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PlantFood and Use of Fertilizers.
BY A. L. KNISELY.

Judging from the correspondence received by the Station Chemist,
there is a great desire on the part of the people throughout the
state to know about soils, plant-foods and fertilizers, which goes to
show that the farmer is seeking information along these lines.
Many of the letters ask straightforward questions, but it is impos-
sible to answer them satisfactorily. The following extract is a fair
sample of many letters received:
'Oregon E.tperiment Station, corvallis, Oregon:

DEAR SIRS send you this day, under separate cover, a sample of soil.
Will you please analyze and tell me what it will produce in paying quantities
in tins china te, or if there is any clientical lacking which could be supplied at
a reasonable cost to make it first-class land,'' etc

The object of this bulletin is to furnish popular information con-
cerning such questions as those asked in the foregoing letter.

Questions relating to the fertility of the soil are very hard to
answer and many times definite satisfactory answers cannot be
given.

Soils are Very Complex.The soils of no two farms are alikeneither
are the soils of two fields on the same farm exactly alike. 'I'he to-
tal plant-food in one field differs from that of the adjoining field;
the amount of decaying organic matter (humus) differs in different
fields; the degree of coarseness or fineness of the soil particles varies
greatly; the moisture conditions of no two fields are identical;
neither are other physical conditions, nor texture of the soil exact-
ly alike in two different fieldsand so on with an almost infinite
number of conditions, each having more or less influence upon the
fertility or productivity of the soil, each having its influence upon
plant growth.

Law of the Minimum.Since so many conditions surround and in-
fluence the growth of a plant it is important to find out which ones
affect the growth of the plant most. It has been found by experi-
mentation that it is not the most favorable conditions but the most
unfavorable ones which have the greatest influence upon the growth

NOTEThe material in this bulletin is arranged to meet the wants of Oregon farmers and
is in a way an answer to the many letters concerning fertilizers received at the Experiment
Station. The analytical data have been obtained from various sources, chiefly from the U. S.
Department of Agriculture and experiment Stations, and from work done at this Station.
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of a plant. There may be one hundred conditions favorable for
plant growth, and five or even one, only, which is unfavorable. It
is not the many favoraLle conditions but the few unfavorable ones
which influence the growth of the plant, or crop.

If a field is unproductive on account of poor drainage or because
of a lack of humus, it would not be made more productive byadd-
ing commercial fertilizer. On the other hand, if a field is unpro-
ductive, due to a lack of available plant-food, then the addition of
fertilizers will increase its productivity.

The essential conditions of a field which are the poorest or
at the lowest ebb must be sought out and improved before
the fertility of the field is increased.

It happens many times that poor yields are not due at all to a
lack of plant-food, but are due to essential conditions other than
those of plant-food.

PIantfood.--There are known to exist and the scientist recognizes
about seventy-seven or seventy-eight different elements or simple
substances. These elements are not all necessary, but a certain few
are indispensable to plant growth. The elements which are neces-
sary and without which plants cannot flourish are known as the
plant-food elements. Authorities differ as to the number of ele-
ments which are essential for plant growthsome give nine or ten,
others twelve and even fourteen. At the very outside, of all the
elements known to exist, only twelve or fourteen are necessary for
plant growth.

The plant-food elements are as fol1ows: Carbon, hydrogen, oxy-
gen, nitrogen, sulphur, phosphorus, chlorine, potassium, calcium,
iron, magnesium, silicon, sodium and manganese.

Some authorities question the necessity of manganem and sodium.
Carbon, Hydrogen and Oxygen make up the largest part of the woody
structure of the plant, the carbohydrates and organic acids.
Nitrogen, Sulphur and also Carbon, Hydrogen and Oxygen aie necessary

for the development of the proteid compounds in the plant.
Phosphorus.This element in the plant exists in the form of phos-

phates and is found in all parts of the plant. It seems to have
something to do with the development of the proteid substances in
plants. Much phosphorus seems to be necessary and it accumu-
lates in the seed of plants.

Chlorine.The. exact function of this element in plants is not
definitely known. It is supposed by some authorities to have some-
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thing to do with the translocation of starch from the leaf to other
parts of the plant.

Potassium.Conipounds of this element are quite widely distributed
in the various parts of the plant. They seem to be necesary for
the formation and translocation of starch in the plant. Potash is
always found in large quantities in the ash of plants.

Calcium.Thjs element in some form is found in all parts of the
plant. It always exists in large quantities in the ash of plants.
Calcium seems to be necessary for the growth of the cell structure
that is, for the formation of cellulose out of starch which has been
formed in the leaves.

Iron.Experiments have proven that iron in some form is abso-
lutely necessary for the development of Chiorophyl, which is the
green coloring matter in the leaves of plants. In the absence of
iron the leaves become yellow and even die, due to the non-develop-
mnt of the chiorophyl grains.

Magnesiuni.This element seems to take part in the development
of chlorophyl in plants, and also has something to do with the
translocation of proteid bodies in the plant.

Siticon.It is still a mooted question as to whether this element
is necessary for plant growth or not. At one time it was supposed
that this element gave stiffness and strength to the stems of plants
but this belief is being discarded. It is believed by some that Sili-
con helps in the development and formation of seeds.

Sodium and Manganese.These elements are not supposed to per-
form, any necessary function in the growth of plants, even though
they have generally been classed with the plant-food elements.
Manganese is many times and sodium always, found present in the
ash of plants.

Sodium is very much cheaper than potassium, and there has been
much discussion as to the use of sodium instead of potassium com-
pounds for plants. Sodium cannot be used instead of, or to replace,
any of that potash which is required for the normal development of
the plant.

Of all the foregoing elements of plant-food, only three or four are
included when the subject of fertilizers is considered. These are
nitrogen, phosphoric acid, potash, and sometimes lime (calcium
oxide.) The remaining plant-food elements are usually present in
such abundance that they are not even discussed.

Poor Crops.\Vhen a farmer writes that his soil is unproductive
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and that he harvests only one quarter of a crop, and wants to know
wherein the trouble lies, a very difficult problem is presented. The
poor yield may be due to a lack of available nitrogen, phosphoric
acid, potash or lime, or it may be due to the poor character, or low
ebb, of one or more of the many other essential conditions which
surround and influence the growth of the crop.

Questioning the SoilThe farmer may question the chemist, or he
may question the soil. I believe it is usually more satisfactory to
ask the soil questions providing it can be done in an intelligent,
systematic manner. The chemist may analyze the soil carefully
and tell to the thousandth part of one per ccnt. just how much
nitrogen, phosphoric acid, potash and lime the soil contains, but he
cannot tell absolutely by present methods how much of this plant-
food is available for plant growth. Even though the chemist can-
not determine accurately the available plant-food, still it is of much
value and interest to know the total amount contained in the soil.
Analysis may show 0.20 per cent. or approximately 7,000 ths. nitro-
gen (N); 0.30 per cent, or approximately 10,500 lbs. phosphoric
acid (P203); 0.50 per cent. or approximately 17,500 lbs. total potash
(K20) in the surface foot per acre. Much of this plant-food may
or may not be available for a growing crop.

If an old, rusty safe, with doors locked, fell into the hands of a
farmer and if he knew that this safe contained $10,000, it would be
a great incentive to try to unlock the safe and utilize the money.
So also if a farmer has his soil analyzed and finds that it contains
30,000 to 40,000 pounds of plant-food per acre, even if not avail-
able, this fact should be worth much to the farmer because it should
give him a strong incentive to try and farm in such a way as to
gradually make available for his crops this vast amount of plant-
food which is locked up in his soil. This.plant-food in the soil is
the farmer's capital, or money just as much as the $10,000 in the
old, rusty safe.

A farmer can tell if his poor crops are due to a lack of available
plant-food by questioning the soil in the following manner: Sup-
pose the farmer plans to grow a cultivated crop in a ten acre field.
In the spring lay out several experimental plats on typical part
of the field. Let each plat be one rod wide and eight rods long,
that is, one twentieth of an acre. Apply the different plant-foods
to these plats and study the effects.

The simplest set of fertilizer experiments would be the Iollowing:



1 rod wide

1 rod wide

1 rod wide

1 rod wide

8 RODS LONG.

15 pounds nitrate of soda.

30 pounds acid phosphate.

1 rod wide 15 pounds muriate of potash.

1 rod wide Blank; no fertilizer.

1 pounds nitrate of soda.
30 pounds acid phosphate.
15 pounds muriate of potash.

ton barnyard manure.

These applications of fertilizers are heavy, but in experimental
work it is best to use liberal amounts so that their effects upon the

crop can be more easily studied.
The fertilizers should all be applied broadcast upon the plowed

ground and cultivated into the soil. The acid phosphate and mur-
iate of potash should be applied to their respective plats as early in
the spring as the ground can be prepared for the crop. The nitrate
of soda is very soluble and should not be applied until all the
heavy rains are over, or until the beginning of the growing season.
It would be best to apply only a portion of the nitrate of soda at
the first application and the remainder three or four weeks later.
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It is advisable to leave a three-foot strip between each two plats
as this will prevent the crop growing on-one plat from feeding upon
the fertilizer applied to the adjoining plat. If this is done the crop
on the whole plat may be harvested and this yield multiplied by
twenty would give the yield per acre. On the other hand, if no
strip is left between each two plats, then the crop grOwing on the
borders of the plats may be getting the effects of the fertilizers from
the two plats. In such cases, harvest the crop on a strip one-half
rod wide, lengthwise through the centre of each p1at the yield thus
obtained multiplied by forty would give the yield per acre.

Experimental plats similar to the forcgoing might be tried with
any cultivated crop like corn, or potatoes or with a sowed crop, like
wheat or oats; also upon small fruits or tree fruits or hop vine-
yards. If a farmer conducts such a set of experiments and studies
it carefully through the growing season and at harvest time care-
fully estimates the yield per acre for each plat, he may learn much
concerning that particular field in which the experiments were tried.

A more elaborate set of experiments than the foregoing and one
that contains all the possible combinations of plant-food may be
illustrated by the following:

8 RODS LONG.

1 rod wide

1 rod wide

1 rod wide

1 rod wide

15 pounds nitrate of soda.

30 pounds acid phosphate.

15 pounds muriate of potash.

15 pounds nitrate of soda.
30 pounds acid phosphate.
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I 8 RODS LONG.

1 rod wide Blank; no fertilizer.

1 rod wide ---I

1 rod wide i

1 rod wide

15 pounds nitrate of soda.
15 pounds muriate of potash.

30 pounds acid phosphate.
15 pounds muriate of potash.

15 pounds nitrate of soda.
30 pounds acid phosphate.
15 pounds muriate of potash.

1 rod wide - ton barnyard manure.

A set of fertilizer experiments like this last might be made a little
more extensive by adding another plat and applying land-plaster
or lime. Another plan would be to sow land-plaster or lime upon
half of each small experimental plat. In so doing we could ascer-
tain the effects, upon the crop, of the fertilizers with and without
land-plaster or lime.

If, after the crop has been harvested in the fall, the farmer finds
that the yield on the blank plat is about as large as upon the plats
that were fertilized then it would be foliy to buy fertilizers and ap-
ply them to that field. On the other hand, it might be that the
plats receiving the nitrate of soda give the largest yield, then the
probability is that the field lacks available nitrogen. If the plat
receiving barnyard manure gives results far better than any of the
commercial fertilizer plats, then in all probability the physical con-
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dition of the soil needs repairing. The soil needs looseningneeds
more decaying organic matter or humus.

Many times these fertilizer experiments will answer the questions
of the farmer much better than can a chemist who makes a chem-
ical analysis of the soil.

A farmer after having determined to his satisfaction which ele-
ments of plant-food are beneficial, must next ascertain what quan-
tities can be used most profitably. The fact tha.t the effects of ap-
plications of phosphoric acid and potash compounds may extend
over more than one year must be taken into account when the val-

uc of these fertilizers is considered. Their effects may in sone cases
be seen upon the fo]lowing crops for several years.

When nitrogen in the form of nitrate is applied most of the effect
must be obtained the same year, because any nitrate not used by
the crop will in most cases leach out of the soil before the succeed-
ing crop is grown.

Soils Make Plant=Food lnsolnble.\jVhen fertilizers are applied to the
soil, even though they contain much water-soluble plant-food, ihere
is but little danger of loss by leaching from the soil. Soils with but
few exceptions contain those elements which are necessary for the
fixation of plant-food. Exceedingly sandy soils do not have the
power of fixing or making insoluble the plant-food which is applied
in fertilizers. Most soils, however, contain enough of those mate-
rials such as lime, iron, aluminum, zeolitea and organic matter,
which combine with the soluble plant-food applied in fertilizers and
make it insoluble so that it does not leach from the soil. Even
though it is rendered insoluble in water and hence leaches from the
soil only in very small quantities, it is still available to the feeding
rootlets of the growing crop.

Generally speaking, all forms of phosphoric acid and potash are
fixed in the soil; nitrogen (with the exception of nitrates), which is
contained in stable manure and other organic substances, and also
nitrogen in the form of ammonia compounds is fixed in the soil.

Tbe fixation of the potash and ammonia compounds is brought
about by the so-called zeolites in the soil. The phosphoric acid
compounds are fixed in the soil by compounds of lime, iron, alum-
inum and possibly magnesium. The exceptions to the above are,
1st, that all forms of soluble plant-food tend to leach out of very
sandy soils. 2d, that nitrogen in the form of nitrate tends to leach
out of all kinds of soils.
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FERTILIZERS.

Fertilizers may be complete or incomplete; direct or indirect.
A Complete Fertilizer is one that contains each of the three elements

of plant-food, nitrogen, phosphoric acid and potash.
An Incomplete Fertilizer is one that contains only one or two of the

three elements, nitrogen, phosphoric acid and potash.
A Direct Fertilizer is one that contains any or all of the three plant-

food elements, nitrogen, phosphoric acid and potash. A direct fer-
tilizer is used for the plant-food which it contains.

An Indirect Fertilizer is one that does not contain nitrogen, phos-
phoric aci'd or potash. An indirect fertilizer is not applied for the
purpose of adding plant-food to the soil but in order to make some
of the plant-food already in the soil more available. The chief in-
direct fertilizers are land-plaster, lime and common salt.

Land-plaster, gypsum or calcium sulphate. These are different
names for the same compound. Gypsum or land-plaster is nothing
more than the sulphate of lime rock which has been ground exceed-
ingly fine.

Quicklime and calcium carbonate. When limestone is burned
the resulting product is calcium oxide or quicklime, sometimes
called stone-lime. When exposed to the air it becomes air-slaked
and is then calcium carbonate or carbonate of lime.

SOURCES OF FERTILIZINO MATERIALS.
Nitrogen Supply.

The following materials are used in this country as sources of
nitrogen supply. Some of them, of course, are used much more
than others:

Pounds ofAverage Nitrogen inper cent one ton ofNitrogen material

Secones
available

Ammonite (azotine) 10 to 14 200 to 280 Quickly
Castor bean pomace 5 to 6 100 to 120 Moderately fast
Cotton-seed meal 6 to 7 120 to 140 Moderately fast
Dried blood, high-grade 12 to 15 240 to 300 Quickly
Dried blood, low-grade 6 to 12 120 to 240
Guano 6 to 8 120 to 360 c;radually
Dried Ssh 7 to 8 140 to 161 Quickly
Hoi'n and hoof waste 10 to 13 I 220 to 800 Slowly
Leather scraps and meal 7 to 10 140 to 200 Very slowly
Meat scraps 10 to 11 200 10280 Quickly
Nitrate of potash 13 1014 260 10280 Immediately
Nitrate of soda 15 10 16 800 to 320 Immediately
Oleomargarine refuse lOto 12 200 to 240 Gradually
Sulphate of ammonia 19 to 20 380 to 400 Very quickly
Tankage 6 toll 120 10240 Quickly
Tobacco Stems 2 to 3 40 to 60 Gradually
Wool waste (untreated) 5 to 6 100 to 120 Very slowly



Ammonite, Azotine as it is sometimes called, Dried Blood, Horn and
hoof Waste, Leather and Meat Scrap, Oleomargarine Refuse, Tankage and
Wool Waste are all by-products coming from packing houses and
rendering establishments.

Castor Bean Pomace is the residue left after separating castor oil
from the bean.

Cotton=Seed Meal is the dried residue left after separating the oil
from the cotton seed.

Dried Fish is the dried and ground refuse from fish-oil works.
Guano is a rich nitrogenous manure obtained from rainless reg-

ions. The supply is nearly exhausted.
Nitrate of Soda (Chili saltpeter) is a mineral substance obtained

along the western coast of South America. The world's supply of
nitrate of soda comes from this region.

Potassium Nitrate or true saltpeter comes large]y from India. This
material is so valuable that little or none of it is used as fertilizer.

Tobacco Stems, as the name indicates, is refuse and waste material
from tobacco and cigar factories.

Sulphate of Ammonia is a by-product obtained during the manu-
facture of illuminating gas and coke, also during the manufacture
of bone-black.

PhOSPhORIC ACID SUPPLY.

Phosphoric acid in the agricultural sense may be classed as solu-
ble, reverted and insoluble also as available, not available and total.

Soluble Phosphoric Acid is often called mono-calcium phosphate,
acid phosphate, or superphosphate. These are all readily soluble
in water and easily available for plant growth.

Reverted Phosphoric Acid, also called citrate-soluble phosphoric acid
includes that phosphoric acid which is not soluble in water but
which is soluble in amnionium cit.rate solution. It is called revert-
ed because at one time it was water-soluble but has since changed.
back or reverted into an insoluble form. Reverted phosphoric acid
is often called di-calcium pho.phate. This form of phosphoric acid
even though insoluble in water is still easily available for plant
growth.

There is found in Thomas slag a form of phosphoric acid known
as tetra-calcium phosphate. This, in many respects, is similar to
ordinary reverted or di-calcium phosphate. It is insoluble in water,
but much more easily soluble than tn-calcium phosphate and is
largely available for plant growth.



Apatite
Bone ash
Bone black
Bone black (dissolved)
Bone meal raw)
Bone meal dissolved)
Bone meal (free from- fat)
Bone meal (from glue factory)
Bone tatikage
Florida rock
Florida soft phosphate
South Carolina rock (ground)
Soutd Carolina rock (Soats)
South Carolina rock (dissolved)
Thomas slag

SOURCES OF PHOSPHORIC ACID.

Pounds IPer cent Phosphoric Acid available
phos. acid
in 1 ton of

Soluble Reverted Available material

11-15 1- 3 - 12-18 240-360
i/_ 1 35/_ 7 4- 8 80-160
10-12 1.- 2 1 1-14 220-280

6- 8 120-160

1-4 10-16 200-320 t- 3
3-7 3-7 60-140 12-13

Insoluble
per cent

83-40
28-05
25-36

1- 2
16-17
3-6

18-22
16-20

Total Phos. Acid

Per 'Lbs.pertou
cent of material

33-40
28-35
26-36
13-20
20-25
15-20.
18-22
P2-28
10-20
25-35
18-30
25-30
25-10
12-18
15-20

Becomes
available

660-800 Slowly
560-700 Slowly
560-720 Slowly
260-400 Immediately
400-500 Slowly
300-400 Immediately
360-440 Slowly
440-560 Slowly
200-400 i Slowly
500-700 Slowly
360-600 Slowly
500-600 Slowly
500-600 Slowly
240-860 Immediately
300-400 Slowly
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Insoluble Phosphoric Acid is the ordinary tn-calcium phosphate.
This form is very insoluble in water and is but very slowly avail-
able for plant growth.

Available Phosphoric Acid consists of the water-soluble and reverted
taken together.

Unavailable Phosphoric Acid consists of tn-calcium phosphate, or
that portion not included in water-soluble or reverted.

Total Phosphoric Acid is the sum of the available and unavailable
phosphoric acid.

Apatite. Considerable apatite has been mined in Canada. It is
not very uniform in composition and not so desirable as some other
forms of phosphoric acid.

Bone Ash is the residue left after burning bones. Some of this is
imported from South America.

Bone-Black or Bone-Charcoal is obtained from sugar refining estab-
lishments where it has been used in purifying syrups and sugars.

Bone-Black (dissolved) is similar to ordinary bone-black, except
that it has been treated with sulphuric acid so that the phoaphoric
acid is made more easily available.

Bone Meal consists of ground bones from packing establishments
and glue works. Generally the finer the meal the more easily the
phosphoric acid becomes available.

Bone Meal (dissolved) consists of bone meal which has been treat-
ed with sulphuric acid.

Florida and South Carolina Rock, sometimes called rock phosphates,
are mined in large quantities in South Carolina and Florida. The
availability of the phosphoric acid contained in these materials de-
pends somewhat upon the degree of fineness to which the substance
is ground.

Dissolved Rock, Acid Phosphate or Superphosphate is prepared by treat-
ing the ground rock with sulphuric acid. This treatment makes
the phosphoric acid much more easily available. The action of the
sulphftric acid is to change most of the tn-calcium phosphate con-
tained in the rock to mono-calcium phosphate. During this chem-
ical change much calcium sulphate (gypsum) is formed, so that dis-
solved rock or acid phosphate always contains about 50 per cent.
gypsum.

Thomas Slag is a waste product obtained during the manufacture
of Bessemer steel. The slag which accumuFates while the steel is
being made is rich in phosphoric acid. This slag when finely
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ground is used, especially in Europe, in large quantities as a fertilizer.

POTASH SUPPLY.

There are many materials which contain .qnite large quantities of
potash. In the agricultural sense, that potash is considered of most
value which is soluble in distilled water. At the present time the
main part of the world's supply of potash comes from the mines in
Germ any.

Potash is usually applied either in the form of rnuriate, sulphate
or carbonate.

The muriate is probably most often used as it is generally some-
what cheaper than other forms. Sometimes for certain crops it
is preferable to use the sulphate. in a very few instances the car-
bonate is used in preference to either muriate or sulphate.

SOURCES OF POTASH.

Cotton.seed Hull Ashes are obtained in some of the Southern States
where the cotton-seed hulls ar used as fuel in some of the mills.
These ashes, which contain little or no chloride when obtainable,
are especially desirable for such crops as tobacco.

Wood Ashes are obtainable wherever wood is burned in large
quantities. The potash contained in them is water-soluble and
easily leaches out. Wood ashes are excellent as fertilizer and none
should be allowed to go to waste.

Carnallite is obtained from the potash mines of Germany. It con-
sists largely of chlorides of potash and magnesium. The cruclema-
terial also contains small quantities of the sulphates of potash and
magnesium.

Kainite is also obtained from Germany. It is rather complex, con-

Per cent potash Pounds potash in aecomes
(KO) 1 ton of material available

Ashes (cotton-seed hull) 15 to 25 300 to 500 Immediately
Ashes (wood leached) 1 to 3 2Oto 60
Ashes (wood, unleached) 4 to 10 8Oto 200
Carnallite 12 to 14 240 to 280
Rainite 12 to 16 240 to 320
Krugite 8 to 10 160 to 200
Muriate of potash 48 to 52 960 to 1020
Nitrate of potash 43 to 45 860 to 900
Sulphate of potash (tow-grade) 25 to 30 500 to 600
Sulphate of potash (high-grath). 48 to 53 96!) to 1060
Sulphate of potash and magnesia 23 to 80 500 to 600
Sylvinite 15 to 20 500 to 400
Tobacco waste Oto 8 100 to 160 Gradually
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sisting largely of suiphates and chlorides of potash and magnesium.
It usually contains common salt and gypsum.

Krugite comes from Germany. The crude material consists large-
ly of suiphates of potash, magnesium and calcium.

Muriate of Potash as obtained commercially is one of the products
of the German potash mines which has been partially purified. It
is used very extensively as a fertilizer.

Nitrate of Potash.The natural source of this material is India. It
is very valuable as a fertilizer, but the demands for it in manufac-
turing operations almost preclude its use in agriculture.

Sulphate of Potash.Both high- and low-grades are sold in large
quanties as fertilizer. Potash in the form of sulphate usually costs
more than when bought in the form of muriate. These suiphates
of potash are obtained from Germany.

Suiphates of Potash and Magnesia, sometimes called double potash
salts, as the name indicates, consists largely of sulphates of potash
and magnesia. These double salts are obtained in Germany and
are used in considerable quantities as fertilizers.

Sylviuite.This is rather a low grade of potash coming from Ger-
many. The potash in this substance exists mostly as sulphate and
chloride. It also contains large quantities of sodium chloride and
some compounds of magnesium.

Tobacco Waste is obtained from certain factories and when ground
furnishes a small amount of fertilizer material. The ash from to-
bacco waste is exceedingly rich in potash, often containing 50 per
centit is, however, unwise to burn the waste, for in so doing its
nitrogen and insecticidal value is destroyed.
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FARM MANURES, ASHES AND STRAW.

Many of the Oregon farmers little realize the value of the waste
materials which accumulate on the farm. All the waste materials
upon the farm contain one or more of the essential elements of
plant-food. These plant-foods have certain commercial values
which have been adopted by many of the leading experiment
stations of the country (see page 18). In reality the trade values
of most of the plant-foods in Oregon are somewhat higher than n
some of the centrally located Eastern States; notwithstanding this
fact, if we assign the Eastern trade values to the plant-food con-
tained in Oregon farm waste products, we find that they have ap-
proximately the following values per ton:

Phosphoric
Material Nitrogen (N) acid (PO5) Potash (l2O) Value per ton

Per Cent Per cent Per cent

Horse manure (liSuid) 1.55 1.50 $ 6.15
Horsemanure(solid) 51 .22 .44 2.19
Cow manure liquid) .81 ... .92 3.35
Cow manure solid) .36 .15 .07 1.30
Sheep manure (liquid) 1.95 .01 2.26 8.12
Sheep manure (solid) .74 .27 .41 2.90
Pig manure (liquid) .43 .07 .83 2.19
Pig manure (solid) . 52 .30 .36 I 354
Fowls . .. 1.19 1.16 .H

i 5.49
Mixed stable manure .50 .25 .50 2.25
Straw, wheat .53 .17 .57 2.33
Straw, rye 45 .26 .53 2.44
Straw, oat .5.5 .25 1.35 3.25
Straw, barley .83 .23 141 4.13
Ashes,wood 1.70 6.00 7.70

According to carefully conducted scientific experiments, the ex-
crement, liquid and solid, from one animal for a year has approxi-
mately the following values: Horse, $22.00 to $27.00; cow, $28.00
to $35.00; sheep, $2.00 to $2.50; pig, $1.00 to $3.00.

Enormous losses occur annually due to a bad handling of the
farm wastes. One of the best methods of Caring for farm manures
is to haul them out shortly after they have beers made and spread
them broadcast upon the land. If manure is thrown in piles it
many times heats and becomes 'fire-fanged." This slow burning
of the manure destroys much of its value. The odor of ammonia
about the manure heap, indicating a loss of nitrogen, shows that
the method of caring for the manure is poor.

The liquid portion of the manure is most valuable and should be
saved, and yet the general practice is to pay little or no attention
to this portion. It pays to use straw, litter, dry earth, muck or
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peat as an absorbent for this valuable liquid portion of the manure.
Manure should never be piled under the eaves trough.

Do not burn the straw pile.It is the custom in many sections of the
state to burn the straw in order to get rid of it. By so doing all the
nitrogen and organic matter contained in the straw are destroyed
and lost to the farmer. These losses represent many thou0ands of
dollars annually, it is far better to use straw as litter and as an
absorbent about the barn and sheds as mulching and as a rendezvous
for stock where they can pick it over and tramp it to pieces so that
it can be more easily handled and worked into the soil.

Wood Ashes.Every pound of wood ashes which is made on the
farm is valuable and should be carefully saved. Do not let it ac-
cumulate in open boxes or barrels exposed to the rains, because its
valuable constituent, potash, is easily leached out. Keep the ashes
dry until ready for use.

It is a bad practice to mix wood ashes with any of the farm man-
ures because the action of the lye in the ashes is to decompose the
ammonia compounds of the manure and thus liberate the most
valuable plant-food element, nitrogen, in the form of ammonia gas.

Trade Values of Nitrogen, Phosphoric Acid and Potash.The commercial
values of the materials which are used as fertilizers, depend upon
several conditions, such as cost of production, supply and demand,
etc. It is the custom for the leading experiment stations of the
East, to annually adopt a schedule of trade values for nitrogen,
phosphoric acid and potash; these prices being governed by the pre-
vailing wholesale prices of the standard materials as shown by the
market reports of the commercial centers.

SCHEDULE OF TRADE VALUES ADOPTED BY EXPERIMENT STATIONS.
Cents per lb.

1903

Nitrogen in NitrateS 15.0
Ammonia Salts 17.5

Organic Nitrogen in dried and fine-ground fish, meat and blood, and in mixed
fertilizers 17.0

fine-ground bone and tankage 16.5
coarse bone and tankage 12.0

Phosphoric Acid, soluble in water 45
amnionium citrate 4.0

insoluble in fine bone and tankage 4.0
0 coarse bone and tankage 3.0

mixed fertilizers 2 0
fine-ground fish, cotton-seed meal, castor pomace

and wood ashes 4.0
Potash asMuriate 4.25

Sulphate, and in forms free from muriates (orchlorids) 5.0

Owing to distance from Eastern markets, transportation rates and
to the small amounts of material used, fertilizers in Oregon at the
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present time cost approximately one fifth to one half 'more than
they do in the East.

In Oregon according to the present prices and available material,
the probability is that nitrogen an best be bought as nitrate of soda
or as fish guano; phosphoric acid in the form of ground bone, acid
phosphate, double superphosphate, or Thomas slag; potash as mu-
nate or sulphate of potash. At the present time potash and nitro-
gen do not cost very much more than they do in the Eastern mar-
kets, while phosphoric acid costs much more and in some cases
twice as much.

WHEN AND HOW TO APPLY COMMERCIAL FERTILIZERS, FARM

MANURE AND ASHES.

There is much uncertainty among farmers as to the manner of ap-
plying fertilizers. Generally they should be sown broadcast and
cultivated into the soil. The feeding rootlets are not at the base
of a tree or plant, but usually are found some distance from the
plant where they form a perfect net-work of rootlets in the soil. If
fertilizers are applied just at the base of the plant they do but
little good and many times much harm.

Nitrogen in the form of nitrate should not be applied until the be-
ginning of the growing season. If applied too early much may be
lost by leaching out of the soil before the crop assimilates it. It is
many times best to apply the nitrate in two or three partial appli-
cations, say one-third at beginning of the growing season, one-third
three weeks later and the last third' two weeks later.

Other forms of nitrogen may be applied earlier in the Spring.
Phosphoric Acid and Potash compounds may be applied early in the

spring, or even diring the fall and winter without danger or loss
by leaching out of the soil (except on very sandy soils).

It is best to apply those phosphates that contain much water-
soluble phosphoric acid early in the spring,for if applied in the fall
the phosphoric acid tends to revert and become insoluble. Many
times when potash is applied it tends to become fixed near the sur-
face of the soil; it is better, therefore, to apply it early in the spring
and as soon as the ground is dry enough to work thoroughly culti-
vate it into the soil.

Farm Manures may be applied any time during the fall, winter or
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early spring broadcast upon the land. The time and manner of ap-
plication is governed largely by the crop or plants for which it is
used.

Wood Ashes may be applied any time during fall or winter. They
are especially valuable for bushes, small fruits and tree fruits about
the garden. Do not apply at base of plants but spread broadcast
about the plants. The ashes work into the soil very s]owly, so it is
very helpful many times to spade them into the ground.

Land=Plaster when used upon land should be sown broadcast very
early in spring or during the winter because it works into the soIl

very slowly. Good success is obtained in Oregon by using 50 to
100 lbs. of plaster per acre. Better results are usually obtained by
using plaster upon deep rooted leguminous plants rather than up-
on shallow rooted non-leguminou8 plants.

EFFECT OF FERTILIZER.

In the use of fertilizing materials, nitrogen tends to stimulate leaf
growth. An abundance of nitrogen in the soil is indicated by rank
luxuriant growth and dark green foliage. Too much nitrogen on
vines, shrubs and trees cause a too rapid growth of wood. The wood
thus formed is rather tender, soft and does not ripen properly and
is often injured by the winter weather. An excessive use of nitro-
gen stimulates leaf and wood growth at the expense of fruit.

Phoshoric acid and potash have more to do with the development
of fruit buds, fruit and seed; they also produce a more normal de-
velopment of the parts of the plant, the parts are firmer, the wood
ripens better and is more hardy.

FERTILIZERS FOR DIFFERENT CROPS.

In the following pages are given approximately, the amount of
nitrogen, phosphoric acid and potash which it seems advisable to
use on various farm crops. Many times, depending upon local con-
ditions, the amounts of plant-food indicated may be profitably de-
minished or increased.

The intelligent farmer should always satisfy himself that he can
buy and use fertilizers profitably before he invests very largely.

In the following pages only a few materials are indicated as fur-
nishing plant-food. If other materials can be obtained more cheap-
ly then use them instead.
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ALFALFA.

Relative proportionsavailable plant-food. Pounds material for one acre.
Pounds per acre. 60 to 120 nitrate of soda; or

50 to 100 sulphate of ammonia; or
Nitrogen 10 to 20 150 to 300 fish guano; or

2000 to 4000 stable manure.
240 to 480 acid phosphate; or

Phosphoric acid 30 to 60 75 to 150 double superphosphate; or
300 to 600 ground bone.
150 to 300 muriateofnotash:or
150 to 300 sulphate o(potash; orPotash 75 to 150 too to 1200 kainite; or

1500 to 3000 wood ashes.

Alfalfa is a leguminous plant and under certain conditions has
the power of assimilating atmospheric nitrogen and, many times, ap-
plication of nitrogen may be dispensed with. Land-plaster at the
rate of 50 to 100 pounds per acre is usually followed by very bene-
ficial results. This crop requires considerable lime and many times
this material may be applied profitably not only because it furnishes
lime to the plant, but because it destroys the acidity of the soil
which is injurious to leguminous plants.

Examine the alfalfa roots; if nodules are growing upon them, then
use very little nitrogen; if no nodules are found, the application of
nitrogen should be increased considerably, also inoculate the field
with soil from an alfalfa patch which has an abundance of nodules
on the roots.

Stable manure is probably the best fertilizer to use owing to its
beneficial effect upon the physical condition and bacterial activity
of the soil.

APPLES (Trees Over 10 Years Old).

Relative proportions available plant-food.
Pounds per acre.

Nitrogen 8 to 16

Phospboric acid 30 to 60

Potash 50 to 100

{

Pounds znaterial for one acre.
50 to 100 nitrate ofsoda; or
40 to 80 sulphate of ammonia; or

120 to 240 fish guano; or
1600 to 3200 stable manure.
240 to 480 acid phosphate; or
75to l5odoublesuperphoaphate; or

3011 to 600 ground bone.
100 to 200 muriate of potash; or
100 to 200 sulphate of potash; or
400 to 800 kainite; or

1000 to 2000 wood ashes.

Do not apply at base of tree but sow broadcast. Generally slow-
acting forms of fertilizers are cheaper and desirable to use. Wood
ashes are excellent for apple trees. Care should be taken not to use
an excess of nitrogen. The cheapest and best way to add nitrogen
to the orcbard soil is to grow leguminous crops such as vetch, crim-
son clover, or peas and plow under when they attain medium height.
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In this way both nitrogen and humus are added to the soil and its
texture improved.

APRICOTS (Trees Over 5 Years Old).

Relative proportions available plant-food. Pounds material for one acre.
Pounds peracre. 60 to 120 nitrate of soda; or

50 to 100 sulphate of ammonia; or
Nitrogen 10 to 20 150 to 300 fish guano; or

2000 to 4000 stable manure.
240 to 480 acid phosphate; or

Phosphoric aci& 30 to 60 724o 150 double superphosphate; or
300 to 600 ground bone.
90 to 180 muriate of potash; or
90 to 180 sulphate of potash; orPotash 42 to 00 360 to 720 kainite; or

900 to 1800 wood ashes.

Sow broadcast in all cases. Ii trees are making vigorous growth
arid foliage is dark and luxuriant, the amount of nitrogen should be
diminished. It is advisable to use some leguminous cover crop as a
means of adding nitrogen and humus to the soil.

ARTICHOKES (Jerusalem).

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. / 90 to 180 nitrate of soda; or

75 to 150 sulphate of ammonia; or
Nitrogen 15 to 30 225 to 450 fish guano; or

3000 to 6000 stable manure.
290 to 580 acid phosphate; or
90 to 180 double sup rphosphate; or

360 to 720 ground bone.
100 to 200 muriate of potash; or
100 to 200 sulphate of potash; or
400 to 800 kainite; or

1000 to 2000 wood ashes.

Artichokes are hardy, rank growers and since their period of
growth extends over several months, the cheaper, less active form
of plant-food may be profitably used.

ASPARAGUS.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 270 to 540 nitrate of soda; or

225 to 450 sulphate ofanimonia; or
Nitrogen 45 to 90 l 675 to 1350 fish guano: or

9000 to 18000 stable manure.
280 to 560 acid phosphate: or

Phosphoric acid 35 to 70 - S5to 170 double superphosphate; or
350 to 700 ground bone.

/ 100 to 200 muriate of potash or
100 to 200 sulphate o(potasli; orPotash 50 to 100 400 to 800 kainite; or

1000 to 2000 wood ashes.

Phosphoric acid 36 to 72

Potash 50 to 100

It is a good plan to apply part of the plant-food early in the
spring in immediately available forms such as nitrate of soda, acid
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phosphate and muriate of potash. Apply the remainder in more slow-

lv available forms such as fish guano, ground bone and kainite.
Stable manure applied in fall or winter gives excellent results.

BARLEY.

Relative proportions available plant-food, rounds material for one acre.
Pounds per acre. 75 to 150 nitrate of soda; or

6Oto lsosulpbateofammOnia;Or
Nitrogen 12 to 24 180 to 360 fish guano; or

2400 to 4800 stable manure.
160 to 320 acid phosphate; or

Phosphoric acid 20 to 40 - 50 to 100 double superphosphate; or
200to 400groundbotle.

50 to 100 muriate of potash; or
50 to 100 sulphate of potash; or

Potash 25 to 50 200 to 400 kainite; or
500 to 1000 wood ashes.

BEANS.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 60 to 120 nitrate of soda: or

50 to 100 sulphate of ammonia; or
Nitrogen 10 to 20 150 to 300 fish guano; or

2000 to 4000 stable manure.
320 to 640 acid phosphate; or

Phosphoric acid 40 to 80 100 to 200 double superphospbate; or
400 to 800 ground bone.

{ 100 to 200 muriate ofotasb' or
100 to 200 sulphate o potash; or

Potash 50 to 100 400 to 800 kainite; or
1000 to 2000 wood ashes.

Beans are leguminous plants. If the nitrogen-gathering bacteria
(indicated by nodules on the roots) are present in thesoil, then the
application of nitrogen may be greatly reduced, or dispensed with

entirely. If grown as string beans, the quantity of nitrogen used

may sometimes be profitably increased.

BEETS.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 180 to 360 nitrate of soda; or

150 to 800 sulphate of ammonia; or
Nitrogen 30 to 60 450 to 900 fish guano; or

6000 to 12000 stable manure.
480 to 960 acid phosphate; or

Phosphoric acid 60 to 120 . 150 to 300 doub e superphosphate; or
600 to 1200 ground bone.

150 to 300 sulphate 0 potasi; or
{ 150 to 300 muriate of notash' or

Potash 75 to 150 690 to 1200 kainite; or
1500 to 3000 wood ashes.

It is advisable to apply the nitrate of soda in two or threepartial
applications. Some authorities advise using potash in form of sul-
phate, especially when the beets are grown for sugar.



Relative proportions available plant-food.
Pounds per acre.

Nitrogen 15 to 30

Phosphoric acid 25 to 50

Potash 50 to 100

BLACKBERRIES.

BROCCOLI.

Relative proportions available plant-food.- Pounds material for one acre.
Pounds per acre. 240 to 480 nitrate of soda; or

200 to 400 sulphate of ammonia; orNitrogen. 40 to SO 600 to 1200 fish guano: or
8000 to 16000 stable manure.
560 to 1120 acid phosphate; or

Phosphor-ic acid 70 to 140 17o to 350 double super-phosphate; or
700 to 1400 ground boric.

( 180 to 360 muriate of potash: or
- I 180 to 800 sulphate oi potash; orPotash - to 180 720 to 1440 kainite; or

1800 to 3600 wood ashes.

Best results are obtained by applying a portion of the fertilizers
in immediately available forms and the remainder in forms which
gradually become available during the growing season.

Brussels SproutsFertilizers same as for broccoli.

BUCK WHEAT.

Relative proportions available -plant-food. Pounds material for one acre.
Pounds per acre. 75 to 150 uilrate ofsoda; or

60 to 120 sulphate of ammonia; or
Nitrogen

- 12 to 24 180 to 360 fish guano; or
2400 to4800 stable manure.
200 to 400 acid phosphate: or

Phosphoric acid 25 to 65 to 130 double superphosphate; or
250 to 500 ground bone.

- 60 to 120 muriate of potash- or
- 60 to 120 sulphate of potasl1; orPotash 30 to 60 240 to 480 kainite; or

600 to 1200 wood ashes.

CabbaZe.Fertjljzers same as for broccoli.

Carrots.Fertiljzers same as for beets.
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Pounds material for one acre.
- 90 to 180 nitrate of soda; or

-' 75 to 150 sulphate of ammonia; or
225 to 450 fish guano; or

3000 to 6000 stable manure.
200 to 400 acid phosphate; or
05-to ISO double superphosphate; or

250 to 500ground bone.
100 to 200 muriate of potash; or

3 lOOto 200sulphateofpotash;or
400 to 800 kainite; or -

1 1000 to 2000 wood ashes.



Relative proportions available plant-food.
Pounds per acre.

Nitrogen 8 to 16

Phosphoric acid ------------------32 to 64

Potash 32 to 64

Relative proportions available plant- food.
Pounds per acre.

Nitrogen 60 to 120

Phosphoric acid - 120 to 240

Potash 150 to 300
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CASTOR BEAN.

Cauliflower.Fertjljzers same as for broccoli.

CELERY.

Pounds material for one acre.
50 to 100 nitrate of soda; or
40 to 80 sulphate of ammonia; or

120 to 240 fish guano; or
1600 to 3200 stable manure.

250 to 500 acid phosphate; or -

80 to 160 double superphosphate; or
320 to 640 ground bone.
65 to 130 muriate of potash; or

3 66 to 130 sulphate of potash; or
) 250 to 500 kainite; or

SOt) to 1100 wood ashes.

Pounds material for one acre.
360 to 720 nitrate of soda; or
300 to 600 sulphate of aniruonia; or
900 101800 fish guano; or

12000 to 2-4000 stable manure.
O6Oto 1920 acid phosphate; or
300 to 600 double superphospate; or

1200 to 2400 ground bone. -

300 to 600 muriate of potash; or
300to 600 sulphate of potash; or

1200 to 2400 kainite; or
30810 to 6000 wood ashes.

Celery thrives best in soil rich in decaying organic xnatter such
as muck or heaver-dam. Many of the Oregon beaver-dam and
swamp soils are exceedingly rich in nitrogen; therefore when celery
is grown upon such soils the amount of nitrogen to be applied may
be greatly reduced.

Cherries.Fertilizers same as for apricots, except that the addition
of a few hundred pounds of lime either in the form of air-slacked
lime or wood ashes is very beneficial.

CHICORY.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 180 to 360 nitrate of soda; or

150 to 100 sulphate ofammnonia; or
Nitrogen 30 to 60 450 to 900 fish guano; or

6000 to 12000 stable manure.
480 to 960 acid phosphate; or
ISO to 300 double auperposphate; orPhosphoric acid...............................60 to 120 600 to 1200 ground bone.
100 to 200 muriate of potash or
100 to 200 sulphate o potash; orPotash 50 to 100 400 to 800 kainitet or

1000 to 2000 wood ashes.

Clover.Fertilizers same as for alfalfa.
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CORN.

Relative proportions available plant-Iood. Pounds material for one acre.
Pounds per acre. 90 to 180 nitrate of soda;or

75 to 150 sulphate of ammonia; or
Nitrogen 15 to 30 - 225 to 450 fish guano; or

8000 to 6000 stable manure.
240 to 480 acid phosphate or

Phosphoric acid 80 to 60 75 to 150 double superpliosphate; or
300 to 600 ground bone.

(80 to 160 inuriate of notash or
80 to 160 sulphate o(potash; orPotash 40 to 80 320 to 640 kainite or.

800 to 1600 wood ahes.

Nitrogen applied in the form of stable manure is especially benefi-
cial as a dressing for corn ground. If corn is grown for fodder or
for eating and canning purposes, the amount of stable manure, or
nitrogenous fertilizer applied may be increased.

CRANBERRIES.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 60 to 120 nitrate of sods; or

50 to 100 sulphate of ammonia; or
Nitroge, 10 to 20 150 to 300 fish guano; or

2(00 to 4000 stable manure.
240 to 480 acid phosphate; or
75 to 150 double superphosphate; orPhosphoric acid . 30 to 60 300 to 600 ground bone.

P 100 to 200 muriate of notash or;
100 to 200 sulphate of potash; or

Potash 50 to 100 S 400 to 800 kainite; or
1000 to 2000 wood ashes.

Cranberries grow best on low swamps, or bog-lands rich in de-
caying organic matter. These lands usually are excessively rich in
nitrogen, but poorer in phosphoric acid and potash so that fertilizers
should be applied accordingly. Many times, applications of nitro-
genous materials are ntire1y unnecessary.

CUCUMBERS.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 180 to 360 nitrate of soda; or

150 to 800 sulphate of ammonia; or
Nitrogen 30 to 60 450 to 900 fish guano; or

6000 to 12000 s,able manure.
3430 to 720 acid phosphate; or

Phosphoric acid 45 to 90
osphate, or

180 to 260 into-late of potash or
180 to 260 sulphate of potash; or

Potash 65 to 130 l 520 to 1040 kainite; or
1300 to 2600 wood ashes
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Well decomposed stable manure is especially beneficial, also
nitrogen in form of fish guano. If cucumbers are grown for pick-
ling purposes and if a quick growth is desired, then apply most of
the nitrogen in form of nitrate of soda, in several partial applica-
tions.

CURRANTS.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre 30 to 120 nitrate olsoda;or

50 to 100 sulphate of ammonia; or
Nitrogen 10 to 20 -< 150 to 300 fish guano; or

2000 to 4000 stable manure.
240 to 480 acid phosphaie; or

Phosphoric acid 75 to 150 double superphosphate; r
300 to 300 ground bone.

/ 100 to 200 muriate of potash or
100 to 200 sulphate of potas1; orPotash sO to 100 1 400 to 800 kainite; or

1000 to 2000 wood ashes.

Too much nitrogen produces rapid growth of foliage and the
plants become more easily susceptible to disease and mildew. Nitro-
gen applied in some slow-acting form is usually best.

E66=PLANT.

Relative proportions available plant-food.
Pounds per acre.

Nitrogen 40 to 80

Phosphoric acid GO to 120

Potash 75 to 150

Emmer. (Spelt)Fertilizers same as for barley.
Endive.Fertilizers same as for chicory.

FLAX.

Pounds material for one acre.
240 to 480 nitrate of soda; or
200 to 400..ulphate of ammonia; or
600 to 3200 fish guano; or

8000 to 16000 stable manure.
480 to 100 acid phosphate; or

4 150 to 300 double superphosphate; or
600 to 1200 ground bone.
150 to 300 muriate of potash; or

J 150 to 300 sulphate of potash; or
) 600 to 1200 kainite; or
1. 1100 to 3000 wood ashes.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 75 to 150 nitrate of soda; or

GO to 120 sulphate of ammonia; or
Nitrogen 12 to 24 { 180 to 300 fish guano; or

2400 to 4800 stable manure.
280 to 500 acid phosphate; or

Phosphoric acid 35 to 70 85 to 170 double superphosphate; or
350 to 700 ground bone.
80 to 160 muriate of potash or
80 to 160 sulphate of potash; or

Potash 40 to 80 { 320 to 640 kainite; or
800 to 1600 wood ashes.

Flowers in 6arden.See last page for general instructionsin prepar-
ing andusing fertilizers in the garden.



28

Flowers in Pots.At times it becomes desirable to, stimulate the
growth of plants in pots. Besides using small applications of the
water-extract of barnyard manure, the following solution may be
prepared and used to advantage. These materials may be obtained
at any drug store.

1 ounce sodium nitrate
4 ounces sodium phosphate
2 ounces potassium sulphate
1 gallon water

Keep this solution in glass jars or bottles. Two or three times
each week when watering the plants, apply from one teaspoonful to
one tablespoonful to each plant, the amount used of course, depend-
ing upon the size of the pot and plant.

Gooseberries.Fertilizers same as for currants.

GRAPES.

Relative propoctions available plant-food. Pounds niaterial for one acre.
Pounds per acre. 150 to 300 nitrate of soda; or

125 to 2.10 sulphate of ammonia; or
Nitrogen 25 to 50 375 to 750 fish guano: or

5000 to 10000 stable manure.
400 to 800 acid phosphate; or

Phosphoric acid --------------------------------5Oto 100 125 fo 250 double superphosphate; or
500 to 1000 ground bone
200 to 400muriate of notash or

I 200to 400sulphateofpotasli;Or
Potash 100 to 200 800 to 1600 kainite: or

1. 2000 to 4000 wood ashes.

Grapes require large quantities of mineral plant-food. Wood
ashes are especially valuable as a source of potash and lime. If
wood ashes cannot be obtained, several hundred pounds of lime may
be applied to advantage every four or five years.

Instead of applying nitrogenous fertilizers, it is the practice in
many places to grow crimson clover or other leguminous crops dur-
ing the fall and spring and plow under. This practice is to be
commended since it adds both nitrogen and humus to the soil.

GRASS FOR LAWNS.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 120 to 240 nitrate of soda; or

100 to 200 sulphate of ammonia; or
Nitrogen 20 to 40 300 to 600 fish guano: or

4000 to 8000 stable maOure
320 to 640 acid phosphate; or

Phosphoric acid 40 to 80 100 to 200 double superphosphate; or
400 to 800 ground bone.

( SOto lfiOmuriateofootash or
80 to 160 sulphate of potash; or

potash A0 to 80 $20 to 640 kaiiiite; or
1 800 to 1600 wood ashes.
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In preparing soil for a lawn use the slow-acting forms of plant-
food. After the lawn has become established, use small applications
of the more easily available forms of plant-food. Excellent results
are obtained by applying 50 to 60 pounds of nitrate of soda two or
three times during the growing season.

Lawns that are over-run with moss may be greatly helped by ap-
plying, during winter or early spring, heavy coatings of wood
ashes. This kills the moss and at the same time stimulates the
growth of the grass. Too great an application of potash may also
stimulate the growth of clover and so it frequently happens that
the application of wood ashes is followed by a heavy growth of
clover, providing there are any clover seeds or small plants in the
lawn.

ORASS FOR MEADOWS AND PASTURES.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre l2Oto 240 nitrate of soda; or

100 to 200 sulphate of ammonia; or
Nitrogen 20 to 40 300 to 600 fish guano; or

4000 to 8000 stable manure.
160 to 320 acid phosphate; or

Phosphoric acid. 20 to 40 50 to 100 double superphosphate; or
200 to 400 ground bone.
100 to 200 uluriate of potash; or

Potash 50 to 100
100 to 200 sulphate of potash; or
400 to 8440 kainite; or

1. 1000 to 2000 wood ashes.

It is suggested to apply about half the fertilizer in spring and
the remainder after cutting the hay crop. If the field is used for pas-
ture, the amount of nitrogen applied should be diminished and the
potash increased.

HEMP.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 180 to 3130 nitrate of soda; or

150 to 300 sulphate of ammonia; or
Nitrogen 30 to 60 { 450 to 900 fish guano; or

6000 to 12000 stable manure.
320 to 640 acid phosphate; or

Phosphoric acid 40 to 80 100 to 200 double superphosphate; or
400 to 800 ground bone.
120 to 240 muriate of potash; or
120 to 240 sulphate of potash; or

Potash 60 to 120 { 480 to 960 kainite; or
1200 to 2400 wood ashes.



Relative proportions available plant.food. Pounds material for one acre.
Pounds per acre. 120 to 240 nitrate of soda; or

I

100 to 200 sulphate of ammonia; or
Nitrogen 20 to 40 300 to 600 fish guano; or

4000 to $000 stable manure.
400 to $00 aciu phosphate; or

Phosphoric acid 50 to 100 . 125 to 250 double superphosphate; or
500 to 1000 ground bone.
200 to 400 muriate of potash; or
200 to 400 sulphate of potash; or

Potash 100 to 200 800 to 1600 kainite; or
1 2000 to 4000 wood ashes.

To much nitrogen may produce a rank growth of foliage at the
expense of the hops unless it is properly balanced with phosphoric
acid and potash. Hops are exceedingly heavy feeders of potash.
Many hop vineyards are becoming less productive and this is in
part due to a decrease in the humus of the soil. If some legumin-
ous crop could be sown, as soon as the hops are picked, on a nar-
row strip between each two rows and then plowed under in the
spring it would add both humus and nitrogen to the soil and thus
keep up the texture.

HORSEADISlI.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 120 to 240 nitrate of soda- or

1 100 to 200 sulphate of anmonia; or
Nitrogen 20 to 40 300 to 600 fish guano; or

4000 to 8000 stable manure.
200 to 400 acid phosphate; or
60 to 120 double superphosphate; orPhosphoric acid 25 to 50 250 to 500 ground bone.

100 to 200 muriate of potash or
100 to 200 sulphate o potash; or

Potash 50 to 100 400 to 800 kainite; or
1 1000 to 2000 wood ashes.

Kale.----Fertilizers same as for broccoli.

LE11UCE.
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HOPS.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 210 to 420 nitrate of soda; or

175 to 350 sulphate of ammonia; or
Nitrogen 35 to 70 525 to 1030 fish guano; or

7000 to 14000 stable manure.

1
400 to 800 acid phosphate; or
125 to 250 double superphosphate; orPhosphoric acid 50 to 100 500 to 1000 ground bone.
150 to 300 inuriate of notash or
15010 300 sulphate o. potash; or

Potash 75 tO 150 600 to 1200 kainite; or
1500 to 3000 wood ashes.

Lucerne. (Alfalfa)Fertilizers same as for alfalfa.

CAUTION.Questlon the soil thoroughly as suggested on page six before
adopting the wholesale use of fertilizers. Much money is unwisely spent in
buying and using commercial fertilizers.
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Marigel-Wurzels.Fertilizers same as for beets.
MILLET.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 120 to 240 nitrate of soda; or

100 to 200 sulphate of ammonia; or
Nitrogen 20 to 40 300 to 600 fish guano; or

4000 to 8000 stable manure.
160 to 320 acid phosphate: or
50 to 100 double superphosphate; orPhosphoric acid 20 to 40 200 to 400 ground bone.
80 to 160 muriate of notash- or
SO to 160 sulphate o(potasl; or

Potash 4OtoOO 320 to 640 katnite; or
800 to 1600 wood ashes.

Since this is a quick growing, shallow rooted crop, best results
are obtained when all the plant-food i8 applied in immediately avail-
able forms.

Muskmelons.Fertjljzers same as for cucumbers.

MUSTARD.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 60 to 120 nitrate of soda; or

50 to 100 sulphate of ammonia; or
Nitrogen 10 to 20 150 to 300 fish guano; or

2000 to 4000 stable manure.
120 to 240 acid phosphate; or
36 to 70 double superphosphate; orPhosphoric acid iS to 30 150 to 300 ground bone.

/ 50 to 100 muriate of ootash or
50 to 100 sulphate of potasli; or

Potash 25 to 50 200 to 400 kainite; or
500 to 1000 wood ashes.

NURSERY STOCK.

Relative proportions available plant-food.
Pounds per acre.

Nitrogen 15 to 30

phosphoric acid 30 to 60

Potash 40 tO 80

Phosphoric acid 20 to 40

OATS.

Pounds material for one acre.
OOto l80nitrate of soda; or
75 to 150 sulphate of ammonia; or

225 to 450 fish guano; or
300010 6000 stable manure.
240 to 480 acid phosphate; or
75 to 150 double superphosphate; or

800 to 600 ground bone.
80 to 160 muriateofpotash;or
80 to 160 sulphate of potash; or

320to 640 kainite; or
800 to 1600 wood ashes.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 60 to 120 nitrate ofsoda; or

50 to 100 sulphate of ammonia; or
Nitrogen 10 to 20 150 to 300 fish guano; or

2000 to 4000 stable manure.
160 to 320 acid phosphate; or
50 to 100 double superphosphate; or

200 to 400 ground bone.
/ 6010 120 muriate of potash; or

6010 120 sulphate of potash; or
Potash 30 to 60 240 to 480 kainite; or

600 to 1200 wood ashes.

Quick acting forms of plant-food generally give best resultS.
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ONIONS.

Relative proportions available plant-food. Pounds matcrial for one acre.
Pounds per acre. 240 to 480 nitrate of soda; or

21)0 to 400 sulphate of ammonia; or
Nitrogen 40 to 80

800C to 16000 stable manure.
600 to 1200 fish guano; or

400 to 800 acid phosphate; or
125 to 250 double superphosphate; orPhosphoric acid 50 to 160 500 to 1000 ground bone.
180 to 3)30 muriate of notash or
180 to 360 sulphate ofpotas1; or

Potash 90 to 180 720 to 1440 kainite; or
1800 to 3600 wood ashes.

When onions are -grown upon beaver-dam, or rich black soil, the
application of nitrogen may be greatly diminished or dispensed with
entirely because these soils are many times exceedingly rich in
nitrogen.

PARSNIPS.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 180 to 3)30 nitrate of soda; or

150 to 300 sulphate of ammonia; or
Nitrogen 30 to 60 450 to 900 fish guano; or

6000 to 12000 stable manure
400 to 800 acid phosphate; or
125 to 250 double superphosphate; orPhosphoric acid 50 to 100 500 to 1000 ground bone.
160 to 320 inuriateofotash or
160 to 320 sulphate ofpotash; or

Potash 80 to 160 640 to 1280 kainite; or
1600 to 3200 wood ashes.

Peaches. Fertilizers same as for apricots.
Pears.Fertilizers same as for apples.
Peas.Fertilizers same as for beans.

PEPPERS.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acrç. 180 to 360 nitrate of soda; or

150 to 300 sulphate of ammonia; or
Nitrogen 30 to 60 1 450 to 900 fish guano; or

6000 to 12000 stable manure.
240 to 480 acid phosphate; or
7Sto 150 double superphosphate; orPhosphoric acid--------------------------30to60

1 300 to 000 ground bone.
/ 100 to 200 niuriate of potash; or

100 to 200 sulphate of potash; or
Potash 50 to 100 400 to 800 kainite; or

-

1000 to 2000 wood ashes.

Best results are obtained when the nitrogen as nitrate of soda is
applied in two or three partial applications.
Plants in Pots.Fertilizers same as for flowers in pots.



Relative proportions available plant-food.
Pounds per acre.

Nitrogen 50 to 100

Phosphoric acid --------------------75 to 150

Potash 100 to 200

Relative proportions available plant-food.
Pounds per acre.

Nitrogen 30 to 60

Phosphoric acid 60 to 120

Potash 75 to 150
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PIEPLANT. (Rhubarb)

Pounds material for one acre.
300 to 600 nitrate of soda; or
250 to 500 sulphate of ammonia; or
750 Ia 1500 fish guano; or

10000 to 20000 stable manure.
600 to 1200 acid phosphate; or
180 to 360 double superphosphate; or
750 to 1500 ground bone.
200 to 400 iuuriate of potash; or
20010 400 sulphate of potash; or
800 to 1600 kainite; or

2000 to 4000 wood ashes.

Well decomposed stable manure worked into the soil gives ex-
cellent results. Parts of Oregon have considerable rain in the
spring, so that if all the nitrogen is applied early in the season as
nitrate of soda, much of it may be lost.

Plums.Fertilizers same as for apricots.
POTATOES.

Pounds material for one acre.
18010 360 nitrate of soda; or
150 to 300 sulphatëofatnmonia; or
400 to 900 fish guano.
480 to 960 acid phosphate; or
150 to 300 double superphosphate; or
800 to 1200 ground bone.
150 to 300 ,nuriate of potash; or
150 to 300 sulphate of potash; or
600 to 1200 kainite.

For early potatoes quick-acting forms of plant-food should be
used.

For late potatoes the amounts of fertilizers used may be dimin-
ished somewhat. The nitrogen may be applied in a slow-acting
organic form.

Avoid the use of stable manure or wood ashes immediately before
a crop of potatoes is grown. They promote the growth of potato
scab. Some advise the use of sulphate rather than the muriate of
potash.

Prunes.Fertilizers same as for apricots.
Pumpkns.Fertjlizers same as for cucumbers.
Quinces.Fertjljzers same as for apples.

RADISHES. -

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 120 to 240 nitrate of soda; or

100 to 200 sulphate of ammonia; or
Nitrogen 20 to 40 300 to 600 fish guano or

4000 to 8000 stable manure.
320 to 640 acid phosphate; or

Phosphoric acid 40 bOO 100 to 200 double superphosphate; or
400 to 800 ground bone.
100 to 200 muriate of ootash- or
100 to 200 sulphate otpotasli; orPotash 50 to 100 { 400 to 800 kainite; or

1000 to 2000 wood ashes.
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RAPE.

Relative proportions available plant.food. Pounds material for one acre.
Pounds per acre. 120 to 240 nitrate of soda; or

100 to 200 sulphate of ammonia; or
Nitrogen 20 to 40 300 to 600 fish guano; or

4000 to 8000 stable manure.
320 to 640 acid phosphate; or

Phosphoric acid 40 to 80 100 to 200 double superphosphate; or
40010 8(10 ground bone.

(
80 to 160 muriate of potash:or
8Oto l6osulphateofpotash;or

Potash 40 to 80 020 to 640 kainite; or
800 to 1600 wood ashes.

R.aspherries.Fertilizers same as fur blackberries.
Rhubarb.See pieplant.
Ruta=bagas.Fertilizers same as for beets, except that upon this

crop, some of the cheaper less available forms of phosphoric acid
may be used with good results.

Rye.Fertilizers same as for oats.
Sainfoin.Fertilizers same as for alfalfa.
Salsify (Vegetable oyster).--Fertilizers same as for beets.

SORIiJIUM (For sugar).

Relative proportions available plant.food. Pounds material for one acre.
Pounds per acre. . 90 to 180 nitrate of soda; or

-
75to 150 sulphate of ammonia; or

Nitrogen 15 to 30 225 to 450 fish guano; or
3000 to 6000 stable manure.

240 to 480 acid phosphate; or
Phosphoric acid 30 to 60 1 7510 150 double superphosphate; or

300 to 600 ground bone.
100 to 200 muriate of potash; or
100 to 200 sulphate of potash; or

Potash 50 to 100 400 to 800 kainite; or
1000 to 2000 wood ashes.

When grown for forage the applicalion of nitrogen may be profit-
ably increased. When grown for sugar the use of too much
nitrogen is to be avoided.

Spinach.F'ertilizers same as for lettuce.
Spelt (Emmer).Fertilizers same as for barley.
Squashes.Fertilizers same as for cucumbers.

STRAWBERIIES.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 150 to 300 nitrate of soda; or

1 12510 250 sulphate of ammonia; or
Nitrogen 25 to 50 375 to 750 fish guano; or

5000 to 10000 stable manure.
400 to 800 acid phosphate; or
125 fo 250 double superphosphate; orPhosphoric acid 5Oto 100 500101000 ground bone.
150 to 500 inuriate of iDotash or
15010 300 sulphate o potast; or

Potash. 75 10150 1 600 to 1200 kainite; or
1500 to 3000 wood ashes.

Sugar Beets.Fertilizers same as for beets.
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SUNFLOWERS.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 90 to 180 nitrate ofsoda; or

75 to 150 sulphate of aminonia;or
Nitrogen 25 to 30 225 to 450 fish guano; or

30(10 to 6000 stable manure.
240 to 480 acid phosphate: or

Phosphoric acid 30 to 60 75 to 150 double superphosphate; or
30(1 to 600 ground bone;
50 to 100 muriate of potash: or
50 to 100 sulphate of potash; orPotash 25 to sO 200 to 400 kainite: or

500 to 1000 wa 0 shes.

TOBACCO.

Relative proportions available plant-food. Pounds material for one acre.
Pounds per acre. 600 to 1200 nitrate of soda: or

500 to 11(00 sulphate of ammonia; or
Nitrogen 100 to 200 1500 to 0000 Osh guano: or

) 2000C' to 40000 stable manure.
600 to 1200 acid phosphate: or

Phosphoric acid 75 to 150 180 to 360 double superphosphate; or
750 to 1500 ground bone.

000 to 600 sulphate of potash; orPotash 150 tO 300 3000 to 6000 wood ashes.

Avoid the use of such potash compounds as muriate of potash and
kainit.e which contain chlorine. The sulphate of potash and also
the carhonate which is contained in wood ashes are very desirable
as sources of potash for the fertilization of tobacco soils.

TOMATOES.

Relative proportions available plant-food. Pounds muterial for one acre.
Pounds per acre. 151 to .100 nitrate of soda; or

125 to 250 sulphate of ammonia; or
Nitrogen 25 to 50 :475 to 750 fish vuano: or

5020 to 10000 stable manure
400 to 800 acid phosphate: or

Phosphoric acid 50 to 100 3 125 to 250 double superphosphate; or
50(1 to 1000 ground bone.
250 to 400 n,uriateof potash: or
200 to 400 sulphate o(potash; or

Potash 100 to 200 800 to 1600 kainite; or
2000 to 4000 wood ashes.

For early tomatoes, quick-acting forms of plant-food should be
used. Many times it is best to apply the nitrate of soda in two .or
three partial applications.

For late tomatoes, slow-acting forms of plant-food may be used
with good results.

Turnips.Fertilizers same as for rape.
Vetch.Fertj-lizers same as for beans.

Watermelons.Fertjlizers same as or cucumbers.



Relative proportions available plant-food.
Pounds per acre.

Nitrogen 10 to 20

Phosphoric acid 20 to 40

Potash 15 to 30

Do not apply large quantities of nitrate of soda in the fall as it
will leach out of the soil and be lost, but apply most of it in the
pring as a top dressing for the wheat.

FERTILIZER FOR GENERAL USE ABOUT TUE YARD AND GARDEN.

Although there is no such thing as an all-round fertilizer which
will give equally good results on all crops, nevertheless, it many
times happens that we wish to use a little fertilizer or stimulant
about some of the plants in the door yard or garden. '

Light applications of wood ashes, never piled at the base, but
spread broadcast about the plant and spaded into the soil are very
beneficial, especially if they are followed by a light coating of
chicken manure, or well decomposed stable manure. A desirable
mixture of commercial fertilizers consists of

1 part nitrate of soda,
fish guano,
acid phosphate,
ground bone,
muriate of potash.

Apply this mixture at rate of 2 to 3 pounds for each 100 square
feet and if convenient work into the soil. Applications every two
or three weeks of smaller or larger amounts may be beneficial.
Deep green, luxuriant foliage indicates plenty of nitrogen. Poor
growth and yellow foliage indicates either lack of nitrogen or else
a poor physical condition of the soil.

CAUTION.Question the soil thoroughly as suggested on page six before

adopting the wholesale use of fertilizers. Much money is unwisely spent in

buying and using commercial fertilizers.
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WHEAT.

Pounds material for one acre.
/ 60 to 120 nitrate of soda; or

50 to 100 sulphate of ammonia; or
- l5Oto 3006shguano;or

2000 to 4000 stable manure.
160 to 320 acid phosphate; or
50 to 100 double superphospiate; or

SOOto 400ground bone.
30 to 60 muriate of potash; or
SOto 6osulpliateofpotash;Or

120 to 240 kainite; or
300 to 600 wood ashes.

2 "
6 "
6 "
3 "



Barley, fertilizers for,. 23
Barley strdw, value of 17
Barnyard manure, experiments with-----7, 9
Beans, fertilizers for 23
Beets, fertilizers for - 25
Blackberries, fertilizers lot -- 24
Bone ash---------------------------------- 13 14

Farm manures - 17
Farm manures, how to apply. - 10
Farm wastes, value of - - 17
Fertilizers -. 11
Fertilizers, direct 11
Fertilizer experiments 6, 7, 8

- FEP,TTLIZERS FOR-'-
Alfalfa--------------------------------2t
Apple trees 2t
Apricots - 22
Artichokes 22
Asparagus 22
Barley 23
Beans., 23
Beets - 23
Blackberries 24
Broccoli 24
Brussels sprouts 24
Buckwheat 24
Cabbago -- 24

37

INDEX.
7;

Page.
Acid phosphate.,. 14
Acid phosphate, experiments with 7, 8, 9
Air-staked lime 11
Altalfa, fertili'zers for 21
Aluminum, in soil 10
Ammonia compounds, fixed in soil: 10
Aminonite 11, 12
Ainmonium sulphate 11, 12
Apatite -----------------------------14
Apricots, fertilizers for------------------------22
Artichokes, fertilizers for-------------22

U

C
Cabbage, fertilizers for 24
Calcium, functioit of -------------a
Calcium carbonate--------------------------------------itCarbonate of lime---------------Ii
Calcium oxide------------------------- ii
Calcium sulphate, indirect furtilizer ii
Carnallile, source of potash 15
Carrots, fertilizers for 24
Castor bean, fertilizers for 25
Castorbean poiiiace ii, 12
Cauliflower, fertilizers for 25
Celery, fertilizers for 25 1 Cucumbers, lertilizers for 26
Chemical soil analysis, value of 0 Currants, fertilizers for 27

D
Direct fertilizer ,., 11 Dried blood 11, 12
Dissolved rock phosphate 14 Dried fish 11, 12
Double potash salts 16

Egg-plant, fertilizers for, 27 , Endive, fertilizers for 27
Elements o'plamit-food - 4 Essential co,tdilions of plant-growth-----4
Emmer (spelt), fertilizers for, 27 Experiments with fertilizers .6, 7

1=

Page.
17

Ashes, cotton-seed hull 15
Ashes, how to apply 19, 20
Ashes, wood, keep dry 18
Ashes, wood, leached 18
Ashes, wood, uttleached 15
Ashes, wood, value of 17
Asparagus, fertilizers for 22
Available phosphoric acid -- - 14
Azotine 11,12

Ashes -

Bone black. 13, 14
Bone charcoaL 14
Bone meal 13, 14
Bone tankage 13
Broccoli fertilizers for 24
Brussels sprouts, fertilizers for, 24
Buckwheat, fertilizers for 24

Cherries, fertilizers for.. 20
Chicory, fertilizers for 25
Chili saltpeter 12
Chlorophvl, development of 5
Clover, fertilizers for 25
Complete fertilizers 11.

Corn, fertilizers for. 26
Cotton-seed thea),,. 11, 12
Cmv manure (liquid) value of 17
C,,w manure (solid) value of1 17
Cranberries. fertilizers for 26

FERTiLiCRiaS FOR--
Carrots - - -- -- 24
Castor beans -----------------------
Cauliflower -- 25
Celery --------------------------- 25
Cherries -- ---------------------25
Chicory..,.
Clover 25
Corn 26
Cranberries 26
Cucumbers 26
Currants,, 27
Egg-plant . 27
Ettimer (spelt),,. 27
Endive 27
Flax 27
Flowers in pots 28
General use .,. 36
Gooseberries 28
Grapes 28



Page.
FeRTILIZERS FOR

Hemp 29
Hops 30
Horse-radish 30
Kale 30
Lawn grass 28
Lettuce 30
Lucerne 30
Mangel-wurzels 31
Meadows and pastures 29
Millet 81
Musknielons 31
Mustard 31
Nursery stock 31
Oats 31
Onions . 32
Parsnips 32
Peaches 32
Fears 32
Peas 32
Peppers 32
Pieplant 33
Plants in pots 32
Plums 33
Potatoes 33
Pumpkins 33
Prunes . 33
Quinces 33
Radishes 33
Rape 34
Raspberries.. 34
Rhubarb 34
Ruta-bagas 34
Rye. 34
Sainfoiri 34

38

0
Garden, fertilizers for 36 Guano II 12
Gooseberries, fertilizers for 28 Gypsum, how to apply 20

Grass for lawn, fertilizers for.. 28 Gypsum. iudirect fertilizer 11

Grapes, fertilizers for -. 28

I-I
Hemp, fertilizers for 29 Horse manure (solid) value of 17
Hops. fertilizers for 30 Horse-radish, f5rtilizers for. 30

Horn and hoof waste 11,12 Humus in soil 8

Horse manure, (liquid) value of 17

I
Incomplete fertilizer 11 Iron, function of 5

Indirect fertilizer 11 Iron in soil . 10

Insoluble phosphoric acid 14

K
Kainite, source of potash 15 ' Krugite, source of potash 15, 16
Katz, f_rtilizers for 31)

I-,
LAND-PLASTER Lettuce, fertilizers for 30

E.xperimentS with 9 Lime, exprimcnts with 9

How to applv. 21) Lime, good for cherry tres-----------------------25
Use of on al(alfa 21 Lime, indirect f,,rtilizer 11

Indirect fertilizers 11 Lime III soil 10

Law of minimum 3 LimestOne 11

Leather and meat scraps, 11, 12 Lucerne, fertilizers for - 31)

NI
Magnesium, function of 5 MANURE
Manganese, function of 5 Cow liquid) value of 17
Mangel-wurzels, fertilizers for - 31 Cow solid) value of 17

Manure - 17 Horse (Lquid) value of 17

Page.
FERTILIZERS FOS-

Salsify 34
Spelt (enlmer) 34
Sorghuni 34
Spinach 34
Squashes 84
Sugar beets
Strawberries 34
Sunflowers 35

Tobacco 35

'l'otnstoes 35

Turnips 35

Vrgetable oyster 84

Vetch 35

Watermelons 35

Wheat 36

Fertilizers, how to apply 7. 19
Fertilizers, indirect 11

Fertilizers. use cautiouSly 36
Fertilizing materials, sources of 11

Flax, fertilizers for 27

Florida rock 13, 14
Flowers in garden. fertilizrrs for 27

Flowers in pots, fertilizers for 28
Fowls, manure of, value 17

FUNCTION OF
Carbon 4
Chlorine 4
Hydrogen 4
Iron, 5
Nitrogen 4
Oxygen 4
Phosphorus
Sulphur



Page.
MANURE

Horse (solid) value of 17
Pig (liquid) value of 17
Pig (solid) value of 17
Sheep (liquid) value of 17
Sheep (solid) value of 17

Meadows and pastures fertilizers for 29

Nitrate of potash 11, 12, 15,16
Nitrate ofsoda 11, 12
Nitrate of soda, experiments with--------7,8, 9
Nitrates, how to apply,,. 19
NiLrates leach out of soil 10
Nitrogen, eff,ct ott plants 20
Nitrogen fixed in soil 10

Parsnips, fertilizers for
Peaches, furtilizers for
Pears, lertilizers for
Peas, fertilizrrs for
Peppers, fertilizers for
Phosphate, mono-calcium
Phosphate, South Carolina
Phosphoric acid, available
Phosphoric acid, effect on plants
Phosphoric acid, fixed by soil
Phosphoric acid, how to apply
Phosphoric acid iii soil
Pltosphoric acid, insoluble
Phosphoric acid, reverted
Phosphoric acid, soluble
Phosphoric acid, sources of
Phosphoric acid, supply of,
Phosphoric acid, total
Phosphoric acid, unavailable
Phosphoric acid, value of
Pieplant, fertilizers for
Pig manure (liquid) value of
Pig manure (solid) value of
Plant-food
Plant-food, amount in soil

Radishes, fertilizers for
Rape, fertilizers for
Raspberries, fertilizers for
Rhubarb, fertilizers for

Saitifoin, fertilizers for__ - 34
Salsify, fertilizers for 84
Salt, indirect fertilizer. 11
Saltpeter ------ 12
Sheep manure (liquid) value of 17
Sheep manure (solid) value of.__.. 17
Silicon, function of - 5
Sodium, function of, 5
Sodium nitrate 11, 12
Soil, how to question it 6
Soils, make plant-food insoluble 10
Soils, very complex 3

39

N

0
Oats, fertilizers for 31 - Onions, fertilizers for 32
Oat straw, value of 17 Organic matter in soil 10
Oleomargarine refuse 11, 12

p
32 I Plant-food, insoluble 10
32 Plant-food soluble 10
82 Plant growth, essential conditions of 4
32 Plant growth, how influenced 3
32 Plants itt pots, fertilizers for 32
14 Plums, fcrtilizers for. 33
13 Potash as muriate, value of 18
14 Potash sulphate, value of 18
20 PoTAsu-
10 Effect on plants 20
19 J Fixed by soil 10

6 How to apply 19
12, 14 In soil 6

12 Muriate, experiments with 7, 9
12 Sources of 15
13 Value of 18
12 Potassium, futtctiou of 5
14 Potassium niuriate 15, 16
14 Potassium ttitrate 11, 12 15
18 Potassium sulphate 15, 16
38 Potatoes, fertilizers for 33
17 Proteid compounds, development of 4
-17 Prunes, fertilizers for 33
4 Pumpkins, fertilizers for 83

Q
Questioning the soil 6 Quinces, fertilizers br 33
Quick-lime ... 11

33 Ruts-bagas, fertilizers for 34
34 1-bye, fertilizers for 34
34 Rye straw, value of - 17
34

Page.
Meat scraps 11
Millet, frtilizrs for - 31
Mono-calcium phosphate 14
Muriate of potash tO, 16
Mm iate of potash, experitttetits with 7, 9
Muskmelotis, fertilizers for 31
Musard, fertilizers for 31

Nitrogen in ammoniuni salts, value of 18
Nitrogen in nitrates, value of 18
Nitrogen itt soil - 6
Nitrogen, materials supplyit,g it 11
Nitrogen, organic, value of - 18
Nitrogen, value of 18
Nursery stock, fertilizers for - 81

Sorghum, fertilizers for 34
South Car&ina rock 13, 14
Spelt, fertilizers for 34
Spinacbt, fertilizers for____ - 84
Sqashes, fertilizers for 34
Stable manure, mixed, value of 17
STRAW 17

Barley, value of 17
Do not burtt 18
Oat, valueof 17
Rye, value of 17
Wheat, value of - 17



40

Page. Page
Strawberries fertilizers for 34 Sulphate of potash 15, 16
Stone lime - 11 Superphosphate 12, 14
Sugar beets, fertilizers for 54 Sunflowers, fertilizers for 85

Sulphate of ammonia _ 11, 12 sylvinite 15, 16

T
Tankage 1l, 12 Total phosphoric acid 14

Tetra-calcium phosphate._ 12 Tomatoes, fertilizers for 85
Thomas slag 12, 13, 14 Trade values of plant-food 18

Tobacco, fertilizers for----------------35 Tri-calciumu phosphate 12

Tobacco stems -- 1l, 12 Turnips, fertilizers for 35

Tobacco waste 15, 16

w
Watermelons, fertilizers for 35 Wood ashes, keep dry 18

Wheat, fertilizers for - 36 Wood ashes, value of 17

Wheat straw, value of 17 Wool waste 11, 12
Wood ashes, how to apply 20

U
Unavailable phosphoric acid ---

14

V
Vegetable oyster (see salsify) 34 Vetch, fertilizers for 35

Vard fertilizer for - - .--- ------- 36

Zeolites in soil - ------ -
10


