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BuLLeTIiN No. 557

COMMERCIAL FERTILIZERS

I. HISTORY OF FERTILIZER-CONTROL WORK OF
THIS STATION

II. COMPOSITION AND COST OF COMMERCIAL
FERTILIZERS IN NEW YORK STATE FROM 1913 TO 1928
L. L. VAN SLYKE

ABSTRACT

I. A brief history of the fertilizer-control work in New York State
is given. This work was inaugurated in 1890. Since then the
Station has analyzed over 25,000 samples of commercial fertilizers and
published in connection with this work 63 bulletins, aggregating more
than 2,800 pages.

II. The second part of this bulletin comprises a presentation of
numerous facts in relation to commercial fertilizers in New York
State for the year 1928, together with a general review for the 15
years from 1913 to 1928.

Data are given relating to the composition and cost of plant-food in
complete mixed fertilizers and in unmixed materials, such as super-
phosphate (acid phosphate), sodium nitrate, ammonium sulfate,
potash salts, bone, tankage, dried animal manures, and lime com-
pounds.

In the case of complete fertilizers, the average amount of plant-
food is greater in recent years than at any time in the history of the
fertilizer trade. This is due to a marked increase in the number of
high-analysis or concentrated fertilizers.

[ HISTORY OF FERTILIZER-CONTROL WORK OF THIS
STATION

The first bulletin in relation to the inspection of fertilizers at this
Station was issued in November, 1890. It is appropriate to review
briefly, the history of this work during these 38 years at this time
when the writer is retiring from service.

The pioneer work which attracted attention in the United States
to the need of analysis and control of fertilizers was that of Dr.
Samuel W. Johnson, Professor of Agricultural Chemistry at Yale
University for 40 years and for many years Director of the Con-
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necticut Agricultural Experiment Station. In 1853 and subsequent
years he published analyses which showed instances of fraud in
numerous samples of fertilizers. His work was supplemented later
by that of Dr. Charles A. Goessmann, Professor of Chemistry in the
Massachusetts Agricultural College and Director of the Experiment
Station and chemist in charge of fertilizer work. Both Connecticut
and Massachusetts enacted laws for the control of fertilizers in 1869,
but, owing to defects, these did not become effective until 1873 in
Massachusetts and 1875 in Connecticut. Other states gradually
followed their lead. :

FERTILIZER CONTROL IN NEW YORK STATE

New York State made its first gesture in this direction in 1878.
There are five dates deserving special notice connected with the
attempts made in this State by legislative enactment to afford pro-
tection against fraud in the purchase of commercial fertilizers. These
dates are 1878, 1890, 1894, 1896, and 1899.

In 1878 the first enactment was passed but no provision was made
for its execution. After intermittent agitation of the subject for ten
years, a systematic effort was finally made to secure new legislation
of a practical character. A new and strong interest in the matter was
aroused by some work done at this Station which brought to light
the existence of serious frauds in fertilizers. As an instance, a ferti-
lizer, known as ‘“Mason’s Highgrade Potash Fertilizer,” made at
Binghamton and sold at $30 a ton, was found to contain 0.2 per
cent of nitrogen, 0.18 per cent of available phosphoric acid, and a
trace of potash. It was guaranteed to contain 5 per cent of nitrogen,
3 per cent of available phosphoric acid, and 8.1 per cent of potash.
The value of its plant-food constituents did not exceed one dollar.

Finally, in 1890 a law was passed, the execution of which was
placed in charge of this Station. The first task assigned to the writer
on July 12, 1890, when he began his duties as chemist of the Station,
was the organization of the chemical laboratory necessary to an-
alyze fertilizers. The general principles contained in this enact-
ment were satisfactory and the law was efficient in making. public
at intervals the composition of the fertilizers sold in the State.
However, in prosecuting violations, it was found impossible to secure
conviction against offending parties, owing to certain technical
defects in the statute. An unsuccessful effort was made in 1894 to
remedy these defects, by amendments, but it was not until 1896
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that the statute was completely revised, greatly simplified, and
made workable.

The law was amended in 1899 to meet a situation which had un-
expectedly developed. Until 1899 the cost of executing the law had
been met by special legislative appropriations. Under these circum-
stances, manufacturers increased the number of brands to such an
extent that the number offered for sale increased from 245 in 1890
to about 2,300 in 1899. This condition greatly increased the cost
of executing the law and was, moreover, a practical hindrance rather
than a help to farmers. To meet this situation, the law was amended
in 1899 by requiring a license fee for each brand offered for sale in
this State. This at once reduced the number of brands from nearly
2,300 to about 600, and the number has not increased much since.

In 1904 the law was further changed so as to place the collection of
samples and the responsibility of making prosecutions in the charge
of the State Department of Agriculture and Markets. The law has
since been modified at intervals in minor details.

PUBLICATION OF BULLETINS

The publication of the results of analysis of fertilizers began with
Station Bulletin No. 25, November, 1890. During the first year,
five bulletins, containing 137 pages were issued, in which, in addition
to results of analysis of fertilizers, there was presented a discussion
of the elementary fundamental facts relating to commercial fertilizers,
such as the meaning of terms used in giving the results of chemical
analysis, description of materials used in making commercial ferti-
lizers, general principles underlying the purchase and use of fer-
tilizers, etc., subjects about which farmers at that time greatly
desired and needed information. Later (1893 and 1895) two special
bulletins, containing 223 pages, were issued, discussing in greater
detail the general principles relating to the composition and use of
fertilizers or science applied to the feeding of crops. Bulletins de-
voted exclusively to the publication of results of fertilizer analysis
have numbered 35, containing 2,160 pages. From 1890 to 1921
the publication of the results of fertilizer analysis was done by
this Station, but in 1921 this was taken over by the State Depart-
ment of Agriculture and Markets. In recent years 12 bulletins have
been published in which were discussed from year to year the compo-
sition and cost of the fertilizers analyzed.

In all, the Station has published 63 bulletins on fertilizers, aggre-
gating over 2,800 pages. The number of copies of each of these
bulletins printed has varied from 5,000 to 45,000. Therefore, the
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aggregate number of pages distributed among farmers of this state on
this one subject has aggregated more than 100,000,000.

The number of samples of fertilizers analyzed by this Station from
1890 to the present time has aggregated more than 25,000. The
purchases of fertilizers by farmers during these 39 years have amount-
ed to about two hundred million dollars. We have no means of
estimating with precision the amount of money which this work
of the Station has saved farmers by protecting them against fraud
in the purchase of fertilizers, but it is safe to say that the cost of
executing the law has been only a small fraction of the amount
thus saved.

II. COMPOSITION AND COST OF COMMERCIAL
FERTILIZERS IN NEW YORK STATE FROM
1913 TO 1928

KINDS OF COMMERCIAL MIXED FERTILIZERS AND
MATERIALS

The data embodied in the following pages are based upon the
analyses of samples of fertilizers collected by the Department of
Agriculture and Markets and sent to this Station for chemical
analysis.!

In Table 1 is given the number of each kind of mixed commercial
fertilizers and of unmixed fertilizing materials that were collected
and analyzed in New York during the year 1928. There are, in
addition, given for the years 1914 and 1918 corresponding data
which enable one to see by comparison the pre-war conditions and
also the maximum effect of the war in decreasing the number of
mixtures and materials on the market. For full details relating to
other years extending over the period 1914 to 1927, inclusive, see
Bulletins Nos. 493, 499, 511, 525, 539, and 548 of this Station.

Among the points of special interest shown by a study of the data
contained in Table 1, attention is called to the following:

1. Total number of brands.—The number of brands or samples
annually collected and analyzed decreased between 1914 and 1918

(the year of smallest number) from 1,000 to 560, equivalent to a
decrease of 44 per cent. The number has gradually increased since |

1918, and in 1928 it is 74.7 per cent of the number in 1914.

1The details of the chemical work in 1928 were performed by associate chemist
A. W. Clark, and assistant chemists M. P. Sweeney, W. F. Walsh, M. G. Moore,
and Frank Kokoski.
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2. Complete mixtures.—In 1918 the number of complete mixtures
was only 29 per cent of that in 1914, a decrease of over 70 per cent.
In 1928 the number has increased from the low point in 1918 (177)
to 410 which is about 67 per cent of the number found in 1914. As
explained in former bulletins, the decrease was due to the lack of
supply of potash salts during the war.

TABLE 1.—NUMBER AND KINDS OF COMMERCIAL FERTILIZERS AND FERTILIZING
MATERIALS COLLECTED AND ANALYZED DURING 1914, 1918, anD 1928.

KiINDs 1914 | 1918 | 1928
1. Complete fertilizers. ............................ 614 177 | 410
2. Mixtures of compounds of phosphoric acid and potash| 117 3 40
3. Mitxures of compounds of phosphoric acid and
DIETOZEI . . oot 0| 218 0
4. Superphosphate (acid phosphate) ................. 57 71 64
5. Sodium nitrate 39 7 37
6. Ammonium sulfate 0 0 17
7. Potashsalts............................... .. 43 0 13
8. Lime compounds 25 26 56
9. Bone. ... ... 34 29 44
10. Tankage........... ... . ... i 20 10 15
11. Dried blood. ... ... ... oo, 14 1 1
12. Dried animal manures. ... .................... . 9 12 35
13. Miscellaneous. ........oovuiiiiinina . 28 6 15

............................ “.........11,000 | 560 | 747

3. Incomplete mixtures.—Previous to the year 1914, there had
. been an increasing number of mixtures of commercial fertilizers
i containing only acid phosphate and potash salts, the number having
risen to 117 in 1914. These mixtures practically disappeared from
. the market in 1918, but they have slowly increased since then. When
. these mixtures greatly decreased in number, their place in the market
¢ was taken by mixtures containing only nitrogen and phosphoric acid.
+ Such mixtures first appeared in 1916 and rapidly increased, until, in
7 1918, their number (218) exceeded the number of complete mixtures,
but they no longer appear in the market.
i 4. Superphosphate (acid phosphate).—The number of brands of

+ Superphosphate analyzed continues to exceed the number in 1914.
5. Sodium nitrate.—The use of sodium nitrate for fertilizer

decreased rapidly until the close of the war, but its use has rapidly

s increased since.

1 6. Ammonium sulfate.—Before 1914 and during the war, little,
{if any, ammonium sulfate was found in the hands of consumers,
but within the last few years, the amount appears to have increased
appre01ably

I
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7. Potash salts have increased rapidly in consumption since the
war.

8. In relation to other materials, the use of lime compounds has
been rapidly increasing; bone and tankage appear to have come back
to pre-war consumption in fertilizers; dried blood is not used as in
pre-war times; wood ashes appear to have gone from the market;

while dried animal manures are found in the hands of consumers

in increasing amounts.

COMPOSITION OF MIXED FERTILIZERS

It is a matter of interest to observe in what details the percentage
of plant-food constituents in mixed fertilizers has varied during the
period under consideration. In Table 2 are given the average per-
centages of nitrogen, of available phosphoric acid, and of potash in
complete commercial fertilizers for each year, stating both the aver-
age percentage guaranteed and that found. The total number of
pounds of plant-food in 100 pounds of fertilizer is also given.

TABLE 2.—CoMPOSITION OF COMPLETE FERTILIZERS, 1914 to 1928.

AVAILABLE
N1TROGEN PHOSPHORIC ACID Porasn PLANT-FOOD
YEAR IN

Guar- | Found | Guar- | Found | Guar- | Found | 100 POUNDS

anteed anteed anteed

per cent | per cent | per cent | per cent | per cent | per cent per cent
1914 2.08 2.16 7.60 8.04 5.70 6.04 16.24
1915 2.20 2.23 8.22 8.62 2.90 3.08 13.93
1916 2.14 2.20 8.50 9.22 1.28 1.32 12.74
1917 2.06 2.18 8.51 8.96 1.45 1.48 12.62
1918 1.90 2.02 8.32 8.55 1.58 1.52 12.09
1919 1.79 1.89 8.24 8.70 1.59 1.61 . 12.20
1920 1.74 1.81 8.22 8.61 3.18 3.24 13.66
1921 2.02 2.07 8.10 8.51 3.51 3.62 14.20
1922 2.20 2.30 7.64 8.33 4.41 4.51 15.14
1923 2.26 2.38 8.15 8.30 4.70 4.78 . 15.46
1924 2.61 2.70 8.39 8.65 | 5.05 5.19 16.54
1926 2.65 2.75 9.13 9.48 5.60 5.87 18.10
1927 2.79 2.82 8.50 8.81 5.34 5.40 17.03
1928 2.80 2.91 9.30 9.64 5.63 5.80 18.35

The detailed data embodied in Table 2 are summarized in the
statements following.

1. Nitrogen.—The average percentage of nitrogen found re-
mained above 2 until 1918, when it dropped continuously each
year until 1920, beginning in 1921 to increase. During the past
seven years (1922-28), it has been above the pre-war percentage,
increasing each year and reaching the maximum of 2.80 in 1928.
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2. Available phosphoric acid.—The percentage of available phos-
phoric acid increased appreciably after 1914 and has since remained
considerably above that of 1914, the maximum figures being reached
in 1926 and 1928.

3. Potash.—The greatest variation in any of the plant-food con-
stituents of complete commercial fertilizers was, as would be ex-
pected, in the percentage of potash, owing to the complete cessation
of importation of potash salts and the inadequate supply from do-
mestic sources. In 1914 the average percentage of potash in complete
fertilizers was about 6, which fell to 3 in 1915 and still further to 1.32
in 1916, after which there was a gradual increase from year to year.
The amountin 1928 (5.80 per cent) is the highest since 1914, excepting
in 1926, when it was 5.87. '

4. Total plant-food.—By adding the percentages of nitrogen,
available phosphoric acid, and potash, the number of pounds of
plant-food in 100 pounds of fertilizer may be obtained, as shown in
the last column of Table 2. These figures show a marked decrease
after 1914 until 1918, after which there was a gradual increase. Inthe
past year (1928), the total amount of plant-food not only reached
the pre-war figure (16.24 per cent), but surpassed it, having reached
the percentage of 18.35, the highest average amount ever found
in the fertilizers of New York State.

DIFFERENCES IN AMOUNTS.OF CONSTITUENTS
GUARANTEED AND FOUND

In Table 3, data are given which show, in the case of 410 complete
fertilizers, the average differences between the percentages guaran-
teed and those found in respect to nitrogen, available phosphoric
acid, and potash. The number of samples in which the amount found
was above or below the amount guaranteed is also given, and, further,
the range of extreme differences in individual cases.

An examination of the data in Table 4 reveals that 73 per cent of
the 410 samples exceeded the guarantee in nitrogen, 75 per cent in
available phosphoric acid, and 67 per cent in potash; while the
number of samples below guarantee was 27 per cent in nitrogen, 25
per cent in available phosphoric acid, and 33 per cent in potash.

During the period 1914 to 1928, the average yearly excess of nitro-
gen over the guaranteed percentage varied from 0.03 to 0.12 and
averaged 0.09. In the case of available phosphoric acid, the average
vearly excess varied from 0.15 to 0.72 and averaged 0.44. In the
case of potash, the average excess varied from 0.02 to 0.43 and
averaged 0.12.
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TABLE 3.—DIFFERENCES IN PERCENTAGES GUARANTEED AND FounD, 1928

AVAILABLE
NITROGEN | PHOSPHORIC | PoTASH
ACID

Percentage guaranteed, average. .. ....... 2.80 9.30 5.63
Percentage found, average. .. ............ 2.91 9.64 5.80
Excess found above guarantee, average. ... 0.11 0.34 0.17
Number of samples equal to or above

guarantee. . ............ i 299 309 274
Highest percentage above guarantee. .. ... 1.18 4.20 4.75
Lowest percentage above guarantee. . ... .. 0.01 0.01 0.01
Average percentage above guarantee. . . ... 0.15 0.48 0.38
Number of samples below guarantee. . . ... 111 101 136
Highest percentage below guarantee. . . .. .. 0.83 2.26 1.81
Lowest percentage below guarantee. .. .... 0.01 0.01 0.01
Average percentage below guarantee. ... .. 0.09 0.22 0.28

- In the case of the samples analyzed in 1928, it is of interest to
know further to what extent the samples are above or below guar-
antee in the different constituents. This information is given in
Table 4.

The data in Table 4 show that in 410 samples of complete ferti-
lizers analyzed in 1928 the excess or deficiency in different constit-
uents is very variable in respect both to the number of samples and
the amount above or below guarantee.

In Table 5, figures are given for the years 1923, 1924, 1926, 1927,
and 1928, showing the proportion of samples of complete fertilizers
which were above or below the guaranteed composition.

TABLE 4—NUMBER OF SAMPLES ABOVE OR BELOW GUARANTEE IN RELATION
TO THE AMOUNTS OF CONSTITUENTS, 1928.

NUMBER OF SAMPLES EQUAL NUMBER OF SAMPLES BELOW
TO OR ABOVE GUARANTEE IN GUARANTEE IN
Available Available
Nitrogen | phosphoric | Potash | Nitrogen | phosphoric | Potash
acid acid
Under 0.20
per cent. ... 227 75 125 105 61 70
Over 0.20
and under
0.40 per cent 52 69 .75 5 16 32
Over 0.40
and under
1 per cent.. . 17 127 51 6 15 22
Over 1 per cent| 3 38 23 0 9 12
Totals........ 299 309 274 111 101 136
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GRADING FERTILIZERS ON BASIS OF TOTAL CONTENT
OF PLANT-FOOD

By classifying complete commercial fertilizers on the basis of the
total amount of plant-food, i. e., nitrogen, available phosphoric acid,
and potash, contained in 100 pounds of fertilizer, it is possible to
show the varying proportions of these for each year of the period from
1914 to 1928. For this purpose, the fertilizers are divided into the
following four classes: (1) Those containing more than 15 pounds of
plant-food in 100 pounds of fertilizer; (2) those containing between

TABLE 5.—PROPORTION OF SAMPLES ABOVE OR BELOW GUARANTEE IN 1923

TO 1928.
PERCENTAGE OF SAMPLES
EQUAL TO OR ABOVE PERCENTAGE OF SAMPLES
GUARANTEE IN BELOW GUARANTEE IN
Available Available
Nitrogen | phosphoric | Potash | Nitrogen | phosphoric | Potash
acid acid
In 1923 83 63 62 17 37 38
In 1924 74 67 68 26 33 32
In 1926 78 82 74 22 18 26
In 1927 60 76 61 40 24 39
In 1928 73 75 67 27 25 33

12 and 15 pounds; (3) those containing between 10 and 12 pounds;
and (4) those containing less than 10 pounds. The results of such
classification are given in Table 6.

The figures in Table 6 show that the number of fertilizers in Class I,
which can properly be called high-grade fertilizers, decreased very
rapidly after 1914, nearly disappearing from the market during the
four years 1916 to 1919. Since then there has been a rapid increase
year by year. It is significant that the proportion of high-grade
fertilizers in 1927 and 1928 is considerably greater even than that
found in the pre-war period, being about 85 as compared with 59.2
in 1914. In the case of Class II, which may be called medium-grade
fertilizers, there was an increase from 30 in 1914 to nearly 55 in 1916
and 1917, and then a continuous decrease from year to year until
the number has reached about 14 as compared with 30.1 in 1914.

In the case of Class III, which increased rapidly from 1914 to
1918, there has been a gradual decrease until only one sample in
this class was reported during each of the last three years. Ferti-
lizers in Class IV, which are distinctly low-grade, have disappeared
from the market since 1924.

Briefly summarized, these facts mean that the proportion of high-
grade complete fertilizers decreased rapidly after 1914 and 1915, while
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the proportion of lower-grade mixtures increased in marked degree;
but after 1919 there was a gradual return to pre-war conditions
until now there is a larger relative number of high-grade fertilizers

TABLE 6.—DISTRIBUTION OF COMPLETE FERTILIZERS ACCORDING TO TOTAL
CONTENT OF PLANT-FOOD, 1914 TO 1928.

AVERAGE NUMBER OF FERTILIZER MIXTURES PER 100 IN
Class I, con- Class II, con- Class III, con- | Class IV, con-
taining more taining between | taining between taining less
YEAR than 15 lbs. 12 and 15 lbs. 10 and 12 lbs. than 10 lbs.
of plant-food in | of plant-food in | of plant-food in |of plant-food in
100 1bs. of 100 lbs. of 100 1bs. of 100 1bs. of
fertilizer fertilizer fertilizer fertilizer
1914 59.2 30.1 9.7 1.0
1915 33.5 49.4 14.3 2.8
1916 5.3 54.7 36.9 3.1
1917 5.1 53.4 33.3 8.2
1918 2.8 44.0 43.0 10.2
1919 6.5 46.2 36.7 10.6
1920 29.0 45.2 18.0 7.8
1921 40.2 36.8 19.0 4.0
1922 50.0 31.0 16.0 3.0
1923 53.0 32.0 13.0 2.0
1924 69.0 23.3 7.0 0.7
1926 82.3 17.5 0.2
1927 85.2 14.2 0.6
1928 85.0 14.8 0.2

and a smaller number of lower-grade fertilizers than at any time
in the history of commercial fertilizers.

RETAIL PRICES OF COMPLETE FERTILIZERS

In Table 7 figures are given for each of the years from 1914 to 1928,
showing (1) the average selling price for 1 ton of complete fertilizer,
(2) the number of pounds of plant-food per ton, (3) the average cost
of 1 pound of plant-food, and (4) the relative cost of 1 pound of
plant-food based on the cost in 1914.

The figures in Table 7 show: (1) That the retail selling price of
complete fertilizers increased gradually thru 1917; then in 1918 there
was a marked advance and in 1919 a great upward leap to a high
maximum, without precedent. Since 1919, there has been a decrease
from year to year. (2) That while there was a marked increase in
price per ton, there was, at the same time, a marked decrease in the
number of pounds of plant-food per ton up to 1919 and since then
an increase. Therefore, the only proper basis of yearly comparison is
the price of plant-food per pound, as shown in the fourth column of
Table 7. Here it is seen that the cost of 1 pound of plant-food in-
creased from 8.8 cents in 1914 to 33.1 cents in 1919, followed by a






