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COMPOSITION 'AND USE OF FERTILIZERS,

BY G. W. SHAW.

In the history of every state there is a time when tlie soils begin to
indicate exhaustion, and this time marks the beginning of the use of coni-
mercial fertilizers. This time has now come to Oregon. -That this is true
is attested by theincreasing use of fertilizers by gardeuers, orchardists. etc.
as well as by the questions seut to the Station, and asked at Institutes.
It is always true that these inquiries start with tliose who are cultivating
small plats of -land and are working that land intensively. Itis also prob-
bably true'that these peopleare securing relatively much greéater returns
from their lands than those who are cultivating a much larger acreage.
Uutil recently it has been the same with Oregon farniers as with those of
the older states in jears long past. They had little necessity of a
knowledge of Agricultural Chemistry to enable tlhiem to obtain remunera-
tive crops, but to-day the soil does not always smile when her back is
scratclied as she did in years agone. The system of farming that obtained
in those days, and in most cases still in vogue, might properly be styled
““Extensive Farming,” and may do well for a time where land is cheap
and abundant. The system—if it #5 a4 systen1 at all—requires large areas,
and there is a prominent idea that it is necessary to cultivate more land to
obtain a larger crop. In many instances this has been carried to.such an
extent, without returning any equivalent to the soil for the valuable plant
food which has been constantly dipped out, that the farnier has become literal-
Iy “land poor.” It hasbrouglit on a condition unsatisfactory to many farni-
“ers, a remedy for which condition cannot be obtained in political reform,
or legislative enactment, but in a very radical change in the system of
farming. The néw system requires conceuntration, and -demands more
thorough and better cultivation. In short it is ‘‘intensive’’ instead of ‘‘ex-
tensive.” The iritensive system does not necessarily require more labor
but requires that thie labor now eniploved be miore concentrated, and also
an intelligent comprehension by the farmier of his entire business, which is
probably more multiform than that of any other calling. The manufactur-
er who refuses to keep abreast of the times and to adopt the modern
intensive system is doomed to failure, and this is no truer of the manufact-
urer than of the farnier who liolds to a like principle.

In the “good old times’’ the soils were quite abundantly supplied with
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all the plant food necessary for the crops and the farnier reaped abundant
harvests. The time was in the East when it required as little care amd
thought to raise farm and fruit crops as is now given to such matters by the
average farmer of this coast. The farniers in the Eastern States several
years ago came to realize the imimiense robbery they had perpetrated
upon their lands, and more recently the horticulturists of tlie same states
have been brouglit face to face with this fact. An article recently ap-
peared in the “Rural Northwest” from the pen of Prof. W. F. Massey.
froni- which T quote:

““There is no doubt that the many failures in fruit production in the
East are largely due to the exhaustion of iniportant elements of plant food
in the soil. All farmers realize the importance of keeping up the fertility
of the soil for the production of their annual crops of grain and vegetables,

but somehow the idea has been prevalent that a tree can take care of itself.
Men look at the great trees of the forest and see how they grow and how
the soil increases in fertility under their influence, and think that the saute
should be the result in the growing of fruit trees, while they are carrying
off continually, not only the fruit that the orchard produces, but in many
cases expect the land also to produce food for their stock. And then when
the orchard fails to give the expected fruit, and its decrepit condition
‘makes the trees alike the prey to insects and ﬁmgus diseases, they declare
that the cliniate has changed and ‘we can no longer produce crops for that
reason. It has really been because they aund their fathers have robbed the
soil until the needud food for the production of healthy trees and perfect
fruit 1s no longer available.”

Recognizing this condition of things it seems important that the farm-
ers of this state should bemade acquainted with sonie of the recognized
facts.concerning soils and fertilizers, and their relation to plant life and es-
pecially the conditions which obtain in our own state. This bulletin ains
to give ina brief form some of the more important facts, and will be follow-

ed by others dealing with kindred subjects. ,
FOUNDATION LAWS OF MODERN AGRICULTURE.

(1) “‘A soil can be termed fertile only when it containsall the materials
requisite for the nutrition of plants, in the requlred quantity, and in the
proper forn1.”’

(2.) ‘“With every crop, a portion of these ingredients is remaved. A
part of this portion is again added from the inexhaustible store of the at-

. mosphere; another part, however, is lost forever, if not replaced.”

(3.) The fertility of the soil remains unchanged, if all the ingredients of
-a crop are given back to theland. Such a restitution isaffected by mannre.””

(4,) “The mannre produced in the coutse of husbandry is not sufficient
to maintain permanently the fertility of a farm; ‘it lacks the constituents
which are annually exported in the shape of grain, hay, milk and live
‘stock.””

It is the scien-e of chemistry which has told 1is ‘what we know of this
subject, and it was not till these facts were determined that agriculture Dbe-
came a science. The improvenients that have resulted since the foun-
datlon of these principles are marvelous.



T BI

SOIL, AND PLANT FOOD CONSTITUENTS.

In all nature there are now recognized about 7o elementary substances
which are known as

ELEMENTS— A chemical element is such a substance as cannot be sep-
araled into more than one kind of malter. For example, iron, the smallest
conceivable portion of whichi is just as truly iron as the largest inass.

These elements may be chemnically comhmed in a great variety of ways
to formi an endless number of compozmds "whicli may be defined as sub-

_stances consisting of two ov more elements chemically combined in definite

proportions. ‘The properties of these compounds diffet frem those of the
elements of which they are composed, and from those of one another.
These compounds are called bases or acids according as they possess
certain characteristics.

Of the 70 elements only fourteen are considered essential to plant life.
These are divided into two classes according as they do or do not form
acids - '

Acid  Forming Elements. Base-Forming Elements.

(Non-meta'lic.) ;, (Metallic.)
Oxygen, | : .
Hydrogen, } Calcm.m,
Carbon. } Potassium,
Nitrogen, | Sodium.
Phosphorous, i Iron,
Sulfur# .
Chlorin¥* : Magnesmm,
Silicon.- | Manganese.

Actos.—Now if an acid forming elesnent unites with oxygen and hy-
drogen, or:sometinies with hydrogen alone, a substance is formed which is
known in chemistry as an acid. Thus, nitrogen combined with hydrogen
and oxygen forms nitric_acid; pliosphorous, hydrogen and oxygen from
phosphoric acid.

Baszs —A melallic elemant comhined with oxygen aud hydrogen
forms a base, known as a Aydrate of that metal. Thus, calcium united with
oxygen and hydrogen would be calcium hydrate. Sometimes the term
base is applied to the compound of a metal and oxygen.

Savrts.—The two classes of compounds above mentioned are very active
in a clhiemical sense, and having opposite propertiesthey always tend to
neutralize each other so that neither acids nor bases are found to any great

extent free in nature, but rather in the form of compounds resulting from
their combination, such conipounds being called salfs. It would be out of
place for us to discuss here the relation existing between acids, bases, and
salts further than to say that an acid differs from a salt only in havmg its
hydrogen replaced by a nietal, and that every acid has a salt corresponding
to it. For example hosphoric.acid consists of phosphorous, hydrogen
and oxygen: now, if tlge hydrogen be replaced by calcium, the composition
would be phosphorous, calcium, and oxygen, and the compound would be
a calcium salt of phosphoric acid.
The subject of soil origin and composition was discussed at length in

Bulletin No. 21, and therefore I shall-only summarize here.

*#This spellmg is that which is now recognized by the Americau Chemical Society
and is used in all chemical publications.
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THE RELATION OF SOILS TO PLANTS.

First. the soil acts as a mechanical support for plauts. Second, the
soil furnishes ash constituents to the plant. 7kird, the soil aids in develop-
ing the plant by modifying and storing the sun’s heat, regulating the food
supply and securing other important conditions.

THE OBJECT OF FERTILIZERS OR MANURES.

A rich soil contains an abundant supplv of the elements above de-
scribed and supplies all the necessary plant food. A virgin soil is usually
rich, but as soon as the land is brought under cultivation the plant begins
to draw from the soil and the materials are not all returned. Soomner or later
the land becomes infertile and it is necessary to return a part of the ingredi-
ents which have been removed by the plants. Experience has shown that
there are but three ingredients which need close attention, viz: phosphorus,
potash and nitrogen. Therefore it is only these, together with calcium,
‘oxygen, hydrogen and carbon which will be discussed at this time. The
reason for including the four substances last mentioned is that the three
critical ingredients may be the better understood. '

In worn soils or such as do not give guod returns (provided the soils be
in good physical condition) it will usually be found that one or all of the
first three ingredients mentioned are deficient, or if they are present they
are not in an available (soluble) form. In all cases care should be taken
" to have the soil in a proper pliysical condition. Here in Oregon this mat-
ter is too often neglected; large quatities of wheat and other crops being
allowed to drown in the.water which should be removed by under-drainage.

To prevent the deterioration of soils is the aim of all nmiodern
agriculture. Soil exhaustion, however, is rathera relative term than an
absolute one, and usually applies to a certain crop, since a change of. crops
developes latent soil resources, and upon this factis based the principle of
rotation. Any soil will maintain its fertility so long as the annual deple-
tion is returned in an available formr. either naturally. or, artificially, the
degree of fertility being dependent upon the minimum quantity of any
essential plant food. “‘The plant can make no substance out of nothing,
or withoul a sufficient supply of eachand every one of all the essential in-
ingredients of its composition,” It is the object of manures and fertilizers
to furnish to any soil a larger supply of the essential food ingredients.

CLLASSIFICATION OF FERTILIZERS.

) Lime
INDIRECT Gypsum
Salt

o Coniplete
[Artzﬁczal \ Special

FERTILIZERS
Stable Manure

| . Refuse Matter

| Natural Green Manures
Ashes
Mnuck, Marl, etc.

DIRECT 4
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EXPLANATION OF TERMS.

A fertilizer,in general terms, is any substance which added to the soil
tends to produce a better growth of plants.

An indirect fertilizer is one, which, while it may not furnish to the
soil plant food, so acts upon the matter already in the soil astochange niore
or less of it front an unavailable to an avaible form. A substance issaid to
be avarlable when in a soluble form, altliough it is probable that no actual
solution,in the common acceptance of the term, occurs.®

A divect fertilizer is one which is in such a condition that the roots
of the plants can take it up readily, or the food material is available.

Avrtificial fertilizers are also called chemical or commerical fertilizers,
and are prepared mixtures sold nnder trade names, the material of which
they are composed being largely the waste products of many industries,
and substances found in natural deposits.

Complete fertilizers are such as contain all three of the critical in-
gredients, nitrogen, potash, and phosphoric acid. )

Special feriilizers contain only one or two of the above mentloned
ingredients. They are also called zncomplete fertilizers.

THE ELEMENTS AND THEIR RELATION TO FERTILIZERS.

OxvGEN.—Oxygen is by far the most abundant of all the elements.
It forms about one-fifth of the atmosphere, where it exists in a free and
uncombined state as a gas. Tt is the vital principle of the air we breathe.
It constitutes about one-half of the solid crust of the earth, and eight-
ninths of all tlie- water. In these latter forms, it exists in a state of .
chemical combination with other elements. It combines’ chemically
with nearly every known element, and is especially important in building
up,-and destroying all forms of organic matter. In a free state it is an in-
visible gas, posessing neither taste nor sniell. Ttis called a supporter of
combustion, because wdod, and other burning substances,  when plunged
into it, will burn with increased brilliancy. Chemically considered itis a
very active substamce. In all forms of burning the oxygen of the air is
combining: with other elements, the heat being the result of the chemical
union, .
HVYDROGEN is the elewent, which when chemically combined with
oxygen, forms water. It coustitutes about one-ninth, by weight, of all
water, and enters into the composition of all plant and animals. Tt is the
lightest substance known. Like oxygen, it isan invisible gas, without
color, taste, or odor; but unlike oxygen, instead of beinga supporter of
combustion, it will, itself, burn when brought into contact with a flame..
It is seldom, if ever, found in a free, or uncombined state.

HYDROGEN AND OXYGEN AS FERTILIZERS.—These two elements are
supplied to plantsin the form of water, which is the largest constituent of
the growing plant. The plant tissue receives the uecessary amount of each
element by the separation of the water stored in the plant. There are sev-

“eral ways in which water is related to the fertility of the soil, but as direct-

ly related to fertilizers it bears no importont part, except tbat it should be '
#Missouri Bulletin No. 19,
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present in as small anamount as.possible,  When irrigation is practiced
the water may fulfill an important office as a fertilizer, Usually_ the water
from rain furnishes all the oxygen and hydrob“eu that is needed “and much
more. .
I caunot refram here from callmg attention to the fact that too much
water may be nearly, if not quite, as bad for a soil as too little, and this is
particularly .applicable  to certain parts ‘of Oregon. There are immense
bodies, of so called ‘“‘white land,” which can be made excellent farming lauds,
equal to any, by ridding themof the superfluons amount of water by nieans
of tile dramage It is not only that the plant is likely to die froi drowning
but the excess of water prevents the formation of available plant food; an: 1
also renders the physical condition of the soil unfit for supportmg plant
life. 1If the waiter doesnot flow off, it must evaporate at the surface, which.
tends to cool the soil. A proper system of drainage will not only reniove
the water, but keep the soil warm by preventing a too rapid surface evap-
oration; and when the groundis dry will allow a niore perfect circulation
of ait and atmospheric moisture, thereby not. only nourishing the plant,
but also enabling the oxygen to act upon the latent plant food, rendering it
available. This atter of tile drainage is a matter of paramount import-
ance to farniers, and we recommend all to secure aud read " Bulletin No.
26 of this Station. :

CarBon.—The element exists quite abundanutly in a free state, and
occurs under tliree forms (1) diamond, (2) graphite, (called black-tead,) (3}
charcoal, lamp-black, coal, ete. It is the central element of all animal aurd
vegetable material. There is not a’ thing endowed with life which doesnot -
contain this element. = In: plants it is combined with oxvgen.and hydrogen
forming starch, sugar, wood fibre, etc. ~ Most product.sof animal lifecoutain -
these ' same elements but urited differently, as casein, fats, fibrin, etc. -
The element also -occufs combined with oxygen alone in’ the form of a gas -

:alled carbon di-oxid; or often carbonic acid gas.  Analysis shows that
carbon constitutes about one-half of the solid portion of plants consequent-
ly it must be an important plant food. Bnt extended experiments have
shown that notwithstauding the element is so intimately -associated with -
plants it may be left out of consideration in direct fertilizers for the carbon
of the plant is taken from the carbon di-oxid of the Amosphere, which
furmshes an mevhaustlble supply.

NITROGE\I —This is a colorless, invisible gas without taste or color. It
composes about four-fifths of the atmosphere In addition to occuriagin the
atmosphere, it is found also in plants and animals. Animals caunot exist
when left to breathe nitrogen alone, and yet it ‘is not poisonous. Unlike
oxygen and hydrogen, this gas will neither bura. nor will it support con-
bustion. Nitrogen, when chemically combined with iydrogen, formis a gas
known as ammionia, which is 4 very interesting compouud to the farmer,
because it coustltutes a very 1mportant source of nitrogen as a plant food.

Ammoma exists iu the atmosphere in small quaiitities, being formied
when aninjal and vegetable matter contammg mtrogen decomposes With
acids ammonia deports itself much like a metal in that it forms Salts wh1c}1 :
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are called ammoninm salls. Thus, ammonia combines with hydrochloric
acid to form ammonium chlorid, or muriale of ammonia; with sulfuric
acid it forms ammontum sulfale.

v

FORMS OF NITROGEN USEFUL TO PLANTS.

There are three forms of nitrogen which are useful to plants:—

(1) Atmospheric nitrogen: (2) nitrogen in ammonium salts: (3) nitro-
gen in nitrates. Bach of these forms is found to be useful to certain kinds
of plants. The number of plants that can utilize atmospheric nitrogen is
not large. In general terms leguminaus plants, such as peas, beans, clover,
alfalfa, and the like, can use the uncombined nitrogen. Hence, such plants
are frequently spoken of as “nitrogen gatherers.” This is one of the
reasons why such crops are often used as green manures.

“Although some plants have the power to absorb nitrogen both directly
and front ammonium salts through the medium of the soil. yet by far the
lavgest amount of nitrogen is derived from nilrales in the soil. The ni-
trates are formed by a process known as nifrification, which is brought
about by the oxidation of aminionia commponnds and of organic matter in
soil through the agency of miicroscopic organisms, bacteria, whicl exist
every where in enormous numbers. The process is favored by wartnth and
moisture, no action taking place at a temperature below 4o° F., uor in
very dry soils, nor below 10 inches.

HUMUS A MEASURE OF NITROGEN.

Humus is a term applied to certain organic matterin sol's. It express-
es no definite product, but applies rather to the eutire product of organic
decomposition, or rather an intermediate stage of this decomposition. This
process of organic decomposition results in the production of ammonia
which combines with certain acids and is absorbed. Thus the humus may
be taken as a measure of the nitrogen in a soil.

More or less ammonia escapes into the atmosphere from the organic
matter decaying near the surface of the earth. This atmosplieric anionia
is brought back to the earth by the rain and dew, which are seldowm free
from this compound, although the amountis small and variable. The ex-
periments of Sir J. B. Lawes indicate that an average of about 5 lbs. of
conibined nitrogen per acre is brought to the soil annually by rain aud dew,
but in ordinary farm districts the supply of nitrogen from this source
would probably not amount to a third of the combined nitrogen reinoved
fromn soil by an average crop of wheat.

Under ordinary agricultural conditions the loss of nitrogen considerably
exceeds that of natural supply and finally profitable crops cannot he grown
without the use of nitrogenous manure.

REMOVAL OF NITROGEN.

The following table shows the average amount of nitrogen removed
from the soil by one ton of several of the leading farm products. In the
the same table, for the sake of reference, I have iuserted the nuniber of
pounds of the other critical ingredieuts removed and also the value of the
fertilizing material which wonld be required to replace tlis same matter.
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Showing ferlilizing malervial removed by one lon of some leading
crops, and ils market value.

NAME. " Potash.
Wheat kernels............... 1.4
Wheat straw. ..... 12.4
Wheat chaff . ... 2.8
Wheat bran... ........ 34.6
Oat kernels...... 9.8
Oat straw............... 20.2
Oat chaff...... 20.8
Timothy hay.... 25.4
Redclover.............ccc...i. 41.6
Alfalfa......... '42.2
Seradella .......cccceeuieninan. 15.6
Corn stover.................... 24.2
Corn kernels................. 7.4
Cabbage.....cccoeevvvieeeaenn. 34.2
Turnips «..coccvveeeeeniennnns 8.2
Potatoes................ooe L 5.8
Linseed nieal................. 23.2
HopS.....oooovvii 4.0

2.2
10.0
1.6
36
3.4

In additiou to the removal of nitrogen from the soil by plants it may
be lost in soil water, provided it is combined in the form of nitrates, since
soils have little power of fixing them in insoluble combinations.
soil is covered with a green crop, however, there is little loss since plants
absorb the nitrogen very rapidly. The practice of bare fallowing, then, is
one which on this account alone is not to be recomnmended, and especially

Phosphoric Nitrogen.

acid ths. s.
18.8 - 36.8
5.0 11.0
3.8 22.0
28.4 49.2
15.2 38.0
5.0 16.6
4.0 12.8
15.2 23.6
11.2 45.4
13.4 49.4
13.0 54.0
06 16.6
11.8 33.0
15.0 4.8
2.4 4.4
1.4 4.2
28.4 49.2
35 506
4.0 19.6
3.0 3-4
0.06 1.2
1.0 1.2
8.0 8.4

is this true in a climate which is very moist.
DIRECT NITROGENOUS FERTILIZER MATERIAL.

MINERAL {

NITROGENOUS
FERTILIZERS

ORGANIC

Sodium Nitrate '
Ammonium Sulfate
Guano

( Dried Blood
Meat Scraps
Tankage
Azotin

Dried Fish
Ground Fish
Wool Waste
Horn Dust

Vegelable {

(Origin;

Animal

Tobacco

Value pér
ton.

$ 8.93
3.13
4.38
13.16
8.go
3.88
3.6z
6.88
11.93
12.87
12.23
4.68
6.75
3-59
1.45
1.23
24.30
10.52
4.24
1.38

.33
-49
1.91

When the

Cotton Seed Meal

Sop1uMm NITRATE (Chili Salipetre) occurs in enormous deposits in

Peru.

The commercial salt contains about 16 per cent actual nitrogen.

is an excellent fertilizer, quick in action, but easily washed out of the soil|

and therefore should be applied while the cropis growing, and in small

quantities at a time.
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AMMONIUM SULFATE, is a waste or, bye-product, from the manufacture

of illuminating gas. It contains about 20 per cent nitrogen and is much
used in commercial fertilizers.

GUANOS containing nitrogen are now very limited, and practically out

" of the market.

~ ANIMAL MATTERS.—These are sufficiently described by their names,
with perhaps the exception of tankage and azotin, the former of which is
slaughter house tefuse, and the latter a preparation of meat and membrane
from which the fat has been extracted. All animal matter comes mainly
from the slaughter house and fish oil factories. Some fertilizers contain
horn, hair, and leather scraps, as a source of nitrogen, but this is not as val-
uable as most other forms of animal matter.

VEGETABLE MATTER.—But a limited amount of this is emp’loyed in
fertilizers. The main form used is cotton seed mieal, but this cuts a very
limited figure in our markets.

POTASSIUM.

PorassiuMm.—This metallic element is mwever found free in nature, but
is a constituent of many natural and artificial fertilizers. Tt is a soft netal,
lighter than water, and possesses a great affinity for oxygen. Plants con-
sume potash in relatively large amounts, yetin some soils the supply is
nearly, if not quite, equal to the demand. The supply is mostly from the
decomposition of feldspar which contains from To to16 per cent.

In the feldspars the potash is united with aluminnm and silicon and is
not immediately available as plant food, but under the combined action of
air, water and frost the feldspars are so changed as to render tlie potash
available. There is little loss of potash in drainage water, since soils are
found to have the power of removing it from solutions and storing it in in-
soluble forms.

‘Plants vary much in the amount of potash they consume, and ex-
periments show that where 1t is deficient the plants suffer greatly, the
woody portion of plants, and the fleshy part of fruit, being dependent upon
the influence of potash compounds.

As a fertilizer it is especially useful to the leafy crops as potatoes, beets,
clover, etc., while grain is much less benefited.

POTASH FERTILIZING INGREDIENTS.

Patassium Chlorid Potassium Sulfate
Kainite Potassium Nitrate
Wood ashes Cotton seed hull ashes

PorasstuMm CHLORID (Muriale of Potask:)—This furnishes the main
supply of potash for most commercial fertilizers. It is obtained from the
town of Strassfurt, in Northern Germany, where there is an inexhaustible
supply of this and other grades of potash salts. Muriate contains about 50
per cent of actual potash, (K,0,) from whicl it will be seen that it is a cou-
centrated form, and really the cheapest per pound of potash, although a
high priced product.

POTASSIUM SULFATE (Sulfale of Pocusk,) comes from the same source
as the muriate and as found in the fertilizer market contains from 30 to 35
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per cent of actual potash. The price is higher than that of the muriate,
but on certain crops it is found to act more favorably,

KA1n1TE.—This is the most common of the German potash salts, and is
a mixture of several compounds, chiefly chlorids and sulfates of potash,
sodiumn and magnesium. It is comparatively of low grade comtaing from
2 to 15 per cent of potash. Tt cannot be used with impunity since it con-
tains sulfate of magnesia which is deleterious to some germinating seeds.

PorasstuM NITRATE (Salipetre,) is valuable not only for the potash,
but also for the nitrogen- it contains. - Because of its high price it is very
little used for a fertilizer.

WooD AsHEs.—For a cheap potash supply nothing is better than good
unleached wood ashes, and it is practically the only American supply for
potash. The amount of potash varies with the kind of wood, ranging front
7 to 14 per cent., with a small amount of phosphoric acid in addition. The
potash is in the very soluble form of the carbonate. Leached ashes contain
much less potash, often not more than 2 per cent. “‘Good wood ashes
which have not been exposed to weather or otherwise wet * * * weigh
about 48 Ibs. to the bushel and carry about 8 per cent potash besides nearly
2 per cent phosphoric acid.” They are worth at least 25 cents per bushel.
Our orchardists could use nothing more heneficial for their small fruits and
orchards. No farmer should waste the ashes produced on his farm.

" PHOSPHOROUS.

PHOSPHOROUS.—In a chemically pure state phosphorous is a soft yel-
low, waxy solid, aud extremely inflammable on account of its great afﬁmty
for oxygen. When it burns it simply nnites with the oxygen of the air, the
compound formed being commonly called phosphoric acid and it is this
compound which is of such great value to the farmer.

The element never occurs free, but is combined with oxygen and limme.
In this form it is known as phosphate of lime. Ttalso occurs as phosphate
of magnesia, and also of lime and alumina. These phosphates are only
slightly soluble in water, so the quantity in the soil is only removed by the
plarits as it becomes available.

From a feirtilizing standpoint the phosphates are second only to nitro-
gen inimportance, and in particular cases mway even exceed that element.
The phosphates of fertilizers exist in three forms:—

1st, SOLUBLE PHOSPHATE.

2d., REVERTED ‘¢

3d., INSOLUBLE “

THE SOLUBLE FORM does not occur to any extent in nature, It is
known wunder the names acid p}zosplzate of lime, " and calcium
superphosphate. The Phosphates of this form being soluble in water
are of great great value as fertilizers. When 2 soluble phosphate is added
to the soil it gradually changes to a form insoluble in water, which is prob-
ably the form known as REVERTED PHOSPHORIC ACID. This is not the or-
dinary form of insoluble phosphate, for while a réverted phosphate is quite
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insolule in water, it is.readily soluble in dilute acids or solution of salts con-
taining ammonia. The roots of plants contain a small amount of acid
which renders them quite capable of using this form of phosphate, hence
it is considered nearly as valuable as the soluble form. The fwo taken fo-
gether constitute what is known as available phosphoric acid.

INSOLUBLE PHOSPHORIC ACID (Calcium Phosphate,) is so-called because
it will not dissolve in water. It is the form in which phosplhorous exists in
most soils, bones, and rocks, and from which it is yielded to the plants with
great difficulty. In this form the phosphatesin fertilizers are of the least
value to the puchaser. Insoluble phosphates may be converted into the sol-
uble forms by treatment with sulfuric acid, which should be handled with
extreme care.
~ Of the three forms the soluble contains the greatest amount of
phosphorous; the reverted form the next greatest supply; and the insoluble
form the least. As to the removal of phosphates from the soil, the insoluble
form is, of course, not carried away by the soil water; the same is true of
the reverted phosphates, but were it not for the fact that the soluble form is

very quickly changed to the reverted condition it would doubtless be more
or less removed by drainage water.

In general it can be said that soils become deficient in phosphoric acid
quicker than in any other ingredient. In the case of basaltic soils there is
often a very abundant supply of insoluble phosphates in the form of apatite
crystals (calcium phosphate.)

Bongs.—These are used extensively as a source of phosphoric acid.
The usual form on the market is ground bone of various degrees of fineness-—
the finer the better. Bones are of a double value as they contain not only
phosphoric acid, but also potash and nitrogen. They also occur in different
conditions as stated below.

Raw Bones (of animals) consist of approximately:
Phosphate of 11Me....uuuuiis oiiieeeeee e 50.C0
Carbonate of lime .

100.00

Steamed Bornes (animal bones which have been steamed to extract a part
of the animal matter in the manufacture of glue, etc.) containing approx-
imately:

Phosphate of lime........... e e et e ettt raaaa e 65.00
Carbonate of lime.........coocevieivennnnni, .. 20.00
Animal matter (containing nitrogen)........ooevviiiieeiveeeeneireeeeeeaenennnn. 15.00

100.00

Bone Black—known also as Animal Black and Animal Charcoal, made by
heating bornes in closed vessels—containing approximately:
Phosphate of [ime.....o..iiiiiiiiiiiiiiiiiiiiiee e,
Carbonate of lime... e .
Charcoal, etCu.uuiiiiiiiiiiieieeeie ittt e eeee e e eeaaiaaeaeaaaaanaanns

Bone Ash (made by burning bones) containing approzimately:

Phosphate of lime..........oooiiiiiiiiiiiiiiiiiiiiics e e 75.00
Carbonate of lime, etc.............. et ree ettt a et aeeee s 25,00
100.00
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Of late there has arisen quite a demand for bones for various industrial
uses which Has brought about a tendency in some instances to adulterate by
the use of coal ashes, oyster shells, etc. Bones form valuable material and
even those small amounts which occur about a farm should be husbanded
by burying them in the orchard near trees where they will decay.
Other ways of utilizing them are by burying them in an ash or manure
heap and allowing them to become softened before putting them in the
earth. ' ‘

"DISSOLVED BONE (Bone Superphosphatey is simply raw bone or bone
ash which has been treated with sulfuric acid whereby the phosphoric
acid is made more soluble. Fertilizersthus prepared are commercially known
as “‘superphosphates.”

ROCK PHOSPHATE (South Carolina Rock) is used quite extensively in
making superphosphates by treatment with sulfuric acid. Unless the
rock has been so treated the phosphoricacid is mostly in the insoluble form.

Basic or THOMAS SLAG is now used to some extent. It isa waste pro-
duct in the manuficture of iron. It is often sold under the name of ‘Odor-
less phosphate.” " It usually contains about 50 per cent of phosphate of lime.

INDIRECT FERTILIZERS,—The most important substance under this
head is Lime in one or more of ils forms. It is the oxygen
compound of calcium, calcium oxid, which is commonly known as lime.
It is probably true that no other single substance has been so nuch used on
land as linte, with the single exception of stable manure. Lime is made
by burning limestone, and it is this burned or calcined form which shou d
be used whenever it is deemed pecessary. It hasa three-fold action asa
fertilizer:

First, as a direct source of plant food.

Second, rendering available inert plant food in the soil:

Third, improving the texture of the soil.

While a certain amount of lime is essential to the growth of plants yet
experience has shown that as a direct fertilizer it does not fulfill all that
might at first be expected, therefore it is classed as an indirect fertilizer.
It is in the second action that lime produces the greatest chemical effect.
It is a strong base, and therefore tends to neutralize any acidity of the
soil, which occurs especially in wet boggy places,  rendering the soil
“‘sour.” It facilitates nitrification and decomposing certain insoluble salts
in the soil.

In many cases it can be used to advantage in improving the texture of
soils. This is especially true of the heavy clays, which it tends to pulver-
ize and lighten. Used on peaty or adobe soils, it will tend to decrease the
organic matter by causing it to deconipose more rapidly. It is in this office
that lime could be used in niany instances by the Oregon farmers in improv-
ing the clays of the Willamette Valley. Tile draining and lime, I am con-
fident, would furnish to the State a large increase of available land. Care,
however, should be taken to supply organic matter to such soils after
liming or the last state will be worse than the first, for itisa trite and true
saying that “Lime enriches the father but impoverishes the son.”
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GvypsuM (Calcinm Sulfaie)—This substance has been a bone of con-
tention, and disputes have waxed warm and loud as to the cause of its ben-
eficial action, for this it certainly possesses. It is largely used insome
parts of the country to encourage the growth of clover. One writer speaks
of the use of this substance, commonly called ‘‘gypsum,” as follows:
““There is reason to believe that gypsuni causes the decomposition of certain
compounds containing potash, whereby it, and some other bases, are made
available for the use of crops—tlie lime taking the place of these in the
compound decomposed—the sulfuric acid combining with them to form
salts soluble in water. Admitting this to be the action, it tends to impov-
erisli tlie soils to an extent far greater than is brought about by the use of
most otlier nianures.”* It has been pretty conclusively proveu that a por-
tion, if not all of the above reaction take place in the case of dlack “‘alkali”
soils, spots of which are not of unfrequent occurrence.in certain parts of East-
ern Oregon. The niost profitable use of gypsum would doubtless be-in
suclt cases. In California it has been conclusively proven that it is a valua-
ble remedy in sucli “‘spots,” and when followed by active cultivation, will,
in a large measure remedy this very undesirable condition. The use of
gypsum together with underdrainage and irrigation if this be possible, and
a proper selection of crops will cure in a comparatively short time the most
of this hated black alkali.

Gypsum can also be used with profit to aid in obtaining a good ‘‘stand”’
of clover on tlie farmis of the Willamette Valley to the cultivation of which
crop farmers can profitably give their attention.

The great cost of gypsumi at present will not permit its comiing into
general use, but there may be cases in which its use would doubly repay
the expense. It is to be hoped that there are deposits in this State which
will soon be opened, and for one who is fortunate enough to discover it in
workable quantities, there is a rich harvest in store. It has been reported
from Eastern Oregon—the very part of the State in which it could be used
to great advantage—and samples of excellent quality have been sent to
us for analysis, but so far we have not been able to verify ‘‘the find.”

SALT, (Sodium Chlorid.)—Its application is likely to be useful in a lim-
ited number of cases, and with certain crops. It is usually best used in a
compost. It has a very destructive action on vegetation if applied in excess,
and should be used, if at all, with great care.

Fertilizing Material Produced on the Farm.

It is not our purpose to deal particularly with this topic at this time,
but to issue a special bulletin on the subject later, yet there is one phase of
the matter which I deem of so great importance that I take occasion to
touch upon it now. I refer to the unnecessary waste of valuable
material, which, with alittle care and forethought, might serve as a valuable
fertilizing material. While it is probably impossible to utilize 22/ the straw
produced on the farm without burning, yet it is equally true that every far-
mer could use much more than he does, and it should be the policy to use
as much as possible. It is a wasteful process to burn, and still more suicidal

*Bulletin No. 19, Ark. Experiment Station. ' :
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to'sell it from the farm without returning anything to replace it. In burn-
ing the straw the valuable element nitrogen is dissipated in the air, while it
would serve a valuable office in the soil. If the straw wmust be burned #f
should be burned in very small piles instead of in large stacks, asis so often
‘the case, so that the ash material may not be fused and form #nsoluble sili-
cates, but may furnish as much soluble plant food as possible.

Wheat and oat straw remove from the soil the following amounts of
fertilizing material per acre, and the last column of the table gives the value
of the straw from an acre of land upon this basis.

TABLE I
RIND. Potash rhosphoiic  Nitrogen  Valwe.
in pounds. acid inlbs. in pounds.
Wheat straw........cccoeevviiiennn 31.62 12.75 23.05 $7.29
Oat straw.........oo.eeenns 22.22 5.50 13.86 $3.91

. Therefore reckoned at the market price of nitrogen in the commercial
forms it would cost to replace the nitrogen lost by burning the straw pro-
duced on oune acre of ground $5.61, while it is a frequent occurrence to sell
this same amount for not more than $2.00. Farmers of the east have paid
for this by experience dearly bought, and the time is not far distant, when
the farmer of this coast will realize its truth. ' Relative to this same matter
1 quote from Mo. Experiment Station Bulletin No. 19.

TABLE III.

Showing the z/alue of plant jfood ( phosphoric acid, potask and nitrogen)
vesmoved from one acre.

Wheat, kernels..........cocceunnnen. $ 6. oo\Tlmothy .............................. $12.57

“ Straw......coveiiiiiiiiin 7.29
IClOVer ...t ciaee 26
$13.24 $26.98
$ 3.8rjAlfalfa.....ooiiiiiii $23.17
3.62 :

————1PotatoeS. ... e e $ 7.07
$7.73

Corn. kernels ... coeeeinnnen. $11.94 Carrots.......c. covvvviiiniiiiiieian $ 4.52
“ cobs and husks............... .g6.

StAlRS..uueeeneieeeeeeneeeneineaenn, $ 6.40|Cabbage ................................ $18.35
$19.30.

““To take care, therefore, of straw and other vegetable refuse and return
it to the land in a proper manner, is a matter of great importance; to sell
timothy, clover, and alfalfa as such, rather than to feed it and sell it as flesh
or milk, is bad policy and self-destruction. To value a crop simply by its
market price, is crude and unscientific. The price which the farmer pays
for it, is not only its cost of production, but in addition to .it, its manurial
value, which we have often neglected, and which the conditions ‘of the case
begin now to force upon us for serious consideration.” -

CONDITION OF OUR FERTILIZER MARKET.

While there is not a large consumption of fertilizers in this State, as
compared with other states, yet the demand is on the increase and the busi-
ness will always be an increasing one. The fact that there are large or-
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chards planted in our state is one reason why the fertilizer question will be
brought forward soon, and will be a questlon of importance to the state.
This is true because the wear to which the soil will be subJected is one-
sided and will be continuots. At present there is no law of any force
bearing on the sale of fertlhzers in this state, and therefore there is no way
the farmer may know what he is purcha.smg, except to rely on the honesty
of the dealer. It is also true that there 1s no material which offers a gredter
opportunity for adulteration than these same fertlhzers While the Station
has made analyses of most of the fertilizers offered for salé in the state yet
il cannot gharantee that the analys;s printed in the table below yepresents
each 10t sold, for the samples sent by manufacturers prove little or
nothing, except for that individual sample, so that although “the analyses
are published undér the name of the fertilizer, we cannot guarantee that
another sample would give the same analysis or even approximating the
satne,

Still we have no reason to questlon the integrity of any dealer in th1s
State. Be it remembered, however, that the figures given in this bulletin
arve not in any sensé to be taken a¥ vepresenting am/tlzmg bzyond the individ-
ual sample analysed.

The State should have emzc/ed an adeguate fertilizer law in _]ustlce not
only to the farmer, but to the manufacturers tliemselves, which would com-
pel the manufacturers to make their standard, and thereafter hold to that
standard. ~ This is done in other states and should be done here.

At present the purchaser should be very careful to deal with reputable
firms who are willing to guamﬂtee a certam amount of fertilizing ingredients.

We publish below, without coniment, a statement of the results of ‘the
analysis of certain fertilizers found in the Oregon market.

TABLE V.
S/zowmg amzlyszs of feriilizers sold in Oregon.

i

S || PHOSPHORIC ACID. i o a
Z S . N TR -+ 3
= | | i E i e b=
o fg}_!g‘% f%;:‘:z.g g
| . | ¢ i o sl oy = P
g ‘ NAME OF FERTILIZER. ; = é’ i E BRI ‘ ® | %b i ; g 5 °
5 ERERERERERE AN I N
g i : 52 & |lgl&l iz da& £
431 Complete Fertilizer for light Soil. 6 64 2.78 265 8.19.13.62 5.43 . 2.65 3.2t 3.49 $29.80
432 Webfoot Hop Grower 8.67 2.15 8.23 2.94/'13. 32‘!0 38, 2.6 '2.50 4.07, 33.34
433 Dried Blood........... . ) 1l ‘ | 8. g0;10. 8ol | 35.80
434 Muriate of Potash i 1] 50| | 55.00
433/ Webfoot Potato Grower. © 3.1 8. ‘16 16 8. o5/} 3. 25\ 398 2.33] 34.10
436 Sodium Nitrate.. i | E oB.( 68 } 35.20
| 20.80

437 Kaiunite ..............
438 Fruit and Vine Posphate.
439 Vegetable Fertilizer
440 Frmt Fertilizer.......
441: Webfoot Potato Grower.

6.23 7.07 ;-600 8.93 2.38‘ 2.90 2.9t 32.14
3.61 2.99| 9.96 6.97/ 2.62- 3.18| 1.80| 31.44
5.14. 4. 10! 14.84/ 10. 74| 2.34] 2.84) 2.19| 32.48

3.73| l’zl‘l 749{ 6.28.|. 2.20 267‘ 4.65. 25.32
442 Webfoot Orange Grower.. 2.82 361/ 9. 27,5 66! 2. 46, 6.40| 28.66
443/ Webfoot Complete Fertilizer. 8. ! 5.20' 504‘ 12.74) 7.70) 2. 7613 85, 2. 91| 3r.24
444’ Comglete Fertilizer for L\ght Soil 5.88; 4.05 3.23 0.75!! 8.16 7.41. 2.31; 2.80] 7. 37! 21.88
445 Webtoot Hop Grower.. .68 6. 4.92./12.69, 8. o7 3.461 4 20 6.21! 39.02
446 Webfoot Vine Grower. . ‘ 7.30‘ 4.60 2.43, 3.20//10.2 \ 7.03:| 4. 85w 5. 89 5.24| 40,62
448 Mineral Fertilizer. .97, 5.20 4.02 3.16/ 12.38 g.22/| .65 ‘ 1.90 18.00
468'Fish Guarno........ 1.00 2,60/ 6.01' 3,41 | 549! 665 3.32 32.96
466 Bone Meal Fertilizer 7.211 3.15 2.09 291l 8.15 5. 24 179 2.17, ‘ 17.81
470'Odorless Phosphate. 9.60! 1.86 1.86.12.68 16.40° 3.7 " |
471 Grain Fertilizer..... . 7.57 2.03 .84 3.63'i 6.50 287 | 1.84:.2.230 2.34 17.99

©
o

N
&



74
THE CHEMICAL VALUE OF A FERTILIZER. .
Each of the three essential ingredients of a fertilizer has a cormmercial
value, and the worth of any given ingredient may be stated in dollars and
cents. These values are estimated from the essential ingredients in the
fertilizer, and they express the commercial value based upon what the in-
gredient would cost in the open market The values do not pretend to
express the agricultural value, which would of course be represented by
the profit they would give the user, which would be a very variable quan-
tity. The price upon which these values are. based are as follows:

Available Phosphoric acid, per pound........c.ooev iiiiiiiininn, 81 cents.
Insoluble “ “oou e eiee crrrieeainieeas e 3 ‘
Potash (TOM MUFALE..euveetireeeieeveis vevreesiasesiosaeseeceenenenees 5k ¢
POtASh fTOM SULEALE . cmeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeee + oeeeeaveneeaan 7 u
NI T OGO ceeeeteieeees ceeeiiies avvviiiiseeiaae i eas e bbbt iainaaes veee 20 o

The total cost of a ton of fertilizer (to the consumer) is made up of

three elements: 1st the cost of material mixed; 2d. the cost of mixing; 3d.
the cost of transportation, storage, etc., but the valuation takes into account
only the first of these elements. '
. To figure the commercial value of a fertilizer, multiply the price of
each ingredient by the number representing its per cent in the fertilizer, add
together these results and the sum will represent the value in cents of the
fertilizing material in 100 Ibs. of fertilizer. Multiply the sum by 20 and the
product will be the value in cents of one ton of the fertilizer.

Example:—A fertilizer was found to contain 7 per cent available
phosphoric acid; 3 per cent nitrogen; and 4 per cent potash.

(1) Phosphoric acid........c.cccc.oueeeei. 7X8Y e JUOTROT 59.5
(2) Nitrogen.....ccoeeveueeinerenreinennnnnnn 3X20 eeeieiiiiieniiiians 60.0
(3) Potash...ccccet vevveeviieieniiniitinniiis A5Y% eeeeeeieeieee e, 22.0
(4) Value of 100 pounds............ ..... e e e B 141.5

(5} Value of 2000 Ibs, one ton, 141.5%20=2830 cents, or $28.30, to which
should be added about $3.00 for bagging, etc.

In some cases there is a guaranteed amount of ammonia instead of ni-
trogen, in which case the number representing the ammonia should be mul-
tipled by the decimal, .8235 before applying the above calculation. Again,
the amount of polassium chlovid (or muriate) may be guaranteed instead
of actual potash. Tu such a case the amount of the chlorid- should be first
multiplied by .6318 to obtain the actual potash. -To convert from the sul-
fate to actual potash it is necessary to multiply by .5404.

The Needs of Oregon Soils.

Int the first place let it be remembered that the value of a mere chemi-
cal analysis of a soil is at most doubtful. © An analysis of a soil reveals
what and how much of a given ingredient is present in a soil but 7 does not
show how much of the plant food is available. ' There is, however, more or
less value attached to investigations of so-called- “‘virgin soil,” and an accu-
mulated number of analyses on this class of soils gives very valuable data
upon which to base a judgement of probable success or failure. = This mat-
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ter has been more fully discussed in Bulletin No. 21, to which the reader is
referred. In all cases chemical analysis should be followed by careful field
tests, and in this way any one ‘may become familiar with -the individual
needs of his soil. " Experiments in the field have been very limited in this
State, yet based upon the ordinary methods of judging deficiency of plant
food in soils, chemical analysis of a large number of soils seems to indicate
a limited amount of potash in the Willamette Valley soils, and this would
doubtless be the first ingredient needed on the lowland, and the higher land
seems to point toward a need of phosphoric acid. These results must how-
ever, be taken as only indicative, although these chemical results have been
verified in instances where the experiment has been tried. The loams of
Clackamas county have shiown a good supply of potash, and a number of
Lane county soils have shown a high content of phosphoric acid.

There is a common idea abroad that our soils are deficient in lime, yet
the analysis of a large number of soils has not shown that to be true. The
soils of the Willamette Valley possesses in nearly all instances a fair amount
of lime and on passing into Eastern Oregon the lime content {s nearly
doubled. In general potash isto be the first element to be suspected
asbeing deficient on the lowlands of the Willamette Valley and phosphoric
acid on the uplands. It should also be said ‘that the uplands are nat inr al/
cases well supplied with nitrogen, which is very essential to fruit produc-
tion. The red hill lands possess a great power to absorb this element and
ammonia and are naturally excellent fruit lands, yet when the fruit begins
to shrink in size this element should be supplied. On the lower lands there
is a greater supply of humus which i§ a very fair measure of nitrogen and
whe these soils are well drained they are likely to possess great capacity
for production if potash is supplied. The conditions areso varied however,
that, in order for any farmer or gardener to decide positively what kind of
fertilizer will be best for him to use, it will be necessary for him to do some
special experimenting. It is not best in all cases to select a complete fer-
tilizer for often a portlon of the material is not needed at all and the farm-
er may be “‘carrying coal to Newcastle.”

There is one thing that should be said relative to many of the valley
lands. viz: that for lasting benefit in increased return and ease of handling
careful attention would best be given to the physical condition by proper tile
draining before turning attention to fertilizers, for in many instances the
improvment of these conditions will be all that is necessary for some time
to come. :

Of the soils of Eastern Oregon but a limited number of analyses have
been made, but acting upon experience in other states having similar cli-
matic conditions and taking into account the originof the soils of that
part of the state we can say that the basaltic rocks would naturally pro-
duce a soil well supplied with phosphoric acid, and from this reason it will
doubtless be found that when the soils fail it will be rather on the
side of potash than phosphoric acid.

We trust that the matters discussed in these pages w111 prove of benefit
to the farmer in not only paving the way for a better understanding of the
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principles of agticultural chemisiry, but also in calling’ attention to some

sources of waste in the economy of the farm.

For reference we insert

some tables which will prove of value to those who consult them  with an
earnest desire to understand the more modern practice of agriculture.

TABLE V.
. Compzled Aﬂalyses of Commercial Ferlzlzzmg Malertal

e

) |

|
| | Phosphoric Acid

T
: © = I g
SUESTANCE E g s ‘ 2 _g B 3 )
208 1% 3 312
- = E &2 = & 15
Malerzals containing phosphaltes. . : : i
Apatite.....ccoeiriiiiiiiiii e ! | 136.08'$14.43
Bone ash... 7.00 ‘ | \35 89 14.35
Bone black 4.60 [ 128,28 11.31
Bone black dJssolved) ........ : | 16.: 70, 0.3017°00, 21.84
Bone meal................l. ...l 7-47| 4.12 8. 28\15 2223. 50 40.56
Bone meal (dlssolved).. e ‘ -2.60, 13.53! ‘4. 07‘17 60 30.27
Peruvian guano..........cceeeiieeeiaeninnne 14.81} 7.85, 2.61| 8.36; 6.9015. 26‘ 39.21
S. Carolina rock, ground................ ‘ o. 60127 43:28. .03 11.69
S. “ ‘¢ dissolved. .. | 3.6015. 20, 16.52
Basic Slag....c.ccovieiiiiiiiiiiniee s ! ‘ 21.37 8.55
Material conlaining polassium. | ‘ S
Carnallite ...oooveeenemrneeiimeniiiniieiainas ) |13.68 [ 12.31
Kainite..........ccu.oee. ...| 3.20 113.54‘ | 29.92
Muriate of potash.. ....| 2.00 52.46 | | 47.20
Nitrate of potash............. ....| 1:93(13.0945.19: ‘ | 81.25
Spent tan bark ashes.. ..... e eean 6.31 2.04, i 1.617 3.85
Sulfate of POtash..........cieevivveeeinns 1.25 38.60| [ | 42.46
Wood ashes, unleached.... ... 12,00 5.50, | 1.85 7.90
‘e ¢ leached.......ccoeeeneennne. “ : 1.10 | 1.40 2.61
Malerial amlammg nitrogen. | |
AZOHN tonieiiiieeieieiien e 5.88|11.33] ; 3.43 43.09
Cotton seed meal.......... ....| 6.80| 6.66 1.62 1.45° 25.20
Dried blood.......... ....|12.50|10.52 | i 1.91; 38.73
Dried fish.............. ....[12.75| 7.25| 0.45 3.05 5.20, 8.25 34.12
Horn and hoof waste.. ....|T0.17(13.25 | ! 1.83 20.38
Meat SCRAP....ccurierinieeerniiasunns ....|12.09|10.44 | 2.07! 38.61
Nitrate of soda................. . 16.47 | 51.05
Sulfate of ammonia..........ccivvuninnnni. 1.00,20.50 I \ | 69.70
Tankage .........ivceeeneee ..|13.20| 6.82 | 5.02] 6.23 11.25/ 31.71
! [ 0.29. 9.62

Wool waste.......oeeiuiiiiieniiniiinnns 9.27' 5.64| 1.30,



