
JANUARY, 1915. BULLETIN No. 204. 

AGRICULTURAL EXPERIMENT STATION. 
KANSAS STATE AGRICULTURAL COLLEGE. 

COMMERCIAL FERTILIZERS:

I. Analyses of Inspection Samples of Fertilizers. 
II. Value and Use. 

MANHATTAN, KANSAS. 

KANSAS STATE PRINTING OFFICE. 
W. O. AUSWTIN, State Printer, 

TOPEKA. 1915. 
5-5899 

Electronic Publishing


IET n/a




COMMERCIAL FERTILIZERS. 
J. T. WILLARD, Chemist. 
R. C. WILEY, Associate Chemist. 

I. Analyses of Inspection Samples of Fertilizers. 
The use of commercial fertilizers in Kansas is increasing 

rapidly, and the accompanying table shows the results of 
analyses made of samples taken in inspecting the fertilizers 
offered for sale in this state. The number of brands repre- 
sented has increased. The American Fertilizer and Reduction 
Company is no longer doing business. 

Inspection of the results shows, on the whole, a gratifying 
condition of the fertilizer business in this state. Of the samples 
taken from goods furnished by Swift and Company and the 
Armour Packing Company, who supply by fa r  the greater 
proportion of the fertilizers sold in this state, very few show 
a deficiency in nitrogen, potassium or total phosphorus that 
exceeds the tolerance of one-fifteenth allowed by the law. A 
comparison of the numbers of those above the guaranties and 
those below the guaranties shows that there are far  more 
which exceed their guaranty than there are which are below 
their guaranty. In respect to phosphorus some special com- 
ment may be made. The phosphates of fertilizers are subject 
t o  change, and in the case of the Armour Packing Company 
no guaranty is made concerning the “phosphorus in phosphates 
soluble in water,” their guaranty in respect t o  “available phos- 
phates” including under one head both “soluble” and “re- 
verted” phosphates. As “reverted phosphates” are regarded 
as somewhat less valuable than soluble phosphates,” we have 
placed the guaranty of the Armour Packing Company under 
the head of “reverted phosphates.’’ An equitable comparison 
of the phosphates in the different samples of all the manu- 
facturers requires that the phosphorus in “soluble phosphates” 
and in “reverted phosphates” be added together and compared 
with the total guaranteed for these two forms. The total phos- 
phorus found is in excess of that guaranteed in almost every 
instance. In a number of cases, notably samples Nos. 142, 146, 
186, 187, 188, 189, 192, 193 and 204, the sum of the phosphates 
in “soluble phosphates” and in “reverted phosphates” is less 
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than it should be, even though the total phosphorus found is 
materially in excess of that guaranteed. 

It seems advisable to make some brief statements concern- 
ing the terms used in giving the composition of fertilizers. The 
chemical elements considered in the fertilizer trade are usually 
nitrogen, potassium and phosphorus only. There are many 
compounds used in fertilizers which contain nitrogen. These 
may be nitrates, ammonium salts, organic matter from the 
packing houses, or other materials. Most of these compounds 
are  very complex, and when the different compounds are mixed 
it is difficult or  impossible to analyze the mixture so as to  as- 
certain the amount of each compound, or even each class of 
compounds. It is therefore necessary in analysis to determine 
the percentage of nitrogen present, and any additional judg-
ment concerning the value of the nitrogenous constituent of a 
fertilizer must be based upon information concerning the class 
of nitrogenous compounds used in compounding the fertilizer. 
In any case the comparative value of the fertilizer, as far  as 
nitrogen is concerned, is shown approximately by the per- 
centage of nitrogen present, provided that forbidden inert ma- 
terials, such as hoof, horn, and feathers, have not been used. 

In respect to potassium, remarks almost parallel t o  the pre- 
ceding might be made. Several different potassium compounds 
used in fertilizers owe their efficacy as potassic fertilizers to 
the potassium which they contain, and it is impossible to de- 
termine the amount of each of the individual compounds. The  
best that we can do is to state the percentages of the essential 
element potassium, and here again the comparative value of 
fertilizers in respect to potassium will be indicated closely by 
the percentages of potassium present in compounds soluble in 
water. 

The phosphates in fertilizers are the only compounds of 
phosphorus considered. The “insoluble” phosphates are of 
value, but are not readily available for immediate use by plants, 
and are sold a t  a much lower price than are the phosphates that 
are  “soluble in water’’ or in a solution of ammonium citrate. 
Those soluble in ammonium citrate and insoluble in water are 
classified as “reverted.” While phosphates “soluble in water” 
are regarded as somewhat more valuable than “reverted” phos- 
phates, they are so subject to change in the soil that there is 
not much practical difference in value between “soluble” and 
“reverted” phosphates. Because of the differences in the value 
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of these classes of phosphates, and the possibility of approxi- 
mately estimating them in analysis, the phosphorus in each is 
separately stated, and those fertilizers having the higher per- 
centage of soluble plus reverted phosphates are the more valu- 
able in respect to the element phosphorus. 

Chlorine is an element which is found in common salt and 
in potassium chloride or  kainit, which are used in making 
fertilizers. For certain crops, such as tobacco, potatoes and 
sugar beets, fertilizers containing chlorine are quite objec- 
tionable, hence the Kansas fertilizer law requires that manu- 
facturers shall guarantee the maximum percentage of chlorine 
present in compounds soluble in water. Inspection of the table 
will show that in nearly all cases the chlorine found to  be 
present is greater than the maximum guaranty; that is, the 
fertilizers contain more of this element than the manufacturers 
should permit under the guaranty. The quantities present are 
not large, and for most crops are not injurious. Most states 
do not require a guaranty in respect to this element, and the 
manufacturers doing business in this state have evidently not 
given this point the attention that conformity to  the law re- 
quires. 
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We also submit herewith a statement of the receipts and 
expenditures from January 1, 1913, to June 30, 1914. The 
increased sale of tax tags and the registration of several ad- 
ditional brands of fertilizers show that the consumption of 
commercial fertilizers in this state is increasing rapidly. The 
importance of using such fertilizers intelligently and eco- 
nomically is thus constantly becoming of greater importance. 
The remainder of this bulletin contains an article by Professor 
Swanson, which is designed to assist farmers in such intelli- 
gent use of fertilizers. 
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II. The Value and Use of Commercial Fertilizers. 
C. O. SWANSON, Associate Chemist. 

INTRODUCTORY REMARKS. 

Why should a farmer in Kansas bother himself with the 
problem of commercial fertilizers? The figures compiled by 
the State Board of Agriculture show an average gradual de- 
crease in crop production per acre in all the leading crops. 
In the forty-year period, 1872-1911, the first twenty years 
show a larger average crop production per acre than the sec- 
ond twenty years. In such long periods of time the bad years 
are averaged with the good. In the years 1872-1891 the corn 
crop in Allen county averaged 29 bushels per acre, and for the 
years 1892-1911 the average was 20 bushels. In Brown 
county for the first twenty-year period the average was 36 
bushels, and for the second twenty-year period 30 bushels. In 
Russell county the first period shows an average of 24 bushels, 
and the second 17 bushels. Riley county had an average of 33 
bushels in the first period and 25 bushels in the second. Sedg- 
wick county shows an average of 32 bushels in the first period 
and 21 bushels in the second period. If these facts are coupled 
with the fact that the farmer has continually improved his 
seed and methods of farming, i t  makes the thoughtful man 
stop and consider. 

The farmers of the United States spend annually $120,-
000,000 for commerlcial fertilizers.* The sale of tax tags 
shows that in 1913 the Kansas farmers bought 7380 tons. At 
an average, price of $30 per ton, this would amount to $221,- 
400.  By far the greater amount was spent in southeastern 
Kansas. 

To use fertilizers profitably is not an easy problem. It is 
probably one of the most difficult problems to master in con- 
nection with the farming occupation. Before a farmer decides 
to  spend money for fertilizers it will pay him to make a careful 
study of this problem. The following pages are written with 
a view to help the farmer. What is permanently best for the 
farmer is also permanently best for the manufacturer. In 
such a brief space i t  is impossible to cover the ground entirely. 
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Information in regard to Kansas soils is given in Bulletin 199, 
copies of which may be had on application to  Director W. M. 
Jardine, Manhattan, Kan. The following books will also be 
helpful : 

“The Fertility of the Land,” by I. P. Roberts. 
“Fertilizers,” by E. B. Voorhees. Sold by MacMilIan Co., New York. 
Fertilizers and Crops,” by L. L. Van Slyke. Sold by Orange Judd 

“Soil Fertility and Permanent Agriculture,” by C. G. Hopkins. Sold 
Co., New York. 

by Ginn & Co., Chicago. 

The addition of these books to the farmer’s library will be 
a profitable investment. It should be remembered, however, 
that these books were written for conditions prevailing in a 
more humid climate than found in Kansas. While the general 
principles hold good, the specific directions may not always 
apply to Kansas conditions. 
WHY IS IT NECESSARY TO ADD FERTILIZERS TO THE SOIL?

If soils decrease in crop-producing power when they are 
made to  produce crops, it means that something necessary for 
crop production is removed from the soil. If the addition of 
certain substances to the soil increases the crop-producing 
power of the soil it means that the soil needs these substances 
and that t o  a certain extent these substances supply what has 
been removed from the soil. 

WHAT ARE COMMERCIAL FERTILIZERS? 

Commercial fertilizers are substances which by the nature 
of their chemical composition are sold for the distinct purpose 
of increasing the crops produced by land. This statement is 
broad enough to include all commercial fertilizers, and it also 
includes some substances which are not commercial fertilizers 
as that term is used. The dung of domestic animals, or barn- 
yard manure, lime and gypsum are used for the distinct pur- 
pose of increasing the crops produced by land, but these are 
not commercial fertilizers. 

THE ELEMENTS OF VALUE IN FERTILIZERS.

Commercial fertilizers always contain one or more of three 
elements, and the amounts of these elements present is the 
basis for the valuation of commercial fertilizers. These three 
elements are nitrogen, phosphorus, and potassium. Nitrogen 
is a gas present in the air  to the extent of about 1500 pounds 
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per square foot. In this form it can be used only by leguminous 
plants, and not a t  all by cereal crops. Phosphorus and potas- 
sium are solids, poisonous and dangerous to handle, but chemi- 
cally so active that they are never found free in nature; that 
is, they rapidly form compounds, and in the form of com- 
pounds these elements are found in the soil, in farm products, 
and in commercial fertilizers. After nitrogen has been taken 
up by the leguminous plants and has become a part of the com- 
pound, it enters upon that cycle of changes by which it is made 
useful to other plants. 

In all the discussion which follow it should be clearly under- 
stood that while we speak of the elements as though we handled 
them, it is the compounds containing these elements which are 
handled. 

ELEMENTS ESSENTIAL FOR CROP PRODUCTION. 

Carefully conducted experiments have shown that there are 
ten chemical elements which are absolutely essential t o  the 
production of crops. These are ( a )  carbon, hydrogen, and
oxygen; (b) nitrogen, phosphorus, potassium, and calcium;
(c) sulphur, magnesium, and iron. 

The three elements in group (a)  are obtained by the plant 
from the air  and water. The ultimate source is unlimited, and 
therefore they have no commercial value. These three elements 
are the only ones found in such materials as fats, oils, sugars, 
and starches. To sell butter fa t  o r  sugar means, from the 
standpoint of soil fertility, to sell transformed sunshine, air 
and water. This is the fundamental reason why a system like 
dairy farming can be managed so as t o  keep up the fertility of 
the soil better than other systems of farming. 

The elements in groups ( b )  and (c) are obtained directly 
from the soil by most plants. There is a fundamental differ- 
ence between the supply and the demand of the elements in 
these two groups. The elements in group (c) are used to  a 
very small extent by the crops, while the supply in the soil is 
-very large, The situation is one of large capital and small ex- 
penditure. With the elements in group ( b )  the situation is 
the reverse. The amount present in the soil is small in pro- 
portion to the amounts used. The situation is one of large ex- 
pense and small supply. This is the fundamental reason why 
the  elements nitrogen, phosphorus, potassium and calcium are 
bought in the form of compounds and added to  the land for 
the purpose of increasing crop production. 
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THE PECULIAR PLACE OF CALCIUM OR LIME.*

Calcium is not included in the valuation of commercial fer- 
tilizers. It is, however, bought and added to land fo r  the pur- 
pose of increasing the crop production. The position of cal- 
cium, however, is entirely different from that of nitrogen, 
phosphorus, and potassium. These are put on land primarily 
t o  feed the crops. Calcium has two functions. It is one of the 
elements necessary for crop production, but the amount so 
used is small compared with the amount needed to correct cer- 
tain deficiencies in the soil. It corrects acidity, it helps t o  give 
heavy soils a better texture or tilth, it helps to liberate plant 
food. The amount of calcium needed t o  perform these func- 
tions is so great that when this is supplied the food require- 
ments are more than satisfied. Calcium is found in a large 
number of substances used in the manufacture of commercial 
fertilizers. This calcium is not without vaIue, but the amount 
which can be added in this way is too small even for the needs 
of the crop. 
FERTILIZER ELEMENTS IN TYPICAL CROPS : WHEAT AND ALFALFA. 

Wheat and alfalfa are typical Kansas crops. In forty bushels 
of wheat there are 56.8 pounds of nitrogen, 9.6 pounds of phos- 
phorus, and 10.4 pounds of potassium. In the two tons of 
wheat straw which bears this grain there are 20 pounds of 
nitrogen, 3.2 pounds of phosphorus, and 36 pounds of potas- 
sium. These figures teach this fundamental fact: the nitro- 
gen and phosphorus accumulate to the largest extent in the 
grain, while potassium accumulates to the largest extent in the 
straw. The same relative proportion is true for all grain crops, 

In three tons of alfalfa there are 150 pounds of nitrogen, 14 
pounds of phosphorus, and 145 pounds of potassium. Alfalfa, 
as a typical legume, differs from grain crops in this funda- 
mental respect: it can take up nitrogen from the air, but i t  
will also take it from the soil if the conditions are favorable. 
Just how much nitrogen a typical legume like alfalfa takes 
from the air and how much it may take from the soil is a ques- 
tion not very easy to determine. Dr. C. G. Hopkins of the 
Illinois Experiment Station makes the following statement: †
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“From the experimental data here presented or  referred to, 
and from many other calculations approximating exactness, 
the conclusion may be drawn that on normally productive soils 
at  least one-third of the nitrogen contained in legume plants is 
taken from the soil and not more than two-thirds secured 
from the air. This proportion would apply to the nitrogen 
content of the roots as well as to the top; so that, if one-third 
of the nitrogen of the entire plant is in the roots and stubble
and two-thirds in the crop harvested, the soil would neither 
gain nor lose in nitrogen because of the legume crop having 
been grown.” This means that it is possible to grow alfalfa, 
and by selling the crop leave the soil as poor in nitrogen as be- 
fore the alfalfa was grown. Besides, it should be noted that 
alfalfa removes several times as much phosphorus and potas- 
sium from the soil as does wheat or corn. Unless alfalfa is 
fed and the manure returned to  the land we are not so sure 
that alfalfa increases the stock of nitrogen in the soil. (See
also, page 640, Bulletin 199, Kansas Experiment Station.) 

THE FIRST FUNDAMENTAL REASON FOR USING COMMERCIAL 
FERTILIZERS. 

Fertilizer elements in soils are limited in quantity. The re- 
moval of plant food from the soil would not affect its fertility 
if the amount present in the soil was very large. The average 
of several analyses of typical soils in the state are as follows: 

Nitrogen and phosphorus are to a large extent the limiting 
elements in crop production in comparison with the other ele- 
ments. If these figures are compared with the figures for the 
amounts used by crops, it is a t  once apparent that crop pro- 
duction is limited by the quantities of these elements in the 
soil. If the number of pounds present in the soil be divided 
by the amounts used by a crop, it will be found that nitrogen 
is used up fastest, phosphorus next, and that potassium will 
last the longest. If only the amounts of these elements which 
are present in the grain be considered, the quantities in the 
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soil will last much longer than if both grain and straw or 
stalks are removed. 

Nitrogen and phosphorus are found in larger amounts in 
the grain than in the straw, while potassium is found in larger 
amounts in the straw. Therefore if both grain and straw are 
removed, the loss of potassium becomes much more serious 
than when the grain only is removed. If only the grain is re- 
moved, the supply of potassium in the soil is so  large that it 
will last for several thousand years; in fact, so large that if 
all the roughage is returned to the soil, together with what is 
furnished by weathering changes, i t  will last indefinitely. But 
when straw is burned in piles and the ash is leached into the 
drainage, and when alfalfa and other roughage is sold, potas- 
sium will be one of the limiting eIements of crop production. 

The apparently simple fact that there is a limited amount of 
nitrogen, phosphorus and potassium in the soil, and that crops 
remove definite quantities of these elements, is at the basis of 
the problem of soil fertility. This problem is complicated by 
seasonal variation and crop rotations. It is furthermore a 
problem incapable of direct demonstration, as the plants use 
only a certain per cent of what is present in the soil. But the 
first fundamental reason for using the elements nitrogen, 
phosphorus and potassium in commercial fertilizers i s  that they 
occur only to a limited extent in the soil. 
THE SECOND FUNDAMENTAL REASON FOR USING COMMERCIAL 

FERTILIZERS. 
Crops need these elements in an available form. In general 

terms, we may say that a soil consists of three portions-the 
organic matter, the soil water, and the mineral portion. The 
mineral portion has come from rock. These rocks contained 
phosphorus and potassium, and this is the uItimate source of 
these two elements. The organic portion has come from plant 
residues. As all plant substances contain nitrogen, phos- 
phorus, and potassium, these elements are present in the or- 
ganic matter of the soil. All the reserve nitrogen in the soil 
is found in the organic matter, as there was no nitrogen in the 
rock material. 

If a spoonful of common salt is put into a tumbler of water, 
it all goes into solution. If a like amount of powdered lime- 
stone is put into the same amount of water, apparently none 
goes into solution. But if this is allowed to  settle and a por- 
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tion of the clear liquid is evaporated, we shall find a very 
small residue, which is limestone. The difference between the 
solubility of limestone and salt is one of degree. One is very 
soluble, and the other is only slightly soluble. All rock ma- 
terial in the soil is slightly soluble and the soil water con- 
tains this dissolved matter. The soil water also contains dis- 
solved matter which has come from organic matter. 

The nitrogen, phosphorus and potassium present in the or- 
ganic matter is said to  be in the organic form, while the phos- 
phorus and the potassium present in the rock material is in 
the inorganic form. When any element is present in a com- 
pound which is soluble, it  is in the soluble form, and when 
present in a compound which is insoluble it is in the insoluble 
form. In commercial fertilizers the elements nitrogen, phos- 
phorus and potassium are either present in a soluble form or 
in a compound that is rapidly changed into a compound that is 
soluble. This is the second fundamental reason for using com- 
mercial fertilizers. 

HOW FERTILIZERS ARE MANUFACTURED. 
All substances sold as fertilizers have been subjected to  some 

process which makes them more useful. The crude potash 
salts which are dug from the Stassfurt mines in Germany con- 
tain a large amount of impurities which have no value for  crop 
production. The same is true for the nitrate deposits in Chile. 
These impurities must be removed. Even rock phosphate must 
first be ground to  a very fine powder before it has any value 
for  crop production. The bones and bone products of packing 
houses must be specially prepared. All these processes require 
labor, capital and business ability. This, together with the 
cost of the original materials, determines the cost of the fer- 
tilizers a t  the place of manufacture. The manufacture of 
fertilizers can be divided into two stages : (1) the purification 
and preparation of the raw material, and (2) the mixing of 
these raw materials into brands called complete fertilizers. 
This last does not apply to substances containing only one 
element, such as acid phosphate or  muriate of potash.

RAW MATERIAL USED IN THE MANUFATURE OR MIXING OF 
FERTILIZERS. 

The raw materials used in the manufacture o r  mixing of 
commercial fertilizers are obtained principally from the by- 
products of packing establishments, from phosphate mines, and 

IET n/a




Commercial Fertilizers. 19 

potassium salts imported from Germany, and nitrate salts from 
South America. 

The packing-house materials are principally : 
Dried blood. 
Raw bone. 
Steamed bone. 
Tankage. 
Blood and tankage. 

From phosphate mines are obtained: 
Raw rock phosphates or floats. 
Acid phosphates (manufactured from raw rock phosphate).  

The imported potassium salts are:  
Sulphate of potash. 
Muriate of potash. 
Kainit. 
Hartsalz. 
Manure salts. 

Sodium nitrate is the principal nitrate salt imported from 
South America. 

For an intelligent understanding of fertilizers and their use 
it is necessary to know the nature and composition of these 
different materials, Therefore a brief description follows : 

Dried blood is the evaporated and finely ground blood ob- 
tained from slaughtered animals. It contains about 13 per 
cent of nitrogen. 

Raw bone and steamed bone. Only such porous bones as the 
ribs and the joints are used for fertilizers. The bone as it i s  
taken from the Carcass is composed of three classes of com- 
pounds-fats, nitrogenous material, and mineral matter. The 
fat  has no fertilizing value. It is, however, a valuable corn-
mercial product and is therefore removed. Most of the nitrog- 
enous matter is more valuable for the manufacture of gelatine 
and glue, and most of it, therefore, is removed by boiling or 
steaming. Those bones which have been boiled are known as 
raw bone, and those which have been steamed as steamed bone. 
The steaming removes the fa t  and the nitrogenous matter more 
thoroughly than the boiling. After either of these treatments 
the residue is easily reduced to  a fine powder by grinding, and 
the product is known as bone meal. It averages about 3 per 
cent of nitrogen and 10 per cent of phosphorus. 

Tankage is made up of small pieces of bones, tendons, flesh, 
blood, and other waste materials. This is cooked, evaporated, 
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dried, and ground. What can be used for animal feed is so 
sold, and the residue is used for fertilizers. Tankage con- 
tains nitrogen and phosphorus. Because of the varying nature 
of the materials used in its manufacture, i t  is variable in com- 
position. Blood and tankage is a mixture of blood and the 
tankage just described. Slaughterhouse products as a source 
of both phosphorus and nitrogen are necessarily limited. 

Roch phosphate is the principal source of phosphorus. The 
principal mines are in South Carolina, Florida, and Tennessee. 
The largest deposits in the United States are in western Wy- 
oming, northern Utah, and southern Idaho. These are not 
worked at present, but the phosphate lands are withdrawn 
from public entry, and can not, therefore, fall into the hands 
of speculators. These deposits contain as much phosphorus 
as would be used in a thousand years a t  the present rate of 
consumption. Rock phosphate, finely ground, is known on the 
market as floats. It contains from 12 t o  14 per cent o f  phos- 
phorus. This material is not at present sold as a commercial 
fertilizer under the current meaning of that term, but it is 
the original source of most of the phosphorus found in com- 
mercial fertilizers. 

Acid phosphate is made from ground rock phosphate. Speak- 
ing in round numbers, one ton of the finely ground rock phos- 
phate containing 14 per cent of phosphorus is mixed with one 
ton of sulphuric acid, and two tons of acid phosphate are ob- 
tained, which contains 7 per cent of phosphorus. The purpose 
of this treatment is to convert the insoluble form of phos- 
phorus in the rock phosphate into soluble form in the acid 
phosphate. Because it is made in this way, or because of its 
method of manufacture, it  must not be concluded that the 
material contains any free acid. A little less sulphuric acid 
is used than is necessary to convert all the phosphorus into 
the soluble form. Therefore, all acid phosphates contain a 
small per cent of phosphorus in the insoluble form. Whether it 
is best to use acid phosphate or the original material from 
which it is made will be discussed later. 

Muriate of potash, or potassium chloride, is a compound of 
potassium and chlorine. It is manufactured from salts dug 
from the mines at Stassfurt, Germany. It usually contains a 
little over 40 per cent of potassium. At the present time the 
element potassium can be bought most cheaply in this form, 
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and this salt is the source of most of the potassium found in 
mixed fertilizers. Because it contains chlorine, this form of 
potassium fertilizer is not considered as valuable for potatoes 
as the sulphate. 

Sulphate of potash, or potassium sulphate, is also manu- 
factured from salts obtained from the Stassfurt mines. It 
contains slightly less potassium than the potassium chloride, 
but this form is considered more valuable for such crops as 
potatoes, and the market price of potassium in this form is 
higher than that of potassium chloride. 

Kainit is one of the crude salts obtained from the potassium 
mines. I t  contains, besides potassium chloride, magnesium 
chloride and sodium chloride, or  common salt. Because of the 
large amount of these compounds which have no fertilizer 
value, potassium in kainit is usually more expensive than in 
any other form, This salt is often used by manufacturers as 
a source of potassium because it lessens the amount of filler 
necessary. 

Hartsalz is a mixture of potassium chloride, magnesium sul- 
phate, and sodium chloride. It is used by manufacturers for 
the same purpose that they use kainit. 

Manure salts. These are mixtures of potassium sulphate, 
potassium chloride, and magnesium sulphate. They are used 
as sources of potassium in mixed fertilizers. 

Nitrate of soda. This salt contains nitrogen in the most 
available form. It is therefore used as a standard fo r  the com- 
parison of the availability of nitrogen in other nitrogenous 
fertilizers. 
GENERAL PROPERTIES OF SUBSTANCES USED IN THE MANUFAC- 

TURE OR MIXING OF FERTILIZERS. 

All these substances are valuable for  the making of com- 
mercial fertilizers, because they contain one o r  more of the 
elements nitrogen, phosphorus or potassium in relatively large 
amounts, and in a form that is either already soluble o r  is 
rapidly made so under the conditions which exist in the soil. 

All the potassium is found in compounds soluble in water. 
This is so important that the fertilizer law does not recognize 
any other form. 

In acid phosphate most of the phosphorus is soluble in water. 
In bone and other animal products the phosphorus is in a form 
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that is insoluble in water, but because of the physical condition 
of these products the phosphorus is readily made soluble under 
the conditions which exist in the soil. When the fat  and most 
of the nitrogenous material have been removed from bone, the 
residue is a spongy substance. When this is ground t o  a powder 
it consists, not of a mass of very fine particles which are solid, 
but of very small particles which themselves are spongy. That 
is the reason phosphorus in all bone products is quickly avail- 
able. In rock phosphate the particles may be as small as those 
in bone meal, but they are solid, and therefore the phosphorus 
in this form is more slowly available.

In sodium nitrate and ammonium sulphate all the nitrogen 
is in a soluble form. For this reason the nitrogen in sodium 
nitrate is used as a standard with which other forms of nitro- 
gen are compared. The nitrogen in dried blood and other 
slaughterhouse products is in an insoluble form, which, how- 
ever, is quickly changed into the soluble form under the con- 
ditions in the soil. 
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MEANING OF THE TERMS AMMONIA, PHOSPHORIC 
ACID, AND POTASH. 

These various substances which have been described are used 
to  mix commercial fertilizers. The names of the first four 
brands in Table III are typical samples of complete fertilizers. 
The substances named below these four brands are typical sub- 
stances which may be used in the mixing of complete fertilizers. 
Under “formula” are found the three words ammonia, phos- 
phoric acid, and potash. These terms are very common in 
books and literature relative to commercial fertilizers. In 
fact, they are more common than the words nitrogen, phos- 
phorus, and potassium. Ammonia is a compound which con- 
tains 14  parts by weight of nitrogen and 3 parts by weight of 
hydrogen. Posphoric acid is a compound which contains 62 
parts by weight of phosphorus and 80 parts by weight of oxy- 
gen. Potash is a compound which contains 78.2 parts by weight 
of potassium and 16 parts by weight of oxygen. Hydrogen 
and oxygen are the elements of which water is made, and so 
have no commercial value in fertilizers. The rational basis 
of valuation is, therefore, to use the percentage of the elements. 
But because these terms are found in the literature, every user 
of fertilizers should know how to  convert percentages of am- 
monia, phosphoric acid and potash into the equivalent per- 
centages of nitrogen, phosphorus and potassium. Ammonia 
multiplied by 14/17 gives the equivalent in nitrogen; phosphoric 
acid multiplied by 62/142 gives the equivalent in phosphorus;
potash multiplied by 78.2/92.2 gives the equivalent in potassium. 
Working these relations into their equivalent decimals we 
have the following: 

Per  cent phosphoric acid multiplied by .437 = per cent phosphorus. 
Per  cent phosphorus multiplied by 2.290 = per cent phosphoric acid.
Per cent potash multiplied by .830 = per  cent potassium, 
Per  cent potassium multiplied by 1.205 = per cent potash. 
Per  cent ammonia multiplied by .823 = per  cent nitrogen.
Per cent nitrogen multiplied by 1.216 = per cent ammonia. 

The figures in the columns under “Formula,” Table III, in-
dicate the percentages of the compounds ammonia, phosphoric 
acid and potash. The equivalent values of these compounds in 
terms of percentages of the valuable elements is given in the 
next three columns of the table. They are obtained by using 
the figures just given. Two per cent ammonia multiplied by 
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.823 gives 1.65 per cent nitrogen; 8 per cent phosphoric acid 
multiplied by .437 gives 3.5 per cent phosphorus; 2 per cent 
potash multiplied by .830 gives 1.66 per cent potassium. In 
this way all the figures under “Equivalent value’’ are obtained 
from the figures under “Formula.” In all valuations of com- 
mercial fertilizers i t  should be remembered that the element 
is the ultimate and real basis of valuation. A statement that 
a fertilizer contains 10.5 per cent of phosphorus, equivalent to 
24 per cent phosphoric acid and 52.5 per cent of bone phos- 
phate, is entirely correct from the chemical standpoint, but the 
figures 24 and 52.5 do not create any value in the fertilizer. 
The same argument applies to the valuation of nitrogen and 
potassium. 

HOW A COMPLETE FERTILIZER MAY BE MADE. 
The four complete fertilizers mentioned in ‘Table III can be 

made by using the raw materials mentioned in the preceding 
pages. Suppose we want to make a fertilizer having the 
formula 2 -8 -2 ,  o r  the equivalent 1.65-3.5-1.66, and that we de- 
cide to  use nitrate of soda, acid phosphate, and muriate of 
potash. How much of these substances are required to make a 
ton of the above formula? The same method of figuring will 
hold for other substances. It is only necessary to use the right 
figures for the composition of the substances used in mixing 
the‘ fertilizers. If the ready-mixed fertilizer shall contain 1.65 
per cent nitrogen, 3.5 per cent phosphorus, and 1.66 per cent 
potassium, one ton will contain 33 pounds of nitrogen, 70 
pounds of phosphorus, and 33.2 pounds of potassium. One 
hundred pounds each of nitrate of soda, acid phosphate and 
muriate of potash contain, respectively, 15 pounds of nitrogen, 
7 pounds of phosphorus, and 41.5 pounds of potassium. The 
calculation involves this simple arithmetical process: If 100 
pounds of nitrate of soda contains 15 pounds of nitrogen, how 
much nitrate of soda is required t o  contain 33 pounds? 

35 ÷ 15 multiplied by 100 = 220 pounds nitrate of soda. 
70 ÷ 7 multiplied by 100 = 1000 pounds acid phosphate. 
33.2 ÷ 41.5 multiplied by 100 = 80 pounds muriate of potash. 

This is equal to 1291 pounds of material, and to make this 
material equal to one ton it  is necessary to  add 609 pounds of 
some inert material as filler. 
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THE MEANING AND VALUE OF “FILLERS.” 

The fillers used in the fertilizers sold in Kansas are pul- 
verized manure, dried sheep manure, and baked clay or sand. 
In reality, the only real filler is baked clay o r  sand. Pulverized 
manure or sheep manure contains a certain amount of nitrogen, 
phosphorus, and potassium. Ordinary mixed farm manure 
contains 10 pounds of nitrogen, 2 pounds of phosphorus, and 
8 pounds of potassium. Dried sheep excrement, according to 
Prof. L. L. Van Slyke {solid portion only), contains in one 
ton 38 pounds of nitrogen, 11 pounds of phosphorus, and 19 
pounds of potassium. The 600 pounds of filler, if it is com- 
posed of the dried solid excrement from sheep, would contain
11 pounds of nitrogen, 3.3 pounds of phosphorus, and 6.7 
pounds of potassium. At 15 cents per pound for nitrogen, 12 
cents for phosphorus, and 5.5 cents for potassium, these ele- 
ments in the filler are worth $1.65 for the nitrogen, 40 cents 
for the phosphorus, and 30 cents for the potassium, or  $2.35 
for the 600 pounds of dried sheep manure.* At the same 
prices, a ton of average mixed manure would be worth $2.18. 
This emphasizes the value of farm manure, and is actually 
the price paid by the farmer for fillers in fertilizers when these 
fillers are some form of excrement from domestic animals. 
Obviously, in the strict sense of the term, the only filler that 
should be used is baked clay or sand. While these may con- 
tain traces of phosphorus and potassium, the amounts in such 
forms as give value to fertilizers are so small that they are 
entirely negligible. The fertilizer elements found in the 
manure used as fillers are valuable, but this value is different 
from that of the elements in the materials used to compound 
fertilizers. At the maximum, only 50 per cent of the value of 
these elements is obtained the first year, while in fertilizers the 
full value of the elements is expected. 

COMPARATIVE COST OF FERTILIZERS. 
The cost of commercial fertilizers depends on the cost of the 

materials used in their manufacture, the labor and capital 
necessary to carry on the process, transportation to the con- 
sumer, and the profit of those engaged in the business. 
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TRADE VALUES OF ELEMENTS IN DIFFERENT SUBSTANCES. 

Men charged with the inspection of commercial fertilizers in 
the eastern states adopt annually a schedule of trade values. 
The following schedule was adopted for use in 1913. The data 
are taken from Bulletin 261 of the New Jersey Experiment 
Station. 

i 

In the preceding paragraph nitrogen is given as occurring 
in six different kinds of substances. The nitrogen in nitrates 
and in ammonium salts is in the soluble form. The nitrogen 
in nitrates is in a form that can be used immediately by the 
plants. While some nitrogen can be used by the plants in the 
form of ammonium salts, not much is so used, because these 
are rapidly changing to the nitrate form. The nitrogen in 
the different organic substances is not soluble. But these 
substances undergo rapid decay as soon as they are put on the 
soil. The nitrogen is rapidly changed to  nitrates, in which 
form it is used by plants. The nitrogen in crop residues is as 
valuable as the nitrogen in any of these substances after it 
has been changed to the nitrate form, but crop residues un- 
dergo decay and nitrification much slower than these sub- 
stances. This is one reason the effect of barnyard manure 
persists so long and why it  takes several years to obtain the 
full value. 

Phosphorus is given as occurring in six different kinds of 
substances. The phosphorus in phosphates soluble in water 

a 
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is in the most available form, This is the form of the phos- 
phorus in acid phosphates. This is the form in which it  is 
used by the plants and into which all other forms are changed 
before they are used. The phosphorus soluble in ammonium 
citrate is also known as phosphorus in reverted phosphates. 
This form is found to a small extent in acid phosphate, and 
to a larger extent in the bone preparations. By some it is 
considered almost, if not quite, as valuable as the water- 
soluble form. The phosphorus in phosphates obtained from 
bone and seeds is largely in an insoluble form; but because 
of the peculiar physical structure of bone, this form of phos- 
phorus is changed in the soil into soluble forms as fast as the 
plants need it. Phosphorus in phosphates insoluble in water 
is the form it has in rock phosphate. This form is made 
soluble by decaying organic matter; but this takes time, and 
if the decaying organic matter is not in the soil the phosphorus 
will not be of much use to the crop. 

Potassium is given as occurring in three different kinds of 
substances. The potassium in sulphates and muriate is soluble, 
and therefore immediately available. The potassium in the 
muriate (chloride) form is considered less valuable because 
i t  can not be used for some vegetables. The potassium in 
cottonseed and castor pomace is insoluble. But these organic 
materials decay rapidly and the potassium becomes available. 
THE COST OF DIFFERENT ELEMENTS IN COMMERCIAL FERTILIZERS. 

The above valuations are based on the prices of raw ma- 
terials a t  the Atlantic seaboard. In Table III an attempt is 
made to calculate the values of the elements in fertilizers 
based on the prices f. o. b. Kansas City, Kan., ton lots.* With 
substances that contain only one element the problem is simple. 
It is only necessary, on the basis of composition, to calculate 
the number of pounds of that element in a ton, and divide this 
into the cost. In this way we find potassium in muriate of 
potash is worth 5½ cents per pound, in sulphate of potash 7 
cents per pound, in kainit 9 cents per pound. Nitrogen in 
nitrate of soda is worth 20 cents per pound, and in ammonium 
sulphate 17 cents per pound. Phosphorus in acid phosphate 
is worth a little less than 12 cents per pound. 

With complete fertilizers containing two or three elements 
the problem of calculating the cost of each element is more 
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complicated. It is necessary to assume a value for one or two 
elements. Muriate of potash or potassium chloride is the sub- 
stance mostly used as a source of potassium. The large amount 
of chlorine found in the inspection samples are evidence of this. 
In the muriate of potash the price is 5½ cents per pound. The 
manufacturer is entitled to  profit on labor, investment and 
risk. To allow for this, 7 cents per pound is the assumed 
valuation of potassium in the complete fertilizer. Nitrogen 
in sulphate of ammonia is worth 17 cents per pound, and 20 
cents per pound in nitrate of soda, but only 15 cents in bone 
and tankage. Whatever nitrogen there may be present in 
the filler is given full value in the analysis. For these reasons 
an assumed valuation of 20 cents per pound in complete fer- 
tilizers is not  unreasonable. On these assumptions in regard 
to  the valuation of nitrogen and potassium, we find that phos- 
phorus varies in value from 18.6 cents to  a little less than 17 
cents per pound in complete fertilizers If we assume a price 
of 15 cents per pound for nitrogen in the bone fertilizers, then 
the phosphorus is worth 9.5 cents per pound in fine ground 
beef bone and 11.2 cents per pound in raw bone meal. This 
shows that at the prices given, the elements nitrogen and 
phosphorus are cheapest in the bone fertilizers, and that all 
elements are most expensive in the complete fertilizers. If 
i t  is remembered in this connection that a part of the nitrogen 
and phosphorus in some ready-mixed fertilizers comes from 
sheep manure, the price is rather high for using with field 
crops. 

THE COST OF PHOSPHORUS IN ROCK PHOSPHATE. 

In the schedule of trade values the insoluble phosphorus is 
rated a t  one-half the value it has in the reverted form. The 
price of phosphorus in the form of rock phosphate is  the cheap: 
est form in which it can be bought. At $9.20 per ton, analyz- 
ing 12½ per cent phosphorus, the price is 3.7 cents per pound. 
In this form it takes a long time for i t  to become available, but 
a t  this price the farmer can afford to  put on very much larger 
quantities. 

WILL IT PAY TO USE FERTILIZERS? 
Will i t  pay a farmer to  buy commercial fertilizers a t  present 

current prices and apply to land for the purpose of increasing 
the crop? This is one of the most difficult questions to  answer 
directly. Obviously, if the crop produced gives a return whose 
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value is over and above that paid for the fertilizer and the cost 
of application, then it pays t o  that extent. But the problem is 
not so simple as that. 

THE PROBLEM OF POTASSIUM. 

Above it was shown that the soils of Kansas which have been 
analyzed contain from 28,400 to  40,000 pounds of potassium 
in the surface soil.* A ton of mixed fertilizers of the formula 
2-8-2 contains thirty-three pounds of potassium. It is a fa i r  
question to ask, How can this small amount affect crop produc- 
tion when the soil already contains 30,000 pounds? The most 
obvious answer would be that the potassium applied in the 
commercial fertilizer is in the soluble form, while that in the 
soil is in the insoluble form. The straw from a twenty-blushel 
wheat crop contains 18 pounds of potassium, and the cornstalks 
from a forty-bushel corn crop contains 20.8 pounds of potas- 
sium, while one ton of alfalfa contains 48 pounds. This potas- 
sium has come from the soil, and before it can be used by 
the plant it must be converted into a soluble form. 

The only reason for adding potassium to the soil in a soluble 
form would be that the potassium in the soil is not made soluble 
fast enough to meet the needs of the crop. From this it fol- 
lows that a crop which has a long growing season needs the 
application of potassium in the soluble form much less than 
one which has a short growing season. Also, if the soil con- 
ditions are poor, the application of potassium in the soluble 
form may help the plant in its first stages of growth. But if 
the soil contains 30,000 pounds of potassium it should be the 
first concern of the farmer to convert this into usable forms 
before he invests his money in forms that are already usable. 
Practically every soil in the state of Kansas which has been 
analyzed by the Agricultural College will have sufficient potas- 
sium for the use of the ordinary field crop if the organic matter 
in that soil is not allowed to be depleted. With a crop like po- 
tatoes, which has a short growing season, and when it is de- 
sired to  produce a very large crop, it would be rational to use 
potassium to increase crop production. Manufacturers have 
recognized this need by putting five times as much potassium 
in special potato fertilizers as  they put in fertilizers intended 
for grain crops 
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THE PROBLEM OF NITROGEN. 

The soils in the state of Kansas which have been analyzed 
average from 2440 to  4040 pounds of nitrogen in the surface 
soil. A ton of mixed fertilizer of the formula 2-8-2 contains 
33 pounds of nitrogen, and 400 pounds would contain 6.6 
pounds of nitrogen. Will it pay to apply this small amount to 
soil that already contains from 2500 to 3500 pounds of nitro- 
gen? As with potassium, the answer would be to  supply the 
soil with some nitrogen in a soluble form. But the nitrogen in 
the ordinary mixed commercial fertilizer is not all in the form 
of sodium nitrate, Some of it is in the form of dried blood, and 
when sheep manure is used as filler, this is no more soluble 
than the nitrogen in farm manure. All nitrogen must. be con- 
verted into soluble forms before i t  can be used by the plants. 
This change occurs rapidly in all substances which decay 
rapidly. The nitrogen in that portion of farm manure or plant 
residue which decays most rapidly is first changed to soluble 
forms. The more resistant portion remains as part of the 
organic matter of the soil. Nitrogen in dried blood and similar 
substances is changed into the soluble form very quickly. 

Twenty bushels of wheat (grain) contains 28.4 pounds of 
nitrogen, and twenty-five bushels of corn (grain) contains 25
pounds of nitrogen, This must all come from the soil during 
the growing season. If the growing season is long, as in the 
case of corn and wheat, it  is better to have conditions such 
that the necessary transformations can be made. At 15 cents 
per pound, which is less than nitrogen can be bought for, the 
nitrogen in a bushel of corn is worth 15 cents, and in a bushel 
of wheat it is worth 21 cents. At these prices the farmer 
can not afford to buy nitrogen that goes into his corn and 
wheat. 

One ton of alfalfa contains 50 pounds of nitrogen. At 15
cents per pound this is worth $7.50. With careful handling 
of the manure the farmer can recover three-fourths of this. 
Obviously, the source of nitrogen fo r  farm crops is some 
legume like alfalfa. For garden and the truck farm the high- 
priced nitrogen may pay. 

THE PROBLEM OF PHOSPHORUS. 

The amount of phosphorus in those Kansas soils which have 
been analyzed averages from 640 pounds to  1240 pounds per 
acre to the depth of seven inches. A crop of forty bushels of 
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wheat, both grain and straw, contains 12.8 pounds of phos- 
phorus, and a fifty-bushel crop of corn, both grain and stalks, 
contains 11.6 pounds of phosphorus. At 12 cents per pound, 
the price of phosphorus in acid phosphate, the cost for all the 
phosphorus which goes into the crop is $1.54 for the wheat crop 
and $1.40 for the corn crop. As fa r  as the expense goes the 
farmer can afford to buy all the phosphorus which goes into his 
wheat crop o r  corn crop, even if the increased crop production 
is relatively small.

All the complete fertilizers which are intended fo r  grain 
fertilizers contain more phosphorus than nitrogen or potas- 
sium. A few of those intended for potato or truck farming 
have more potassium than phosphorus or nitrogen. 

On the basis of soil composition, and on the basis of the 
amounts of nitrogen, phosphorus and potassium used by crops, 
the first two are likely to be the limiting elements in crop 
production. Most soils contain a sufficiency of potassium f o r  
the needs of farm crops, and this will be available if the soil 
is kept in good tilth by cultivation and the application of 
organic matter. Nitrogen and phosphorus would pay if judg- 
ment was based on soil composition. To answer this question 
it is best t o  turn to experience. (See further on, “The Lesson 
from Experience.”) 

THE PROBLEM OF CALCIUM OR LIME. 

The amount of calcium in Kansas soils averages from 11,000
pounds to 23,200 pounds per acre. If this was all in the form 
of carbonate it would be equivalent to from 13 to 29 tons of 
limestone per acre in the surface soil. The entire absence of 
inorganic carbon in many Kansas soils, shown by the soil 
analysis reported in Bulletin 199, shows that in many soils 
calcium is not present in the carbonate form, but in some un- 
available form such as silicate. The leading grain crops, such 
as corn, wheat and oats, do not use any more calcium than of 
phosphorus, and the smaller portion of calcium goes to  the 
seed. Alfalfa takes more calcium from the soil than any 
other crop. In one ton there are 26 pounds, but this is a small 
amount compared with the large amount present in the soil. 

As was pointed out in a preceding paragraph, calcium is 
added to the soil not so much to  feed the crops as to correct 
certain soil deficiencies, and when enough is applied to  the 
soil for this purpose more than enough is supplied for  the food 
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requirements of the plant. When calcium is found in com- 
paratively insoluble forms it does not correct these soil de- 
ficiences, and it is necessary to add calcium in forms that will 
bring about the desired results. 

Calcium may be obtained in three forms-ordinary quick- 
lime, slaked lime, and ground limestone. Quicklime is obtained 
from limestone by burning. This is an expensive process. 
Quicklime is caustic (burning), and if added to the soil would 
have a tendency to burn up the organic matter. Slaked Iime is 
obtained from quicklime by adding water or exposure to the 
air. This is a quick-acting form. But for farm purposes it is 
too expensive. For experimental purposes on a small scale this 
form can be used profitably. The safest and cheapest form of 
calcium is in the form of ground limestone. The only expense 
is that of grinding and transportation. For acid soils an 
application of two to four tons per acre is recommended. The 
ground limestone can be applied to the soil by the ordinary 
fertilizer drills. 

THE PROBLEM OF ORGANIC MATTER. 

The importance of keeping up the organic matter in the 
soil can not be overemphasized. The addition of fertilizers 
or of lime will not keep up the organic matter. It can only 
be kept up by the addition of crop residues or barnyard 
manure. At 15 cents per pound for nitrogen, 12 cents for 
phosphorus, and 5.5 cents for  potassium, these elements in a 
ton of average barnyard manure are worth $2.18. When the 
barnyard manure decays in the soil these elements will be as 
valuable for crop-producing purposes as those obtained from 
fertilizers. In addition the barnyard manure adds organic 
matter to the soil. This organic matter increases the drainage 
and water-holding properties of the soil, it  helps to liberate 
the phosphorus and potassium locked up in insoluble com- 
pounds in the soil, and it improves the tilth-that is, the han- 
dling properties of the soil. When barnyard manures and crop 
residues are wasted, and fertilizers are added to the soil in 
their place, a condition arises which has given rise to the 
saying, “Fertilizers kill the soil.” 

THE LESSONS FROM EXPERIENCE. 
Teaching by experience is an expensive method, but such 

a complicated problem as the profitable use of commercial 
fertilizers can at present be studied in no other way. Be-
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cause the method is expensive the experiment stations have 
undertaken to  do the work for the farmer. As compared with 
the eastern states, very few fertilizer tests have been made 
so far  west as to be comparable with Kansas conditions. 

EXPERIMENTS WITH FERTILIZERS IN SOUTH DAKOTA. 

Bulletin 145 of the South Dakota Experiment Station re- 
ports a series of fertilizer tests extending over several years. 
In the summary, page 256, occurs this statement: “NO ap- 
plication of plant food except phosphorus alone paid any profit, 
and the average value of the crop produced on the phosphorus 
plots of both rotations was 31.1 per cent greater than the 
value of the crop produced on the untreated plots of both ro- 
tations for a period of five years.” 

EXPERIMENT WITH FERTILIZERS IN INDIANA. 

In 1913 the Indiana Experiment Station published Bulletin 
155, entitled “Results of Cooperation Fertilizer Tests on Clay 
and Loam Soils,” by J. B. Abbott and S. D, Connor. This re- 
port includes eighteen different tests in sixteen different 
counties with the use of 4-8-4 fertilizer on wheat; six different 
tests in four different counties with the use of complete com- 
mercial fertilizer on oats; and thirteen different tests in seven 
different counties with the use of 4-8-4 fertilizer on potatoes. 
These experiments covered a series of years and a variety of 
conditions, as can be seen by the number of tests and counties 
included. In the summary, on page 131, these statements oc- 
cur :  “In the amounts used on corn, nitrogen caused a small 
average increase and was used a t  a loss, potash (potassium) * 
caused a larger average increase and was used at  a profit, and 
phosphoric acid (phosphorus) * caused the largest average 
increase and was used at  the greatest average profit per acre.” 
“Phosphoric acid and potash gave a greater profit per dollar 
invested in fertilizers on both corn and wheat.” “In nearly 
all experiments on clay and loam soils, phosphoric acid was 
found to be the most effective of the fertilizer elements.” 

In discussing the relative merits of acid phosphate and rock 
phosphate the authors make this statement: “It is t o  be noted 
that acid phosphate showed the greatest efficiency in prac- 
tically every case, particularly in the first years of the ex- 
periment. The showing made by rock phosphate in the third 
and fourth years . . . was much better than in the earlier 
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years, . . , but even so the acid phosphate showed the 
greatest profit over the whole period. If no other phosphate 
were available, the profit secured from the use of rock phos- 
phate would be regarded as fairly satisfactory, so no question 
can be raised as to the positive efficiency of rock phosphate 
under favorable conditions.”* 

EXPERIMENTS WITH FERTILIZERS. IN ILLINOIS. 

The striking results secured by Dr. C. G. Hopkins with the 
use of rock phosphate on Illinois soils are familiar t o  all stu- 
dents of soil-fertility problems. These experiments have 
shown that the great needs of Illinois soils are phosphorus in 
bone meal or rock phosphate, lime in ground limestone, and 
organic matter from farm manures and legumes furnishing 
nitrogen. 

EXPERIMENTS WITH FERTILIZERS IN KANSAS. 

The Kansas Experiment Station has conducted a few ferti- 
lizer tests. The following data and comments were furnished 
by Prof. L. E. Call of the Agronomy Department. 

Results Obtained in a Fertilizer Test Conducted by 0. A. Rhoads, 
Columbus, Kan. 

“Last year Mr. 0. A. Rhoads, who lives five miles south of Columbus, 
conducted a fertilizer test in cooperation with the Agronomy Department 
of the Kansas State Agricultural College. The fertilizers were furnished 
by the Agronomy Department and Mr. Rhoads conducted the experiment 
according to the directions sent out by that  department. 

The results a re  given in the following table: 
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“Prices: Sulphate of potash, $60 per ton; acid phosphate, $22 Per ton; 
sodium nitrate, $50 per ton; pure bone meal, $33 per ton. 

“The results of this test indicate that  phosphorus is lacking in the Soil 
on Mr. Rhoads’ farm, and tha t  fertilizers containing this element in 
available form can be used with profit. Where 250 pounds of acid phos- 
phate were applied per acre, a profit of $6.85 was realized. Where a n  
equal amount of the acid phosphate was applied with 100 pounds of SUI- 
phate of potash, the profit was not a s  great because the sulphate of potash 
failed to increase the yield sufficiently to  meet the increase i n  the  cost due 
to  the use of the fertilizer. It will be noted tha t  a combination of fer- 
tilizers containing acid phosphate, sulphate of potash and sodium nitrate 
failed to increase the yields as  much as did the acid phosphate alone, or 
the combination of the acid phosphate and the  sulphate of potash. As a
rule, nitrates in  any  form tend t o  produce a n  increased growth of foliage. 
In  this case there was probably a comparatively rank growth of s t raw 
produced on this plot, and the wheat did not fill properly as a result. 

“Sodium nitrate and sulphate of potash did not increase the yield of 
wheat enough t o  pay for  the expense involved in applying them, and a loss 
was incurred where these fertilizers were used. 

“Barnyard manure applied at the rate of about ten, tons per acre gave 
results equally a s  good as  the acid phosphate. Probably only about fifty 
per cent of the benefit of this manure was obtained for  the first season. 
As a rule, manured ground will continue to  show the beneficial effect of 
the manure for  several years, and the total benefit derived in this case 
will probably be as much again as  i t  was  for the first season. This goes 
to show t h a t  i t  pays to make use of barnyard manure, and tha t  this ma- 
terial has  a value as  a fertilizer that  will justify considerable care and 
work in obtaining it. 

“The limestone caused an increase of 4.3 bushels per acre, but, as the 
table shows, this was not enough to pay for  the expense of applying this 
material. However, the effect of the limestone on the soil will continue 
for several years, and for the entire period the increase in yields will 
undoubtedly be enough t o  pay for  the liming of the soil and leave a good 
profit. 

“Several types of soil a r e  represented in Cherokee county, and the 
fertilizers t h a t  give the best results on one kind of soil may not be the 
ones that are  needed on another type. For instance, on a heavy clay soil 
results may be obtained entirely different from those secured on a clay 
loam or on a sandy loam, and vice versa. For  this reason, the results 
obtained on Mr. Rhoads’ fa rm might not apply for all the soils in Chero- 
kee county. 

“The soil survey t h a t  is now being made of Cherokee county by the 
Agronomy Department of the Kansas State  Agricultural College and the 
Bureau of Soils, United States Department of Agriculture, shows that  
the soil on .a large portion of the county is similar to tha t  on Mr. Rhoads’ 
farm. Thus these results a re  of more than local interest for  they apply 
to many other farms in the county.’’ 

CONCLUDING REMARKS. 
The careful reader of the preceding pages will note that the 

problem of the profitable use of commercial fertilizers is not
an easy one. These facts stand out  clearly. If i t  pays to apply 
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any element, that element is phosphorus. The soils are in need 
of nitrogen, and the application of nitrogen will increase crop 
production. However, in the form of commercial fertilizers, 
nitrogen is too expensive to make it profitable for ordinary 
farm crops. The application of potassium has not paid when 
used on ordinary crops either in Kansas or  in South Dakota. 
It pays better to  so handle the soil that the plant is abundantly 
supplied from the large stores of potassium already in the soil. 

The great difference between the Kansas climate and the 
climate further east can not be overemphasized. If soluble 
plant food is supplied to  the plant in its early stages, the 
growth of leaves and stems may be too large f o r  the amount of 
rainfall, and a short dry spell a t  a critical period in the plant’s 
life may give it such a set-back that a smaller crop is produced 
when fertilizers were used than when not used. This fact is 
recognized in some of the methods of corn and cotton growing 
in the South. The soluble fertilizer is applied in the later 
stages of the plant’s growth. In Kansas the tendency will, in 
all probabilities, be toward the use of more slowly available 
plant food rather than toward that which is more quickly 
available. 

APPENDIX. 
List of Kansas Dealers in Fertilizers, 1914. 
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