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LETTER OF TRANSMITTAL.

U. S. DEPARTMENT OF AGRICULTURE,
O¥FICE OF EXPERIMENT STATIONS,
Washington, D. C., March 30, 1894.

Sir: I have the honor to transmit herewith for publication as a
Farmers’ Bulletin an artiele on the value and use of leguminous plants
for green manuring and for feeding, prepared under my direetion by
L. W. Allen, PH. D., assistant director of this Office. The secientifie
investigations in this country and abroad on the assimilation of nitro-
gen of the air by leguminous plants and the praetieal experiments
with numerous varicties of these plants in the ficlds and in the stables
of experiment stations, as well as by progressive farmers, have more
definitely established the importanee of these crops in maintaining or
increasing the fertility of our agrieultural lands and in providing our
‘live stoek with well-balanced rations. The résumé of this subjeet from
the standpoint of advaneed theory and practice, which this article
contains, ean in 1ny judgment be usefully distributed in all seetions of
our country,

Respectfully,
A. O, TrRUE,
Director.
Hon, J. STERLING MORTON,
Secretary of Agriculture.
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LEGUMINOUS PLANTS FOR GREEN MANURING AND FOR FEEDING.

GRILEEN MANURING,

Green manuring, or plowing under green erops raised for that pur-
pose, is one of the oldest means of improving the fertility of the soil.
It was advocated by Roman writers more than two thousand years
ago, and from that time until now it has formed a most important
resource of the farmer, especially where tlie supply of barnyard manure
is insuffieient. Its advantages are many, The more striking are that
it furnishes the surface soil with a supply of the fertilizing materials
needed by erops, increases the humus, and improves the physieal qual-
ities and the tilth of the soil. As a hnmus-former green manuring
stands next to barnyard manure.

By means of green waunuring, land wlieh is practieally barren may
be brought up to a state of fertility where it will produee profitable
erops.  As a single instanee of this inay be mentioned the experinients
carricd on by the Miehigan Txperimment Station on the ‘Jaek-pine
plains” of that State. In 1888 experiments were undertakeu on the
light sandy, alinost barren, soils of these plains. Green manures were
used mainly, supplemented by cheap fertilizers. In three years marked
improvement was evident, not only in the physieal eharaeter of the soil,
but also in the increased yields of various erops.

Again, green manuring may be nsed to take the plaee of more expen-
sive fertilizers and manures on soils already under cultivation. Itis
in this latter use that it finds its widest application,

There lias been much speeulation as to the nanner in whieh the crops
commonly used for green manuring eould gather such large quantities
of fertilizing materials. It will be remembered that the prineipal fer-
tilizing ingredients required by plants are nitrogen, phosphorie aeid,
and potash, These are ecach and all more or less essential to the
healthy growth of erops. Consequently they are applied to the soil in
the form of eominercial fertilizers and other manures. In attempting
to explain how the fertility of the soil is maintained by green manuring
it has been said that plants with long roots, like clovers, feed decp
down in the s0il or subsoil on materials beyond the rcach of surface-
feeding plants; and that when the tops of these plants die down and are
mixed with the surface soil they eurich it much the same as an appli-
cation of barnyard manure. This is undoabtedly true, but ig; fails to
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explain how sueh large quantities of materials car be obtained, espe-
eially when elover is grown coutinnously for a number of years. The
question has finally been solved by oue of the most interesting and
important discoveries yet made in agrienltnral scienee. It has been
found that certain plants can feed upon thoe nitrogen in the atmospliere
and store it up in their tissues as thoy grow. They take their phos.
phorie aeid and potasl from the soil, but they obtain their nitrogen very
largely from theair. Hencethey draw from the air a material neeessary
to the growth of crops, which in the form of eommereial fertilizers, as
nitrate of soda, amnnonium sulphate, dried blood, ete., is paid for at tho
rate of from 15 to 20 cents a pound.

TOW PLANTS GET NITROGEN FROM THE ALIR,

The air we orcathe is about four fifths nitrogen and one fifth oxygen.
We use the oxygen in breathing but diseard the nitrogen. It has been
regarded merely as a material for diluting the oxygen, whieh wonld
otherwise be too strong for our use. All attempts to economically reu-
der this nitrogen of the air available for plant food, by chemieal means,
hiave been nnsuecessful, Iecently it has been discovered that the so-
ealled leguminous plants—clovers, peas, beans, Inpines, vetelies, ete.—
can take np this uitrogen of the air, and ean grow without being
manured with nitrogen if manured with phiosphorie aeid and potash.

The manner in which this nitrogen assimilation takes place has been
earefully and patiently stndied by seientists, and although the details
are not fnlly understood the primary ecause has been fonnd. It is
believed that plants are enabled to get this nitrogen through the
netivity of the lower forns of life, baeteria or microbes, whieh ean only
be seen with the aid of a powerfnl microseope. These organisms livo
in the soil and are to be found where leguminons plants have been
grown. They prodnce or canse the plant to produee little nodules, or
tubercles, on the roots. It is through these tubercles that the plant
getsits atinospherie nitrogen. The air enters the soil by the nunerous
pores or openings in it, whiech are produeed by plowing, eultivatiug,
and working the soil, by the deeay of rootlets, by earthworms, ete. Dy
just what physiological proeesses the nitrogen assimilation takes place
is a question still in dispute among seientists, It is sufficient for prac-
tical purposes to kiow that nitrogen is taken np from the air by the
growing plant, direetly or indireetly; aud that this nitrogen assimila-
tion takes place as a resnlt of the life of baeteria. It is a peculiar fact
that few, if any, root tubercles are formed when leguminous plints are
manured with nitrogen; the plants must first hunger for nitrogeu before
the tubereles are forined, and the presenee of tubercles indiecates that
the plant is taking nitrogen from the air.

Now, eurious as it may seeni, there appear to be different forms of
baeteria for different kinds of plants. IHeuee it sometimes becomes
necessary to provide erops with the neeessary bacteria before they cau
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gse thenitrogon of the air, Thisis done by applying alight dressing of
goilin which the kind of plants it is wished to grow have been previously
grown. This is called soil inoculation, It is sometimes necessary in
growing a crop on a picce of land for ihe first time in scveral years,
Sappose, for instance, that peas which had been sown on land manured
with phospliates and potash but without nitrogen failed to grow lnxn-
riantly. If the other conditions were favorable, the inference would be
that bacteria of theright kind were lacking in the soil, and a light dress-
ing of soil in which pecas had previously been successfully grown might
be applied. Snch treatment as this has been repeatedly tried with
guccess on a large scale,

These discoveries throw a new light on grecn manuring and on the
plants best adapted for green manuring. They recomnend it more
highly than ever before as a soil renovator and a cheap means of main-
taining the fertility of a soil. They show that while both leguminous
and non-leguminons plants enrich the soil alike in humus-forming
materials, in proportion to the size of the crop, they differ in respect to
the source of their nitrogenous materials, While mon-leguminous
plauts derive their nitrogen supply almost exclusively from the soil,
legaminous plants may take theirs largely from the air. Conse-
quently, if spurry, buckwheat, mnstard, etc. (non-leguminous plants),
arc grown on the soil and the crop plowed in, the soil is not materially
enriched in nitrogens the process is simply returning to the soil all the
nitrogen which the crop took from it. DBut since lcguminous plants
may dcrive the larger proportion of their nitrogen from without the
soil—that is, from the air—their use for green manuring actually
enriches the soil in nitrogenous matter.

It will thus be scen that by green manuring with leguminous crops
it is possible to manure the soil with nitrogen from the air, a free and
inexhaustible source, and thus avoid buying fertilizers containing much
pitrogen. This greatly lessens the expense for comnmercial fertilizers,
for nitrogen is the most expensive clement the farmer has to buy. As
stated above, it costs from 15 to 20 ccnts a pound, while potash and
phosphoric acid cost only 5 to 7 cents, or even less. Although grains,
grasses, cori, cotton, root crops, tobacco, etc., can not use the nitrogen
of the air, green manuring enables them to benefit by it indirectly.

SOME CROPS 'Ol GREEN MANURIKNG,

Among the leguminons plants more commonly uscd for green manur-
ing in this country and in Iurope arc cowpea, alfalfa, clovers, melilotus,
serradclla, lupines, vetel, and horse bean, Bome of these are described
below,

COWPEA,

The cowpea is widely used as a green manure in the Southern States.
According to the North Carolina Experiment Station, ¢“the cowpea,
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being a tender annual, should always be sown in the spring. Tt will
give a good yield sown as late as July 1, but tho earlier it is sown after
danger of frost is passed the leavier the yield, The peais usnally
sown broadeast at tho rate of 2 bushels per acro and plowed or har-
rowed in. The cowpea is not affeeted by heat, and is less sensitive t)
drought than any of the clovers)”

Jxperiments havo sltown that eowpeas respond readily to appliea.
tions of potash and phosplates, and are able to derive their nitrogen
very largely from the air. Inasmueh aseowpeas are large gatherers of
nitrogen, and also secure considerable amounts of potash and phos-
phorio acid through their extensivo root systemn, which reaches down to
tho subsoil, they havo a high fertilizing value. How to get the greatest
benefit from the fertilizing constituents of cowpeasisone of tho problems
on whiech tho experiment stations aro working, It tho eowpeas aro
plowed under in the fall and the ground left bare until spring a large
share of tho nitrogen will be leached away. By sowing wleat or ryo
after tho eowpeas are plowed under part of this loss may bo avoided.
If tho vinos nre cut and allowed to lie on the ground during the winter
the unitrogen is rapidly lost. In an experiment at the station in Ala-
bama it was found that vines gathered in October had from 1.45 to
2.62 per eent of nitrogen, while if left on the ground until Jaunary they
had only about 0.70 per cent, 4. ¢., thoy lost two thirds of their most
valuable fertilizing ingredient,

Experiments at the Louisiana statiou show that 1 acro of cow-
peas, yielding 3,070.38 pounds of organie matter, turned uuder, gavo
to the soil 64.95 pounds of nitrogen, 20.39 pounds of phosphoric acid,
and 110.56 pounds of potash, of which at least 8.34 ponnds of nitro-
geu, 443 pounds of phosphorie acid, and 18,1 pounds of potash wero
farnished by the roots, Analyses mado at the Sonth Carolina Station
show that cowpea hay contains 1.42 per ecent of potash, 0.39 per eceut
of phosphorie acid, and 2,71 per cent of nitrogen. Cowpea roots eon-
tained 1.19 per cent of potash, 0.28 per cent of phosplorie acid, and 0.94
per cent of mitrogen; tho roots and stnbble, two months after the
erop was harvested, contained 0.83 per cent of potash, 0.26 per cent
of phosphorie acid, and 1.35 per ecent of nitrogen. Experiments elso-
where showed that thio vines from a given area weighed six times as
mueh as the roots, and wero 8} times as valuable for inanure.

Cowpeas and wnolilotus havo given good results as green manuro on
tho canebrako lands of Alabama. “Before the land was sowed in wmeli-
lotus and cowpeas it was not considered worth enltivatiug, This
goason (1890) it produced as fino a erop as the best lands of tho station

highly fertilized.”
ALFALFA.

Alfalfa or Incern has long been cultivated in Europe, and is grown
quite extensively in somo of the Western and Southern States. It
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seems probablo that it may be intrcduced with advantage into many
parts of the Sonthiern States east of tho Mississippi, and over a wide
tract of the more arid regions of the Sonthwest. Under favorable con-
ditions it will live from eight to fifteen ycars, and does not run out as
clover does. It has been grown suceessfully for seven years at the
experiment station at Geneva, N. Y., but in reeent experiments on 30
farms in different parts of Vermont it was very largely winterkilled.
While a Southern climato is more fayorablo to alfalfa, numnerous ex-
periments hiave shown that it will do well in many loealities in the
Northern States, and when established will produee fromn three to five
crops each season for a number of suecessive years. Allalfa is said to
be especially adapted to dry elimates, and withstands drought mueh
better than ordinary elovers, For this reason it is largely relied on in
Colorado and California, especially where irrigation is nsed,

The value of alfalfa for green manuring has been quite thoroughly
studied by the New Jersey Experiment Station, Seed was sown broad-
cast at the rato of 15 pounds per acre. A fertilizer eontaining phos-
phorie aeid and potash with a little nitrogen was applied. It appears
from these studies that allalfa derives nitrogen from some othier sourco
than tho soil, and draws potash through itslong roots from the decper
layers of the snbsoil. In threo years 90 pounds of nitrogen per aere
was applied in the fertilizer, and the erops harvested in that time eon-
tained 912.8 pounds of nitrogen per aere. The fertilizing materials
contained in tho erops harvested in four ycarsare shown in the follow-
ing table:

Fertilizing ingredients in alfalfa during different seasons.

Pounds per acre.
Year, .
' . Thosph
Nitrogen. (;:E(LOI‘IG Potash.
261.6 39.6 203.5
253. 6 45.7 286.9
299.2 52.4 202.2
360.0 63.6 255.5

The average of the above tablo is 304 pounds of nitrogen, 50 pounds
of phosphorie aeid, and 260 pounds of potash a year. These amounts
would be furnished by a dressing of 1,900 pounds of nitrate of soda,
500 pounds of muriate of potash, and 309 pounds of South Carolina
superphosphate. Tho phlosphorie aeid aud potash wero naturally
derived from the soil. The 300 pounds of nitrogen would eost in the
form of nitrate of soda, at the present low priee of 154 eents a pound,
$46.5Q,

RED CLOVER.
Red elover has been enltivated for eenturies. Tt suecececeds best in a

temperate climate not defieient in moisture. Inthecentral and castern
part of the United States it constitutes one of the most important hay
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crops. Thoagh not generally grown in the Gulf States it sucecedson
the strong elay lands and black prairie soil of the Sontit. It may be
grown as far north as Minnesota, but frequently does not thrive in
newly settled seetions. It has been successfully grown all over
Nebraska, where it i3 recommended for early pasture as well as for
hay, and whero it withstands drought. It has proved valuable in
Sonth Dakota. Most of the experiment stations give favorable reports
of this plant. In Nevada, however, without water the growth is light.

As a green manare it is perhaps more extensively used in the United
States than any other plant. Tweuty pounds of seed per acre is the
quantity usnally recommnended. The seed is frequently adnlterated
with weed seed. At the Mississippi Station light-ecolored and dark seed
germinated alike in the ground. Clover is sown broadeast. In eold
climates spring sowing is enstomary. The Couneetient Storrs Station
recomniends sowing after grain in the latter part of July, in order to
seceuro an carly erop the next season. In the Sounth sceding in Septem-
ber or October and in February is snecessfnl.  In Kentucky seed sown
between Febrnary 2 and Mareh 1 nearty all germinated.

Studies of the root system of red clover grown at the Minnesota Sta-
tion showed that the amount of roots and the depth to which they
penetrate vary greatly, depending on the character of the land. Ina
favorable soil a plant one month old hiad a root extending 7 inches into
the ground; at twonouths old it had reached a depth of 2 feet; at five
months its Iength was 5 feet 8 inches. The root development is most
extensive on drained land, The stand is also better on drained than
on nndrained soils.

CRIMSON CLOVER.

Crimson clover, also called scarlet elover and Ttalian or German
clover, grows from 1 to 2 feet high, with flower heads from 1} to 2
inches long and of a bright erimson eolor. Though not generally
grown in the North it made a growth of 26 inelies at the Maine Statioin.
It thrives on soil too light for othier clovers. In the Sonth it is valuable
on nou-calearcous, sandy, or licht elay soils, It has been highly recom-
mended for green maunuring and its value for thut purpose has been
studied especially by the Delaware Experiment Station. That station
reported that in 1891 2,340 acres of erimson clover were grown in Del-
aware, 1,277 acres being used for green manmrving. It is gsown both in
the open field and in orchards. The quautity of sced used depends
upon the aimns of the sower, varying between 5 and 15 pounds per acre.
It is also sown among corn, and with a breadeasting machine 4 acres per
hour can be sceded. It may be grown cither as a winter erop, cover-
ing the soil during September, October, and November, or as a snmmer
crop. As a winter erop it may cither precede or follow the Sonthern
cowpea vine. In Delaware a very large acreage of field corn is sown
to erimson clover immediately after the cultivation of the corn is {inished
for the scason.
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Crimson elover is sown in Delaware the latter part of July or dur-
ing August. In the South the seed may be sown from August till
the middle of September or even later in extreme southern latitudes.
It is importaut that considerable growth should be made before win- |
ter. On the other hand, to obtain a good stand, one must wait for a
suitable season. Tt is not neeessary to prepare the land especially for
the clover crop, but the sced may be sown in fields of eotton, eorn, or
vegetables immediately after the cultivation and without eovering, If
clover is the only erop a light brushing or rolling is in order. The seed
may also be sown among the vines of a pea erop. Crimson eclover
begins its growth as the peas die, and these two renovating erops sup-
ply a very large amounnt of organic matter to the soil.

Failure to sceure a stand of erimson elover is frequent, due some-
times to the seed and sometiines to the season. The newly germinated
plants are casily killed by a secorehing sun. On stubble land a eateh
may be sceured by harrowing deeply and then sowing the seed and
rolling or harrowing lightly.

In Delaware crimson elover cap be cut for hay or for silage early in
May. In the South it blooms in April. A yield of from 1 to 2 tons of
excellent hay may be secured from very thin land. The hay is taken
off in time to allow the nse of the field for other summer erops, In
Delaware somme farmers, while plowing under the green erop in
orchards, turn the furrows so as to leave the heads of elover above
ground. These heads bear seced and thus afford a stand the next year,
In eutting for hay in orchards other farmers leave strips of uneut
clover along the rows of trees. I'rom these strips the seed is scattered
for the next year’s crop.

Crimsou elover may follow grain or grass as well as enltivated crops.
After cultivated crops it wusually makes a good catch with slight
expense. Orchards on thin soils may be beuefited by plowing in
crimson elover for scveral years in suecession. On rich soil and for
some erops it i3 possible to ineorporate too mueh orgauie matter with
the soil. Crimson clover leaves the land in good condition for a erop
of eotton, eorn, or vegetables. It has been fonnd an execellent sub-
stitnte for nitrate of soda in growing sweet potatoes in Delaware,

At the Delaware Experiment Station crimson clover yiclded at the
rate of 13 tons 566 pounds of green material per acre (exelusive of
roots and stubble), containing 131 pounds of potash, 35 pounds of phos-
phorie acid, and 115 pounds of nitrogen. As a souree of nitrogen for
fruits, field crops, and vegetables it has given highly satisfactory
results, in some cases surpassing nitrate of soda.

The following ilustration of the result of using crimson elover for
green manuring is from a recent report of the Delaware Iixperiment
Station:

8eed of crinison clover costing $1 per acre was sown in a corn field near Newark,
in 1891, {mmodiately after the last caltivation of the crop. The clover passed out
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of blossom during the first week of Juno, 1892, A test mado at that time indicated
that the green crop then standing woighed 8 tons 600 pounds per acre. It wag
plowed under on the 5th instant; Mastodon seed corn was planted on the Tth, Ay
adjolning plat upon which tomatoes had been grown in 1891, and upon which no
clover had been seeded for many ycars, was also planted with the same varicty of
corn on tho7th instant. A portion of this corn on the tomato plat was top-dressed
wlth nltrate of soda, 100 pounds per acre, costing $1. The tomato plat yioldod
24 bushels of shelled eorn per acre, the towato plat with nitrate of soda yielded 30
bushels, and the plat manured with eriinson clover yielded 48 bushels.

Right tous 600 pounds of crimson elover from sced which eost $1 per acre added”
24 bushels to the corn crop. One dollar invested in nitrate of soda and used as a
top-dressing added 6 bushels to the corn crop. Ience in this case $1 invested in
clover seed returned four times as mnch as $1 invested in nitrate of soda. As tothe
relative amouut of labor involved the sowing of the seed and the broadcasting of
the nitrate possibly balance each other. Plowing down a green crep is donbtlcss
far more costly than plowing bare ground. This drawbaelk may reduce the above-
named apparent gaiu by approximately 25 per cent.

JATAN CLOVER.

Japan elover (Lespedeza striata) has been very sneeessfully grown at
the North Carolina Experiment Station aud is strougly reeommended
as a renovator of woru soils. At the station it was grown on a very
poor stift elay soil with a light dressing of phosphate. Other elovers,
lueern, and serradella, did very poorly on this soil, but the Japan
clover presented a most luxuriant appearanee throughout the season.
The seed is broadeasted at the rate of about 12 pounds per acre and
eovered with a smoothiug harrow or roller. The seed eosts from 12 to
20 eents a pound, and ean be bought of most of the larger seed firms,
The seed should be sown in the spring after danger of frost is over,
as tlie plaut is very tender. Japan clover scemns to prefer a moist elay
soil, but does well on aluost any soil exeept pure sand, and thrives
witliout fertilizer on exhausted soils, Drought checks its growth for a
time, but not seriously.

The North Carolina Station says:

The abllity to grow on land too poor to produce even broom Bedge, and to crowd
ont all other plants; its dying each winter aud leaving its roots to fertilize the soil;
and its possessing the nitrogen-fixing power pecnliar to the pulse family of plants,
place Japan clovor at the head of renovating plants adapted to the climate of South-

orn States. Tt is uneqnaled as a restorcr of worn fields, sneh as aro generally turned
wut to grow up in pinos.

LUPINES.

The threo species of lupines more commonly grown are the white, the
yellow, and the blne lupine. The plants are bushy, somewhat woody,
and zeuerally too coarse for good fodder, thongh they are used in some
conutries forsheep. Thesced is exceedingly nitrogenous aud in Europe
is used for cattle food. As it contains a bitter alkaloid injurious to
auimals it mast be disembittered before feeding, Kellner’s process
of diserbittering lupine seed consists in soaking the seed in water for
tweuty-four lours, with frequent changes of water, steaming for one

.
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hour, and then extracting for two days, with frequent stirring, In the
latter operation the diseoloved water is drawn off frequently and fresh
water added. T'ive pounds daily of this disembittered lupine seed may
be fed to eows per 1,000 pounds live weight.

Lupines are much used in Europe for green manuring. They thrive
on a light sandy soil, make a rapid growtly, and produee large amounts
of organic materials, which when plowed into the soil improve it in
humus and enrich it in nitrogen. A practice recommended for bring-
ing up very poor £oils is to grow a erop of lupine mnanured with kainit,
turn the crop under, and follow it with winter rye manured with Thomas
glag phosphate. :

In order to derive the greatest possible advantage from the green
maunnring, the lupines shionld be sown early in May. By the first half
of Angnst, whicli is believed to be tlie best time of the yecar for plow-
ing under, the seed of the lupine will be nearly or quite formed, and
the erop will eontain the maximum quantity of nitrogenous matter.
Four, or better six, weeks should intervene between the plowing under
of the lupine and the sowing of the rye.

Under sueh a rotation a poor sandy soil will gradnally immprove in
humus until the ehange is pereeptible to the eye iu the darker eolor of
the soil, and there will likewise be an inerease in fertility.

In Europe large traets of barren waste have been brought into con-
dition for profitable enltivation by green manuring with lnpines treated
with phosphates and potash salts.

COMPOSITION OF GREEN LEGUMINOUS CROPS.

The following table gives the average amounts of water and fertilizing
materials in 100 pounds iu a number of green leguminous erops:

Fertilizing ingredients in 100 pounds of green leguminous crops.

: o Phosphoric| Potassium
Moisture. | Nitrogen. Aid. oxide.
Pounds. Pounds. Pounds. | Pounds.
Red dlover.......coveeeieieiaiaaaann. e ceveao|  BOLOO 0.53 0.13 0.46
White elover 81,00 0. 56 0.20 0.24
Alsike clover .. B ..| 81.80 0.44 0.11 0.20
Crimson clover ... e, .| B2.50 0.43 0.13 0. 49
Alfalfa........... 75.30 0.72 0.13 0.56
(}nwpea.......... P . 78,81 0.27 0.10 0.31
Serradella................. A, cievio..| 82,59 0.41 0.14 0.42
Soja bean.... 73.20 0.29 0.15 0.563
Horse bean . . 74.71 0. 68 033 | 137
White lupino . . 85.35 0.44 0.35 |' 173
Yellow lupine. . 83.15 0.61 0.11 0.15
Flat pea (Lathyrus syleest 71. 60 1.13 0.18 0.58
Common vetch 84.50 0.59 1.19 ] 0,70

GREEN MANURING COMPARED WITII FEEDING TIE CROP.

In spite of the many advantages of green manuring, there are con-
ditions under whieh it can not Le regarded as a rational and profit-
able practice. It involves the absolute waste of large quantities of the
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very best kind of fodder. For this reason green manuring on good soijly
ean only be reeommended when the eonditions of farming do not admit
ofthe eareful preservation of manure. The erops should befed to animals
and the manure earefully saved and retnrued to the soil. It is in this
manner ouly that the fall value of the erop ean be seccured. By feeding
the erop this animal food is saved, and at the same time fron threo
gnarters to nine tenths of tho fertilizing materials (nitrogen, phos-
phorie acid, and potash) in the erop may be returned to the soil in the
manure, if this is properly eared for. Animals ueed for their nutrition
nitrogeu, fat, and earbohydrates (stareh, sugar, ete.). The nitrogen in
foods is in the form of protein (albuminoid materials). It is tho same
nitrogen which in green manuring enriehies the soil. These leguminous
crops are nnusually rich in protein—far rieher than most othor coarse
fodders. Foriustanee, while hay from grasses contaius from 6 to 8 per
cent of protein, red elover hay contains 12.5 per eent, alfalfa hay 14.3
per cent, and eowpea hay 16.6 per eent of protein. If grass hay and
corn aro fed, sueh eoneontrated feeding stnffs as cotton-sced meal,
gliten meal, linsced meal, cte., must be fed to make up tho snpply of
protein nceded. 1f leguminous crops are fed, el less grain will be
required.

Asg nitrogen is the most expensive fertilizing element, 8o protein
(nitrogen) is also by far the most expensivo food eleinent. By feeding
the legnminous erops instead of plowing them nnder a twofold resnlt
is scenred—animmals are nourished without bnying expensivo grain
feeds, and the soil is enriched to very nearly the same extent as in
green manuring,

Beyond question the nitrogen of tho air, which is obtained without
eost through the ageney of leguminous plants, is best ntilized in
improving the productiveness of the land and inereasing the profits of
the farm when it is used in the production of milk and neat and
thereby in the production of eheap barnyard manuro. What has
been gaid of the nitrogen applies also to tho carbohydrates and fats
which the plant derives fromn the carbonie aeid of tho air. If the
erop is fed, the carbohydrates and fat scrve to nourish the animal
and a portion in turn passes into the barnyard manure, and when
applicd to tho soil has a favorable effect on tho humus formation.
This is the true cconomy of material. Tt is following out the law of
nature. Its profitableness will depend upon the price of feeding stnffs
in general. The higher the prevailing price of hay and other feeding
stuffs the larger will be the profit from fecding the erop rather than
using it for grecn mannring. Let us eounsider a few examples of the
valuo of a crop for green mannring and for feeding on different kinds
of soils,

SERRADELLA ON MEDIUM SANDY SOILS,

Take, for instanee, the ease of serradella on the better elass of sandy
soils, This plant does well on medium light sandy soils. It may be
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gown among winter rye in spring. Under these eonditions it produeces

an unusually luxuriant vegetation which may cither be plowed under
with good effcet on the crop following, or it may be pastured. Serra-
della is an excellent fodder plant and may be fed with none of the dan-
ger attending the feeding of lupines. It may be fed either green or as
hay or silage. It is eagerly eaten by all kinds of farm animals, retains
its palatability and food value up to the end of blooming, and has a
very favorable cffeet on the secrction of milk,

The elaim is frequently made, in advocating growing serradella for
green manuring, that it is an exeeedingly cheap means of sccuring
nitrogen; that with a small cxpenditure for seed, and no extra labor
except that of sowing the seed, a large amount of mitrogen is secured
from the air. Admitting this, has not this nitrogen, in the form in
which it exists, namely, as protein, a much higher value when used
for feeding animals than when plowed under? If it is a cheap source
of nitrogen for manuring, is it not also a cheap source of protein for
feeding, especially when three quarters of the nitrogen in the erop is
recovered in the manure?

A German authority on feeding and farm management has calcu-
lated the matter on a financial basis. Assuming an avcrage crop of
17,600 pounds of green serradella, whieh is a moderate erop, he finds
the nitrogen in the crop from an acre to be worth £11.06. This is
taken as the value of the crop for green wmanuring, as the nitrogen is
theonly fertilizing clement not derived fromn the soil, and the barnyard
manure furnishes nearly as much humus as grecn manuring.

The estimated profit from feeding the crop of 17,600 pounds of green
serradella to mileh eows, when the barnyard manure is rcturned to
the soil, is $23.12. In this calculation every possible expense attend-
ing the feeding is taken into account, including care of animals,
interest on moncy, cost of carting the barnyard manure to the land,
¢te,, and allowance is made for the phosphoric acid and potash sold in
the milk. The comparison stands then as follows:

Profit from feeding erop of serradella from 1 acre.....cc..oven... $23.12
Value of crop of scrradolla from 1 acre for groen manuring...... 11.06
Differenee cove o enee oo ceennesecsmceciaecanananaaans $12. 06

This ealculation shows the crop of serradella to be more than twice
a8 valzable for feeding as for green manuring.

The above calculation assumed a daily milk yield of 73 quarts, sold
at 21 cents per quart. On the basis of only 13 cents per quart of milk,
the feeding value would be $13. 52, or stlll 82,46 higher than the valuo
for green manuring.

GREEN MANURING ON MEDIUM RICH SOILS.

Green manuring on medium rieh soils has much less to recommend
it than on sandy soils. Although the green manuring of light sandy
Soils with lupines is often of very great advantage in enriching the soil
I humus, this advantage does not hold good in the case of better soils,
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There aro other plants better adapted than lupiaes to serve as fallow
crops on these better soils, Serradella does well, but as a rule is not
to be recommended for a principal erop, and when sown with rye, giv-
ing a good yield, it is often so choked out as to amount to very little,
But where it ean be grown with advautage as a first erop on better
soils it must be fed to be utilized to the fullest extent, as pointed out
above.

Peas and vetch are cspecially adapted for fallow erops, and can
be reconmended for green manuring. But as they are also good fod-
der plants, all that lias been said above regarding this subjeet applies
to them with equal foree.

An experiment of interest in this eonneetion was made at the Agri-
cultural Institute at Halle, Germany, in 1891. About 3 aeres of land
was used which had been in winter wheat in 1890 and in winter rye in
1891, A mixture of 194 pounds of white field peas, 44 pounds of com-
won sand veteh, and 35 pounds of yellow lnpineseed per acre was sown
Augnst 11, The crop was plowed under Oetober 28, A good growth
hiad been made and thie erop was fitted either for green manuring or
for feeding. The yield was at the rate of 8,650 pounds of green mate-
rial per aere. This eontaiued by analysis 0.673 per eent of nitrogen, or
49.74 pounds of nitrogen per aere, whiel at 15 eeuts per pound gave a
value for the crop for green manuring of §7.46 an acre.

In the spring of 1892 white pearl barley was sowu ou thie whole area
and nlso on an adjoining piece not green manured. The erops were
harvested August 18, with the following results per aeve:

Yield of barley per acre with and withoul green manuring,

l Grain. ' Chaff, Straw.

Bushels. | Pounds. | Pounds.
Plat green mannred with peas, vetch, and lupine........oceevvuvanan.. 61. 3. 366 3,200

PLat Dot groot Wwanured ..ooowvre it iir i i i anaay 61.48 l 385 2,808

An effeet of the green manuring is ouly noticeable in the amount of
straw, which is larger by about 350 pouuds per acre where the mixture
of peas, vetel, and Iupine had been plowed in,

The barley crop from the green-manured plat eontained 68.56 pounds
of nitrogen per aere, and that from the plat not green wmamnured 56.6
poundsofuitrogen. This difference of 11.96 poundsof nitrogen is nearly
all aceounted for by the nitrogen contained in the seed sown ou the
green-manured plat, so that it may be that on this medinm rich soll
green manuring was without any effeet whatever on thie crop iminediately
followmg it. The pea and veteh plants produced root tubercles, and it
is probable that had the plauts beeun allowed to fully develop and ripen
the effeet of the tubereles would have been much more appavent in the
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amount of nitrogen in the erop plowed nnder. DBut the richer the soi}
is the larger the proportion of nitrogen which will be taken from the
goil aud tho less from the air. This nitrogen-gathering appears to go
on best in a soil deficient in available nitrogen, as already mentioned.

The anthor estimates the green forage as worth $3 per ton for feed-
ing, which would make the erop worth $13 per acre, or $5.54 more per
acre than the estimated value for green manuring.

GREEN MANURING ON SANDY LOAXM SOILS,

Compared with the above green-manuring trial on medium rich soil,
the result was gnite different in a similar trial in 1891 on a sandy loamn
goil poor in humus, - A pieee of land which for many years had received
apiforin eropping and mannring was divided into two plats of about
oue fourth acre eaeh. Rye had been grown on both plats that season.
On one plat white field peas were sown in the rye stubble Angust 15.
The othier plat was given the same preparatory treatnent, but remained
bare. Both plats were plowed November 2. The pea viues had grown
to a height of 15 to 18 inches, and a large weighed sample showed that
the green crop was at the rate of 3% tous per acre, containing 374
pounds of nitrogen.

March 23, 1892, barley was sown on both plats. The green-manured
plat received no other manuring, but the other plat received an amount
of nitrate of soda furnishing 28 pounds of mnitrogen per aere. The
barley was harvested August 9, The yield on the two plats was prae-
tically the samne. The agreement in perecentage of nitrogen is eqnally
striking. The total nitrogen per acre in the crop from the green-
manured plat was 60.34 pounds, and from the nitrate of soda plat 60.12
pounds. The green manuring, with 37.33 pounds of nitrogeun per acre,
had given a result equally as good in every way as an ¢ pplication of 28
pounds of nitrogen per acre in the forin of nitrate of soda. But even
with this favorable vesult there was no financial advantage from the
green manuring as shown by this singlecrop, It furnished 37.33 pounds
of nitrogen per acre, which at 15 cents per pound wonld be worth only
£5.00, which wonld no more than pay for the pea seed used.

ALFALFA AND CRIMSON CLOVER IFOR FEEDING,

Suppose that, iustead of being plowed under, the alfalfa grown at the
New Jersey Iixperiment Station, as referred to (p. 9), had been fed to
animals and the manure carefully saved and returned to the soil. The
total yield of fonr cuttings during the season of 1889 was about 23 tons
of green alfalfa per acre. The value of this erop for fodder at $3 per
ton would be $69 as compared with its valne of $46.50 for green manur.
ing, and it is fair to assmne that some $35 worth of unitrogen would
be returned to the soil in the manure, The crop of 13} tous of erimson
clover reported elsewhere (p. 11) wounld be worth about 40 for feeding as
compared with $17.25 for green manuring,  When made iuto hay erim-
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son clover is an excellent feeding stuff and rivals bran in compesition.
Instead of cutting the erop it may be pastured te advantage.

COWPEA FOR TELDING.

A prominent agricutturist in the South says of the ecewpea:

For tho production of a ritrogenous food in the shapo of a forage crop the cowpea
vines are almost without a rival. * * * Ouan acre of ordinary land this crop
will probably produce more digostible food than either oats or corn. Thoe manure

resultlng from feeding this erop is of the highest value and should he ecarefully pre-
served and returned te the land.

At the Rhode Isltand Experiment Station a erop of 173 tons of green
eowpea forage was harvested. This coutained 1573 pounds of nitrogen,
which at 15 eents per pound wounld make the erop worth $23.63 per acre
fer green manuring, At 83 per ton the 174 tons wonld be worth 852.50
for feeding and there would be less thaun one third of the fertilizing
ingredients lost in feeding the erop.

What has been said of the above crops applies with equal force to
other crops commonly used for green manuring, The matter resolves
itself into this, that on medium and better elasses of soils green mannr-
ing is uet as profitable as feeding the crep. When the crep is fed the
stubble and roots are left to the soil, and they together with the mammre
enrich the seil in fertilizing materials and in humnus te very nearly the
same extent as plowing the whole erop under. With the exeeption ef
perhaps one feurth of the fertilizing materials, the soil shares all the
advantages to be obtained from green wanuring when the crop is fed
and the manure preserved. More labor is involved in feeding bnt in
retnru more milk and more beef are made, or the pnrchase ef expensive
grain is largely avoided.

In a rational systemn of farming not a single pound of protein which
can be used as food for stock shonld beplowed into the soil.  Of course
there are eonditiens under whieh green mannring is to be recommended
in preference to feeding the erop, and unfortunately snch eonditions
prevail at present over a eousiderable part ef this eountry, Unless the
mamire is carefully eollected aud preserved the advantages from feed-
ing disppear to a large extent. In some seetions of the conntry, even
where mannres are at present necessary, little or no eare is taken of
the barnyard manure. A large proportion of the fertilizing and humus-
forming ingredients is lest, either through leaching, surface-washing,
or fermentation and deeay, Thefarmer who permits this waste, whether
through ignerance or ecarelessness, is snre to feel the loss either in
diminished erops or in increased bills for fertilizers, The barnyard
manure should beas serupulously eared for as any other farm produet.
It has been repeatedly shown in experiments in the East in growing
steck for beef, mutton, and pork that a very large proportiou of the
profit was in the manure, If the value of the manure was left ecut of the
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account there was little or no profit from the operation. If the manure
was valned at current rates for fertilizing materials a fair profit was
apparent.,

ADVANTAGES OF SOILING,

The advantages of soiling, or feeding animals largely or wholly on
green forage erops in the barn instead of pasturing thein, are that less
land is required to maintain a given nnmber of animals, the food sup-
ply ean be better regulated, the animals do not waste thieir energy in
searching for food, aud the manure can all be saved and applied to the
goil. The arguments for partial soiling are that the amount of feed
furnished by pastures is very irregnlar, being usually abundant and of
good quality early in the season, but falling off later from droughts or
early frosts, In the ease of mileh eows unless some supplementary
food is given at such times the milk How diminishies and the cows full
off in flesh,

Concerning the relative amounts of food fnrnishied by pasturing and
by soiling, the Pennsylvaiia Experiment Station fonund in experiinents
intwo years that “in round numbers we ean produee from three to five
times as much digestible food per aere by means of the soiling erops (rye
and eorn or elover and corn) as is prodneced by pasturage sueh as is
represented by onr sniall plat.” The plat in question was believed to
fairly represeut the average pasture. I'rom feeding trials with the
above soiling erops and pasture grass the average yield of milk per acre
was calenlated as follows:

Yield of milk per acre of land.

1888. ‘ 1880.
Pounds. | Pounds.
BOI I e ettt et et e ettt eeeereee e e eee e i aarae s 3,416 &, 671
PABLUIZO. o en ettt et ae e e 028 1,504
B U
D IO« v vt ceeeaneeceaecneoeecancenoeerassacesasssetonncensssacionnnsnse 2,488 [ 4,107

It will be nuderstood that the above is partly an estimate, but it
points very strongly in favor of soiling.

Trials at the station in Wiseonsin showed that ¢ by soiling in smmner
acertain area of lund will yield double the amnount of milk and butter
that it will when pastured.”

The Connectient Storrs Experiment Station maintained 4 eows trom
June 1 to November 1 on a little less than 23 acres of soiling crops with
the addition of a very light grain and straw feed,

At the Outario Agricultnral College and Experimental Farm abont
three fourths of air acre of soiling crops (green clover, green peas, tares,
oats, and eorn fodder) was suflicient, with the addition of 252 ponnds
of wheat bran, for 2 cows for sixty three days. “ We might expeet,
therefore, to grow on abount 1 acre sufficient green food to feed a cow
for two hnudred days under ordinary ¢conditions.”
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If soiling is to he practieed it is important to have a sneeession of
groen fodders throughout the growing season, with eaelr i its best
stage of growth for feeding. There should be no breaks in the sueces-
sion and eaeli eron shonld be msed as uearly as possible at the time
when it eontaius the largest amonnt of valuable food eonstituents.

From tliveo years of experience aud observation in the praetice of
soiling, the Connectient Storrs Station suggests the following series of
crops for soiling in central Connectient:

Cropa for soiling in central Connecticut.

Awmount
' e o Approximate time | Approximate time
Kiud of fodder. l""’t"%‘;g’ of seediug. of feeding.
| .

1. Ryo fodder ..oceerienennnninciiaennns bushels.. [a tod ..} Sopt. ) R May 10-20.
2. Wheat fodder..coeeieieieniiieiiiinnnen.. do....} 5 to 3.. Sept.5-10......... May 20-June 5.
8. Clover .....ocveevnenennncnn .. ]mnmh S 20e.eel | July 20-30........ June 5-15.
4. Grass (from grass lands) . Juue 15-25,
B. Oats and peas (eael)....oooieienionn. .. 10 Juno 25~ uly 10,
8. Oats and peas (each).. .. 2oiieeee .| July 10-20.
7. Oats anll peas (each). .| Inly 20-Aug. 1.
8. Iuugarian grass. . Ang. 110,
9. Clover rowen (rrom X} | Aug.10-20.
10. Soja beans. B ioh, .| Aug. 29-Sept 5.
11. Cowpeas.... . . .. 501)1.5-20.
12. Rowon grass (from | oees| Sept, 20-30.
13. Barley aud peas (each) ....oovoonnnenn o Oct. 1-30.

The growing of a leguininous plant and a eereal together, as oats
and peas, to be fed as green forage, has proved quite popular where it
has been tried. The experiment stations in nearly overy State have
, tested the adaptability of vavious fodder plauts, leguninouns.amnd non-
leguminous, aud ean furnish information as to selection, where sced can
be obtained, ete.

By a judicious selection of soiling crops not only ecan a much larger
number of eows be kept on a given area of land, but the land muy be
bronght into a higher state of cultivation and fertility, and much grain
may be spared.

Soiling is a feature of a nore intensive system of farming, and finds
more extensive application as the value of thie lund increases.

VALUE OF LEGUMINOUS CROPS FOR FEEDING.

Why shonld the farmer go ou raising meadow hay as his main sup-
ply of coarse fodder and buying grain to supplement it, when by grow-
ing legmninous erops the nitrogen required by animals cait be produceed
at thie lowest cost? The erops of red clover, erimson ¢lover, Japan clover
(Lespedeza), cowpea, alfalta, soja bear, liorse bean, serradella, and mmany
others ot this elass far surpass eommon hay in the food materials they
eoutain, both pound for pound aund in yield per acre. They may bo
grown as eateh erops aud nsed for soiling or pasturage, or they naybe
growu for making hay or silige, By mixing the green crops with cornu
and ensiling the two together a palatable and nutritious food is pro-
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duced which is mueh richer in protein (nitrogen) than silage made from
corn alone,

The eultivation of these leguminons plants involves somewhat more
labor, as a rnle, than raising grass hay, but it is believed that it will
prove profitable for it enables the fariner to raise lis own eoncentrated
foed at the sume time that ho raises his eoarse fodder. Tor instance, a
recent experiment has indicated that soja-bean meal is fully equal to
eotton-seed meal for milk and butter prodnetion, This meal is one of
the richiest feeding stnffs we have. It exceeds linseed meal and gluaten
meal in protein (nitrogen) and far exeeeds these and eotton-seed mealin
fat. Itis onlysurpassed in protein by cotton-seed meal and some of the
oil cakes little used in this eountry, The beans can be thrashed out and
ground and the straw fed as coarse fodder, This straw is richer in
food materials than a good meadow hay. It eontaius 9% per eent of
protein while meadow liay averages about 73 per cent. The eowpea
may be treated in similar mwanuer. The ground cowpeas are a richly
nitrogenous feed, although not as rieh as soja-bean meal; and the vines
aro nearly or quite equal to elover hay and far surpass grass hay io
richness,

The following table shows the average eomposition of hay from legu-
minous crops as compared with hay from grasses:

Average composition of hay from grasscs and lcguminous cropas.

- |carbohy-
llay from— Water. | Protein. drntes}: Fat.

Percent. | Per cent. | Per cent. | Per cent,
ROAEOD.eenenernnenennannennnecnennasnanennsnsennenemensannns . 7.9 76.0 1.9
Orchard grass e iiae i 9.9 8.1 73.4 2.6
Timothy............ . 13.2 E.9 74.0 2.5
Hungarian grass ... 7.7 7.5 76.7 2.1
Kentucky blue grass 15.0 8.2 78.1 4.4
Red clover.......... 15.8 12.3 62.9 3.3
Crimson clo 13.4 14.0 55.6 4.1
Japan clover . 10.9 13.8 63.1 3.7
Alsik® OloVOr. .uuii it 9.7 12.8 66.3 2.9
White elover .....oooiiei it 9.7 15.7 63.4 2.0
A‘lfall'l ................... 8.4 | 14.3 67.7 2.2
COWPOR Lenne i e cecieee e, 10.7 16.8 62.3 2.9
Borradella oo iiiiiieiiieieeaaen, 0.2 15.2 65.7 2.6
Teleh oo, 8.4 4.5 67.8 2.1
Boja bean.. ... ittt eeareaae 6.3 4.5 66.6 5.8

,
AVerage fOr GrASSeS . ouoeeee cee e 10. 94 7.52 | 75.64 2.70
Averago for leguminous plants..........oo.o.o.L 10. 20 14.37 } 64.14 3.23

It may bo said in general that 100 pounds of hay from legnminons
rops contains about twiee as mmeh protein as 100 pounds of hay from
grasses, The legnminons hay may be safely estimated as worth from
one fourth to one third more for feeding than common hay. This is
true in spite of the faet that it does not nsnally command a highér
price in the markets, owing to eertain prejudices against its use,

Assuming that the common grasses yield 2 tons of Lay to the acre,
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and clovers, ete., 3 tons of hay, the amonnts of food materials and fer.
tilizing materials in the crops are approximmately as follows:

Relative yicld of food and fertilizing muleriuls in crops of hay f;om grasses and from
leguminous crops.

| Food materinla in crop per | Fertilizing mntcrialu in crop

IAmoumcd ucre. 1 prr acre.
May from— yleld — —_—| — = o
) . . ez e hor
POTRCTO. | ppotoin, 7‘11532&5. Tat. Nltrogen. L ":;'vt]"?m | Votash,

|
| JTone. | Pounds.| Pounds.| Pounds. | I’oumh Pounds. l’ound:
15! 0 7

Redtop . ooovveiniiienaiiannnn 2 1,520 38 23. 7.2 0. 4
Timothy .. .. 2 118 1, 480 50 25.2 10. 6 13 0
Tted clover 3 309 1, 887 99 62 1 1.4 66,0
Alfalia.. 3 429 2, 081 66 | 65.7 15.3 50,4
Cowpea ... 3 408 1. 808 87 53.5 15.6 i1
Saja boan . 3 435 1,998 168 | 69, 6 20.1 | 32.4

The amount of hay produced on different farms varics so widely that
it is diffienlt to strike an average, especially for the leguminons crops,
It will be scen that on the above basis, which i8 believed to be a fair
one, the leguminous crops furnish from two to four times as much pro-
tein per acre as eommon grasses, together with much more fat and
rather wmore carbohydrates. They also contain nearly three times as
much nitrogen and about twice as wmneh potash, It should be remein-
bered that under favorable conditions they may draw a large propor-
tion of this nitrogen fromn the air, instead of depleting the soil, and that
their long roots enable them to feed npon the potash deep down in the
soil beyond the reach of surface-feeding plants,

SUMMARY.

(1) Green manuring improves the physieal properties of the soil by
making the soil more porous and adding to its supply of humus. 1t
brings up the dormaut plant food from deep down in the seil and
deposits it near the surface, where it can be nsed by plants feeding near
the surface,

(2) Green manuring with buckwheat, Hhmgarian grass, and other
non-leguminouns plants adds practically nothing to the soil which was
not there before, except 2 mass of vegetable matter which decays and
goes to form humus,

(3) Green manuring with clovers, peas, beans, Inpines, ete. (legnmi-
nons crops), actually enriches the soil in nitrogen drawn from the air.
These plants can grow with very little soil nitrogen. They store up
the nitrogen of the air as they grow, aud when plowed under give it
up to the soil and to future crops. It is the cheapest means of manur-
ing the soil with nitrogeu,

(4) But animals, as well as plauts, require nitrogen for food. By
fecding the crops of clover, cowpea, ete., only about one fonrth ot the
fertilizing materials of the crop is lost if the manure is properly carved
for. As the nitrogen of the air is the cheapest source of nitrogen for
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plants, so it is the cheapest souree of protein (nitrogen) for animals,
The leguininons crop is best utilized when it is fed out on the farm
and the manure saved and applied to the soil. The greatest profit is
thus secured and nearly the same fertility is maintained as in green
manuring.

(5) For renovating worn or barren soils, and for maiutaining the
fertility where-the barnyard manure is not properly cared for, green
mannring with sueh leguminous ereps as eowpea, clevers, and laupines
is recomniended. A dressing of potash and phosphates will usually
be sufficient for the green manuring crop.

(6) The practiece of green manuring on medium and better classes of
soils is irrational aud wasteful. The farmer should mend his system
50 that the barnyard manure will be as well cared for as any other
farm produet. Loss from snrface washiug, leaching, fermentatien, and
decay should be guarded against. Then the feeding of rieher food will
mean-richer manure and better and eheaper crops.

(7) The system of soiling, or feeding green erops in the barn in place
of pasturage, enables a larger number of animals to be kept on a given
area of land, and the manure to be mere completely saved. For this
purpose leguininous erops are extremely valuable,

(8) Hay from leguminous erops is about twice as rich in protein as
lay from grasses. In the one case this protein (nitrogen) is obtained
very largely from the atmosphere; in the other it is all drawn from the
fertility of the seil. Leguminous erops yield larger erops of hay to the
acre than grasses. Ilenee the produetion of food materials on an acre,
especially protein, is several times larger with legnminous erops.

(9) If allowed to ripen, the seed of the cewpea and soja bean farnishes
an extremely riel eoncentrated feed which ean be ground and fed in
place of expensive eommereial feeds. The straw remaining may be fed
ascoarse fodder, for it is richer than ordinary hay.

(10) Grow more legumminous erops. They furnish the cheapest food
for stoek and the eheapest mannre for the soil. They do this because
they obtain from the air a substanee neeessary for plants and animals
alike, which costs in the form of fertilizers and feeding stuffs from 15
to 25 cents a pound.,

[
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