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Work of the Department of Chemistry. 
A large part  of the work of the Department of Chemistry in the Ex- 

periment Station is in cooperation with other departments, by contributing 
the chemist's point of view in planning experiments, and in making the 
chemical analyses incident to investigations. Among these investigations 
a re :  Feeding experiments, conducted by the Department of Dairy Hus- 
bandry; experiments touching soil fertility, in charge of the Department 
of Agronomy; experiments in the study and improvement of wheat and 
alfalfa, by the Departments of Agronomy and of Botany, and experi- 
ments bearing upon the methods of handling and storing wheat, conducted 
by the Department of Milling Industry. 

Among the lines of work more completely in charge of the Department 
of Chemistry a r e  certain experiments touching the composition, digesti- 
bility and nutritive value of feeds; milling tests of wheat, and baking 
tests of f lour;  the collection and analysis of samples of soils, typical of 
the various regions of the state; the inspection and analysis of fertilizers 
sold in the state and the inspection and analysis of feeding stuffs sold in 
the state. 

Bulletins a r e  issued from time to time as required, or as the results of 
investigations warrant. These may be obtained without charge by ad- 
dressing the Director of the Experiment Station, Manhattan, Kan. 
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The use of commercial fertilizers in Kansas has not yet at- 
tained any extended volume. Under the provisions of an act 
of the legislature passed in 1907, and printed in full in bul- 
letin No. 148, the Experiment Station is charged with certain 
duties in connection with the sale of fertilizers. It is unlawful 
within the state of Kansas to sell, offer for sale or possess for 
sale any commercial fertilizer which has not been officially 
registered by the Director of the Experiment Station of the 
Kansas State Agricultural College, and previous to registra- 
tion the manufacturer or seller of any brand of commercial 
fertilizer is required to submit a statement of its guaranteed 
composition. If this is satisfactory to the said Director, he
registers the fertilizer upon the payment of a registration fee
of twenty-five dollars by the manufacturer or seller. This pay- 
ment is once for all, and the law forbids changing the guar-
anteed composition of any brand of fertilizer after i t  is reg-
istered. This is to protect consumers in the use of a given 
brand which, if changes were permitted, might be found quite 
unsatisfactory a t  later dates. Hence, if a manufacturer desires 
to make a change in his fertilizer he must give it  a new brand 
and register it under the new name. 

The law also provides that the Experiment Station chemist 
and his deputies shall make inspection of fertilizers sold or
offered for sale in the state of Kansas, and shall procure Sam- 
ples of the different brands registered for sale in the state, 
that they may be analyzed for comparison with the guaranty 
of the manufacturer. These samples are obtained from lots 
actually on sale and are not specially prepared and furnished 
by the manufacturer. 
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The expense of inspection and analysis is met by means of 
the registration fees, and an inspection tax of twenty-five 
cents per ton collected by means of tags which are to be at- 
tached to the packages of fertilizer or  delivered with bulk lots. 
These tags must be obtained from the Director of the Experi- 
ment Station. 

The law went into effect September 30, 1907, and this bul- 
letin in the accompanying tables gives the results of analyses 
of the samples of fertilizers taken up to  June 30, 1909. Com- 
paratively few brands of fertilizers have been registered, and 
in some cases these have not been found in the market, al- 
though the entire state has been fairly well covered in the in- 
spection. In  some cases small quantities of fertilizers had 
been in stock, but none remained at the time of the inspector’s 
visit. The observations of the inspectors would indicate that 
comparatively small amounts of commercial fertilizers are
sold in this state. 

The results of the analyses of the inspection samples of fer- 
tilizers collected show that usually the amount found is up 
to  that guaranteed, or a t  least within the limit of one-fifteenth 
deficiency tolerated by law. In a few instances, however, there 
is a considerable deficiency, indicating a possible blunder in 
compounding the particular lot of fertilizer sampled. Com- 
paratively few brands of fertilizers are registered in this 
state, and their manufacturers are evidently disposed, on the 
whole, to maintain the quality of their goods as placed upon 
the market. 

TERMS RELATING TO FERTILIZERS. 
Some explanation of the terms used in connection with fer- 

tilizers seems advisable a t  this point, especially as the science 
of chemistry and its specific terms cannot be assumed to  be 
understood by the average farmer and yet are indispensable in 
discussing or comparing fertilizers and soils, as well as many 
other classes of substances with which agriculture is concerned. 

When one consults the bulletins upon soils or fertilizers 
issued by most experiment stations he finds the expressions 
“potash,” “phosphoric acid,” “nitrogen,” “lime,”  “ammonia” 
and others in common use. In the tables presented in this 
bulletin, while these terms may be employed a t  times in stating 
the composition of fertilizers, the significant constituents will 

IET n/a




be expressed as quantities or percentages of some chemical 
element. That the reader may understand the relation be- 
tween this mode of expression and the older one which is in 
more general use, and may have a basis for understanding the 
limitation and value of each as a mode of indicating the use- 
fulness of a fertilizer, an attempt will be made in the following 
paragraphs to present the matter in an elementary way in the 
hope that even those who have had no opportunity to study 
chemistry may grasp the essential ideas. 

When the chemist investigates the various substances of 
which the air, earth, rocks, water, plants, animals, etc., consist, 
he finds that most of these are compound in character; that is, 
by suitable chemical treatment he can decompose them into 
other substances. If this process of decomposition be con- 
tinued to  a sufficient extent he finally may obtain substances 
which are incapable of further decomposition by him. These 
simple, undecomposable substances are the chemical elements. 
Many of these are well known, such as iron, copper, gold, silver, 
lead, tin, zinc and sulphur. Oxygen and nitrogen are elements 
which make up nearly the entire bulk of the air. Hydrogen is 
an element of which water contains 11 per cent, the remainder 
being oxygen. 

Phosphorus is an element that is not frequently seen in com- 
mon life and does not occur as such naturally. It is, however, 
readily prepared by the chemist. Carbon is the element which 
is most typical of the substances of which plants and animals 
consist, and when these are strongly heated without free access 
of air a residue of carbon with small amounts of mineral sub- 
stances is left as  a soft black substance known as charcoal. 
The hydrogen and nitrogen, and a portion of the carbon and 
other elements, will have been expelled in the form of volatile 
substances. The element carbon not only occurs in the form of 
charcoal but also in the diamond, and in graphite, the material 
used in the preparation of lead pencils. 

Sodium, potassium and calcium are important metals, which 
are, however, never found in the uncombined state naturally, 
but can be separated from the compounds in which they occur 
by suitable chemical processes. Chlorine is a gas which also is 
found in nature only in combination. I t  is one of the constitu- 
ents of common salt, the metal sodium being the other con- 
stituent. 
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It will be seen that most of the substances named above as 
elements do not occur as such in nature. As we study chem- 
istry we find that there is a considerable tendency for elements 
t o  combine in pairs; for example, common salt consists of so- 
dium and chlorine, water of hydrogen and oxygen, lime of 
calcium and oxygen, sulphur trioxide of sulphur and oxygen, 
phosphorus pentoxide of phosphorus and oxygen. In fact, 
there is a large class of compounds known as oxides each 
member of which consists of oxygen combined with another 
element. Furthermore, it has been found that many compounds 
are of such composition that they may be regarded as formed 
by the union of two oxides; thus water, a compound of oxygen 
and hydrogen, will combine with sulphur trioxide, a compound 
of oxygen and sulphur, to form sulphuric acid, which therefore 
contains hydrogen, sulphur and oxygen. Chemists have 
adopted certain symbols to represent in some sense the chem- 
ical elements. These symbols suggest not only the name of the 
element but they have a quantitative meaning-that is, they 
indicate the relative weights of the substances in a compound. 
The symbol H, for example, indicates hydrogen; 0, oxygen; S, 
sulphur; P, phosphorus, but the relative weights implied by 
these symbols are 1, 16, 12, 32 and 31, respectively. I t  has been 
found that if certain relative weights are thus assumed to be 
represented by the symbols of the elements comparatively 
simple expressions known as formulas can be used to  designate 
their composition. This may be illustrated to a certain extent 
with the hope of giving the reader some idea concerning the 
meaning of chemical formulas without expecting him to com- 
pletely understand the reasons for them. The relative weights 
assumed to be signified by these chemical symbols are known 
in chemistry as the atomic weights, and are believed to have a 
fundamental connection with the actual structure of matter. 
I t  has been found, however, that chemical compounds cannot 
all be accounted for by assuming that, in the combination of 
elements to form compounds, the quantities entering into the 
combination are always in the same relation as the so-called 
atomic weights. It is, however, always possible to represent 
the compound by assuming that the elements enter into it in 
relatively simple multiples of the atomic weights. These ideas 
may be illustrated by means of a few examples. The combin- 
ing weights, or atomic weights, of all of the elements with 

IET n/a




which we shall be concerned in this bulletin are, in round 
numbers : 
Hydrogen, H, 1. Potassium, K, 39. Sulphur, S, 32. 
Oxygen, 0 ,  16. Calcium, Ca, 40. Phosphorus, P, 31. 
Nitrogen, N, 14. Magnesium, Mg, 24. Chlorine, C1, 35.5. 
Sodium, Na, 23. Carbon, C, 12. 

In using these symbols and atomic weights to indicate sub- 
stances produced by the combination of these elements we 
write the symbols of the elements entering into the compound 
side by side, and if more than one atomic weight of any ele- 
ment is to be represented a small figure is placed to the right 
and somewhat below the symbol. There is, for example, a 
compound of potassium and chlorine known as potassium 
chloride. If this compound be carefully analyzed it is found to 
contain the metal potassium and the nonmetal chlorine in the 
ratio of 39 t o  35.5. We may therefore adopt the formula KC1 
as representing potassium chloride, not only as showing the 
chemical elements of which it consists but also their relative 
amounts, since “K” is always to be understood as representing 
a relative quantity of 39 and “Cl” one of 35.5. The metal 
calcium also forms a compound with the nonmetal chlorine. 
Chemical analysis shows that in this the relative amounts of 
calcium and chlorine are 40 and 71; that is, we have with, one 
combining or atomic weight of calcium two atomic weights, 
2 x 35.5, of chlorine. We can represent this compound both as 
to the kinds of elements of which it consists and their relative 
amounts by the formula in which Ca indicates a relative 
weight of 40 and C1 a relative weight of 35.5, and the 2 shows 
that this last is taken twice. This mode of indicating the quan- 
titative composition of compounds may seem at first to be 
roundabout and cumbrous. It is, however, in the direction of 
simplicity, as relatively simple formulas indicate compounds 
the composition of which could not be represented simply by 
percentages. And, moreover, by this system very simple rela- 
tions are found t o  exist among the different classes of com- 
pounds. Thus it will be seen that there is a simple relation 
between potassium chloride, KCl, and calcium chloride, 
In the latter there are two combining weights of chlorine for 
one combining weight of the calcium, while in the former there 
is one combining weight of the chlorine for  one of the potas- 
sium. If we should express these compounds in percentages 
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we would have in the potassium chloride 52.3 per cent of po- 
tassium and 47.7 per cent of chlorine, and in the calcium 
chloride 36 per cent of calcium and 64 per cent of chlorine, 
figures which do not give any hint of the simple relation ex- 
isting between the two compounds in respect to the amount of 
chlorine. Throughout the whole realm of chemistry the repre- 
sentation of chemical compounds and their relations among 
each other is brought out only when the symbols of the ele- 
ments are a t  the same time taken to indicate a definite quan- 
titative composition represented by the atomic weights taken 
one or more times as the formula may indicate. 

As indicated above, it was early noticed that elements tended 
to combine in pairs and that the compounds so produced might 
combine with other compounds. We may illustrate this 
further. Calcium and oxygen combine in the ratio of 40 of 
calcium to  16 of oxygen to form the common compound lime- 
that is, quicklime. As the numbers in this ratio are the same 
as those given above for the combining weights the formula of 
the compound is CaO. This formula represents that calcium 
and oxygen are combined in the ratio of 40 to 16 by weight 
just as definitely as if the fact were stated. Sulphur and oxy- 
gen form the compound sulphur trioxide, the relative amounts 
of sulphur and oxygen being 32 and 48, respectively. The com-
bining weight of sulphur being 32, and of oxygen 16, one-third 
of 48, we must represent sulphur trioxide by the formula SO3
Lime and sulphur trioxide will combine together to form the 
compound calcium sulphate. In this the relative amounts of 
calcium, sulphur and oxygen are 40, 32 and 64, respectively, 
and hence it may be represented by the formula CaSO4. This 
formula it will be seen is equal to CaO and SO3 added together. 
In an earlier stage of chemical science this was written 

This emphasized the idea held a t  that time that 
chemical compounds in general are formed by the union of two 
things. In this case the two were CaO, lime, and SO3, sulphur 
trioxide, or, as it was then called, sulphuric acid. 

Let us take another example. Phosphorus and oxygen com- 
bine to form phosphorus pentoxide. In this the ratio of phos- 
phorus to oxygen is as 62 is to 80.  As the atomic weights 
of phosphorus and oxygen are 31 and 16, respectively, the 
formula of phosphorus pentoxide is found by dividing 62 by 31, 
and 80 by 16, and is thus This substance in the early 
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part of the last century was called phosphoric acid. Calcium 
oxide, or lime, and phosphorus pentoxide, or “phosphoric acid,” 
are capable of uniting together to form the compound calcium 
phosphate, in which the relative amounts of calcium, phos- 
phorus and oxygen are 120, 62, and 128, respectively. If these 
numbers be divided by the atomic weights of those elements we 
obtain, as the formula for calcium phosphate, It will 
be seen that in composition this is equivalent to  three of cal- 
cium oxide plus one of phosphorus pentoxide, and this relation 
may be brought out by writing the formula that is, 
the compound may be said t o  consist of “lime” and “phosphoric 
acid,” t o  use the old terms, or calcium oxide and phosphorus 
pentoxide, if the modern names be used, Without going into 
details, it may be stated that by this old system potassium phos- 
phate would be represented as The name “potash” 
was given to the potassium oxide, but unfortunately the 
term is also applied to other compounds. Common saltpeter 
contains potassium, nitrogen and oxygen, and the relative 
amounts of these elements are 39,14 and 48, respectively, num- 
bers corresponding to the atomic weights, excepting that in the 
case of oxygen it is three times as great. We therefore give the 
substance the formula KNO2.  If this be multiplied by 2, 
making it will be seen to  be equivalent to K2O, N2O5.
In the early days previously referred to, N2O5 was known as 
nitric acid, and this substance was said to consist of “potash” 
and “nitric acid.” In a similar way Chili saltpeter, now repre- 
sented by the formula NaNO3, was given the formula 
NaO, N2O5, and calcium nitrate, the old name for which was 
nitrate of lime, now given the formula or 
was represented as  

By studying the old formulas as given above it will be seen 
that each of them is twofold in its nature and represents an 
oxide of a metal and an oxide of a nonmetal, and that these 
oxides occur in the different substances ; thus CaO, “lime,” is 
represented as present in the calcium sulphate and calcium 
phosphate and calcium nitrate ; the “phosphoric acid,” 
was represented as present in potassium phosphate as well as 
calcium phosphate and others ; “potash,” K2O, was in potassium 
phosphate, potassium nitrate, etc.; nitric acid, N2O5 is present 
in calcium nitrate, potassium nitrate and sodium nitrate. I t  will 
be seen that this binary system possesses some obvious advan- 
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tages and that it is possible to speak of a series of substances 
as containing “lime,” another series as containing “phosphoric 
acid,” another “potash,” another “sulphuric acid,” etc. This 
system of thought and method of stating results was used so 
much in connection with the analysis of soils, rocks and fer- 
tilizers during the last century that a large mass of material 
was accumulated in which the results of the analyses are ex- 
pressed in these old terms. 

However, with the progress of chemical science the views 
concerning the nature of chemical compounds have changed 
radically, and many of the names used above are no longer 
used in that sense in the systematic science of chemistry. The 
young student of to-day studies an entirely different substance 
than under the name of “phosphoric acid”; “sulphuric 
acid” in modern language is not SO3; “nitric acid” is not 

“potash” is not ; and hence the students of chem- 
istry in our high schools and colleges to-day require special in- 
struction in order to enable them to understand the antiquated 
expressions used in describing the composition of soils and fer- 
tilizers. It seemed to those concerned in drafting the fertilizer 
law for the state of Kansas that the only proper thing was to 
apply to  fertilizers the system of naming used throughout ’the 
science of chemistry in almost every relation ; that it should 
be placed abreast of the times and not start with a system of 
naming that has long been out of date and presents many 
complications and inconsistencies not yet brought out here. 
Hence the law specifies that the composition of fertilizers shall 
be stated in terms of the elements; that is, the amounts of 
potassium, phosphorus, nitrogen, etc., are to be stated rather 
than “potash,” “phosphoric acid,” or “ammonia.” The prob- 
lem is a difficult one to argue in a way intelligible to  one who 
has not studied chemistry, but some of the embarrassments of 
the old system will be presented in as simple a manner as 
possible. 

In the examples given above it is obviously possible to ex- 
press the percentage of “potash”, “lime”, CaO, “phos- 
phoric acid”, etc., because in a sense each of those sub- 
stances may be said to be present in the examples cited. There 
are, however, compounds used in fertilizers in which this is 
impossible. One of the important substances containing potas- 
sium used in fertilizers is potassium chloride, which contains 
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potassium and chlorine only, and has the formula KCl. I t  is 
obvious that in no way can this be represented as containing 

since it is free from oxygen. I t  cannot in any sense be 
said to contain “potash,” yet by the old system of stating 
the composition of fertilizers the analyst will report KC1 as 
containing a certain percentage of “potash.” What he really 
does in this case is to calculate from the results of his analysis 
the amount of “potash,” that would contain as much of 
the element potassium, K, as he finds in the fertilizer analyzed. 
The potassium found is equal in amount to that in the “potash” 
reported, and in a sense may be said t o  represent that amount 
of “potash.” However, the oxygen is not there in that case, it 
is not the constituent which gives value to those potassium 
compounds which contain it, and it is fa r  more logical to  state 
the percentage of the particular elements in which we are in- 
terested than to calculate the amount of some other compound 
which may or may not be represented in the fertilizer and 
which is certainly not present as such any more than the 
potassium is present in the free and metallic state. 

In the case of nitrogen, matters are in some states still 
worse, if possible. The nitrogen of fertilizers is present in 
various classes of compounds, among which are ammonium 
salts, nitrates, and the organic nitrogenous substances found 
in plants and animals. In stating the results of the analysis of 
a fertilizer it is the practice of some to  ascertain the percent- 
age of nitrogen and then to  calculate the ammonia which if 
present would contain an amount of nitrogen equal t o  that 
found by the analysis. The fertilizer is then reported to con- 
tain that much “ammonia.” In point of fact it not only does 
not contain ammonia, but in many cases it contains no com- 
pounds of ammonia, but instead nitrates and organic nitrog- 
enous compounds. Reporting the results as  “ammonia” is 
therefore wholly artificial, and is misleading in that the pur- 
chaser is given the wrong idea if he obtains any idea. 

The question of the advisability of abandoning the old sys- 
tem of expressing the results of the analysis of fertilizers and 
soils, and substituting one in harmony with the later views 
that have dominated chemistry for over half a century, is one 
that has been discussed warmly a t  meetings of chemists, and 
thus fa r  no unanimity of view has been attained. Those who 
are accustomed to the old system dislike to adjust themselves 
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to  a new one. They claim that it will be confusing to  farmers. 
It may be conceded that farmers who have become accus- 
tomed to the old system may have difficulty in adapting them- 
selves to a new one, but in point of fact comparatively few 
farmers understand the old system except that they have seen 
certain figures representing percentages set opposite the 
words “potash,” “phosphoric acid” and “ammonia.” The 
words mean nothing except as a means of identifying certain 
figures. If the results were reported in terms of the elements 
potassium, phosphorus and nitrogen the figures would be dif- 
ferent and could not be compared directly with the results 
expressed by the old system. They would, however, be di- 
rectly comparable with all results expressed by the modern 
system. It is, moreover, entirely practicable, as a transition 
plan, to have the composition of fertilizers expressed by both
systems. This is, however, not necessary in this state, as the 
use of fertilizers is very limited and the intelligence of our 
citizens is such that they will be able t o  grasp promptly the 
relation between the antiquated system and the modern one, 
and will prefer the latter. As the use of fertilizers increases 
the education of the public concerning them will be in the same 
terms as those used in the education of children in the public 
schools and colleges, and the state will not be burdened by an 
excrescence in the form of a system of naming that has been 
out of use in scientific chemistry for half a century. 

Some, in opposing the introduction of modern terms in con- 
nection with fertilizers, have argued that farmers might think 
that because the elements potassium and phosphorus are dan- 
gerously inflammable, and in that form would be wholly unfit 
to keep about a barn or apply to crops, fertilizers containing 
these elements should not be used. They lose sight altogether 
of the fact that potash and phosphoric acid, whether we use 
these names in the modern or the antiquated, sense, represent 
compounds which it would be equally as dangerous to apply to 
crops and almost equally as  unpleasant to handle, if not as 
dangerous. The fact of course is that  the substances actually 
used as fertilizers are neither potassium, phosphorus, nitro- 
gen, phosphoric acid, potash or  ammonia, but quite different 
substances, in which, however, their value as a fertilizer is 
measured by the potassium, phosphorus or  nitrogen which they 
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contain. Were it possible to do so, the best mode of stating the 
composition of a fertilizer would be to give the percentage of 
each of the compounds actually present, such as potassium 
citrate, potassium chloride, potassium sulphate, sodium ni- 
trate, calcium phosphate, monocalcium phosphate, etc. 

While the ideal mode of statement of the composition of a 
fertilizer is t o  state the amounts of each individual compound 
present, chemical analysis has not arrived a t  such a state of 
development as to enable us to  analyze a fertilizer so as t o  tell 
exactly what compounds of the different elements are present. 
Thus, a fertilizer may contain potassium in potassium chloride, 
potassium sulphate, potassium carbonate, and other com- 
pounds, but it is quite impossible to so analyze it as to ascer- 
tain the amounts of potassium present in each of these 
classes. We can only determine the total amount of potas- 
sium, or the amount that is present in compounds soluble in 
water, or, possibly, in some other solvents. 

The condition is similar in respect to nitrogen. The nitro- 
gen of fertilizers now on the market may be present in the 
form of ammonium chloride, ammonium sulphate, potassium 
nitrate, sodium nitrate, calcium cyanamide, or  in any one of a 
large number of nitrogenous organic compounds, some of ani- 
mal and some of vegetable origin, and even in other com- 
pounds. It is a t  present fa r  beyond the power of the chemist 
to analyze such a mixture and ascertain the exact proportion 
of each compound of nitrogen present. The best that  can be 
done yields only partial results in this direction. Similar con- 
ditions apply to the compounds of phosphorus. 

It will be seen, therefore, that it is impossible to report the 
composition of a fertilizer in terms that will state the amounts 
of each individual compound present, and the simplest method 
of reporting is to state the percentage of each significant ele- 
ment present. In the case of the nitrogenous substances, for 
example, while there are differences in the availability and 
agricultural value of them, since it is impossible t o  ascertain 
the amount of each compound, and the element nitrogen is the 
one found in all of them upon which the fertilizing value de- 
pends, a statement of the total amount of nitrogen would seem 
to be the simplest method of dealing with the question. In 
addition to this, however, it is possible with reference to some 
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classes of compounds to investigate the matter somewhat more 
closely and learn something concerning the nature and 
amount of the individual compound or classes of compounds 
present. This is possible, and especially advantageous, in so 
f a r  as we may determine the nitrogen, potassium, etc., present 
in compounds soluble in water and the amounts present in com- 
pounds insoluble in water. The soluble compounds are imme- 
diately available to plants, while the insoluble ones may re- 
quire long and slow chemical processes t o  take place before 
plants can avail themselves of the needed elements. In addi- 
tion to  pure water other reagents are used in getting more de- 
tailed information concerning the character of the constitu- 
ents of a fertilizer than is afforded by merely ascertaining the 
total amount of a given element present. 

The value of potassium compounds not soluble in water is so 
slight that fertilizer laws uniformly take into account as valu- 
able only those compounds which are soluble in water. 

In the case of nitrogen the total amount of the element is 
usually ascertained, and when practicable the amount of this 
present as nitrates and ammonium salts, respectively, is also 
reported. The nitrogenous organic substances are so various 
in nature and of such diverse properties that as yet no mode 
of analysis has been agreed upon by which we may obtain a 
measure of the agricultural value of such nitrogenous sub- 
stances. Some are no doubt practically equal to nitrates and 
ammonium salts, while others are so inert, so resistant t o  fer- 
mentation and other chemical change, that many of the states 
prohibit their introduction into fertilizers. Horns, hoofs, hair 
and feathers are examples of these inert substances. No 
analytical process has received general acceptance as affording 
a means of distinguishing accurately between the valuable or-
ganic nitrogenous substances and those that are worthless or 
nearly so. 

In the analysis of fertilizers an attempt is made to  ascertain 
the amount of phosphorus present in the different classes of 
phosphates, but this cannot be done with great exactness. 
fertilizer manufacturers are required to give a guaranty in re- 
spect t o  the phosphorus present in: (1) phosphates soluble in 
water, (2) reverted phosphates, (3) insoluble phosphates, and 
(4) the total phosphorus, which would be the sum of the other 
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three. Reverted phosphates are soluble in a solution of 
ammonium citrate, and are sometimes referred to  as “citrate- 
soluble phosphates.’’ Ammonium citrate t o  a certain extent 
exerts a solvent power upon the reverted phosphate compar- 
able with that exhibited by the roots of plants, and such phos- 
phates are less valuable than those soluble in water. In con- 
sidering the value of the phosphorus of a fertilizer, then, it is 
important to notice in what form of combination it is present, 

Of the mineral elements required by plants only four are 
likely to be deficient in soils, namely, potassium, calcium, ni- 
trogen and phosphorus, and the raw materials used in the 
manufacture of fertilizers are those which can be obtained on 
a commercial scale and contain one or more of these elements 
in a relatively high percentage. The commercial sources will 
not be treated a t  great length here, but on account of their 
general interest will be referred to briefly. 

Potassium. 
When plants are burned the residue left is known as the ash. 

If these plants are terrestrial the ash will contain a notable 
percentage of potassium ; on the other hand, plants that have 
grown in the sea, though containing important amounts of 
potassium, also contain large amounts of the similar metal, 
sodium. For many years hardwood ashes were the chief source 
of potassium for fertilizers. The ashes of soft wood are much 
poorer in this element.  No doubt the character of the forest 
growth of a region is determined largely by the quality of the 
soil, and hard woods grow only on soil rich in mineral sub- 
stances, while the soft woods grow on poorer types. While 
hardwood ashes are still sought and applied, the chief supply 
of potassium compounds for fertilizers is a remarkable deposit 
of salts discovered in Germany about the middle of the last 
century. These deposits have been discovered in various parts 
of Germany, but the most important works are in the vicinity 
of Stassfurt, a small city about 100 miles southwest of Berlin. 
This wonderful deposit was discovered in a search for common 
rock salt, and the potassium compounds were a t  first regarded 
as of no value; but with the progress of agricultural chemistry 
they have become recognized as one of the most important of all 
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the known resources of the world, and enormous amounts of 
potassium compounds are exported from Germany annually. 

In the Stassfurt deposits the potassium is found in several 
different compounds. Among these are sylvite, KC1 ; carnallite, 

; and kainite, Car- 
nallite is the most important of these salts, but on account of its 
small percentage of potassium is not shipped in that form to 
distances remote from the mines. It is submitted to treatment 
whereby potassium chloride or “muriate o f  potash” in severaI 
grades of purity is obtained, and in this form is applied as a 
fertilizer. Kainite is used as a fertilizer, and is exported in 
large quantities. Potassium sulphate, or “sulphate o f  potash,” 
is manufactured from kainite and potassium chloride. This 
compound is not prepared in as large quantities as is potassium 
chloride, but for certain crops it is preferable. To a limited 
extent this compound occurs ready formed in the Stassfurt de- 
posits. 

Hardwood ashes are of little commercial consequence in this 
state, but when available should be recognized as valuable 
sources of fertility, especially of potassium. They contain, of 
course, the other ash constituents present in the original wood, 
excepting certain losses that take place in the combustion, and 
such as may have occurred by subsequent leaching, and hence 
contain valuable amounts of phosphorus. The nitrogen of the 
wood is mostly lost in the burning. In this connection it may 
be mentioned that coal ashes are of practically no chemical 
value, but may upon some soils be of use as improvers of the 
physical state. 

For ordinary field crops the form of combination in which
the potassium is employed does not matter much, the value de- 
pending upon the percentage of potassium present. It has been 
found, however, that with tobacco, potatoes and sugar beets
the application of fertilizers containing chlorine is quite objec- 
tionable. Hence for these crops potassium sulphate should be 
used rather than potassium chloride (muriate of potash). 
Kainite, though containing its potassium as sulphate, carries 
large amounts of common salt (sodium chloride) as an im- 
purity, and hence should not be used where chlorides are
prejudicial. 
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Phosphorus. 
Phosphorus is found in various classes of compounds, the 

most important of which as sources of fertilizers are:  Bones, 
rock phosphate, apatite, and basic slag from certain iron 
furnaces. In bones and rock phosphate the phosphorus is 
present as a constituent of tricalcium phosphate, Ca3(PO4)2. 
Apatite is closely related t o  this chemically, but contains 
fluorine and chlorine also. In basic slag a different combina- 
tion is exhibited, known as tetracalcium phosphate, and to 
which the formula is ascribed. 

The bones of animals directly or  indirectly constitute an 
important source of phosphorus. Raw bone contains moisture, 
fat, nitrogenous substances, etc., as well as phosphates, and in 
this state is hardly as useful as after the fat has been removed, 
since this fat  retards the solution of the bone substance in the 
soil. The nitrogenous matter is, however, of great value as a 
source of nitrogen. 

Bones may, however, receive special treatment. The fa t  
may be extracted by solvents, leaving a more valuable ferti- 
lizer than the original bone, or both fat  and nitrogenous matter 
may be removed by steaming or boiling. This leaves a product 
richer still in phosphorus, because of the removal of the sub- 
stances containing none of that element. Tankage may include 
such cooked bone but also includes by-products of the packing 
houses. 

In the refining of sugar large quantities of bone black are 
used. This is the product obtained by heating green bone with- 
out access of air, by which the organic matter of the bone is de- 
composed, volatile matter expelled, and a very finely divided 
carbon left deposited throughout the bone tissue. This bone 
black, pulverized t o  a suitable degree, is used for decolorizing 
syrups and other substances. After a time it is no longer use- 
ful in this way and the spent bone black is made into superphos- 
phate. 

The rock phosphates of this country occur chiefly in Florida, 
South Carolina and Tennessee. The mode of occurrence, phys- 
ical state and percentage of phosphorus vary greatly. They are 
largely consumed in the manufacture of superphosphate, but 
are also well suited for application to land without other treat- 
ment than grinding. This raw phosphate is less easily assimi- 
lated by plants, but as the price is much lower it has been 
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found, in some cases a t  least, that an equal expenditure will 
produce as great an increase in crops when the ground raw 
phosphate is used as is obtained by employing superphosphate 
made from the rock. As phosphates are not much subject to 
leaching out from soils it will be seen that from the standpoint 
of total amount of soil fertility added the raw phosphate 
might be much more economical. 

Basic slag is sold under various names. It is obtained in the 
Thomas-Gilchrist method for the production of iron from ores 
containing phosphorus. In this lime is used which, combining 
with the phosphorus, produces a slag rich in that element, and 
which when finely ground is a valuable fertilizer. It scarcely 
reaches our  state as yet, being produced mainly in European 
countries. 

Apatite is a mineral occurring, mixed with other rock, in 
considerable quantities, in Canada. It is present in minute 
crystals in many granite rocks and is probably the most im- 
portant original source of the phosphates of soils. For use in 
fertilizers the Canadian apatite requires conversion into super- 
phosphate. 

The natural phosphates are only very slightly soluble and 
hence not easily taken up by plants. They are therefore not 
suitable for direct use as fertilizers where a strong, quick ac- 
tion is desired. They are usually rendered more soluble pre- 
vious to use by being treated with sulphuric acid. The follow- 
ing equation expresses the result that takes place with calcium 
phosphate, whether it be the rock phosphate or the bone phos- 
phate : 

Ca, (PO,) + = (PO,) + 
It will be seen that the essential change consists in the ex- 

change of calcium, Ca, and hydrogen, H. The compound 
(PO4) is known to chemists as monocalcium phosphate 

or acid calcium phosphate, other names being also in use. The 
is the same as burnt gypsum. The superphosphate of 

commerce contains these two substances mixed, and hence not 
only supplies phosphorus, but calcium, the characteristic metal 
of lime, limestone, and gypsum or land plaster. 

When a superphosphate is applied to the soil, changes are 
likely to set in a t  once by which it  tends to revert to the original 
nearly insoluble triphosphate, Ca3(PO4) There is, however, 
a substance intermediate in composition, known to chemists as 
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calcium diphosphate, as well as by other names. Since it is 
produced in soils by a process the reverse of that by which 
superphosphate was manufactured, it is in agriculture often 
designated as reverted phosphate. The following equations 
show two of the reactions by which the acid phosphate or 
superphosphate may be changed in the soil t o  the dicalcium 
phosphate or reverted phosphate, by the action of calcium 
carbonate from limestone, or by that of the insoluble triphos- 
phate present : 

(PO,) + = + + 
Monocalcium Calcium Dicalcium Water. Carbon 

phosphate. carbonate. phosphate. , dioxide. 

CaH4(PO4) + Ca3(PO4)2 = 
Monocalcium Tricalcium Dicalcium 

phosphate. phosphate. phosphate. 

By other reactions, in some cases still more complex, com- 
pounds of iron and aluminum, present in all soils, cause the re- 
version of phosphates from the soluble monocalcium phosphate 
condition to the less soluble but still available dicalcium phos- 
phate, and even to the still less valuable tricalcium phosphate. 
These less soluble phosphates are, however, by the action of 
carbonic acid in the soil slowly reconverted into available 
forms. This carbonic acid is produced in the decay of vegetable 
matter or humus of the soil. Other acids are also produced 
which contribute t o  the total dissolving effect upon the in- 
soluble phosphates. Thus phosphorus in almost any form is a 
valuable constituent of soils and may a t  some time be brought 
into a condition in which plants may take it up even though 
after many years' delay. Phosphorus is one of the elements 
absolutely essential for plants, and the total amount present in 
a soil is of very great importance, and hence the total amount 
introduced in any fertilizer is second only in importance to  the 
amount immediately available; that is, in the application of 
phosphate fertilizers the farmer naturally expects and desires 
immediate results, which are secured by the use of superphos- 
phate, but at  the same time if larger quantities of phosphates 
can be applied in other less soluble and available forms a t  the 
same expenditure, the ultimate value of the investment may be 
much greater, as the phosphorus will remain in the soil and be 
rendered available by slow natural processes. 
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Nitrogen. 
The materials used as sources of nitrogen by the fertilizer 

manufacturer are quite varied. Most of these are of no im- 
mediate interest to the farmer. They may be classified in the 
two groups of inorganic compounds and organic waste mate- 
rials. 

The inorganic compounds are of three classes: Nitrates, 
ammonium salts, and calcium cyanamide. The organic waste 
most available in the West is that from packing houses, and 
consists of the nitrogenous tissues unfit for food, either from 
their inherent nature or  because of the unwholesome condition 
of the animal. In the South cottonseed meal has been used as 
a fertilizer, but when in wholesome condition such use is 
wasteful in that the meal is a valuable feed, and when used as 
such the excretions of the animal contain a large proportion of 
the nitrogen, which may then be applied as a fertilizer, thus 
serving the double purpose of supporting both stock and land. 

The principal nitrate used in fertilizers is sodium nitrate 
or Chili saltpeter, the old name for which is nitrate of  soda. 
This important substance is found in large deposits of un- 
known origin occurring in the rainless regions of Chili and 
Peru. For use the crude natural substance is purified by ex- 
traction with water and recrystallization, and the commercial 
article is about 95 per cent pure and contains 15 to  16 per 
cent of nitrogen. The chemical formula is 

In the manufacture of gas by heating soft coal, considerable 
amounts of ammonia are produced from the nitrogenous plant 
residues still existing in the coal. In the purification of the gas 
for use in lighting, the ammonia is absorbed by the use of sul- 
phuric acid, ammonium sulphate being produced. This is crys- 
tallized by evaporation of the solution in which it formed, and 
constitutes a concentrated source of nitrogen. The pure sub- 
stance would contain over 21 per cent of nitrogen. Its chem- 
ical formula is 

Calcium cyanamide, is a substance only recently 
used in fertilizing, and is made by passing nitrogen over 
heated calcium carbide. It seems likely to become a very im- 
portant source of nitrogen for  fertilizing land. Quite re- 
cently it has been found that nitrogen and hydrogen under 
great pressure and in the presence of osmium or uranium 
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unite to form ammonia with such ease and rapidity that the 
process is exceedingly promising as a means of preparing com- 
pounds of nitrogen from the inexhaustible store of that ele- 
ment in the atmosphere. 

Of the nitrogenous waste products of the packing houses a 
few may be mentioned in greater detail. Animals condemned 
for food purposes, and parts of others, including flesh, ten- 
dons and connective tissue, are treated to remove the fat, and 
then the residue is ground, and may be used in fertilizers if 
not suitable for cattle feed. Dried blood is similarly utilized. 
Hair, hoofs, horns, leather scraps, etc., contain high percent- 
ages of nitrogen and not infrequently are introduced into fer- 
tilizers. They are so slow to decay, however, that they are not 
in good repute for such use, though by special treatment their 
condition may be improved. In this state their use in commer- 
cial fertilizers is prohibited. 

The fact may also be mentioned here that the organic resi- 
dues of leguminous crops are an important source of nitrogen 
to soils, though not used in the preparation of commercial fer- 
tilizers. Nitrogen, though the element most quickly exhausted 
from a soil, is also the one most cheaply restored, since by the 
cooperation of clovers, alfalfa, peas, beans and other legumes 
with bacteria that grow upon their roots the abundant nitro- 
gen of the air in the pores of the soil is brought into organic 
combination. This means of adding nitrogen to a soil must 
never be lost to view, and the purchase of nitrogenous ferti- 
lizers should be limited to the meeting of the special require- 
ments of certain conditions or crops. 

SOIL ANALYSIS WITH REFERENCE TO FERTILIZER 

REQUIREMENTS. 

In the early history of Kansas no attention was paid to the 
composition of its soils except to boast of their inexhaustible 
fertility. The voice of the chemist has been lifted constantly, 
warning the people that this idea of possession of a fertility 
that is practically limitless is a delusion that can lead only to 
squandering of our natural resources, and to leaving posterity 
handicapped in the struggle for existence. To-day he is seeing 
his warnings justified. People in many localities of the east- 
ern part of the state are making inquiry concerning chemical 
analysis of their soils with reference to learning what ferti- 
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lizers should be applied and to  what crops their soils are best 
adapted. A consideration of some of the aspects of this prob- 
lem would seem to be timely. 

The chemical composition of a soil is the most fundamental 
limit upon its usefulness. No matter what its depth, physical 
state or climatic environment, a soil that is actually deficient 
in one or more of the chemical elements essential to plant 
growth cannot be productive. Hence a thoroughgoing investi- 
gation of a soil cannot be made except it be on a chemical basis. 
However, the difficulties of a chemical investigation that shall 
lead to results that can be translated into definite statements 
concerning the special adaptation of a soil to a given crop, or 
into a prescription to meet its needs in the way of applications 
of fertilizers, are so great that at present they have been very 
incompletely surmounted. 

All but a very small proportion of a soil is unavailable for  
the nutrition of plants and serves only for their mechanical 
support. The roots penetrate through to relatively great dis- 
tances, both downward and sidewise, and thus the plant is an- 
chored to a weight that enables it to stand upright. This me- 
chanical function of a soil may be performed by material that 
is wholly inert in respect to nourishing the plant, or by mate- 
rial that to a certain extent is capable of undergoing changes 
whereby it becomes available. The nature of this more or less 
inert portion of the soil is thus of the greatest importance in 
respect to the endurance of its fertility. It can be readily seen 
that, if a chemical analysis of the total matter of a soil be 
made, and it be found wanting, the soil is hopelessly poor. It 
is, however, only with soils that consist almost entirely of 
quartz sand that such results would be obtained. On the other 
hand, the presence in a soil of adequate amounts of all the 
chemical elements essential to plants is no proof that the soil is 
fertile, since these elements may be in forms of combination 
such that plants cannot get them. Chemists have therefore 
sought for special means of analysis that will enable them to 
ascertain what amounts of the several elements are available 
to plants, rather than the total quantities of those elements. 

No chemical means have yet been discovered that will test 
soils as a plant does. One difficulty in the way is that  the dif- 
ferent kinds of plants differ greatly in their power to acquire 
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nutriment from a given soil. If by prolonged research a mode 
of investigation should be devised by means of which quantita- 
tive results could be obtained that would be proportional to  the 
yields given by a certain crop, under otherwise favorable con- 
ditions, the results would not be completely applicable t o  other 
crops. This adds greatly to the complexity of the problem. 

The nutriment that a plant gets from the soil enters it dis- 
solved in the soil water. It might a t  first sight seem that sim- 
ply ascertaining what amounts of the substances in a soil are 
soluble in water would disclose its crop-sustaining power. 
This is not the case, however. In the first place, if water be 
kept in contact with a soil until there is reason to believe that 
it is saturated, and it then be removed, a fresh addition of 
water will dissolve more from the soil, and a third amount will 
dissolve yet another portion. The soil may be treated indefi- 
nitely with these successive portions of water and continue to 
yield material which goes into solution. In the second place, 
it seems undeniable that the roots of plants influence the ex- 
tent to which soil particles in contact with them are dissolved, 
by means of substances which pass from them to the soil. In 
this way some crops are enabled to extract more nutriment 
from a given soil than others can. Again, the presence of de- 
caying organic matter, humus, in the soil, by its production of 
carbonic acid, increases the solvent power of the soil water, 
an effect that extends over years of time. For these reasons 
analysis of a water solution of a soil will not teach us what 
capacity for nourishing plants the soil possesses. 

As plants have some specific solvent effect upon soils, chem- 
ists have attempted to  find a solvent that will imitate their ac- 
tion. In this they have only partially succeeded. The use of a 
two-per-cent solution of citric acid, suggested by Dyer, has in 
many cases given consistent indications. In others the cultural 
experience has been a t  variance with what would be suggested 
by  the analytical results. We have not thus fa r  any solvent 
that will upon all soils give results that will be consistent with 
the yield returned by a single kind of crop, much less by all 
kinds, and it is not to be expected that such a solvent will ever 
be discovered. The conditions of absorption of plant food by 
the living cells of the rootlets are different from those pre- 
sented by an indifferent substance. This is indicated, not only 
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by recent observations on osmosis, but more simply by the fact 
that different kinds of plants growing together in the same 
solution or  soil take up quite different quantities of the nutri- 
tive salts. This so-called selective action must determine that 
each kind of plant is for itself an independent case for investi- 
gation in respect to  its relations to soil fertility and soil 
analysis. 

Whatever may ultimately be accomplished in devising means 
of imitating the action of plants upon soils the results so ob- 
tained will indicate the immediate capacity of the soil rather 
than its aggregate fertility. As previously stated, soils may 
have a part of the chemical elements in such stable and in- 
soluble combination as to put it entirely outside the probably 
more or  less remotely available plant-food supply. Aside from 
this nearly insoluble part we have another that dissolves in 
moderately strong hydrochloric acid. What will dissolve in a 
few days in hydrochloric acid will dissolve in weaker acids, 
such as are found in soils containing humus, if a few years or 
centuries be given, and the amounts progressively dissolved 
be removed by the roots of plants. The ultimate quantities 
of the elements of fertility that can be utilized by crops is thus 
taken to  be practically those that may be brought into solution 
by hydrochloric acid of specific gravity about 1.12. A chem- 
ical analysis of such a solution may be of great value in deter- 
mining the probable permanent durability of a soil, and to  a 
less extent its immediate capacity. 

It has been found that any virgin soil that shows an ample 
supply of nutritive substances soluble in acid as described will 
be fertile provided that there are no greatly opposing influ- 
ences in the physical condition of the soil or in the climate. 
With soils long under cultivation, however, by whatever means 
they may be analyzed results may be obtained that are more or 
less contradictory to cultural experience. 

Soils may get into a condition of nonproductivity, the causes 
of which are obscure as yet. The influence of the previous 
cropping, whether different o r  the same, may greatly affect 
the yield of the present season. In some cases failures are 
traceable to fungus diseases with which the soil becomes af- 
fected. In other cases there is reason to  believe that crops 
leave something in the soil that hinders the growth of succeed- 
ing crops of the same kind until it is removed. Some experi- 
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ments by the bureau of soils have shown that in certain cases 
this condition seems to be corrected by the use of substances 
which do not themselves contain chemical elements of fer- 
tility. It is not impossible that a part of the beneficial effect 
of commercial fertilizers and barnyard manure is due to such 
action, though there can be no doubt that their effect is not 
limited to this, but that they supply needs of the crop in re- 
spect to chemical elements. The need of rotation of crops in 
order to maintain proper soil conditions is probably greater 
with many soils than is its need on account of any partial 
exhaustion of chemical elements. 

The difficulty of drawing inferences concerning crop-pro- 
ducing power from chemical analyses only may be illustrated 
by referring to an experiment by Hilgard, in which a highly 
productive but heavy clay soil was mixed with one, three, four 
and five times its weight of purified sand. Plants were grown 
in a pot of the original soil, and in pots of soil of the four de- 
grees of dilution by sand. It was found that up to and in- 
cluding the dilution with four times its weight of sand the 
plants made better growth in the diluted than in the original 
soil. Here, then, was an example of a soil mixture with only 
one-fifth as much of the nutritive elements, and these in the 
same ratios to each other as in the original soil, that gave even 
better results than the undiluted soil. In short, chemical com- 
position is very important, but it is only one of the important 
considerations in respect to productivity. 

Not only is the physical state of the soil an important factor 
in determining crop yield, but its depth, and the depth, com- 
position and general character of the subsoil are of the great- 
est significance. Further, in respect to sampling a soil for 
analysis, if this be not properly done, so that the sample an- 
alyzed actually represents the land under investigation, the 
results of the analysis are worthless as a basis for any general 
conclusion. 

It will be seen from the foregoing that a chemical analysis 
of a single soil sample may mean very little, but to be of any 
service it must be considered in connection with many other 
things. To be of the most use it should be possible to compare 
it with the results of analyses of adjacent uncultivated soils 
and of other soils in similar climatic environment. The phys- 
ical conditions must also be carefully considered. 
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Partial analyses of soil directed toward answering definite 
limited questions are often very useful. Soils have been known 
to contain an abundance of nitrogen and yet to be deficient in 
that element in an available form. Organic matter may be so 
slightly decomposed as not t o  be in a condition to  furnish 
nitrogen to crops, while the fully humified part can undergo 
nitrification promptly and thus supply this element, hence a 
distinction in the analysis between these two forms of nitrog- 
enous matter may contribute much information. So, too, it 
has been found that phosphorus in humus is more available to  
the wheat crop than when in some other forms of combination. 

So-called alkali soils are soils containing an excess of soluble 
mineral substances which do not in all cases give an alkaline 
reaction. An analysis of a soil with reference to excessive 
amounts of such mineral substances may be made a useful 
preliminary to any treatment t o  improve the condition. A 
qualitative analysis is certainly necessary, as the nature of 
alkali differs greatly and proper treatment of it cannot be pre- 
scribed without knowing the nature of the excessive salts 
present. 

Some soils are deficient in lime, or, speaking more exactly, 
in calcium compounds, especially the calcium carbonate which 
is capable of neutralizing organic acids. A fertile soil for agri- 
cultural crops must be in a neutral or faintly alkaline condi- 
tion. Analyses with reference to soil acidity are therefore 
often of much value. Independent of acidity leguminous crops, 
such as clover and alfalfa, require large amounts of calcium, 
and regions other than those in which limestone and gypsum 
are found may often require special investigation in respect to
the calcium content of the soil. 

PHYSICAL TESTS OF SOILS. 

The limitations upon the extent to  which chemical analysis, 
can be used in forming a judgment upon soils has led to at- 
tempts t o  replace that mode of investigation by physical or 
mechanical analyses in which the size of the soil particles and 
in part the peculiarities of their mode of aggregation a r e  
studied. The relative dominance of certain sizes of particles 
in soils used largely for certain crops has been observed. HOW- 
ever, the fact that the same crops may be quite successfully 
produced on soils of distinctly different mechanical composi-- 
tion makes this method of little practical use, however inter- 
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esting a field of laboratory study it may be. The influence of 
rainfall, temperature, altitude, exposure and other climatic 
factors exceed physical constitution in their dominating posi- 
tion to  a fa r  greater degree than they do chemical composition. 
A suitable physical state may accompany an almost sterile con- 
dition. The sizes of the rock particles of a soil that has been 
exhausted by cropping are not materially different from what 
they were when the same soil was in its virgin state of fer- 
tility. At best the results of a physical examination of a soil 
are useless unless they are accompanied by the results of a
searching chemical examination. 

No kind of laboratory investigation of the physical proper- 
ties of a soil possesses more than a small fraction of the value 
of observations upon the soil in place, with no more compli- 
cated equipment than one’s eyes and hands and an auger. The 
lay of the land, the depth and texture of the soil and the depth 
and character of the subsoil are points that immeasurably 
exceed in importance any other physical characteristics. 

INDICATIONS FROM NATURAL PLANT GROWTH. 

Both chemical and physical investigation of soils in a labora- 
tory way being limited in the usefulness of their results, these 
must be supplemented or in many cases replaced by observa- 
tions upon the natural growth of trees, shrubs, grasses or 
weeds upon the soil, and by experiments in the production of 
plants or  crops upon it. Let organic nature answer the ques- 
tion, What is this soil good for?

Observations concerning the natural plant growth upon a 
soil have always been used by practical men in judging of its 
value. The rich lands supporting a forest growth of oak, 
hickory, and other hard woods are in marked contrast with 
the poor, and even otherwise nearly barren, areas occupied by 
pines. The grasses of the rich prairies are very different in 
species and luxuriance from those of thin, alkaline, saline or
otherwise unproductive regions. Even weeds seem to  exercise 
a preference, and sand-bur land is very different from that 
best adapted to  “pusley.” This means of gaining an insight 
into soil values is one that, while used from time immemorial, 
is worthy of more extended study and application. 
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TESTS OF SOIL BY POT EXPERIMENTS. 

Attempts to test soils as to their productiveness or their 
specific needs in the way of fertilizers have been made by 
means of experiments conducted in pots. The sizes of the pots 
used have varied from that of a capacity of a few ounces to 
one of several hundred pounds. Very valuable results have 
been obtained by this method, into the details of which space 
does not a t  present permit us to enter. It can readily be seen, 
however, that with climatic factors largely eliminated, and 
with a soil no longer in its natural state of aggregation or re- 
lation to subsoil, some of the most important features con- 
trolling crop yield are left out. 

TESTING SOILS BY CROPS. 

By far  the best method yet devised for testing soils is by 
means of crops grown in the open field. Such experiments, in 
order to eliminate variations from season to season in rainfall 
and other climatic influences, should extend over a series of 
years to yield the best results attainable, but in a single year, 
if the season is not too abnormal, positive indications may be 
obtained. It is obvious that a soil may be deficient in but one 
or two of the essential chemical elements, and that in that case 
it would be a waste to purchase and apply fertilizers supplying 
elements not needed. Further, one may be disposed to apply 
to the soil an incomplete fertilizer, or an amendment that hap- 
pens to be cheap or readily available, when in fact the soil is in 
need of something quite different. As a matter of economy, it  
is highly important that the farmer ascertain what is lacking 
in his soil before deciding upon the purchase of commercial 
fertilizers, or the kind to buy. The chemist cannot tell him 
with certainty what the soil needs, and no method has yet been 
devised that is equal to that of testing the land by means of 
crops that have been fractionally fertilized. 

A test of this kind consists in laying off a series of plats on 
the soil in question, selecting an area as nearly uniform as pos- 
sible, and applying different fertilizers to the several plats, 
leaving one or  more unfertilized for comparison. The number 
of plats required depends upon the detail with which the test 
is to be made. Not less than four will suffice, and if this number 
is selected one plat will be left with no fertilizer, to one a potas- 
sium salt, to another a nitrogenous fertilizer, and to the other 
a phosphate must be applied. On comparing the crops obtained 
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on the three fertilized plats with that given by the unfertilized 
one, the effect of potassium, nitrogen and phosphorus com- 
pounds separately applied will be ascertained. If it be found 
then that the nitrogen has increased the yield while the potas- 
sium and phosphorus have had but little if any effect, the con- 
clusion must be that the soil is in need of nitrogen and not of 
the other two. If the plat receiving potassium shows an in- 
creased yield, a deficiency of that constituent of the soil will be 
indicated. 

More comprehensive results are obtained by increasing the 
number of plats and including, in addition to those previously 
named, others to which nitrogen and potassium, nitrogen and 
phosphorus, phosphorus and potassium, and nitrogen, potas- 
sium and phosphorus compounds, respectively, are applied. In 
this case, too, it is well to add another plat, to be left without 
any fertilizer, making nine altogether. This arrangement will 
show the results of each of the three fertilizing constituents and 
of possible combinations of them. 

There is one serious drawback to an experiment of this kind. 
Plat experiments which are designed to be exact duplicates 
have frequently been found to give considerably diverse results. 
For example, if in the field to be tested a series of nine plats 
were to be laid off and no fertilizer applied to any of them, the 
yields obtained from the several plats would not be the same, in 
all probability. This source of error can be avoided in two 
ways. The first is by testing the land for a few years without 
fertilizers, in order to ascertain the relative yields of the plats 
in their natural state. This is probably the best method as 
preliminary to a thorough investigation, but does not yield im- 
mediate results. The other method is to multiply the series of 
plats as many times as practicable and take the average result 
of the corresponding plats. Thus, if the series were repeated 
three times we would have the arrangement indicated by the 
accompanying diagram.

The average yield without fertilizers of the twenty-five plats 
will be shown by the average of plats 1, 9, 17 and 25, to which 
no fertilizer is applied, and the result will obviously be more 
reliable than if we should depend upon any one of these alone. 
Even if the total amount of land devoted to  the experiment be 
no greater, these four plats represent the total area more truly 
than any four side by side do. So, too, the effect of a nitroge- 
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nous fertilizer alone will be shown with greater accuracy by 
taking the average yield of plats 2, 10 and 18 than would be 
the case by applying nitrogen to  a single plat three ti imes as 
large. The same considerations, of course, apply to  all of the 
others, and the greater the number of repetitions of these series 
the more reliable the conclusions drawn from the results. 
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The interpretation of results obtained from such a series of 
plats is easy, Representing the entire series by the numbers of 
the first ones, it is obvious that if no material differences are 
noticed in the yields of the several plats, no fertilizers would be 
advantageous. If Nos. 2, 5, 6 and 8 showed increased yields 
not exhibited by any other plats, the necessary conclusion 
would be that the soil is in need of nitrogen, but not of any- 
thing else. If plats 2, 3, 6 and 7 showed increased yields, while 
plats 5 and 8 showed still greater increases, the conclusion 
would be that the soil is in need of both nitrogen and potassium, 
either of these alone producing a beneficial effect, but ferti- 
lizers containing both producing a still better result. If a t  the 
same time the plat receiving phosphorus only, showed little or
no effect, and phosphorus with nitrogen, or with potassium, or 
with nitrogen and potassium, showed but little or  no advan- 
tage over the plats receiving nitrogen alone, potassium alone, 
or nitrogen and potassium, respectively, it must be decided that 
phosphorus is not required by the soil. By similar lines of 
reasoning, any possible results may be interpreted, but for the 
greatest accuracy in such experimentation it is necessary to  
perform the preliminary experiments referred to, in which the 
relative yields of the several plats are ascertained through a 
series of years without the application of any fertilizers, and 
giving the plats strictly uniform treatment. 

While these precautions are necessary for the most concord- 
an t  and satisfactory conclusions, results of value may be ob- 
tained by the four-plat test first described, and no farmer can 
afford to  spend much money for commercial fertilizers without 
having ascertained, by one or another of the plans above de- 
scribed, the actual needs of the soil. In carrying out a fer- 
tilizer test of this kind the plats should be long and narrow, 
rather than square, and one-tenth of an acre and upward in 
area. 

The practical fertilizing test may, of course, be extended to 
include other points such as would require applications of 
calcium (lime) compounds or organic matter. In many cases 
of soils that have become unproductive or gotten out of con- 
dition the deterioration may be traced to the diminution of 
the  humus or organic matter in them. Before deciding that 
commercial fertilizers are necessary, the effect of green ma- 
nuring should be ascertained. It should also never be for- 
gotten in this connection that barnyard manure, because of 
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its content of organic matter in a state of decay, is superior 
to chemical fertilizers containing equal amounts of potassium, 
phosphorus and nitrogen compounds. 

SUMMARY CONCERNING SOIL TESTING. 

The preceding considerations may be summarized briefly 
A thorough chemical analysis of a soil is indispensable to any 
comprehensive study of its condition and probable durability. 
Such chemical analysis may not be sufficient alone to give posi- 
tive indications concerning the present productiveness of the 
soil, or its needs in respect to fertilizers. Chemical investiga; 
tion directed toward certain specific points may be of great 
value in respect to a given soil. Laboratory tests of a purely 
physical character afford little if any information that cannot 
be obtained better by examination of the soil in its natural 
condition and position. The immediate fertilizer requirements 
of a soil are best ascertained by means of systematic fractional 
fertilization of different crops. 

FERTILIZER REQUIREMENTS OF DIFFERENT CROPS. 

Among the questions most frequently asked of experiment 
stations, agronomists and agricultural chemists are those re- 
questing information concerning the kind of fertilizers and 
amount to be used for corn, wheat, potatoes, etc. Answering 
such questions is by no means simple. It requires not only 
knowledge concerning the composition of the mineral sub- 
stances normally present in the crop under consideration, but 
the chemical characteristics of the soil should be known. The 
difficulty of ascertaining the latter is treated elsewhere in this 
bulletin. It is not the present purpose to deal minutely with the 
question of the fertilizer needs of specific crops. Those re- 
quiring detailed information should secure one or another of 
the excellent books available on the subject, such as “Ferti- 
lizers,” by Director Voorhees of the New Jersey Experiment 
Stations, or “Soils and Fertilizers,’’ by Professor Snyder, until 
recently chemist of the Minnesota station. 

In  the use of fertilizers there are some general principles 
which, if understood, are of great aid in making decisions
concerning their choice, and in modifying one’s practice after 
an experimental trial. 

Each plant normally has a certain life cycle to pass through 
leading to the perpetuation of the species by the production of 
seed or other organs of propagation, such as tubers, bulbs, 
etc. Man in his utilization of plants looks upon them in part, 
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from a totally different point of view from that which the 
plant would have, if it could have any. That is, while from 
the viewpoint of plant physiology the continuation of the 
species is all-important, in the utilization of plants by the 
farmer their adaptation as food is the chief consideration, and 
reproduction is of interest only as a means of getting more 
food. 

The part of the plant used as food may be the seed, in which 
case the interests of the plant species and of the farmer are 
identical; or i t  may be the vegetative portion of the plant, 
the part which grows and elaborates the material put into the 
seed. In the latter case man may so favor this vegetative 
function as to impair seriously the seed production. He may 
also by unwise choice of fertilizers defeat his purpose to obtain 
seed and get instead a luxuriant growth of leaves and stems. 

The maturation of plants with the production of seed is 
accompanied by retardation and cessation of growth in other 
respects. This seems to be induced in part by an accumulation 
of insoluble matter in the tissues. For example, cereals may be 
grown successfully, as f a r  as the plants are concerned, in the 
absence of silica, but seed is produced with difficulty, or not a t  
all, under those conditions, notwithstanding the fact that silica 
is present in the seed in  but very small amount while abundant 
in the stems of the normally grown crops. The presence of 
the silica in the leaves, stems, etc., of the plants seems to be 
necessary as a check to growth in order to initiate the repro- 
ductive processes. 

Nitrogenous manures act upon plants in a special manner. 
Nitrogen being a nonmetal and entering into combination in 
soIuble inorganic salts, or in organic constituents of plant tis- 
sues, i t  does not necessarily accumulate as an insoluble ash- 
constituent in the plant cells. If the element is brought to the 
plant as an ammonium salt it carries with it no metal to be
similarly disposed of. If taken up as a nitrate it would be 
accompanied by some metal which would accumulate in the 
tissues as some mineral salt, but the accumulations of such 
salts would be less rapid than if the same amount of metal 
were taken in in the form of sulphate, phosphate, silicate, etc. 

From the causes indicated above, as well as from the pre- 
eminent position occupied by nitrogen as a constituent of pro- 
tein in plants, we see ample explanation for the observed 
fact that nitrogenous fertilizers cause a luxuriant growth of 
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stems and leaves, but if present in excess are liable to result 
in little or no seed. The effects of drainage from manure 
piles are frequently noticeable in this way. In the case of 
grasses which are grown for forage and not for seed nitroge- 
nous fertilizers are thus seen to be especially applicable. The 
long-continued experiments of Lawes and Gilbert, Rothamsted, 
England, have shown most strikingly the effect of nitrogen 
on grasses. Where large applications of nitrates or ammonium 
salts have been applied the other orders of plants have been 
almost completely suppressed while the true grasses have 
made an immense tonnage. 

Though excessive use of nitrates or ammonium salts is 
liable to cause scanty seed-formation, a liberal amount con- 
tributes more than all other fertilizing elements to an abundant 
harvest of wheat, corn, oats, etc., crops which botanically are 
members of the great order of the grasses. 

The dominant position of nitrogen in producing large wheat 
yields has also been most convincingly shown by Lawes and 
Gilbert. They made experiments, which are being continued 
at the present time, in which mineral fertilizers alone were 
applied, different quantities of nitrogen in nitrates or ammo- 
nium salts, and nitrogen compounds and mineral substances 
together. The accompanying table exhibits some of the re- 
sults. 
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Study of the table shows how little use it is t o  apply only 
mineral fertilizers to wheat when the soil is inadequately sup- 
plied with nitrogen. This element is stored in soils in the or- 
ganic matter, and from this soluble compounds are slowly 
produced. Kansas farms have, in the older parts, been robbed 
of this organic matter and it is probable that the soil nitrogen 
is at  present the limiting factor in grain production. 

It must not be at  once concluded that if nitrogen be lacking 
the farmer should buy nitrogenous fertilizers. The chief nat- 
ural source of soil nitrogen has been the leguminous plants. 
For countless centuries the wild plants of this order, including 
peas, beans and clovers, were growing on the prairies, and 
with the cooperation of microscopic organisms growing on 
their roots accumulated the nitrogen that Kansas farmers 
have been exploiting. The farmer must learn a lesson from 
nature and repair the damage to his soil by cultivating alfalfa, 
clovers, etc., and seeing that the nitrogen that they accumu- 
late gets back to the soil. Considerable amounts will be in the 
roots and stubble, but much more is in the leaves and stems. 
If these be sold from the farm in the form of hay, the land not 
only gets no benefit from the nitrogen contained in it, but it is 
further impoverished by the loss of potassium, phosphorus, 
calcium and other elements taken up by the plants and con- 
tained in the hay. 

Permanent maintenance of fertility demands that the ani- 
mal excretions produced when the farm crops are fed be re- 
turned to the land. In so f a r  as this is not done the soil must 
depend on the disintegration of mineral constituents, and in 
many cases these are so limited in amount that the production 
of sterility is only a question of time. 

It is a widely spread error t o  suppose that the production of 
clover or alfalfa on land is a general fertilizer for it. These 
crops add to the stock of nitrogenous compounds, but they 
diminish the stock of mineral substances. 

In respect to  the total amount of nitrogen required, the corn 
crop makes heavier demands than the wheat crop. It can, 
however, flourish with less available nitrogen in the soil in the 
spring, as its period of growth extends over a longer time and 
there is opportunity for the production of nitrates from the or- 
ganic matter of the soil during the summer months. 

The preceding paragraphs are chiefly in reference to the 

IET n/a




true grasses, including cereals. When we consider leguminous 
plants, such as peas, beans, alfalfa, and clovers of all kinds, 
the basic principles t o  be considered are quite different. These 
crops, with the assistance of the bacteria growing upon their 
roots, are largely independent of the soil in respect to nitro- 
gen, and mineral fertilizers, therefore, must be chiefly con- 
sidered. Calcium or lime compounds are of great importance 
to  them. No other crop removes so large an amount of lime 
from the soil as does alfalfa. In soils not amply provided 
through limestone or gypsum with an abundance of calcium, 
the application of these substances to alfalfa and clover may 
be of vital importance. In this connection it may borne in 
mind that superphosphate is a calcium compound, so that 
when it is applied to land a double fertilizing function is per- 
formed. 

For the purpose of adding calcium, slaked lime, air-slaked 
lime, ground gypsum or ground limestone may be used. If 
lime is added it will be somewhat caustic a t  first and may act 
upon organic matter and possibly mineral matter, but in a 
short time it will be transformed to calcium carbonate, the 
chief constituent of limestone. 

The ash of potatoes is rich in potassium, and in fertilizing 
this crop this should be borne in mind and a preponderance of 
that element provided in the fertilizer applied. Similar fer- 
tilizing is applicable for many other garden crops. As the 
profit in truck gardening lies largely in the production of 
early and succulent vegetation, there is in this state prob- 
ably no line of farming in which commercial fertilizers can 
be more profitably employed. As light sandy soil supplies the 
texture needed for the production of such crops most easily, it 
is also most likely to be in need of additional fertility, as such 
soils are liable to be deficient in soluble substances and ni- 
trogen. 

In the manuring of fruit trees and orchards it must be borne 
in mind that too liberal a supply of fertilizer is liable to result 
in the production of wood rather than fruit. For nursery 
stock this would be no disadvantage provided that the growth 
produced is not so rank as to  produce soft, imperfectly ma- 
tured wood. With fruiting orchards, mineral fertilizers are 
often of great assistance, but an excess of nitrogen should be 
avoided. 
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The New York Experiment Station (Geneva), in its Bulle- 
tin No. 94, issued a valuable compilation of information con- 
cerning fertilizers and the requirements of various crops in 
this respect. The practical discussion of these data adds much 
t o  its usefulness. By the courtesy of Prof. L. L. Van Slyke, 
author of the bulletin, we are permitted to  make use of some 
of the material in it. The accompanying table is a rearrange- 
ment, and, in respect to phosphorus and potassium, a recalcu- 
lation and adaptation of data presented in that bulletin, and 
thankful acknowledgment of our indebtedness is tendered at
this time. Such estimates are very useful, but must be recog- 
nized as only approximations. Our experience with fertilizers, 
thus far, in this state has not been sufficient to afford a basis 
for recommendations, and those of Van Slyke are offered as a
valuable convenience, for use until local observations shall sug- 
gest modifications. The figures given cover the range between 
a moderate application and a very heavy one. 

THE VALUATION OF FERTILIZERS. 

The cost of fertilizers varies considerably, depending upon 
distance from the source of supply, labor expended in their 
preparation, interest on capital, profit of dealers, etc. Not
only does the price of a given material vary, but the cost of a
particular element varies, depending on the mode of combina- 
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tion in which it is purchased. This is due in part to the 
greater availability of the element in certain forms over that 
of others, and the consequent difference in esteem in which 
the several forms are held. 

Since the relative adaptability of a given element in the dif- 
ferent compounds in which it may be obtained is not the same 
for all crops, it will never be possible to calculate exactly the 
relative value of the element in these different forms. For the 
sake of making approximate comparisons, however, chemists 
for many years have been making estimates of the value of fer- 
tilizers. The chemists and directors of several experiment 
stations agree annually upon the valuation to be used for the 
current year. By means of these valuations it is possible to 
calculate approximately the relative worth of the various 
brands of fertilizers on the market and to avoid the purchase 
of those which are evidently deficient in value for  the price 
asked. 

The valuations adopted are based upon the selling price on 
the Atlantic seaboard of the raw materials from which fer- 
tilizers are manufactured, and hence do not include any of the 
cost of manufacture. The valuation adopted for 1910 by the 
experiment stations of Maine, Vermont, Massachusetts, Rhode 
Island and Connecticut are shown in the accompanying table. 
For New Jersey the valuations are the same with one slight 
exception made necessary by a legally prescribed difference in 
the mode of analysis of phosphates. 
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The valuations shown for phosphorus and potassium have 
been calculated from the round numbers adopted for “phos- 
phoric acid” and “potash.” For all practical purposes, the 
figures given above may be rounded off to the nearest tenth. 

The meaning of these valuations must not be mistaken. 
They are based on the cost of materials, not on the returns 
that they yield in crops. The return received following the use 
of a fertilizer depends on many things beside the fertilizer 
itself. Among the most important of these is the crop treated. 
A crop which sells at a low price will return a much smaller 
additional profit for a certain weight of increased yield than 
will a crop which sells a t  a high price. Furthermore, the 
farmer may at  considerable expense use a fertilizer that is not 
especially adapted to the requirements of the crop to which it 
is applied. Again, he may apply certain constituents to a soil 
already well supplied with them, and then not even get an addi- 
tional yield. The returns attending the use of a fertilizer are 
thus seen to be dependent upon the business intelligence of the 
user, and this must be applied to all phases of the problem, not 
merely to a consideration of the fertilizer. 

THE FERTILIZING CONSTITUENTS OF CROPS. 

The fact that crops carry off considerable amounts of potas- 
sium, nitrogen, phosphorus, etc., is the chief reason why, in 
many places, it is necessary to  add these elements t o  the soil. 
Western farmers are all too frequently altogether ignorant o r  
indifferent in respect to the fertilizer valuations represented in 
their crops, the actual money outlay that would be required 
to return to  the soil in commercial forms the elements re- 
moved by them. 

The amount removed by a crop cannot be accurately calcu- 
lated, as plants vary in composition from several causes, the 
composition of the soil being one. Several chemists have 
made estimates based on available data. These differ consid- 
erably, but most of the accompanying table gives figures that 
have been calculated from one published by Snyder. 

To these we have added a column showing what the indi- 
cated quantities of potassium, nitrogen and phosphorus would 
cost if purchased in fertilizers. For this calculation we have 
used the valuations previously presented for  these elements. 
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FERTILIZING ELEMENTS IN THE FOOD CONSUMED BY 

DOMESTIC ANIMALS. 

From the data presented in table V it is evident that con- 
siderable quantities of the important elements of soil fertility 
are contained in the food consumed by domestic animals. The 
actual commercial value of this is not fully realized by most 
farmers, and the value of farm manures as compared with com- 
mercial fertilizers is not appreciated. 

The percentages of fertilizing elements in farm manures 
vary greatly, depending upon the care with which they are 
protected, the character of the feed consumed by the animals 
and the extent to which rotting has progressed or water evap- 
orated. The figures for the fertilizing constituents are always 
low, but they are present in readily available form and the ac- 
companying organic matter has itself a highly beneficial effect 
on the land. Even with these low percentages the total 
amount of plant food in the manure produced on a farm 
reaches very significant quantities. The following table has 
been calculated from the observations of several different men 
and may serve to bring out strongly the value of this neglected 
farm product: 

CHOOSING FERTILIZERS. 

After a farmer has decided to t ry  the effect of commercial 
fertilizers upon a given crop the problem of deciding upon the 
ones to be used is likely to present considerable difficulty. 
The tables given in this bulletin are designed to reduce the 
work in this connection to a minimum, but it must be recog- 
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nized that the use of fertilizers is an application of science 
in agriculture, and to do this economically and with profitable 
results requires intelligent thought. Table III shows approxi- 
mately the quantities of the several elements that may be 
used, but specific knowledge of the deficiencies of one's soil 
as shown by analysis or  by test crops may point directly to im- 
portant modifications of those figures. 

Furthermore, it may be difficult to choose from among the 
fertilizers registered in this state, and especially the limited 
number on sale in one's own town, one that will contain the 
nitrogen, phosphorus and potassium in the proper proportions. 
From these points of view it is not infrequently advantageous 
to the farmer to buy fertilizers containing the elements which 
he desires and mix them himself. Possibly one of the ready- 
mixed fertilizers available may be modified by mixing with- it 
a certain amount of one or more other fertilizers, thereby 
bringing the amounts of the several constituents to the desired 
relation. In making such calculations table VII will often be 
found extremely useful. 

MIXING FERTILIZERS AT HOME. 

If, by means of test crops or otherwise, the farmer has ar-
rived a t  a definite conclusion concerning the fertilizer that he 
wishes to apply, it may be almost necessary for him to pur- 
chase the raw materials and mix them himself. If so he 
should bear in mind that they should be as finely ground as 
practicable and that he must mix them with extreme care if 
the product is to fulfill his expectations. Unless a uniform 
mixture is made the several constituents of the fertilizers will 
not be distributed in the same relative amounts over his fields. 
Unless they are finely ground they cannot be perfectly mixed,
nor uniformly distributed through the soil, and hence the crops 
cannot profit by them to the same extent. 

For mixing fertilizers on the farm all that is required is a 
smooth floor, shovels, and a screen of three or four meshes to 
the linear inch. The fertilizers purchased, though they may 
have been finely ground, are liable to pack in the bags and be- 
come lumpy. The rather coarse screen specified is for the pur- 
pose of separating these lumps, which must be pounded up
until all will pass the screen. 

In  mixing, the most bulky of the fertilizers is first spread 
out evenly on the floor in a layer a few inches thick. The next 
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in bulk is then spread evenly over this, and so on until all are 
spread out. The mass is then shoveled to one side in a ridge 
or  pyramid in such a manner as to mix the different parts as 
much as possible. The shoveling is repeated two or three 
times, making three or four shovelings of it all together. 

Analyses made of home mixtures so prepared have shown 
that satisfactory uniformity in composition may be obtained, 
and field experiments with such fertilizers have given results 
equal t o  those afforded by factory-mixed fertilizers of the 
same composition. The saving in cash outlay is considerable 
and is well worth attention. One should not undertake home 
mixing, however, unless equipped to do the work properly and 
willing to give it sufficient attention to see that i t  is well done. 

In the preparation of mixed fertilizers, either by large man- 
ufacturers or by the farmer for his own use, certain substances 
are available in considerable quantities. For the convenience 
of the farmer a table is given herewith showing the composi- 
tion of these that he may have something to guide him in 
choosing. The different ones are grouped according to the 
element for which the fertilizer is employed, chiefly, though 
it will be seen that some contain more than one element and 
all must be taken into account in calculating the formula for 
a mixed fertilizer. The figures for commercial fertilizers are 
calculated from a table published by Voorhees in Farmer’s 
Bulletin No. 44, United States Department of Agriculture. A 
statement concerning the composition of farm manures is also 
included for comparison and for general reference. Farm 
manures vary enormously in composition, depending to a cer- 
tain extent on the species of the animal, but more on the feed 
of the animal, the amount of water in the manure, the amount 
of bedding, whether or not both solid and liquid excretions are 
included, and the extent to which fermentation has taken 
place. The figures given are the average of selections made 
from Storer’s compilation, and apply to fresh or nearly fresh 
manures, free from litter. As an average for well-kept mixed 
barnyard manure from cattle, one may without serious error 
assume a composition of 0.5 per cent nitrogen, 0.14 per cent 
phosphorus and 0.42 per cent potassium. A similar product 
from horses may be taken as containing 0.5 per cent nitrogen, 
0.11 per cent phosphorus and 0.40 potassium. 

FUNDAMENTAL COMMERCIAL FERTILIZERS. 
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HOW TO CALCULATE THE QUANTITIES OF 
FERTILIZERS TO BE APPLIED. 

Unless previous plot testing has shown the nature of the 
deficiency in one’s soil, the quantities of nitrogen, potassium 
and phosphorus to be applied to the several crops may be de- 
termined by consulting table III.  For example, the amounts 
recommended for potatoes are:  30 to 60 pounds of nitrogen, 
17.5 to  35 of phosphorus and 55 to 110 of potassium. 

These elements, however, cannot be applied as such, and 
would be useless or injurious if so applied. Plants get them 
in various compounds, such as nitrates, ammonium salts, or- 
ganic waste products, phosphates, potassium salts, etc. These 
substances as they occur in commerce vary considerably in 
their content of the desired constituents, and certain arithmet- 
ical calculations are necessary in order to ascertain the quanti- 
ties of any one to be used to apply the desired amounts of 
nitrogen, potassium or phosphorus, as the case may be. While 
these calculations are not difficult, table VIII has been pre- 
pared that the labor of making them may be reduced to  a 
minimum. 

Suppose that it has been decided to apply fertilizers carry- 
ing 45 pounds of nitrogen, 26 of phosphorus and 80 of potas- 
sium in available forms. These amounts might be supplied by 
various substances as shown by table VII. The calculation 
is simplest if the materials chosen are such that each furnishes 
but one of the fertilizing elements. For example, sodium 
nitrate might be chosen to supply nitrogen, Florida super- 
phosphate for phosphorus and potassium sulphate for potas- 
sium. Their composition may, for illustration, be assumed to 
be 15.8 per cent nitrogen in the nitrate, 7 per cent available 
phosphorus in the superphosphate, and 42.2 per cent .potassium 
i n  the potassium sulphate. 

By referring to table VIII, in the columns marked “percent- 
age present” one finds the numbers 15.8, 7.0 and 42.2, and 
opposite these t o  the right, in columns headed “pounds re- 
quired,” he finds the corresponding weights necessary to 
furnish one pound, viz., 6.33 pounds of the sodium nitrate for 
one pound of nitrogen, 14.3 pounds of the superphosphate for 
one pound of phosphorus, and 2.37 pounds of the potassium 
sulphate for one pound of potassium. The total amount of 
each required is found by multiplying the amount that con- 
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tains one pound by the pounds of the element required in 
each case. Thus : 

6.33 x 45 = 284.9 sodium nitrate, 
14.30 X 26 = 371.8 superphosphate, 
2.37 X 80 = 189.6 potassium sulphate. 

If, however, one wishes to use dissolved bone as the source 
of the phosphorus he must take account also of the nitrogen 
in it. Suppose that it contains 2.5 per cent of nitrogen and 
6.4 per cent of phosphorus in available form. A little thought 
will show that although it contains nitrogen i t  cannot be used 
as the sole source of that element without adding much more 
phosphorus than desired, for it is proposed to apply 45 of 
nitrogen and 26 of phosphorus, or nearly twice as much nitro- 
gen as phosphorus, while in the dissolved bone there is over 
twice as much phosphorus as nitrogen. 

The first step then is to compute the amount of the dissolved 
bone necessary to furnish the 26 pounds of phosphorus. By 
reference again to table VIII one finds that with a percentage 
of 6.4, 15.6 pounds will be required to give one pound of 
phosphorus. The total weight required would be 15.6 x 26 =
405.6 pounds. As this contains 2.5 per cent of nitrogen, the 
quantity of that element contained in the bone is found by 
multiplying by the rate per cent and dividing by 100.  Thus, 

10.14, which is the number of pounds of nitrogen 

in the 405.6 pounds of bone. As the total nitrogen to be ap- 
plied is 45 pounds, 45 - 10.14 = 34.86, the number of pounds 
to be supplied by other means. This might be by a concen- 
trated tankage carrying 12.5 per cent of nitrogen. By means 
of table VIII it is seen that of such tankage eight pounds will 
be needed to supply one pound of nitrogen. To supply 34.86
pounds, 34.86 x 8 = 278.88 pounds will be required. 

If now we suppose that  the potassium is to be furnished by 
means of unleached wood ashes containing 5.9 per cent of 
potassium, we see by table VIII that 17 pounds of the ashes 
will be necessary for each pound of potassium to  be supplied. 
Hence 80 x 17 = 1360 is the number of pounds required with 
the 405.6 pounds of dissolved bone and 278.88 pounds of con- 
centrated tankage, t o  supply 80 pounds of potassium, 26 of 
phosphorus and 45 of nitrogen. The bone and tankage also 
carry small quantities of phosphorus in forms not rated as 

405.6 x 2 . 5  
100 
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available, but which are of value, as natural processes will 
gradually change them to available compounds. 

On principles similar to those illustrated above the quantities 
required of any fertilizers chosen may be computed, and any 
desired amounts of nitrogen, phosphorus and potassium sup- 
plied in the mixture thus calculated. 

FILLER IN FERTILIZERS.

There is likely to be an important misconception in reference 
to the amount of inert material in fertilizers as sold. Thus 
if a fertilizer is guaranteed to contain 7 per cent phosphorus, 
8 of potassium and 4 of nitrogen, the first impression must be 
that the remaining 81 per cent is unnecessary “filler.” The 
farmer may think that he is being cheated as to quality, and 
in any event is obliged to pay freight on worthless material. 
This view may a t  times or to a certain extent have a real 
justification, but i t  may be unfounded for the most part. Let 
us see how this comes about. 

The elements phosphorus, potassium and nitrogen are never 
used in the pure, free state as fertilizers. Nitrogen is a gas, 
and abundantly present in the air but cannot be appropriated 
by any field crops except the legumes. Phosphorus and po- 
tassium would be wholly unfit to apply to land in the free state, 
and are very costly to prepare from their compounds even if 
the elements themselves as such were suitable t o  put on the soil. 
These elements are merely the measures of value of the con- 
siderable variety of their compounds present in soils and ferti- 
lizers. These compounds are the real fertilizing substances 
and the other elements combined in them with the nitrogen, 
phosphorus and potassium are necessarily present in order 
that these three may be supplied to plants in a form that can 
be taken up and utilized. Examples may make this plainer. 

Sodium nitrate or Chili saltpeter is one of the most valuable 
nitrogenous fertilizers. In the pure state it contains 16.5 per 
cent of nitrogen. It might seem that, if nitrogen is the ele- 
ment that it is desired to offer the crop, the remainder of 
the substance is “filler.” This view would be quite wrong, 
however, as the sodium and the oxygen that make up the re- 
maining 83.5 per cent are essential to the existance of the 
Chili saltpeter. 

Similarly, potassium chloride, or “muriate of potash,” an- 
other compound largely used in fertilizers, is only 52.3 per 
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cent potassium, but the 47.7 per cent of chlorine present is as 
necessary to the formation of potassium chloride as is the po- 
tassium itself. 

Again, if a superphosphate should be prepared from pure 
calcium phosphate and sulphuric acid it would contain only 
12.2 per cent of phosphorus. It would also contain 23.7 
per cent of calcium, which in some soils would be a valuable 
element to add. Even counting that, the sulphur, hydrogen 
and oxygen, constituting the remainder of the superphosphate 
and without which it could not exist, make up 64.1 per cent 
of the substance. 

A fertilizer compounded of 1200 pounds of such pure super- 
phosphate, 500 pounds of pure sodium nitrate and 300 pounds 
of pure potassium chloride per ton, would be a perfectly pure 
fertilizer, yet it would contain in the aggregate only 7.3 per
cent of phosphorus, 7.8 of potassium and 4.1 of nitrogen, or
19.2 per cent all together. The remaining elements are un- 
avoidably present, as plants cannot utilize the free elements, 
but must receive them in compounds such as those named.

It will be seen that even with perfectly pure fertilizing sub- 
stances it is impossible to avoid a large percentage of seem- 
ingly useless elements. However, substances as they occur in 
nature are seldom pure, and the cost of purifying them is 
often very large. The phosphate rock of Florida, South Caro- 
lina and Tennessee is on the average much below pure calcium 
phosphate in its content of phosphorus, and to purify com- 
pletely these natural products is not economically possible. 
It is much better to sell them in a somewhat impure condition, 
either with or without previous conversion into superphos- 
phate, and pay freight on useless material, than to go to the 
great expense of putting the rock through a long and costly 
chemical process for  its purification. Similar considerations 
apply to nitrogenous and potassic fertilizing materials also. 
One is, therefore, not in position to condemn a fertilizer as 
weighted with worse than useless “filler” until he knows what 
substances have been used as the source of the several ele- 
ments of fertility and has made a somewhat troublesome 
arithmetical calculation. 

It should also be clear that  the valuation of any fertilizer 
can be made only by taking into consideration the percentage 
of the fertilizing elements, and that a guaranty concerning 
them is essential as a safeguard to the purchaser. It will also 
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be seen that high-grade fertilizers are not only worth more 
because of their higher content of the fertilizing elements, 
but that pound for pound these elements are worth somewhat 
more in such fertilizers by reason of the saving in freight 
and handling. 

EXPLANATION OF THE USE OF TABLE VIII. 

Table VIII requires but little explanation. AIthough in- 
cluded here because of its applicabiIity in making computa- 
tions relative t o  fertilizers, it presents purely mathematical re- 
lations that may be used in connection with anything else. 
Really the figures in the columns headed “pounds required’’ are 
the reciprocals of numbers one one-hundredth as large as the 
numbers opposite under the heading “percentage present.” 
Thus 1000 is the reciprocal of 0.001, 500 of 0.002, 125 of 0.008, 
20 of 0.05, etc. This table has been made up by adapting and 
extending a table of reciprocals of numbers given in Holman’s 
“Computation Rules and Logarithms.” 

Suppose that the farmer has decided to  apply in a certain 
case 500 pounds of phosphorus t o  land, and to  supply this in the 
form of a finely ground rock phosphate containing 13.5 per 
cent of phosphorus. By looking in table VIII, in the coIumns, 
headed “percentage present,” until the figures 13.5 are reached, 
one finds opposite, to the right, in the column headed “pounds 
required,’’ the number 7.407. From this he knows that 7.401
pounds of the phosphate rock containing 13.5 per cent of phos- 
phorus will furnish one pound of phosphorus; hence to get the 
500 pounds of phosphorus required he must obtain 500 times 
7.407, or 3703.5 pounds. 

Suppose, on the other hand, that his data are stated in figures 
for “phosphoric acid” instead of phosphorus, and that he has 
decided to  use 1145 pounds of “phosphoric acid” on his land, 
and that the rock phosphate that he has in view contains 30.9 
per cent of “phosphoric acid.” By finding in table VIII under 
“percentage present” the number 30.9, he finds opposite, t o  
the right, under “pounds required,’’ the number 3.236. This 
shows the number of pounds of the rock phosphate required to  
furnish one pound of phosphoric acid, and by multiplying 1145 
by 3.236 he finds that 3705.2 pounds of the rock phosphate will 
be required. This result differs slightly from the one calcu- 
lated from the figures for phosphorus, because in both cases 
small fractions have been dropped off. 
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Again, suppose that the farmer has decided to apply 500 
pounds of phosphorus, but that in quoting prices to him the 
rock phosphate is guaranteed to contain 30.9 per cent of 
“phosphoric acid,” how shall he proceed to ascertain the num- 
ber of pounds necessary? He may find the amount of “phos- 
phoric acid” equivalent to the 500 of phosphorus by con- pounds 
sulting table IX, thus finding it to be 1145 pounds. He will 
then continue as  just described and compute the number of 
pounds of phosphate containing 30.9 per cent of “phosphoric 
acid” required to furnish 1145 pounds of “phosphoric acid.”
On the other hand, he may ascertain the percentage of phos- 
phorus equivalent to 30.9 per cent of “phosphoric acid” by the 
use of table IX. This will be found to be 13.5, and the compu- 
tation may be made as first described. 

As already indicated, table VIII may be used for other pur- 
poses. If one knows the percentage of protein in a feed he can 
read off the number of pounds necessary to furnish one pound 
of protein. Thus if an alfalfa hay contains 12.3 per cent of 
protein, the table shows that 8.13 pounds of the hay will con- 
tain one pound of the protein. 

If a lot of sugar beets contains 15.7 per cent of sugar the 
table shows that 6.369 pounds of the beets would contain a
pound of sugar. 

If corn silage contains 23 per cent of dry matter, 4.348
pounds would be required to furnish one pound of dry matter. 

If an ore contains 11.2 per cent of copper, 8.929 pounds may
be read directly from the table as the weight of ore that con- 
tains one pound of copper. 

Examples might be multiplied indefinitely, but these will 
suffice to show the class of problems the solution of which is
facilitated by table VIII. 
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EXPLANATION OF THE USE OF TABLES IX TO XII. 

Tables IX to  XII have been prepared for the purpose of 
facilitating the calculation of data stated in the old system 
into those of the element system, and those of the element sys- 
tem into the old. Each table is double, and gives for each 
whole number from 1 to 100 of the one substance the equiva- 
lent amount of the corresponding other substance. Figures 
are also given for each of the hundreds from 100 to 1000 for 
each substance. These tables have been calculated by machine, 
using the international atomic weights for 1910, and are be- 
lieved to be absolutely accurate. These atomic weights are:  
Oxygen, 16 ; hydrogen, 1.008 ; nitrogen, 14.01 ; phosphorus, 
31.00 ; potassium, 39.10 ; calcium, 40.09. They lead to the fol- 
lowing factors for making calculations, and from which the 
tables were computed : 

To compute “phosphoric acid” from phosphorus, multiply 
by 2.29032.

To compute phosphorus from “phosphoric acid,” multiply 
by 0.43662. 

To compute “potash” from potassium, multiply by 1.20460. 
To compute potassium from “potash,” multiply by 0.830149. 
To compute ammonia from nitrogen, multiply by 1.21584. 
To compute nitrogen from ammonia, multiply by 0.822472. 
To compute lime from calcium, multiply by 1.39910. 
To compute calcium from lime, multiply by 0.71474. 
All of the tables are used in the same manner and may be 

illustrated by examples concerning phosphorus and “phos- 
phoric acid.” 

If a fertilizer is guaranteed to contain 25 per cent of “phos- 
phoric acid,” what is its percentage of phosphorus? Look in 
the columns headed “phosphoric acid” until the number 25 is
found; the number opposite, to the left, 10.9156, gives the 
figures for phosphorus. 

If advised to apply 67 pounds of phosphorus to a piece of 
land, to how much “phosphoric acid” is that  equivalent? Look 
in the columns headed “phosphorus” and find 67; opposite, to 
the right, the number 153.4514 shows the pounds of “phos- 
phoric acid” that contain 67 pounds of phosphorus. 

When the quantities to be reduced are not exactly given in 
the tables some calculation is necessary. Suppose, for ex- 
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ample, that one wished to know the percentage, o r  the amount, 
of “phosphoric acid” equivalent to 9.3 of phosphorus. The 
table does not, unless by chance, show the equivalents except 
for whole numbers, hence 9.3 is not found in the phosphorus 
column. However, the figures can be obtained by looking 
opposite 93, and dividing by 10 the number given there. In 
this way the “phosphoric acid” corresponding to 9.3 of phos- 
phorus is found to  be, in round numbers, 21.3.

Further, suppose one desires to compute the phosphorus in 
950 pounds of “phosphoric acid”; 950 is not found in the 
“phosphoric acid” column, but the desired figures may be 
found opposite 95, and by moving the decimal point to the 
right one place, t o  multiply by 10, we get 414.48 as the 
amount of phosphorus in 950 of “phosphoric acid.” 

Again, if it is desired to know the phosphorus equivalent to 
756 pounds of “phosphoric acid,” one looks in the columns 
headed “phosphoric acid,” and obtains the figures for 700 
pounds and 56 pounds separately. These are 305.63 and 24.45. 
Adding these together, 330.08 is obtained as the amount of 
phosphorus in 756 of “phosphoric acid.” 

Once more, if the percentage of “phosphoric acid” in a fer- 
tilizer is stated as 23.87, the percentage of phosphorus is found 
by looking in the table in the “phosphoric acid” columns and
getting the phosphorus figures opposite 23 and 87 separately. 
Those for 87 are then divided by 100 by moving the decimal 
point two places to the left, thus getting the figures for .87.
These are then added to those for 27. Thus, 10.04 + . 3 8  =
10.42, the percentage of phosphorus in a fertilizer containing 
23.87 per cent of “phosphoric acid.” 

These examples should suffice to show the method of using 
the table for phosphorus and “phosphoric acid,)) and precisely 
the  same principles are used with tables X, XI and XII. 
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