer. Briefly stated, acid phosphate is

made by mixing about equal parts by weight
of ground phosphate rock and sulphuric acid. The acid unites with
the lime of the vock phosphate and forms the sulphate of lime, or
land plaster, whicn makes up about one-half of the acid phosphate,
In addition, the phosphoric acid is changed from insoluble to soluble
forms, so that plants can readily make use of it. Fertilizer dealers
generally handle two grades of acid phosphate. One is puaranteed
to econtain 16 per cent of available phosphorie acid, and the other is
a “low-grade,” guaranteed to contain 14 per cent of available phos-
phoric acid. The “high-grade,” with 1¢ per cent guarantee, i3 nealr,
ly always the most economical to buy. In faet, the 14 per cent goods
is apt to be made, in response to a demand for a cheap fertilizer,
by mixing sand, soil or some such material, with a high-grade goods
to reduce it to a low-grade. Any such reduction costs something to
make, and the freight on the material added must be paid, so that
for these, as well as other reasons that may be thought of, the
really expensive and least profitable kind is the low-grade phosphate.

If kept under cover acid phosphate can be held
over for any length of time, as it does not lose
strength on standing. It should not be mixed
with either lime or ashes, but even then its
value is by no means destroyed. 1t is not lost from the soil by leach-
ing, but in a short while combines with lime, ivon, or other bases in
the soil, which reduce the readiness with which plants can make use
of it. This is one reason for the advice to make a light dressing
Wherever needed an application of acid phos-
phate produces an especially noticeable effect in the increased yield
of grain and fruit, though an increase of stem and leaf growth is
also marked. Only a relatively small quantity of phosphorice acid is
needed even by a large crop, but a great deficiency in the soil, such

Some properties of
acid phosphate

to suit each crop.
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as is the case on the Plateau, will almost make successful farming
impossible until the deficiency is remedied.

At this point some one is sure to think of a
Not enrough vegetable garden or other piece of land which
manure was made highly productive by tne application

of manure and where neither commercial phos-
phate nor lime had ever been used.- Manure is a complete fertilizer,
containing lime, phosphoric acid, potash, and nitrogen. It is also an
alkaline substance, and tends, therefore, to ‘“sweeten” a soil. The
great value of manure is unquestioned. If every farmer had all he
was willing to haul forv, say, four or five miles, the soil fertility
problem would be solved; but unfortunately this is not the case, ex-
cept possibly in the vicinity of a town or city. [Furthermore even if
the manure could be obtained, a good liming of the land and an ap-
plication of phosphate would be profitable at the outset of the soil
apbuilding, for the manure would give better returns and clover
could be grown at once. The writer recalls a very successiul farmer
who bought land with deficiencies similar to those of the Plateau,
and brought it up to a high state of productiveness during his life-
time by buying corn from his neighbors and feeding it, along with
whatever he could raise, to cattle. He considered the manure as
about the chief profit, and thereby succeeded in enriching his land.
The necessary phosphoric acid was obtained in the corm grown on
other lands, which were thereby impovevished. All the manure that
can be obtained should be used, but to get the crops that can be
fed to make the manure, both lime and phosphate ave very impor-
tant.

POTASH

Potash is not much needed by the Plateau soils, so that if the
major part of the crops grown is fed on the farm and the manure
returned to the land, little attention nced be given to this element.
At the same time the soils are only moderately well supplicd, and
if large crops, by the aid of liming, phosphating, and good methods
of culture, are grown, and especially if crops like Irish potatoes arc
raised for shipment, then postash salts should be used in nmoderate
quantity along with acid phosphate.

The cheapest of the commereial salts is the
Muriate of postash muriate of potash, 100 pounds of which contains
about 50 pounds of potash.

Wood ashes as a rule contain about 5 pounds
Wood ashes of potash to the 100, but if kept dvy and un-

leached may contain twice this amount. In ad-
dition the wood ashes contain a large amount of lime—to which the
writer would attribute its chief value—some phosphoric acid, and, in
fact, all of the mineral elements of plant food.
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SovBEAN Hav

INPERIMENTS ON THE LEMMERT FARM

CurMBERLAND COUNTY

No FrrTiLIze

PHOSPHATE AND POTASH

183

1.16 tons hay per aere

g Lon ey per were

LM ALONE

PHOSPHATL, POTASH AND LIME

1.72 tons hay per acre

o.66 ton hay per acre
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NITROGEN

As a rule the most marked difference between vich and poor land
or between “new” and “old” land lies in the content of nitrogen
and humus, which ave abundant in the vich seil but deficient in the
poor soil.

Nitvogen is by far tae most expeusive to buy
Cost of nitrogen of the plant-food clements. A pound of avail-

able phosphoric acid costs at the present time
about 5 cents; a pound of potash costs nearly 0 cents; and a pound
of nitrogen costs in the neighbothood of 20 cents.  Moreover, plants
require two or three times as much nitvogen as phosphoric acid  For
example, the nitrogen needed in the production ot a bushel of corn
would cost about 33% cents, while the phosphorie acid would cost
only 3 cents and the potash Tl cents. This high cost of nitrogen
prohibits morve than a small amount being used for field crops and
limits the amount that can be used profitably on even high-priced
garden crops. It is this high cost of nitrogen that prevents the so-
called “complete fertilizer” from being well balanced and containing
its due proportion of nitrogen. In fact, 100 pounds of the averave
complete fertilizer, as commonly sold on the market, contains enough
phosphorie acid for-18 bushels of corn, but enough nitrogen for only
one bushel. With these facts before us, and also in view of the pov-
erty in nitrogen of nearly all long-cultivated soils, not only on the
Plateau but everywhere in the Eastern States, it is evident thatthe
problem of really building up the soil in this element must be solved
in some way other than by buying nitrozen in commercial fertilizer
form. It is very important to understand that fertilizers in and of
themselves must fail to keep up soil ferlility becausze they do net
furnish enough nitrogen. This explaing why they have so often [all-
en into disvepute. ’

There are a number of nitrogencus materials

Nitrogenous which are much used for fertilizer purpeses,
materials sueh as ammoniom sulphate, dried Dblood, and

tankage, but the two that ave the most easily
obtained and are in other vespects best adapted to general use arve
nitrate of soda, and cottonseed meal. Nitrate of soda contains 15
pounds of mnitrogen per 100 and “prime” cottonsced meal about 634
pounds. TFor Plateau soils neither is advised to be used alone, but
only in connection with an application of acid phrosphate,

LEGUMES A8 A SOURCE OF NITROGEN

Fortunately there is a family of plants that are able to wet ni-
trogen from the air throuzh the aid of bactevia which live in their
roots. This family is knmown as legumes. Those of most impor-
tance are as follows: Red clover, algike clover, white clover, crim-
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son clover, Japan clover, alfalfa, sweet clover, cowpeas, soybeans,
garden beans and peas, and vetches, A complete fertilizer for these
evops need not contain nitrogen; hence, the usual recommendation,
after the land has been limed, is to use a mixture of only acid phos-
phate and muriate of potash. For Cumberland Plateau soils the fol-
lowing is a moderate application for an acre of land:

200 1bs. high-grade acid phosphate
20 Ihs. muriate of potash

The two ingredients should be well mixed by shoveling together
so that they may be applied at the same time.

SO11. INOCULATION

On the roots of all kinds of legumes are normally found small
growths resembling warts, which are called “nodules.” These nod-
ules ave produced by exceedingly small forms of plant life, the nod-
nle-forming bacteria, which can be seenonly by the aid of a power-
ful microscope. These bacteria take plant food of the various kinds
needed from the root sap of the plants in which they live and in
turn they supply the plant with more or less nitrogen, which they
have the power to get from the air. If a legume is grown in a soil
which does not contain these bacteria it can make use of only the
soil supply of nitrogen, like other plants, such as corn or wheat.
Clover. for instance, can enrich a soil in nitrogen only when the
proper bacteria are present, because the latter are the true nitrogen
oatherers from the inexhaustible supply of the air. It has been found
that widely different kinds of legumes require different bacteria, For
example, cowpeas may thrive on a certain soil, the nodules proving
that the right kind of bacteria are present, but alfalfa sown on the
same soil may produce only yellow-looking and unhealthy plants and
no nodules be found even though the soil be limed and well fertilized.
In such a ease the proper bacteria nfust be supplied before alfalfa
can be grown snccessfully. This is usually done by scattering 200
or 300 pounds of earth per acre, taken from some field where alf-
alfa was grown succeessfully and was well inoculated. Also, inocu-
lation usuadly follows the repeated seeding of the legume desived, and
for this reason a small amount of alfalfa or of sweet clover seed is
sometimes advised to be sown with clover and grass.

In this connection there are a few precautions
Sowme precautions which should be mentioned. First, it is not

worth while to inoculate soil bthat is in great
need of )ime and phosphate until these substances have been sup-
plied. Second, direet rays of the sun can kill the germs, so that the
best results ave obtained if the inoculating soil be either drilled into
the pround or scattered broadeast on a cloudy day and then harrow-
ed in. Third, undesivable weed seeds may be brought to the land
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along with the desivable ‘bacteria. It may also be mentioned that after
a 50il has once become thoroughly inoculated a second inoculation is
seldom if ever needed.

The Plateau soils have proved to be rather poorly supplied with bae-
teria, and if vetch, evimson clover, soybeans, Canada field peas,
sweet elover, or alfalfa be grown soil inoculation may be vequired in
order to get the best results, For the last two crops in particular
inoculation should alwayvs precede the first seeding.

AZOTOBACTER

There is another and very important group of bacteria called
azotohacter which supply the =oil with nitrogen from the aiv, and
appear to be present neavly everywhere,  Unlike the nodule-form-
ing kinds, azotobacter are independent of the higher forms of living
plant life. The conditions favorable to their best development arve
ahundant =upplies of lime, phosphorie acid, aiv, and some kind of
arganic matter, such as would be furnished by rye or other green
crop turned under. the carhon of which they wse as a souree of en-
ergy. ‘Meadow land conditions scem to be favorable to them, for
meadows are found {o gain in nitvogen even when no legumes are
present.

HUXMUS

One of the soil constitwents which are well known to decrease
under usnal cultivation is humus, as the dark-eolorved organice sub-
stances resulting from the decay of veretable matter are called. The
value of vegetable matter in the soil iy not apt to be overestimated,
for the humus produced from it inercases the water-holding capae-
ity of the soil and improves the texture, so that the =0il is less in-
clined to bake and be eloddy. Alse its importance in connection with
different kinds of nccessary bacteria is very preat.

GREEN-MANURE FARMING

The growing of a legume, to be tnrned under and followed with
a money cvop. is known as ereen-manure farming and has been
practiced very successfully both in some parts of Turope and in this
country. New Jlersey farmers have grown crvimson clover to be
turned under and followed with either potatoes or corn, not only
petting large crops, hut also building up the =oil at the same time.
Crimson c¢lover iz heing vrown i varioug parts of Tennessee and
may he used to advantage on the Plateau as soon as the soil con-
ditions are made right., This reguires lming and the use of the aeid
phosphate and muriate of polash mixture previously mentioned, and
attention to the proper inoculation of the soil. Alany soils, however,
are too poor in vegetable matter for any of the clovers, in which case
cowpeas followed by rye may be used as green-manure crops at first.
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CROP ROTATION

A proper rotation, or change of crops, has much to do with soil
fertility. In the most prosperous and longest organized farm com-
munities definite crop rotations are followed year after year with
little variation, The kind of crops grown must of course be suit-
able to the climate, the soil, and the market conditions, but thele
are certain essentials to be kept in mind,

There shonld be one or more cultivated crops in
Cultivated crops every rotaution so that weeds may be kept in

check or eradicated. Good crops for this pur-
pose are Ivish potatoes, cowpeas or soybeans planted in rows, sor-
ghum, and corn,

To put vegelable matter into the soil and in-
Grass and legumes crease its water-holding capacity and produec-

tiveness in general, a grass crop is very im-
portant. An essential for most soils, and for the old and worn
Plateau soils in particular, is one or more leguminous crops to bring
nitrogen from the air. TFor this purpose cowpeas are the most easily
growi, but in order to be of much benefit the crop must be either
pastured off or turned under. To prevent loss of nitrogen by leach-
ing, a winter cover crop of rye or wheat is necessary. This in turn
could be grazed, but should be plowed under when about one foot
high in preparation for a money crop, such as potatoes or corn. Soy-
beans resemble cowpeas as soil improvers, but neither is equal to red
clover, which should be the one crop especially sought; for once the
conditions for its satisfactory growth have been secured the problem
of getting at least modevately profitable crops of corm, potatoes, ete,
has been solved.

Most of the Plateau section remains to be clear-
A crop rotation ed, and there appears to the writer no reason
for new land why the new lands should mot be put at once
nnder a rotation that, with the aid of liming,
phosphating, and the careful saving and use of farmyard manure,
will maintain a high state of productiveness, Generally speaking a
long rotation, covering a period of five or more years, is better than
a short two or three-year rotation. The following is given as an
example of a good, practical rotation:
1st year—Corn, followed by cover crop of rye sown at last work-
ing,
2 year—Cowpeas or soybeans
3d year—Rye, wheat or oats
4th year—Clover and grass (chiefly clover)
5th year—Clover and. grass (chiefly grass)
This means that the cultivated part of the farm is divided into
five fields and that each year, as soon as the rotation is fully going,
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there is onme field in eornone in cowpeas or soybeans, one in a small
grain, one in first-year clover and grass, and one in second-year clover
and grass. To suit potato growers the grass may be omitted and
potatoes take the place of the second year's clover and grass, ov,
potatoes may take the place of a pait of the corn.

For a complete scheme of crops to be grown in ovder to reach

this rotation, and the fertilizers, ete, suggested, sve page 135,

THE RELATION OF THE POTATO CROP TO SOIL IMPROVE-
MENT—WHAT MAY BE EXPECTED OI" THE FERTILIZER

The Cumberland Plateau soils are mainly fine sandy loams. This
kind of soil is easily cultivated, allows an excess of water to escape
readily, is adapted to a great vaviety of crops, and contains enough
clay to make it retentive of manure and fertilizer.

Trom a physical point of view they are the
Conditions Cavorable best adapted of all the soils in the State to the
to potatoes production of Irish potatoes and resemble in

this respect the celebrated potato soils of North-
ern Maine. The eclimatic conditions are also tavorable to potato
growing, There remains, therefore, only one serious problem, so fav
as the getting of yields is concerned, and that is the envichment of
the soil. Fortunately, this crop is one that can be liberally fertiliz-
ed. 1t not only responds well to lertilizers, but also the value of the
plant food removed by a bushel of potatoes iz small as compared
with the value of that removed by a grain crop. Tor example, a
bushel of corn (grain only) contains about 22 cents’ worth of
plant food, but a bushel of potatoes only 12 cents’ worth. The eul-
tivation of this crop also leaves the soil in nice coundition for a crop
to follow, whether it be crimson clover to enrich the soil in nitvo-
gen or a winter cereal, such as rye or wheat, to prevent the logs of
plant food by leaching during the winter and carly spring. There
is, therefore, an opportunity to utilize potatoes both as a money crop
and as a start toward building up the soil fertility.

From what has just been said, too much might
Fertilizer for be expected from the Clertilizers that may be
potatoes used, so that we need aguain a clear under-
standing of their capacity to cenrich the sol.

According to the Station’s experiments, a good, practieal (erti-
lizer mixture for one acre of potatoes is as follows:

300 Ibs. high-grade acid phosphate
50 lbs, muriate of potash
400 Ibs, cottonseed meal
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Now, let us see what theovetical incvease in
Tncrease from yield may be expected from the 750-pound ap-
fertilizer plication. TFour hundred pounds of cottonseed

meal contains as much nitrogen as is required
in the production of 100 bushels of potatoes, but all the nitrogen ap-
plied is not taken up by the crop, and as a matter of fact an in-
erease of 50 bushels would be considered high. This  means that if
the phosphate and potash supplies are ample and the soil is poov in
nitvogen, an increased yield of only 50 bushels could be expected even
under very favorable seasonal and cultuval conditions.

Let us suppose, on the other hand, that the nitrogen supply of
the soil is good, and that the great need is phosphorie acid. In this
case there is, according to theory, enough phosphoric acid supplied
by the 300 pounds of acid phosphate for 500 bushels, but according
to field trials only about one-third can be expected to be used by
the immediate crop, so that in reality an increase of 170 bushels
might be obtained. In a similar way it may be shown that there is
eénough potash for 80 bushels, but that only about two-thirds may
be taken up by the crop for which it is applied.

As a matter of fact the 750 pounds per acre has, in our experi-
ments in Cumberland County, given an increase in the neighborhood
of 75 bushels over the unfertilized check plot. The soil cannot, there-
fore, be said to have been materially enriched in any element except
phosphoric acid.
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' SOME RESULTS OF FIELD EXPERIMENTS

FERTILIZERS FOR IRISH POTATOES

QUANTITY OF COMPLETE FERTILIZER

Table 1 gives the results obtained in nine series of experiments
conducted on as many different soils of varying fertility, The
fertilizer used consisted of the mixture previously mentioned. The
approximate cost of 750 pounds of the mixture was $9.90. In one-
third of the trials this amount per acre proved more profitable than
twice the quantity, and is recommended as a conservative applica-
tion, Tifteen hundred pounds per acre proved, however, to be on the
averape the more profitable, and would, of course, leave a larger
residue for the benefit of the succeeding crop. The results were ob-
tained in different seasons, but probably represent rather favorable

. conditions for this crop.

TABLE L—Fertilizer experiments with frish polafoes, lesting fwo rates of
applicalion, 750 and 1500 lbs. per acre, of a complele fertilizer—
vesults of nine series, each conducted on a different favm

' Yield per aerc without Yield per geve with 750 1bs, |} Yield per acre with 1500 1bs,
) fertilizer complete fortilizer comptete fertilizer
Series -
Total ’ Salable Total [ Salable Total I Salable
)
- I Bu [ Bu [ Bu | Buw ||~ Bu | Bua
I | \ | 1 !
1 }[ 61 [ 52 [( 104 ‘ 81 H 136 [ 122
| f 1
2 H 57 \ 36 H 101 ‘ 80 [[ 109 ) 92
17 I
3 || 37 17 H 96 \ 6 H 108 88
i l Il ] Il [ -
4 ]| 24 | 4 Jl 109 | 54 || 158 | o1
| i
5 ” 32 | 20 142 ﬂ 131 H o191 3‘ 180
I [ i 1 il
6 || 73 | 6 || 123 "] 110 || 136 ‘| 121
[l . [
7 H 54 46 164 | 147 ‘il‘ 198 \ 177
I 1 | I
8 || 155 | 139 || 193 | 180 H 221 || 205
[ 1 Il . |
9 H 110 ] 90 ” 167 ] 151 Il‘l 228 lJ 199
I l m l TR i —
Average ” 67 | 52 {| 183 | 112 | 165 | 142
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COTTONSEED MEAL VERSUS NITRATE OF SODA FOR
POTATOES ' ‘

Table 2 gives the results obtained on seven different farms where
experiments were made to compare the effect of nitrogen from cot-
tonseed meal with that from nitrate of soda for Irish potatoes. Four
hundred pounds of the meal was assumed to contain the same
amount of nitrogen as 160 pounds of the nitrate. Acid phosphate
and muriate of potash were used in every case in sufficient quantity
to make the nitrogen fully effective. The average of the series shox;v
that nitrate of soda was only slightly more efficient than the cotton-
sced meal, the average total yield being 145 bushels where the ni-
trate was used, as compared with 140 bushels where meal was used;
but the average quantity of salable potatoes was the same for each.
Nitrate of soda has the advantage of being somewhat cheaper than
cottonseed meal, but the disadvantages that it cannot be so generally
obtained, is apt to be lumpy and needs pulverizing, and is prefer-
ably applied sepavately from the phosphate and potash as a surface
dressing.

Tyrican RESULTS FROM EXPERIMENTS WITH POTATOES

No FLRTILIZER 12 Tons MANURE PER 12 ToNs MANURE AND
ACRE 600 L,Bs. AcID PHOS-
PHATE PER ACRE

44 Bu. per acre 130 Bu. per aere 179 Bu. per acre

FARMYARD MANURE ALONE AND REINFORCED WITH
FERTILIZERS

Farmyard manure can be used with extra good chance of profit
on the Irish potato crop. Aceording to the results of Table 3, 12
tons of manure per acve gave, as the average of six series of experi-
mentg, an increase of 92 bushels of salable potatoes, or 7% bushels
per ton of manure. Farmyard manurve is considered to be a com-
plete and well-balanced fertilizer for a soil that is fairly well sup-
plied with the mineval elements, paosphoric acid and potash, but for
Dlateau soils an additional supply of phosphoric acid in particular is
needed in order to make the manure most efficient. The average of
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Hve series of experiments gives an increase of 138 -hush.els of salal.)le
potatoes from an application of 12 tons of n?‘anurc,'1'e1nfo1'c'ed with
600 pounds of acid phosphate, as compared with an increase qf gllly
86 bushels from 12 tons of manure alone. As tlhe‘averag'e of tmrfae
trials, the application of 320 pounds per acre of nljcrvate of soda, in
addition to 12 tons of manure and 600 pounds of acid phosphate, re-
sulted in a further increase of 20 bushels of salable potatoes per
aere. The results of the experiments in \.Nhich.loo lpounds of murlaf.:e
of potash per acre were used in connection with 600 pounds of acid
phogphate and 320 pounds of muriate of potash as a supplement to
the manure, are not favorable to the use of the potash salt,

i

VARIETY TRIALS OF IRISH POTATOES

Several variety trials were made with Ivish potatoes, but they
were neither as extensive nor as long continued as is necessary in
order to get conclusive results, but the late white type are especially
recommended. According to the results obtained, Burbank and Green
Mountain were the best late varieties, and Early Rose and Irish Cob-
bler the best medium-early. Bliss Triumph was found to be one of
the lowest yielders.

NORTHERN-GROWN VERSUS HOME-GROWN SEED

Five trials, in which five different varieties waere represented,
were made between Northern-grown and home-grown seed. The
average yield for the Northern-grown seed was 58.7 bushels per acre
and for the home-grown seed 63 bushels per acre. This outcome is
in harmony with the results obtained elsewhere, which show that
good-sized home-grown seed is superior to the Northsrn-grown seed.
Mention should be made, however, of the fact that the continued
planting of small seed is very apt to cause the varviety to “run out,”
so that a very inferior strain is the result. On the other hand, the
selection of good-sized seed potatoes from productive hills will have
a strong tendency to improve the ecrop.

TIME OF APPLICATION OF NITRATE OF SODA

Nitrate of soda furnishes nitrogen in its most
Nitrate of soda—  available form for plant-food purposes, espe-
value and properties cially for cereal crops. It is also about the

cheapest commercial source of fertilizer nitro-
gen. These two reasons are sufficient to warrant the study on the
part of every farmer of the most important principles concerning its
use. Nitrate of soda is very readily soluble in water and may he
lost from the soil by leaching, but this chance of loss is much less
than might be supposed, as the vesults of Table 4 show, It may be
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decomposed and nitrogen he lost into the air by being mixed with
acid phospbate. but in practice sueh loss is likely to be small. Ni-
trate takes up moisture from the aiv in considerable quantity, and
the mixture with acid phosphate will, if sufficient nitrate be present,
soon Dbecome sticky, so that there are two reasons against mixing
acid phosphate and nitrate of soda. Fertilizer manufacturers have
found, however, tahat they could add a small amount to their mix-
ture without bad vesults, and this is not an uncommon practice. Be-
cause of the chance of loss by leaching and of the possible bad ve-
sults from mixing with other fertilizer materials, nitrate of soda is
usually applied by itsell as a top-dvessing. The generally accepted
rufes in regard to itz use are as follows:

1. If the soil is poor in either phospaorie acid
Rules for usce of or potash. nitrate should not be used, until the
nitrate deficiency in these mineral elements is supplied,

According to numerous trials on Highland Rim
and Cumberland Plateau soils, 300 pounds of acid phosphate and 50
pounds of muriate of potash are ample to rveinforee 160 pounds of
nitrate,

2, For fall-sown small grains, a vevy light appliecation—say 40
pounds per acre—may he made at the time of seeding, providad the
goil is poor and there is some danzer of the crop’s freezing out;
otherwise all of the nitrate is applied as soon as spring growth starts,
or some time in Maveh., For spring and summer erops the nitrate
13 applied as a top-dressing when the plants ave small.

3. Nitrate should not be applied when the leaves of the plants
are wet with vain or dew, as hurning is apt to follow,

4. With light applications, up to, say, 200 pounds per acre, all
the nitrate may be applied at one time, but with heavy applications
ane-half is often advised to be applied at an early stage of growth
and the balance in ten days or two weeks.

EXPERIMENTAL EVIDENCE

For the reason that there is at the present time a wida difference
between the recommendations of some writers in regard to the time
at which nitrate should be applied, experiments ware undertaken on
this subject with two cvops, corn and Irish potatoes. The soils used
were, of course. defieient in nitrogen in each case, and phosphate’ and
potash weve applied in ample quantity to make the nitrate effective.
Table 4 gives the schemes followed and the vesunlts obtained as an
averare of several trials for each crop.
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DISCUSSION OF THE RESULTS

The vesults with the corn peint very definitely

Early application to the application of the nitrate at an early
best for corn stage of growth, the gain being greatest when

the plants were from three inches to two feet
high. Of special interest weve the results following the application
made at tasseling time, for in none of the three series from which
the averages were obtained did any increase in yield of grain result
from this time of application, the only appavent etfect being a deep-
er green folinge,

The results of the experiments on Irish poia-
Early application toes are of special interest, as three of the four
best for potatoes sets weve made on the fine sandy loams of the

Plateau, whieh might be expected to suffer
from leaching, In practically every one of the four sets nearvly as
good results as any were obtained when the nitrate was mixed with
the phosphate and potash applied in the row before plantm;_, This
was rather unexpected, for the vainfall at this thume of the year is
heavy, so that loss of nitrate would be looked for. The result from
applying onc-haltf of the nitrate as a top-dressing when the plants
were just coming up, and the balance in ten days or two weeks, were
unfavorable to this method. As with the corn, the results are, there-
fore, deecidedly in favor of an earvly application,

FERTILIZERS FOR CORN
PHOSPHATE AND POTASH

Comn is a very important crop, but one that is low-priced, so that
the question as to the most profitable fertilizer is not always easy to
answer. Fertilizer experiments coveving every condition have not
been possible, but considerable evidence has been obtained. With re-
pard to phosphate, acid phosphate in moderate quantity, say 200
pounds to the acve, is recommended, and may be used by itself with
as good a chance for profit as any other material or combination of
materials of equal moncy value; it may even give greater profit,
especially in the case of freshly cleaved land. If a light dressing
of manure ean be made, then the plain acid phosphate is highly ad-
visable as a supplement to the mannve, which, as demonstrated in the
potato experiments, is strengthened in its weakest point for soils
like these. Tn a similar manncr acid phosphate is recommended for
a green-manure or pasture crop which is to be followed by ¢orn, the
one application in that case answering fairly well for the two crops.

The experimental rvesults do not warrant anything more than a
very light application of a potash salt, say 10 pounds per acre of
muriate of potash mixed with the acid phosphate.
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CAN NITRATE OF SODA BE USED PROFITABLY FOR CORN?

We have now to consider the value of nitrogenous materials
when used in combination with acid phosphate and muriate of pot-
ash, In particular, the question arises, Can nitrate of soda be used
profitably for corn?

In order to answer this question field experiments have been con-
ducted at various places in the State. In some instances the experi-
ments have been rather extensive, embracing 25, and even 30, plots,
some of whieh received no fertilizers, some only phosphate and pot-
ash, others only nitrate, and a fourth set receiving phosphate, pot-
ash, and nitrate. Such a series was conducted in Warren County for
each of three seasons, 1908, 1911 and 1912. In Table 5 are present-
ed the fertilizer scheme and the results of the series conducted in
1912 on the farm of A. P. Titsworth, in Warren County. This series
is given by itself for the reason that the results are characteristic of
those obtained from nitrating under very favorable seasonal and soil
conditions.’ According to these experiments, the cost of nitrate for
each bushel of increase produced by it was 32 cents for the 40-pound
application for an acre, 31 cents for the 80-pound application, 37
cents for the 160-pound, and 46 cents for the 240-pound. Under less
favorable conditions the increased yield proved insufficient to pay for
the nitrate, and in very unfaverable seasons no inerease in grain
production was obtained. Evidently there is considerable risk run.
All things considered, the margin of profit appears at the present
time to be too small to permit the recommendation of nitrate of soda
for the corn crop, except possibly a wvery light application under
special conditions of nitrogen deficiency.

A COMPLETE FERTILIZER FOR VERY POOR SOILS

In order to get additional data with regard to a practical form-
ula for corn, experiments were undertaken with three different mix-
tures, each of which was tested at three ditferent rates. Table 6
gives the average results of six sets of these trials, which were con-
ducted in the seasons of 1907, 1610, and 1911. TEach set was con-
ducted on a different farm, and the unfertilized plots gave yields
ranging from 6.3 to 241 bushels per acre, the average being 15.5
bushels per acre. The cxperiments were made, therefore, under
strictly poor-land conditions, but such as are of common occurrence.

The three formulas used were as follows:

TFormula 1
1200 Ibs. high-grade acid ghosphate
100 “ wmuriate of potas
480 “ cottonseed meal

This mixture analyzes approximately—
11 per cent available phosphoric acid
1% “ “ nitrogen
3 “ “ yotash
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Formula 2

1200 1bs. high-grade acid phosphate

100 “ muriate of potash
720 “ cottonseed meal

This mixture analyzes applo\lmdtel'

10 per cent available phosphovie acid
2 ¢ 4 aitrogen

3 “ % potash

FFormula 3
1200 1bs. high-grade acid phosphate
100 “ muriate of potash
1440 “ cottonseed meal
This mixture analyzes approximately—
8 per cent available phesphorie acid
3V “ nitrogen
2% potash

OBJECT IN VIEW

Attention is called to the fact that in the experiments the low
rate for each formula—135 pounds of Formula 1, 150 pounds of For-
mula 2, and 200 pounds of Formula 3—containg the same quantity of
acid phosphate, or about 90 pounds per aere; also each contains about
6% pounds of muriate of potash per acre; so that the differences are
due entively to a vaviation in the amount ol cottonsced meal used.
In a similar mannev, the medium vates of 202, 225 and 308 pounds
each contained the same amounts of acid phosphate and muriate of
potash; namely, 134 pounds of the former and 11 pounds of the
latter per aere. In the heavy rates of 104, 450, and 617 pounds per
acre the amount of acid phosphate for euach was 270 pounds and of
muriate of potash 22.5 pounds per acre. The experiments, therefove,
resolve themselves into only two distinet objects; one to determine
the proportion of cottonsecd meal which would be the most profit-
able to use with a given amount of the acid phosphate and muriate
of potash, and the other to determine the quantity ol the complete
mixture which would be the most advisable to use. [n all the trials
the fertilizer was applied in the row and mixed with the soil by ran-
ning a shovel plow through it before planting.

RESULTS OF EXPERIMENTS

The results of these experiments scem to justify the use of a
complete fertilizer for corn on very poor soils like these. The largest
gross profit was obtained where a medium application of 308 pounds
per acre of Formula 3 was made. The sccond largest gross profit
was obtained where the medium application of 225 pounds of Formula
2 was used. If the avervage gross profit of the three formulas be
calculated, then Formula 3 ranks highest, with $4.32 per acre; For-
mula 2 ranks sccond, with $3.92 per acre; and Formula 1 ranks lowest,
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with an average profit of only $2.74 per acve. The question arises,
however, Do the results justify the recommendation of Formula 3,
which gave both highest yield and largest gross profits? In the
writer’s opinion they do not, for the reason that the margin of profit
which can be attrvibuted to the large proportion of cottonseed meal
in Formula 8, is too small te warrant the risks incurred. The mod-
erate application of 225 pounds per acre of Formula 2 is, thervefore,
advised as both consevvative and practical.  According to these ex-
periments it raised the average yield of corn from 15.5 bushels to
27.6 bushels per acve, at a cost ot only $2.59. 1t may be of interest
to note that 225 pounds of IFermula 2 contlaing as much phosphoric
acid as is removed by the grain and stover of a 40-bushel crop,
enough potash to replace that vemoved by 5% bushels, and nitrogen
to eqnal that removed by only 3 bushels, the stover being included
with the grain in cach case.

VARIETIES OIF CORN

Table 7T gives the results obtained in the vaviety trials of corn,
Hickory King, which was taken as the standavd ol comparvisen, is
only fairly well adapted to this section, somewhat carvlier vavieties
being desirable, such as those which have been grown for a number
of years on the Plateau and arve known by local names like Rains,
Ramsey, and Morrow, The variety which has given decidedly the
highest yields and seems least suited to this section is DPiedmont
Waite Dent, a vaviety originated by the U. 8. Department of Agpri-
culture. Rank-growing and late varieties, such as Huffman, Webh
Improved Watson, Cocke Prolifie, and Albemarle Prolific, ave evi-
dently not adapted to the avevage soils, The last two montioned
may, however, be used for ensilage purposes on improved land.

TaBLE 7T— [ aricly trials of corn on Cionbertand Platean {(1907-1912)

. B . ) B _ Numher of trials | Averdge vield in

Hickory King in eomparizon Numher o ! lillll l‘"'\““lr ‘t,'[l US| Tenrof (4 or
with— trinls madle Hirkory King nuaitst {(—)

; MHickory King

Bu.
Albemarle ______________ [ 7 ! T i £10.0
Bigg Seven Eavo______ ' 6 ! p | — 21
lowa Silver Mine ) } B ! TR
Jarvis Golden Prolifie ___| 6 i 5 | — 2.1
Leaming ________________ 1 i b i couy
Morrow i 4 i i 409
Piedmont White Dent B ! T ! — 5.0
Rains ____________.___.__. : 3 | 2 ! — 0.5
Ramsey o ___________ ; H ! B { 41N
Shephevd _.___________._ ! 2 ! 2 ' 40

Webb Improved Watson___| 7 7 ‘ LT
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ALFALFA

The question is often asked as to whether the Plateau is adapt-
ed to alfalfa. This crop should he considered a rich-land rather
than a poor-land crop and is, therefore, not naturally sunited to this
section. However, with proper attention to the requirements of the
crop there appears to the writer no important reason why it
can not be grown profitably to a limited extent, A fraction of an
acre rather than acre lots is advised for initial tests.

Success with alfalfa has been found to depend largely on the ful-
fillment of the following conditions:

1. Thorough prepavation of the soil, begun some months previous
to seeding.

2. The cleansing of the soil from weeds by frequent harrowing,
so that no weeds go to seed, at least during the summer when the
alfalfa is sown.

3. A dressing of lime, either one ton of bhurnt lime or two tons
of ground limestone per acre.

4, A heavy application of phosphate, say, under Platean condi-
tions, 1000 pounds of acid phosphate per acre, one-half applied before
plowing and one-half afterward. to get it well mixed throughout the
soil, also 100 pounds of muriate of potash, is advised.

5. At least moderately heavy manuring, say not less than 12
tons of manure per acre, which should be done early in the summer
so that weed seeds may spront and the weeds he gotten rid of before
seeding to alfalfa,

6. Inoculation of the soil, for which 300 pounds per acre of in-
oculated s0il from an old alfalfa field is recommended.

7. Liberal sceding—24 pounds pevr acre of the best Kansas or
Nebraska seed—to be done early in August.

8. Thovough harrowing of the alfalfa after each cutting in order
to get vid of crab-grass, ete. This may be done with a disc harrow,
but a specially constructed, spring-tooth harrow, such as is now on
the market, has been found in the Station’s trials Lo give better
results than any other implement tested.

“CLOVERS"
RED CLOVER

Of all the lezumes red clover may well be considered as the most
valuable for soil-improvement pnrposes, and although Plateau soils
may not be naturally adapted to this e¢rov the aim of every farmer
should De to get his soil into the proper condition for its production.
In the case of freshly cleared land. liming and phosphating are the
main requirements. Tor old land, at least a light dressing of ma-
nure, or the turning undev, for one or more seasons beforehand, of
such green-manure crops as can be grown to most advantage', is
essential, ’



The usual time of seeding is the early spring, with some nurse
crop, such as spring oats or fall-sown rye. Under favorable condi-
tions it may also be sown with buckwheat in July. Where the suc-
cess of clover is less certain, seeding by itself the latter part of the
summer is recommended. Indeed, in this way the best crops can be
obtained on almost any soil.

Tnoculation of the soil for the common clovers may be of con-
giderable importance, and should not be overlooked. Special investi-
gation of this subject has, however, been neglected,

ALSIKE

Alsike clover is not as vobust as ved clover, and is, therefore,
not as well suited to poor land. It has, however, done very well in
our experiments, and has some advantages over ved clover, especially
in that it is completely vesistant to the common red clover disease,
which has done great damage throughout the State duving the past
twenty ov more years. Only about two-thirds as wmuch seed is re-
quired as for red clover.

ALSIKE CLOVER, FROM HXPERIMENTS ON Farn oF J. Morrow, CRESTON,
CUMBERIAND COUNTY

No FURTILIZER FLERTILIZER FERTILIZER AND LME
044 ton hay per acre 108 tuns hay per dere L4 tons hay per aere
WHITE CLOVER
White clover, like red and alsike, responds to liming and phos-
phating, and should not bhe overlooked as an addition to the pastuve
and a means of soil improvement. One and one-half pounds of sced
per acre is suggested to be mixed with the clover and grass wherever
the land is to be used for pasture purposes,

CRIMSON CLOVER
Crimson clover is a valuable green-manure crop, but only vather
fertile soils ave adapted to it. To get best results it should be sown
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by itsell in midsumunier, but it may be sown with buckwheat under
favorable conditions. Il has a much lower lme requirement than
ved clover.
LESPEDEZA

Lespedeza, ovr Japan clover, is not a true clover, but may be in-
cluded with the othera for practical purposes. This plant has spread
pver a large part of the Plateau and should be welcomed both as an
addition to the pasture and a not insignificant means of soil improve-
ment.  Although fonnd growing almost everywhere, it responds well
to liming and phosphating, as was demonstrated at the West Ten-
nessee Station.  Under some conditions it may even be worth while
to sow the seed. This may be done the latter part of March, About
25 pounds per acre is requived for a full stand the first year. Ten
pounds, however, will be sufficient to give it a good start,

MELILOTUS

Melilotus, or sweet clover, like Lespedeza, is a legume but not a
true clover.  This plant requires, like alfalfa, a soil well supplied
with lime; also soil inoculation with the same kind of bacteria re-
quived by alfalfa, which do not appear to be naturally present in
these soils. Tt is probable that with attention to liming, phosphat-
ing, and inoculation. sweet clover could be grown to advantage as a
green-manure crop. Sweet clover may be sown either in the spring,
with oats, or in late summer.

COWPEAS AND SOYBEANS

Both cowpeoas and sovbeans are adapted to the Plateau and
should be prown extensively.  Very poorv Tand which has been limed
~and phosphated should be planted at fivst n peas ov beans, to be
pastured off or turned under for green manuve, and not in some non-
legume, like millet ov gorghum. The Whippoorwill is the standard,
all-vound vaviety of poas, but the Clay is suggested for soil-im-
provement purposes, hecause ol its more vigorous growth. Mam-
moth Yelow soyheans make an excellent growth, but ave rather late
for this seetion,

The capacity for hay production of the late-maturing varieties
of soybeans is mueh greater than that ot any vaviety of cowpea, but
the soybean requires more attention both in cultivation and in har-
vesting than the cowpea. Soil inoculation, which never seems neces-
sary for the cowpea, is rvequired for vavieties other than Mammoth
Yellow the firgt year prown.  However, sinee the nodules do not
seem to be entively Lacking the first year, their thorough inoculation
would he expected the following season if grown on the same land.

Both cowpeas and soybeans, the latter in pavticular, give largest
vields when planted in rows and cultivated. Tor broadecast seeding,
114 bushels of seed per acve is vequired; but for planting in rows only
Y% bushel. Two and one-half foot rows arve advised,



Only acid phosphate ov a mixture of acid phosphate and muriate
of potash is advised as a fertilizer.

CANADIAN FIELD PEAS AND SPRING OATS

Canadian field peas and spring oats cuan be grown successfully
on soils of good productivity. The peas add materially to the feeding
value of the hay, as do cowpeas in the common mixture of cowpeas
and millet, The Canadian peas ave closely velated to the common
smooth varicties of garden peas, and, like them, should be sown as
early in the spring as possible. Both the altitude of the Plateau
and the sandy nature of the soil are favorable to Canadian peas, and
the mixture with oats is recommended for trial, A fair seeding per
acre is 2 bushels of oats and 1 bushel of peas. In the cooperative
trials there has been much evidence that soil inoculation is necessavy
in order to get the best results. Three hundred pounds of a garden
soil wheve garden peas show nodules on the roots is sufficient for
an acre, and may be either drilled in or sown broadeast and har-
rowed into the soil.

PEANUTS

The season is rather short for peamts to reacnh tull maturity,
so that they can hardly be advocated except for the home garden,
for which use the Spanish variety is recommended.

THE SMALL GRAINS

Wheat, as well as rye and oats. may be grown on the Platean,
but the soils are not naturally well adapted to it. They are too
poor in plant food and too light in texture. Tor the latter reason
they heave greatly in freezing and thawing, so that fall-sown cvops
of all kinds must be planted extra carly or the soil be above the
average in fertility; otherwise they stand a good chance of being
frozen oul. Towever, if the fertility of the soil is incveased there is
nothing to prevent the getting of excellent crops of all the small
grains, including winter barley, which requives a rieher soil than any of
the others. Winter barley should be sown early in September, Wheat
and rye should be sown the latter half of September. Ou account
of the uncertainty of winter oats, only spring oats ave advised. They
should be sown as early in the spring as the season will allow,

In regard to fertilizers, the same sugeestions as made for corn
may be followed.

GRASSESR

The newly cleared lands of the Plateau are rather casily set in
grass, and advantage should be taken of this opportunity hefore the
continued growing of corn. millet, ote., seriously impoverishes the
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soil, Lime and phosphate ave very important from the outset. Grass
seed is Tfrequently wasted by being sown on land that is too poor ror
any of the cultivated grasses, and emphasis is placed on the ne-
cessity of first improving such land by the use of manure or by the
growing of rye, cowpeas, etc., for pasture or green-manure purposes,
i addition to liming and the judicious use of phosphate. The
physical make-up of these soils, the abundant rainfall, and the long
growing season are all favorable, and the culture of grass is urged
In connection with that of clever as an important means of main-
taining fertility.

Red-top is probably the best all-round grass for both hay and
pasture. With the aid of manure, lime, etc., timothy, orchard grass,
and tall oat can be grown to advantage, and under such a condition
gither red or alsike clover should be sown with the grass. As heavy
a seeding of the clover is recommended as though no grass seed
were sown—say 10 pounds of red or 7 pounds of alsike per acre.

Barly spring seeding, with a nurse crop of either spring oats or
fall-sown 1ye, is the usually successful precedure, but sumimer seed-
ing of both clover and grass without a nurse crop has done well.
Sometimes, however, under favorable conditions they may be sown
with buckwheat, or even with cowpeas and sorghum.

Bermuda grass is not advised for this section. Kentucky blue
grass may be grown if conditions are specially favorable, but other-
wise it is not recommended.

Some successful hay vaisers have depended almost entirely on
rather heavy applications of manure-—20 to 25 tons per acre—and the
suggestion is offered that by making soil conditions favorable to
the getting of clover along with the grass, 400 pounds of acid phos-
phate and 50 pounds of muriate of potash per acre would probably
take the place of one-half of the manure.

- Nitrate of soda may be profitable on grass, especially if a fer-
tilizer be desired to forward a late seeding or to thicken a stand.
Eighty to one hundred and twenty pounds per acre, to be applied
early in the season, is a moderate application.

BUCKWHEAT

Buckwheat may be raised to some advantage, especially on newly
cleared lands, for which only acid phosphate, at the rate of 200 to
300 pounds per acre, is advised as a fertilizer. In the case of anold
and rather poor soil 225 pounds pev acre of Formula 2, as advised
for corn, may be used.

MILLET FOR HAY

German millet, which is sown either alone, or better, with cow-
peas, for hay, responds well to rather heavy fertilization. Table 8
gives the average results obtained from five complete series of ex-
periments, two conducted in differeni seasons on one farm, and each



132

of the other three on different farms. The soils were poor and of
similar needs to those of the Plateau, exeept that they were move de-
ficient in potash.

According to these and other trials on old land, 300 pounds of
acid phosphate and from 80 to 160 pounds of nitrate of soda per acre
may be used with fair agsorance of profit.  Also a small amount of
muriate of potash may be wsed along with the acid phosphate, the
two being mixed and well worked into the ground befove secding.
The nitrate s advised to be applied hroadeast as a top-dressing soon
after the plants come up. In the case of recently cleared land only
acid phosphate is advised. Also it should be noted that in a mix-
ture of millet and peas Lhe phosphate and potash will encourage the
growth of cowpeas in particular, but that the nitrate increascs the
growth of the millet much more markedly than that of the peas.

SORGHUM

The saccharine, or sweet, sorghums, ave well adapted to Platean
conditions, and may be used either for forage or for syvrup. The
Red Top variety is advised lor forage purposes, but the juice is too
dark to make the best syrup. Tennessee-grown seed has proved to
be superior to western-grown sced. IFor syrup making the Amber
variety is about as good as any. ILate varieties, such as Goosceneck
and Honey, which have done extra well at the Knoxville Station, ave
too late for the Plateau and have not proved desirable when tried
there.

Sorghuin may be planted in rows, and cultivated like corn, or
sown broadeast like millet, In either case cowpeas may be planted
to advantage. Ifor planting in rows, 6 to 8 pounds of seed are used
for forage and about 4 pounds for syrup. A good mixture for broad-
cast seeding is 174 bushels of peas and % bushel of sorghum. If
sown in rows, ¥ busiael of peas is ample,

The same kind of fertilizers recommended for corn may be used
for sorghum.

The most serious trouble with sorghum sown broadeast is the
difficulty of curing; and for this reason millet is often preferred,
especially on fertile Tand. When planted in rows sorphum may be
put into the silo with the best of results; otherwise it is cut and
shocked and will make excellent feed up to about New Year’s, The
planting in rows is advised for soil of pgood fertility, while broadcast
seeding is adapted to the poor land where the sorghum does. not
grow too rank,
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CROP ROTATIONS

LIST OF ROTATIONS
1. General Farming—Five-Year Rotation

1st year—Corn, followed by winter cover crop of rye for pasture
and green manure,

2d year—Cowpeas or soybeans.

3d year—Rye or other small grain,

‘4th year—Clover and grass.

bth year—Clover and grass.

Note—Potatoes could be introduced the 5th year after clover in-
stead of clover and grass, or could take the place of part or all of
the corn the first year.

2. General Farming—Ifour-Year Rotation
1st year—Corn-—rye cover crop.
2d year—Sorghum and peas sown broadcast.
3d year—Clover and grass,
4th year—Clover and grass.

3. Potato Grower’s Four-Year Rotation

ist year—Potatoes, followed by cowpeas and millet for hay.

Note—The hay crop is sown at last working of the potatoes and
ig harvested before the potatoes are dug.

2d year—Spring oats and Canadian field peas, followed by buck-
wheat, with which clover and grass are seeded.

3d year—Clover and prass.

4th year—Clover and grass.

This is a rotation practiced by Mr. O. H. Overdell on recently
cleared land near Crossville,

4. Potato Grower’s Three-Year Rotation
1st year—Cowpeas, hogged off and followed by rye cover crop
tor pasture.
2d year—Potatoes, followed by cowpeas sown at last cultivation.
3d year—Corn, with cowpeas and rye sown at last cultivation.

GUIDE IN THE ESTABLISHMENT OF A ROTATION

The writer has prepared Table 9 with a view to furnishing a
practical guide during vhe establishment of the five-year general
farming rotation. The spring of the year 1914 is taken as the com-
mencement of the project and it is assumed that the land is in an
ordinary state of fertility., According to this plan the rotation will
not be in full operation until 1916; at least two years heing required
to accomplish this result,
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Tt may be noted that after the establishment of the rotation—
1916 and later—a change is made in the commercial fertilizers,
both for corn and for the small-grain crop. This change consists in
the omission of both the cottonseed meal and the muriate of potash.
In the case of the rye, the manure would much more than replace
these two ingredients and the residwes from the clover and grass
would be expected to furnish an appreciable supply of nitrogen for
the corn which follows. Also in case of freshly cleared land neither
meal or potash is advised from the outset.

NOTES ON TABLE 9

1. The liming may be done sooner than directed in the table. In
fact, although especially beneficial to clover, liming is apt to increase
the yield of any of the crops to an appreciable extent. According to
our experimental evidence, two tons of ground limestone will be
ample for at least five years, and possibly for twice that length of
time.

2. The acid phosphate and muriate of potash should always be
applied before planting the crop for which they are especially in-
tended, and give best results when applied in the row for crops plant-
ed in rows. For broadcast-sown crops these materials may be ap-
plied broadcast before the land is turned, or may either be drilled in
afterward or scattered broadcast and well harrowed into the soil.

3. As a cover crop after corn, rye is especially advised for the
poorer soils. Under favorable conditions, either crimson clover or
hairy vetch may be used. Crimson clover is an ideal crop for this
purpose in some respects, but requires a rather fertile soil in order
to thrive. Even then, when sown in corn at the last working, it is
apt to be killed before winter by dry, hot weather. Rye would help
to hold the crimson clover from freezing out during the winter, and
the mixture may be sown considerably later than crimson clover alone,
any time from the middle of August to the middle of September be-
ing favorable, provided the soil moisture supply is good. Vetch
sown the latter part of September is apt to go through the winter.
Like crimson clover it may be sown with rye,

The cover crop should be turned under at a rather early stage
of growth—in the case of rye not later than when in boot, but for
crimson clover and veteh when in early bloom. Attention is called to -
the fact that vetch makes only a small growth during the fall, win-
ter, and early spring, and is a vigorous grower only after warm
weather comes in the spring; so that to get the most pood out of
this crop for green-manure purposes it must remain on the land later
by several weeks than either of the others, or until about the first
of June. This would not, however, he a serious objection, as either
cowpeas or soybeans can be planted to advantage after this date.

4. The manure is well applied for the oat crop after the land
has been turned, and is then disked into the soil. Applied in this
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way it is vevy favorable to the getting of a stand of claver and
grass. If the land is new a stand of clover and grass is easily oh-
tained. Then the manure may well be applied for the corn, which
offers the greatest possible increase in yield of grain.

In the absence of manure, an extra application of both phosphate
and potash is advised in the prepavation for clover and grass.

§. Red clover is preferved, but alsike may Dbe used, and a mix-
ture of thoe twu is sometimes advisable,

Tn case of a failure of clover, in the spring following the seed-
ing an applicalion of 100 pounds per acre of nitrate of soda may be
made to advantage for the grass, and should be applied as soon as
the spring growth begins, or about the middle of March,

6. The Plateau has a great advantage over most parts of the
State in that there is a large amount of free vange, The cattle ear-
ried over during the winter should be handled so as to save all the
manure possible.  Cottonseed meal has been recommended as a fer-
tilizer ingvedient, but the best way to use it is as a feed for cattle.
No other feed is cqual to it either in richness orin returns for the
money invested. At least one pound per head per day should be fed,
and this small quantity, without corn or other grain, but with only
the common rough feed of the farm, will winter stock nicely, and the
cost of the meat should be gotten baek in the increased value of the
manure,
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NATURAL MEADOWS

Small aveas of poorly drained land, known as “natural meadows,”
are occasionally found on the Platean. As far as the writer’s obser-
vation goes, the soils of these meadows ave dark colored and very
rich in nitrogen and humus. Ield experiments conducted on a soil
of this character near Crossville showed it to be very muech in need
of both lime and phosphovie acid, and somewhat in need of potash,
With proper drainage and the application of the minerals needed,
little difficulty was found in getting excellent yields of the c¢ommon
farm crops, such as corn, sorghum, tiniothy, and other grasses. With-
out liming, soybeans did belter than anything else. With proper
handling, garden crops could probably be grown to advantage,

Burnt lime at not less than two tons per acve is recommended,
In order to get the lime well mixed throughout the soil, one-hall may
be applied before plowing and one-half after. At least 300 pounds
of aeid phosphate and 50 pounds of mnwriate of potush per acre is
recommended.

SOYBEAN Hav GROWN oN “NATURAL Mrapow'

A rich-laoking but sour soil, o which most erops il
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