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RETAIL PRICES OF FERTILIZER MATERIALS AND MIXED
FERTILIZERS

E. E. VraL

The inflation and deflation of commeodity prices which took place during
and following the World War brought ahout many changes in price rela-
tionships and maladjustments in our industries. The fertilizer industry,
unlike many others, has not been able to adjust itself quickly to the sudden
changes that have taken place. The post-war agricultural depression cur-
tailed the demand for fertilizers; in addition, owing to the change in rela-
tionship between wholesale and retail prices, the fertilizer manufacturer
has received a smaller proportion of the money spent by farmers for
fertilizers than during the pre-war period. These have heen important
factors affecting the industry during the post-war period.

There has been much misunderstanding as to what is contained in fer-
tilizers. Too frequently, farmers judge the value of a fertilizer by its
color, its odor, and its physical characteristics. This uncertainty as to the
content of fertilizers, and the opportunity for misrepresentation, have led
to state legislation to protect the interests of the purchaser. All the impor-
tant fertilizer States have laws to control the sale of the product. As a
result of these laws, a vast amount of data concerning the actual and guar-
anteed analyses of fertilizers has been published. While chenusts have
made innumerable chemical analyses of fertilizers, periected methods of
analysis, and carried on important regulatory worl, little attention has been
given to the study of the relationships between the analysis and the retail
price of fertilizers.

Farmers, dealers, and the general public have been bewildered by the
innumerable types of fertilizers that have been put on the market. It is
probable that during the development of the industry every conceivable
wombination of nitrogen, phosphoric acid, and potash has been made, for
sale as mixed fertilizers. This was, first, a result of the attempts of a few
manufacturers to capitalize temporarily upon the ignorance of the pur-
‘chaser, and secondly, the result of experimentation by thousands of fer-
tilizer dealers, manufacturers, farmers, scientists, and others, with various
combinations of ingredients, to determine the best mixed fertilizers under
certain conditions. These conditions varied with the crop, the soil, the
weather, prices of crops, prices of fertilizer materials, and costs of manu-
facture and distribution. It is impossible to estimate the amount of time,
effort, and money spent by farmers, by federal, state, and local agencies,
and by fertilizer manufacturers and dealers, in solving this problem. From
these efforts there have gradually developed certain more or less standard
mixed goods that are sold in large quantities.
~ The other aspect of the problem, which has been a subject of discussion
among farmers for many years but which did not command the scientific
attention that it meerits until its importance was magnified by the post-war
agricultural depression and the difficulties in the industry, was the relation-
ship between the analysis and the retail price of fertilizers. This study
is an atteinpt to answer some of the perplexing questions in regard to the
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relation between wholesale and retall prices, and the relation between the
analysis, or content, of fertilizers and the prices paid by farmers.

The fertilizer reports of various States were the principal source of the
data used in this study. While there is considerable vanation in the fer-
tilizer laws of different States, many require the collection of samples of
fertilizer sold in the State by authorized agents and the analysis of these
samples by the state chemist. The fertilizer reports of the various States
contain primarily the guaranteed and actual analyses of the samples col-
lected by the fertilizer inspectors. The reparts for Connecticut, Penn-
sylvania, Indiana, New Hampshire, New York, and Texas, however,
contained the retail prices of the fertilizers that were sampled, as well as
the analyses. These data were used in studying the relation of the retail
prices of fertilizers to the analysis.

The first part of the present study is concerned with the retail prices of
fertilizer materials. An attcmpt was made to determine how changes in
wholesale prices affected retail prices. If the data on retail prices were
collected during the period from January to June inclusive, as in Connec-
ticut, the wholesale prices with which they were compared were an average
for the twelve months from July 1 of the preceding year to June 30 of
the current year. Fertilizer manufacturers, and to some extent dealers,
buy materials considerably in advance of the time when they are delivered
to farmers. In comparing the wholesale and the retail prices, an attempt
was made to compare the wholesale prices that existed during the time
when manufacturers and dealers were buying materials, with the retail
prices that farmers paid for the same materials when they purchased fer-
tilizer. Estimates were made of the cost of distribution — the difference
between the wholesale and the retail price. This is not the cost of distribu-
tion as would be determined by cost-accounting methods; for the farmer,
however, the difference between the prices at wholesale markets and the
price which he pays in his local community represents the cost of
distribution.

The second part of the study is devoted to an analysis of the prices of
mixed fertilizers. Even though fertilizer materials are purchased by
farmers, the bulk of the fertilizer tonnage in the United States is mixed
fertilizer. Many different grades or analyses of mixed fertilizers are
manufactured, and there is considerable variation in the retail price of
these various grades. The degree of relationship between the price and the
analysis was determined by correlating the retail price with the analysis.
The change in the retail price of the mixed fertilizer per unit change in
plant-food content was determined, and was compared with the wholesale
price of plant food. Estimates were made of the wholesale cost of plant
food in mixed fertilizers, and also of the cost of manufacture and distribu-
tion of mixed fertilizers.

FERTILIZER MATERIALS
AMMONIATES
Qrganic ammoniales
Cottonseed meal g
Cottonsecd meal is one of the important sources of organic nitrogen in
many tobacco fertilizers used in the Connecticut River Valley. During
the scven years 1888 to 1894, the price of cottonseed meal in Connecticut
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was relatively constant, averaging $26.26 per ton (table 1). During the
following four years, 1895 to 1808, the price averaged $21.50 per ton, or
only G4 per cent as high as the pre-war (1910-to-1912) price.

TABLE 1. AVERAGE CaAR-LoT PRICE AND AVERAGE ANALYSIS OoF COTTONSEED
MEaL 1IN CONNECTICUT, aAND PRICE OF NITROGEN PER UNIT 1IN COTTONSEED
Mear, 1888 To 1923*

Retail Price of
Nitrogen value of nitrogen
Number v?i:ig;'r Per rf:ent Per cfent (overrunt Pzgi?hggc pcarftl:;lt
o o per cen an -
Year . of les th'“ n nitrogen nitrogen found potash in d‘zﬂ‘llucetmfg
mple OTinec found guaranteed minus one ton of R uh ot
ticutt guarantec) cotton- phosphorie
seed meal acid and
potash
1890-1894 ., .. 3 $26.40 6.57 §5.57 $3.20
1900-1904 . . . .. 66 26.68 7.14 5.13 3.02
1910-1912. . ... 209 33.63 6,74 4.89 4.27
1922-1923 ... .. 56 52.94 6.50 6.30 7.18
7 25.14 P-4 T P (P P R e
3 26.67 7.08 5.86 2.97
5 24 .60 6,62 5.81 2. 84
4 25,62 5.70 5.60 3.51
¢ 26.72 7.06 5,64 2,99
i1 28 B6 6,10 5.57 382
12 26 2t 7.36 5.23 2.85
26 20.33 G40 5.40 2.14
43 22.23 7.06 5,77 2.33
65 21,89 .41 5.21 2.25
30 21.56 744 4,46 2.30
30 22.82 7.14 4.72 2.54
44 25,20 T7.26 5.38 2.73
44 26.08 7.25 5. 14 2.89
36 27.70 7.05 5.26 3.18
94 26.95 7.06 4.77 3.14
114 27.47 7.07 5.08 3.17
157 27.05 6.93 4.62 3.24
21 31.47 6.61 4.74 4 .04
166 30.85 6.82 6.77 +0.05 5.16 3.71
158 31.04 7.04 .95 +0.09 5.20 3.67
195 32.65 7.04 6.95 +0.09 4.78 3.96
141 37.65 6.80 6.81 -0.01 4.68 4. 85
220 32.06 6.83 6.82 +0.01 5.02 3.96
266 31.19 6.58 6.64 -0.06 4.96 3.99
121 33.61 6.86 7.22 —0. 36 4.55 4.24
46 33.67 6.53 6.83 -0.30 4.59 4.45
32 32.47 6.81 7.06 -0.25 4.96 4.04
63 37.59 6.03 6.53 0.3 18,35 3.19
40 43.24 5.86 6.16 - 30 19.41 4.07
11 54.90 5.54 5.83 -0.29 18.63 6,55
10 64.25 5.70 4.00 —0.30 17,11 8. 27
10t 79.46 6.48 6.44 +0.04 11.14 10. 54
188 4569 6,52 6,37 40.15 9.70 5.52
65 50.51 6.54 4.49 +0.05 6.23 6.77
46 55.37 6.46 6.46 0.00 6.38 7.58

* Analyses of cottonseed meal average about 3 per cent phosphoric acid and 1.9 per cent potash. The
value of the phosphoric acid was caleulated by using the Connecticut retail price of available phosphoric
acid in superphosphate, Retail prices of superphosphate in Connecticut were not available prior to 1896,
PFor the five years 1896 to 1600, the Connecticut retail price of available phospheric acid in superphosphate
averaged 54 cents per unit more than the wholesale price. For the seven years 1889 to 1893, the price
used was the wholesale price plus 34 cents,

The value of the potash was caleulated by using the retail price of potash in muriate of potash in Con-
necticut,  Retail prices of muriate in Connecticut were not available for the five vears 1916 ta 1920.
During the pre-war period, 1910 to 1914, the margin between wholesale and retail prices averaged $5.75
per ton; during the post-war period from 1922 to 1923, it averaged $15.94, The average for the two

riods was §10,85, The price used for the five years 1916 to 1920 was the wholesale price plus $10.85.
lélztazictl.lmlzgerceutage of potash was taken as 50.84, the average for the seven years 1910 to 1914 and

G 1923,

T The price per ton is the average of the prices as reported in the Connecticut fertilizer reports. Most
of %‘1& samples were samples from car-lot shipments. The prices as given are prices paid by car-lot buyers
in Connecticat.
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The year 1899 marked the beginning of a period of rising cottonseed-
meal prices. The index number of the price rose from 68 in 1899 to 100
in 1913 and 1914 (table 2). During the period from 1899 to 1914 the
annual merease in the price was about 70 cents per ton, or 2.4 per cent
(figure 1).* This upward trend was not unusual, as there were similar
increases in prices of other agricultural products during the same period.
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Fieure 1. INDEX NUMBERS OF THE CONNECTICUT PRICE OF COTTONSEED MEAL,
1888 10 1923

Prices were low from 1894 to 18%8, but rose steadily during the 16-year period
1899 to 1914

During the war period there were violent fluctuations in commodity
prices, The price of cottonseed meal in Connecticut increased 143 per
cent from 1913 to 1920, and then declined about 40 per cent from 1920
to 1921. These violent price changes cause unusual gains, disastrous
losses, and maladjustments in the industry.

Cottonseed meal 15 used in fertibzers primarily because of its nitrogen
content, In addition to the nitrogen, it contains about 3 per cent of phos-
phoric acid and 1.9 per cent of potash. During the war period, when
potash was exceptionally high in price, the potash content of cottonseed
meal was important in affecting its price,

In order to determine the retail price of nitrogen per unit, the retail
value of the phosphoric acid and the potash in the cottonseed meal was
deducted from the price of the meal and the remainder was then divided
by the number of units of nitrogen per ton.

There were fluctnations in the value of both the phosphoric acid and the
potash, and also in the nitrogen content, so that the changes in the price per
ton of cottonsced meal were not truly representative of the changes in the
price per umit of nitrogen (tables 1 and 2). During the sixteen-year
perind of rising prices, 1899 to 1914, the price of nitrogen in cottonseed

1 The yearly chabge was determined by fitting a straightline trend by the method of least
squares; the percentage change i5 the annual change expressed as a percentage of the average
for the entire perind.  This method is used throughout the bulletin unless"otherwise stated.
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TABLE 2. InpEX NUMBERS OF AVERAGE CAR-LOT PRICE AND AVERAGE ANALYSIS
oF CotToNSEED MEAL IN CONNECTICUT, AND PRICE OF NITROGEN IN COTTON-
sEED MEeAL, 1888 1o 1923

(1910-1912 = 100)

Retail _Price of
}\;alue of mtroge,r{l per
ar-l “e . phosphoric unit after -
Year C;;rl z;rf’ E:lw Nitrogen Nitrogen acid and deducting
Connecticut found guaranteed potash in value of
one ton of phosphoric

cottonseed acid and

meal potash
79 97T 1. 114 75
9 1w . 105 71
100 1067 100 100 100
157 96 96 129 168

75 108 | ] e i e

9 104 120 70
73 OB 119 67
76 85 115 82
9 105 115 70
86 o1 114 89
78 100 107 67
60 104 110 50
66 105 118 55
63 110 107 33
110 91 54
68 106 97 50
75 108 110 64
78 108 105 68
82 105 108 74
&0 105 98 T4
82 105 14 74
80 103 94 76
94 98 97 95
92 101 106 88
92 104 106 86
97 104 98 93
112 101 o6 114
95 101 103 93
93 98 101 93
100 102 93 99
100 97 94 104
97 101 101 95
112 89 375 15
129 87 397 95
163 82 381 153
191 85 350 194
236 96 218 247
136 97 168 119
150 97 127 159
165 96 130 178

meal averaged $3.62 per unit. The price increased at the rate of about 12
cents, or 3.4 per cent, per annum. The rate of increase in the price of
nitrogen was even greater than the changes in the price of cottonseed
meal would indicate.

For the two years 1922 and 1923, the price of nitrogen in cottonseed
meal averaged $7.18 per unit, or 68 per cent above pre-war prices.

There was some tendency for the average nitrogen content of the
samples oi cottonseed meal to decline. During the seven years 1913 to
1919, only those samples were reported whose actual analysis did not
equal the guaranteed analysis. Thus the average nitrogen content for
those years may be somewhat less than if all the samples had been included.
During the vears when all the samples were reported, there were only
slight differences between the average guaranteed analysis and the average
actual analvsis,
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In order to determine the relation between the price of cottonseed meal
and the analysis, correlations were made hetween the actual analysis and
the car-lot price. For the vears when the data were available, correlations
between the price and the guaranteed analysis were made also. During the
period from 1895 to 1907, the correlations between the price and the
analysis were relatively low, averaging less than 0.23 (table 3 and figure 2).
During the period from 1908 to 1915, there was a much higher degree
of relationship between price and analysis. For the period from 1913 to

TABLE 3. CorFFICIENTS OF CORRELATION BETWEEN THE PRICE OF COTTONSEED
MealL IN CONNECTICUT AND THE PERCENTAGE OF NITROGEN IN THE MEAL,
1895 TO 1923 .

Guaran- Guaran-

Price Price teed Price Price teed
with with analysis with with analysis

Yeaz actual |guaranteed with Year actual guaranteed with
analysis analysis actual analysis analysis actual
{r} (r) analysis (r} (r) analysis

(r) {r)

1895........... Q488 | ...... .. ] ieiieen. 0,813 0.896 0.835
1896, ... 0 0155 1 o oia ] e 0.3565 0.786 0,648
1897, Q.008 ...l Ll 0.545 0.596 0557
1898........... -0.093 | ... ] ol 0.854 0.8938 0.865
1899 ... ..., Q9.42¢ | L ] e 0.628 0.608 0.943
1900, .......... 0173 | ..o i 0.761 0.774 0.976
1901, .......... 0.i1% | ... 0,359 0.542 0.762
1902, ... .00 ne Q.305 | .o ce e 0.077 0.027 0.737
1903........... =0.032 ) ..o -0.546 -0.677 0.344
1904.,......... 00335 ) ool | o, -0.163 —0,265 0.574
1905, ..., 0143 | ..., .. P 0.635 0.623 0,902
1906, ... o0y 0.261 | ... aeie . 0.050 0,050 0,890
1907. ... 0.451 0.593 0.714 0.133 0_081 0.793
1908 .......... 0.762 0. 869 0.840 G. 419 0.450 0,908

1909, ... ... 0,608 0.804 0.748

Coefrcrent of Corrglation
a
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FIGURE 2. (COEFFICIENTS OF CORRELATION BETWEEN PRICE AND ACTUAL ANALYSIS
OF COTTONSEED MEAL IN CONNECTICUT, 1895 To 1923

There was a relatively high degree of relationship between price and analysis during
the 8-year period 1908 to 1915
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1919, only those samples which did not meet the guaranteed analysis were
reported, and hence the data and correlations for these years are not strictly
comparable with those for the other years. In 1918 and 1919 there were
only a few samples reported, and so the correlations for those years are
of little significance.

During the period from 1895 to 1907, when the correlations were rela-
tively low, the coefficient of variability of the price averaged 4.11; that is,
there was relatively little variation in the price (table 4 and figure 3).
What variation there was, was only slightly associated with the analysis.

TABLE 4. COEFFICIENTS OF VARIABILITY OF PRICE AND ANALYSIS OF COTTON-
sEED MEAL IN CONNECTICUT, 1895 1O 1923

Coefficients of variahility Coefficients of variability
Year
Year Pri Actuap | Guaran- : Actya] | Ousran-
e analysis teed Price analysis teed
analysis analysis
1910-1912 5.82 6.97 5.0 1910, ,,....... 5.38 8.29 8.02
6.25 5.89 5.54
10.86 5 84 6.73 4.17
6. 30 7.01 8. 31 7.48
3.07 5.97 6.70 6,19
2.92 7.98 9.14 8.89
3.07 7.22 8.41 6.33
3.88 6.65 3.83 2,61
5.18 3.70 3.99 2.83
6.91 6.05 11,94 6.03
6.93 7.91 10.22 9.44
4 .95 15.07 9.07 B8.59
5.37 7.27 8.84 6.73
8.15 8.13 7.62 7.82
8.42
6.93
6.94

Coeficrent of Variability
/G

r2
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FIGURE 3. COEFFICIENTS OF VARIABILITY OF PRICE AND ANALYSIS OF COTTON-
SEED MEAL IN CONNECTICUT, 1805 T¢ 1023

The tm{iability of the price and of the analysis have been somewhat the same
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From 1908 to 1915 the variability in both the price and the analysis was
greater than in the preceding period. The variations in the price were
associated with variations in the analysis, as is indicated by the correlations
between price and analysis for these years,

The prices and samples of cottonseed meal for each year were collected
over a period of several months. Prices of cottonseed meal vary from
week to week; therefore, a part of the variation in the price was probably
due to the time when the meal was purchased, and a part to the analysis.
These changes in price during the season may entirely obscure the real
relationship between price and analysis. If prices declined during the
period in which the samples were collected, and with the lower prices some-
what higher grades were purchased, or if prices rose and lower grades
were purchased, the correlations between price and analysis would be
negative, indicating a tendency for low prices and high anaiysis, and high
prices and low analysis, to be associated. This is probably the reason why
some negative correlations were obtained, as in 1904 and in 1918, These
negative correlations indicate a relationship which probably did not exist
at any particular time.

Price changes during the season might also greatly magnify the degree
of relationship between price and analysis. In order to determine the
exact relationship, prices of different analyses should he obtained
simultancously.

The correlations as given in table 3 are, no doubt, somewhat indicative
of the relationship between the Connecticut car-lot price of cottonseed
meal and the analysis. This is true especially for those seasons in which
the price was relatively constant.

For each of the years when there was a fairly high degree of relation-
ship between price and analysis, the difference hetwcen the price of low-
grade and of high-grade cottonseed meal was less than the average cost
of nitrogen in all samples, even when allowance had heen made for the
retail value of the potash and the phosphoric acid. This means that the
average cost of nitrogen tended to be less in the high-grade than in the
low-grade product. To obtain nitrogen as cheaply as possible, one should
buy cottonseed meal of the higher analyses.

There has been a growing tendency in the fertilizer trade to purchase
cottonseed meal, as well as other materials, according to the analysis. In
such cases the relationship between price and analysis 1s high. When the
delivered prices of cottonseed meal are in adjustiment with the analysis,
the cost of nitrogen in the various grades would tend to be the same.
Even though purchases were made according to the analysis at the place
where the meal was manufactured, the price of the nitrogen in Connecticut
would tend to be lower in the higher grades of the meal, since the charges
{or transportation and handling are a uniform amount per ton.

For the seventeen vears 1907 to 1923, data on hoth the guaranteed and
the actual analysis of each sample were available, The correlations between
price and guaranteed analysis tended to be somewhat higher than those
between price and actual analysis (table 3).

The correlations between actual analysis and guarantced analysis were
high. The relationship was not perfect, however. Many samples might
have the satne guaranteed analysis but still vary in actual analysis, The
guarantee is a minimum guarantee, and there is generally an overrun.
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Castor pomace

Castor pomace, a residue from the manufacture of castor oil, contains
approximately 5 per cent of nitrogen, 1.8 per cent of available phosphoric
acid, and 1 per cent of potash. I.ike cottonseed meal, it is used in fertilizer
primarily because of its nitrogen content,

Even though there was considerable variation in the year-to-ycar changes
in the price of castor pomace and of cottonseed meal, the general trends
in the prices were much the same. During the period from 1881 to 1898,
the price of castor pomace declined at the rate of 39 cents per ton, or 1.8
per cent, per annum (table 5 and figure 4). During the following six-
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FIGURE 4. INDEX NUMBERS OF THE PRICE OF CASTOR POMACE PER TON, AND
THE PRICE OF NITROGEN PER UNIT IN CASTOR POMACE, IN CONNECTICUT,
1881 1o 1923

. There were only small changes in the analysis of castor pomace, so that the changes
llr: the price of castor pomace and in the price of nitrogen in castor pomace were much
the same

teen-year period, 1899 to 1914, the price per ton incrcased at the rate of
31 cents per ton, or 1.3 per cent, per annum. This rate of incrcase in
price (1.3 per cent per annum) was not so great as the corresponding
rates for cottonseed meal (2.4) and ground fish (24). Cottonseed meal
and fish scrap are valuable as protein supplements for feeding livestock,
while castor pomace is poisonous to farm animals. The demand for feed-
ing purposes was a factor in causing the greater rise in prices of cotton-
seed meal and fish scrap.

The price of castor pomace during the inflation period was more than
double the pre-war price.

The price of nitrcgen per unit was calculated by deducting from the
price of castor pomace the retail value of 1.8 units of phosphoric acid and
1 unit of potash, and then dividing the difference by the number of units
of nitrogen per ton. Iiven though there were changes in the nitrogen con-
tent of the castor pomace, the index numbers of the price of nitrogen per
unit and the index numbers of the price of castor pomace are roughly
similar. The largest discrepancy was during the war period, when potash
importaticns were discontinued and potash prices were very high, The
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increase in the cost of nitrogen was not so great as the change in the price
pet ton of castor pomace would indicate.

TABLE 5. AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS OF CasTOR POMACE
IN CONNECTICUT, AND PRICE OF NITROGEN PER UNIT IN CasTorR PoMAcCE, 1881
TO 1923

Index numbers (1910-1914 = 100)
Value
of phos-
Num- | Retail | Percent | phoric | price of Value .
Year ber of price of acid and | pitrogen of phos- | Price
samples | per ton | mitrogen | potash | perunit | Retail | Nitrogen| Phoric of
found at price found | acid and | nitro-
retail potash_ | gen per
prices* at retail | unit
prices
1R81-1884, 3 $25.48 536 | ...... B 101 JL e T T (s ‘e
1890-1894. 4 22,02 5.17 $3.22 $3.65 87 105 118 80
1900-1904. 3 22.60 5.10 2.96 3 87 90 103 108 85
1910-1914, 4 25.17 4.93 2.74 4.56 100 100 100 100
1922-1923, 32 32.56 5.16 3.64 5.60 129 103 133 123
3 24 17 510 | ..., 96 103
2 31.00 5.34 e 123 108
4 22.25 5.37 | oo 88 109
2 24.50 S5.64 | ... 97 114
4 20,50 4.94 | ....... 81 100 ...,
3 1950 STB | ool e 77 uy ...
2 20.00 ST | e e 9 "ur L
3 25.00 5.55 3.40 3.89 99 113 122 85
5 z21.00 5.17 3.37 3.41 83 105 123 75
5 19.60 5.34 3.24 3.06 78 198 118 67
4 21.75 513 3.26 3,60 86 104 119 70
4 23.75 4.75 3.21 4.32 94 96 117 95
3 24.00 5.44 3.02 3.86 95 110 110 85
4 18,12 4.97 3.12 3.0z 72 101 114 66
4 19,62 4.70 3.34 3.46 78 a5 122 76
2 10,00 4.26 3.01 3.75 5 86 110 82
3 19,00 5.35 2.56 3.07 75 109 93 67
5 19. 40 5.51 2.1 3.03 77 112 99 66
4 21,00 5.39 3.11 3.32 33 109 114 73
3 23.00 5.11 2.97 3.02 21 104 108 86
2 23.00 5,52 3.04 3.62 21 112 111 9
3 23.00 4.86 2,74 4.17 91 90 100 91
2 23.00 4.64 2.92 4.33 91 o4 107 95
4 23.50 4.70 2.65 4.44 93 95 97 97
7 23.36 4.97 2,72 4.15 93 101 99 91
8 23.75 5.41 2.97 3.84 94 110 108 84
1908, .. 12 24.29 5.02 3.00 4.24 97 102 109 93
1909..... 6 24.33 5.05 2.75 4.27 97 102 100 94
1910...... 6 25.67 5.37 2.69 4.28 102 109 98 94
1911, .., 3 24.67 4.93 2.89 4.42 98 100 105 97
1912...... 3 25.00 4.69 2.86 4.72 99 05 104 104
1913...... 6 24 .83 4.79 2.6l 4.64 99 97 95 192
1914....., 3 25.67 4.86 2.63 4.74 102 99 96 104
1915, ... 8 25,50 5.05 2.80 4.50 101 102 102 99
1916...... 11 29.64 3.01 9.98 3.92 118 102 364 26
| 31 I P 8 31.28 4.60 i0. 51 4.52 124 93 384 99
1918 § 54.90 4.92 1. 19 9.09 218 100 372 199
1019, .... 3 57.37 5.20 ¢ 46 9.21 228 105 345 202
1920...... 3 59.00 5.58 6,32 9.44 234 113 231 207
921, .. ... 13 50.38 5.61 5.53 7.99 200 114 202 173
1922...., 32 31,46 5.25 3.59 5.31 125 106 131 116
1923...... 31 33.66 5.08 3.69 5.90 134 103 135 129

* Analyses of castor pomace average about 1.8 psr ceat phosphoric acid and 1 per cent potash. The
value of the phosphoric acid was calculated by using the Connecticut retail price of available phosphoric
acid in superphosphate, Retail prices of superphosphate in Connecticut were not available prior to
1896. For the five years 1896 to 1900, the Connecticut retail price of available phosphoric acid in super-
phosphate averaged 54 cents per unit more than the wholesale price.  For the seven years 1889 to 1895,
the price used was the wholesale price plus 54 cents. . N

The value of the potash was calculated by using the retail price of potash in muriate of potash in Con-
necticut. Retail prices of muriate in Connecticut were not available for the five years 1916 to 1920,
During the pre-war period, 1910 to 1914, the margin between wholesale and retail prices averaged §5.75
per ton: during the post-war period from 1922 to 1923, it averaged $15.94. The average for the two

eriods was $10.85. The price used for the five yvears 1916 to 1920 was the wholesale price plus $10.85.
lghzeza;ctual percentage of potash was taken as 50.84, the average for the seven years 1910 to 1914 and
a 1923,
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Ground fish

Tankage and ground fish alse are classed as organic ammoniates, The
samples of ground fish listed in the Connecticut fertilizer reports averaged
more than § per cent of nitrogen and about 6 per cent of available phos-
phoric acid.

Prices of ground fish declined during the period from 1892 to 1898,
but during the following sixteen years they increased at the rate of 94
cents per ton, or 2.4 per cent, per annum (tables 6 and 7, and figure 5).
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F1Gure 5, INDEX NUMBERS OF THE PRICE OF TANKAGE AND OF GROUND FISH
IN CONNECTICUT, 1887 To 1923

The price of tankage and that of ground fish have moved together

These long-time changes in the price of ground fish were much the same
as for the other nitrogen carriers.

In three of the twenty-six years from 1898 to 1923, the average guar-
anteed nitrogen content was slightly greater than the actual analysis. For
the twenty-four years 1898 to 1921, the guaranteed nitrogen content of the
ground fish averaged 8.05 per cent while the actual nitrogen content as
found by the state chemist averaged 8.47 per cent. During the same years
the actual phosphoric-acid content averaged 7.97 per cent while the guaran-
teed content averaged 6.85 per cent. The overrun for the phosphoric
acid was 2.7 times as great as the overrun for the nitrogen. The overrun
was greater for the cheaper plant food.

Tankage

By-products of the packing industry are a source of plant food, and in
the early days of the fertilizer industry they were especially important.
The tendency, however, has been to shift more and more to mineral and
synthetic plant-food carriers,

Tankage is a by-product of the packing industry, and is important as a
nitrogen carrier even though it contains from 10 to 20 per cent of phos-
phoric acid, During the period from 1889 to 1898, the retail price of

i
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TABLE 6. AVERAGE RETAIL PRICE AND AVERAGE ANaLYsis OF GROUND FisH IN
CONNECTICUT, AND PRICE OF NITROGEN PER UNiT IN GROUND FisH, 1881 To 1923

i Per Per cent | Feor cent ; Value of .
Per Per cent of | ,ftata] | of total | available| Price
Num-= Retail cent of cent of | available | “ppoe. phos- phos- of
Year | ber of price nitrogen | fitrogen phos- phoric phoric phoric | nitro-
| samples | per ton found guiaran- phoric acid acid acid at | gen per
! teed acid found guaran- retail unit
' ! found teed, price*
1883-1885.1 5 S 41.28 518 7.10 [IPEPRES
1802-1804.: 2z 37.67 8.58 6.96 i §6.41 (8 3.64
1900-5904.; 3 34.87 5.44 8.75 7.28 3.
1910-1914. | 8 43.21 8.30 7.06 6.09 4,47
1922-1923.! 14 61,72 8.73 7.64 9.10 6.02
[ 2 7.36 ¢.14
6 7.50 7.08
4 8.51 7.38
4 8.52 6.87
4 §.60 6.92 3.36
1 8,69 7.05 3.90
2 8.4 §.91 3.67
6 8.47 6.21 7.31 8.63 2.60
9 8.40 6.16 7.97 7.45 2.55
6 8.41 7. 5.35 7.10 5.14 2.88
8 8.63 7.69 6.34 8.07 7.50 6.59 2.68
4 8.34 8.12 6.384 10,21 8.50 8.55 2.75
3 8.74 8.17 7.28 9.23 7.67 8.52 3.1
5 8.53 8.20 5.19 7.88 7.20 6.28 3.41
8 8.07 781 5.83 B.15 6.75 6.06 3.60
& 8.51 8.20 6.18 4.28 7.00 6.98 3.49
1 8.22 8.24 5.65 7.25 6.91 5.65 3.1%
8 8.3 8.26 6.47 8.19 6.88 6,66 3.65
10 8.71 8.44 5.68 7.33 7.30 6.53 3.87
11 §.40 8.05 6,62 8.86 7.18 7.94 3.86
11 8. 45 7.88 7.14 8.74 2,09 7.50 3.84
6 8.07 8.10 5.63 6.02 5.83 5.74 4. 06
8 8.48 7.88 5.68 7.06 6.05 6.42 4.40
10 7.17 1.50 6.30 8.26 6.85 7.06 4.47
9 B.26 8.05 5.38 6.72 5_83 5.33 4.45%
4] 8.50 8.19 6,00 7.24 5.98 5.88 4.96
5 916 B.O7 .51 7.5% 5.90 5.73 4.75
19 §.49 8.10 6.57 $.30 6.81 $.53 4.93
7 §.28 8,19 5.03 6.03 5.79 6.64 5.70
3 9.15 8.22 5.80 8.34 6.85 9.98 9.29
6 8.36 7.74 7.45 10,49 8.33 15.27 10.23
9 8,02 8.04 6.37 7.86 6.22 13.25 10.77
14 9.12 8.54 6.86 8.13 6,51 13,24 6,50
10 8.70 8.31 6.261 7.64 6.05 8.88 5.27
i8 8.76 an 6.27F 71.65 5.45 9.33 6.78
i

* The value of the available phosphoric acid in ground fish was calculated by using the Connecticut retai
price of available phosphoric acid in superphosphate.  Retail prices of superphosphate in Connecticut
were not available prior to 1896, For the five years 1896 ta 1900, the Connecticut retail price of available
phospheric acid in superphosphate averaged 54 cents per unit more than the wholesale price. For the
three vears 1892 to 1894 the price used was the wholesale price plus 54 cents.

1 For the two years 1920 and 1921, the available phosphoric acid found averaged 1.38 units less than
the total found.  The available phosphoric acid for the two years 1422 and 1923 was estimated by deduct-
ing 1.38 from the total found,

tankage per ton in Connecticut declined at the rate of 38 cents, or 1.2 per
cent, per annum. The price of tankage continued to decline after 1899
although prices of other organic ammoniates had started fo increase, and
reached a low point, $25 per ton, in 1907. From 1907 to 1914 there was
a rapid increase in the price.  (Tables 8 and 9, and figure 3.)

One of the principal sources of tankage is from the slaughter of cattle.
There are cycles in cattle prices. Prices reached a peak in 1899, Follow-
ing this peak there was a marked increase in numbers and in slaughter
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TABLE 7. InpEX NUMBERS OF AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS
oF GrounD FisH 1N CONNECTICUT, AND OF PRICE OF NITROGEN IN Grounp FisH,
188% To 1923

(1910-1914 = 100)

Valye of
Available| Total Total | available .
Retail Nit Nitrogen | phos- phos- phos- phos- Price of
Year price f' rog&en guaran- | phoric phoric photic phoric | nitrogen
per ton ourn teed and acid acid guar-| acid at | per unit
found found anteed retail
price
1883-1885........ 96 B0 T 81 101
18921894, ... ... 87 11K S 838 %9
1900-1904. . &1 102 102 108 124
1910-1914 100 100 100 100 100
1922-1923 143 105 105 108 108
hE:1:7 (R 104 8 | ,..... O R 87
jE.: N T e T T T
1883 ... 105 b2 L S . T2 100
1884, ... ... ... 93 103 ... 92 105
1885, ... ... ... 89 103 PP 80 97
1892, ... . ... 81 104 79 93
1893, ........... 23 105 84 100
1894, .. ...l 88 102 100 98
b1+ T I T e T N N
1896, ., ..., ... 71 102 107 104
1807, . ...vvins 67 10z | ....... 106 113
1898. ... .. ... 68 101 45 92 101
180G ... ......... 69 104 o7 100 i14
1900 . ... ..o 73 100 102 118 145
1900 ... ... .. 83 105 103 126 131
1902 .,......,... 82 103 103 89 11z
1903, ... ... ... ¥l 97 o8 101 115
1904....... ..o 85 103 103 107 117
1905 85 o5 104 97 103
1906 86 100 104 112 116
1907 ... s 93 105 106 98 104
1908 93 10t 101 114 125
1909 92 102 99 123 124
1910......... ..t | 89 97 102 97 85
1908, ...l ,e. l 101 02 99 98 100
1942, ... 1 97 94 94 109 117
1913 97 100 101 93 95
1914, ... ... 116 107 103 103 103
1915 114 110 102 112 107
1916 119 102 102 113 118
1917, ... 125 100 103 87 86
1918, . ..., 220 110 104 100 118
1919 233 101 97 128 149
1920, .. ..., 231 97 101 110 111
1921 168 110 108 118 115
1922 il 127 105 105 108 108
1923, ..., 159 106 105 108 108

of cattle. This probably tended to depress tankage prices even though
prices of other ammoniates were increasing.

The changes in the index numbers of the prices of tankage and ground
fish were roughly similar (figure 5). The price of ground fish rose
higher during the war period, but for the two post-war years 1922 and
1923 the prices of hoth tankage and ground fish averaged 43 per cent
above pre-war prices.

The average analysis of the tankage fluctuated from year to year, but
there was no consistent tendency for the analysis to either increase or
decrcase. Douring the thirteen years 1911 to 1923, the guaranteed nitrogen
content averaged 5.26 per cent as compared with the average actual
analysis of 3.42 per cent. The actual phosphoric acid averaged 14.90

3
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TABLE 8. AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS OF TANKAGE IN COx-
NECTICUT, AND PRICE oF NITROGEN PER UNIT IN TANKAGE, 1887 10 1923

Mechan-

Per ical X

Num- Per Per cent of analysis | Value of } Price

ber Retail Per cent of | cent of hos- (per phos- of

Year of price cent of | pisrogen | Phos- ph i cent of phoric | nitro-

sam- | per ton nitrogen guaran- phorie pacoicic material acid at gen

ples found teed acid arap. | fner than | retail per

found guieed. & inch price* anit

in diam=
eter)
e 8 18 BE | i |18 (18
o 1904, 4] .30 5.59 | ... 50. R

1910-1914. 7 32.05 5.57 5.471 14.23 13.101 50.25 4.91 4.87
1922-1923, 5 45,78 6.20 5.49 13.30 14.76 50.14 6.44 6.36
5 32.40 L5 & S R, 12.';’; .............. . P e
5 31,76 7.6 | ..., - 11 T e e B T
4 33.40 5.94 P 14 .44 P T 6.77 4.48
4 31.2% 6.16 | ....... 14.46 | ... ... ] ool B 6.73 3.98

7 31,14 512 | ... 18.57 [ ... oo B8.21 4.48

4 35.75 541 | ... 17.43 | co.iii | eeeeaans 7.70 4 .82
3 32.33 558 | ....... 1515 | ool | e 6.25% 4.67

4 30.00 485 | ......, 18.63 | cieiiii ] eeeeiean T.44 4.65

6 29.83 5.8 | ....... 12.39 50.17 5. 69 4.12

3 29.33 6.18 | ....... 14.49 | ....... 55.00 5.78 3.81

4 29.25 G.46 | ...... 10.88 63,50 3.45 3.99
4 26.00 6.08 Ce e 14.46 65,50 4.96 3.46

4 30,00 550 | ....... 14.77 ¢ ...... . 59.00 6.09 4.35
7 27.57 6.12 | ... 8.70 52.14 3.36 3.96
3 30.00 §5.29 | ..., 14.69 53.33 5.87 4.56

6 28,00 6.14 | ..., ... 13.73 47.33 4.71 3.79
IS’U% ...... 11 26.36 4.8 | ....... 16.28 40_73 gg; ;33
19060 2| wso | ses |l dies B | 3o | 3E
1907.,..,.. 3 25.00 570 | L. 14.74 39.00 5.59 3.41
1908...... 7 29.14 6.38 | ..., 13.08 44 57 5.17 3.76
1909, ..... 10 29.15 6,12 | ..., 13.89 | 35.60 4 8t 3.98
1910...... 8 30.25 5.35 14.83 !} 48 62 4.99 4.72
1911, ... .. ° 32.64 5.88 5.82 | 12,17 P 44 .56 4.54 4.78
1912 ..., 4 32.50 5.61 5,35 | 15,02 13.18 52,75 5.56 4.80
1913.., ... 5 30.30 5.10 5.10 i 15.67 13.85 54.00 5.12 4.94
1914, .. ... Y 34.56 5.91 5.60 1 13.44 12.26 51.33 435 5.11
1915...... 6 32.99 5.17 4.97 12,79 13.10 51,00 3.71 5.66
1916. .. ... 9 | 37.20 5.07 3.19 £3.61 1116 46.44 6.51 6,05
1917...... 9 | 40.56 5.87 5.63 14.63 13.01 40.44 6. 38 5.82
1918, ..... 3 60.00 4.1 4.93 19,28 1429 42,67 10.94 11.65
1939.. ., .. ] 5880 4.70 4.12 17 48 1547 46,60 11_83 9,99
1920 . 7 57.07 4 98 5.12 14.56 17.25 4571 9.98 9. 46
1921...,.. 8 46.00 5.54 4.91 15.73 14.64 43.62 10,02 6.49
1922, ,,, 7 4357 6.43 5.63 13.03 15.94 48.29 6.15 5.82
1923.... 3 48.00 5.98 5.35 13.58 13.358 52,00 6,72 6.90

* The value of t‘ne osphoric acid in tankage was calculated by assuming that one-third of the phos-
photic acid was available, and by using the Connecticut retail price of available phosphoric acid in super-
phosphate.  Retail prices of superphosphate in Connecticut were pot available prior to 1896, For the
five years 1896 to 1900, the Connecticut retail price of phosphoric acid in superphosphate averaged 54
cents per unit more than the wholesale price. For the six years 1889 to 1894, the price used was the
wholesale price plus 54 cents,

1911 to 1914,
1912 to 1914,

per cent, which was 0.95 unit per ton greater than the guarantee. The
phosphoric-acid overrun was about six times as great as the nitrogen
overrut.

There was considerable vear-to-year variation in the average fineness
to which the tankage was ground.  In 1907 only 39 per cent of the material
would pass through a sieve with holes 1/50 inch in diameter, as compared
with 65 per cent in 1899, The fineness to which the material is ground
affects the readiness with which the plant food becomes available for
plant growth.
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TABLE ¢. INDEX NUMBERS OF AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS
oF TANKAGE IN CONNECTICUT, AND OF PRICE OF NITROGEN IN TANKAGE, 1887
TO 1923
(1910-1914 = 100)
Ph Ph Va%lue of
- . i os- 05- an- | Phos- ;
Year Retail | Nitrogen r;g;?f:f‘ phoric phoric Meig;x]n pharic g{i.c:ggg
price found teed acid  Jacid guars analysis acid at per umit
found anteed retail
price

1890-1804........ 99 97 | ...l R L T O 148 93

1900-1904........ 89 100 | ....... 9% | ....... 101 106 85

-1910-1914, ..., ... 100 100 100% 100 1001 100 100 100

1922-1923,....... 143 111 100 93 113 100 131 131

{

128 86 |, i e | e
139 60 | ..o o e e

107 {03 T Y 138 92

111 102 | .ol 137 82

92 130 ) S ). 167 92

97 122 ) teaiven foeevenns 157 99

100 106 | oooeee b, 127 05

87 131 | oo 152 95

105 87 100 116 85

111 102 109 118 78

116 76 126 70 82

109 102 130 101 7l

99 104 117 124 89

110 61 104 68 81

95 103 106 120 94

110 96 94 96 78

88 4 81 124 85

104 107 106 102 82

125 82 96 81 72

102 104 78 114 70

115 92 89 105 77

110 98 7 98 a2

96 104 97 102 97

106 86 89 92 98

101 106 105 113 99

92 110 107 104 101

106 94 102 89 105

03 90 i 76 116

91 96 92 133 124

105 103 8Q 130 120

76 %0 135 85 223 239

84 86 123 93 241 205

89 94 102 91 203 194

99 %0 111 87 204 133

115 103 92 95 125 120

107 98 953 103 137 142

* 1911 to 1914,
11912 to 1914,

 Price of nitrogen in organic ammoniates
In order to determine the relative changes in the prices of nitrogen in
the various organic ammoniates in Connecticut, the price of nitrogen per
Eunit in castor pomace, ground fish, and tankage for each year was
expressed as a percentage of the price of nitrogen in coftonseed meal
(table 10 and figure 6). In only eight of the thirty-five years from 1889
to 1923 was the price of nitrogen in either castor pomace, ground fish, or
tankage less than the price of nitrogen in cottonseed meal,
.During_ the period of declining prices from 1889 to 1898, the price of
L nitrogen n cottonseed meal declined faster than did the price of nitrogen
in the other materials. During the sixteen years of rising prices from
1899 to 1914, the general tendency was for the price of nitrogen in cot-
 tonseed mea' to increase faster than did the price of nitrogen in the other
’ materials. For the five years 1910 to 1914 the price of nitrogen in castor
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Ficure 6. PRICES OF NITROGEN IN TANKACE, IN GROUND FISH, AND IN
CASTOR POMACE, IN CONNECTICUT, EXPRESSED AS PERCENTAGES OF THE
PRICE OF NTIRGGEN IN COTTONSEED MEAL IN CONNECTICUT, 1839 To 1923

During the period 1889 to 1898 the price of nitrogen in cottonseed meal declined
faster than did the price of nitrogen in the other organic ammoniates, During the
period 1899 to 1914, however, the price of nitrogen in cottonseed meal rose faster
than did the price of nitrogen in the other materials

TABLE 10. RETALL Price oF NITROGEN PER UNIT N CorTonseED MEaL, CASTOR
Poumace, GROUND FIsH, AND TaNKAGE, 1N CoNNEcTICUT, 1889 To 1923*

. B f Index numbers of price of nitrogen
Price of nitrogen per unit (Price of nitrogen in cottonseed meal=100}
Year In In
cotton- caIslgor grcfn.?nd In eottos- caIsrtlor groI:nd Ia
;f;di pomace fish tankage ::Sl pomace fish tankage
18921894, ...... § 3.22 $3.03 §4.71 100 122 113 146
18961499, . ... ... 2.36 3.33 3.84 100 141 114 163
1000--1904........ 3.02 3.87 4,16 100 128 108 138
1905-1909.,...... 3.74 4.19 3.73 100 112 102 100
1910-t014. . ... .. 4.30 4.36 4 .87 100 106 104 113
1915-1919........ 5.22 6.25 7.83 100 120 134 150
1920-1923........ 7.60 7.16 T.37 100 94 96 94
2.97 3.89 4.48 100 131 iaaves 151
2.84 3.41 3.98 100 120 R 140
3.51 3.06 4.48 100 &7 | ....... 128
2.99 3.60 4.82 100 120 112 161
3.82 4,32 4,67 100 113 102 122
2.85 3.86 4.65 100 138 129 163
2.14 3.02 e 100 141 PR JO .
2,33 3.46 2.60 4.12 100 148 112 177
2.25 3.715 2.53% 3.81 100 167 113 169
2.30 3.07 2.88 3.99 100 133 125 173
2.54 3.03 2.68 3.46 100 119 106 136
2.73 3.32 2.758 4.35 100 122 101 159
2,89 3.92 3.11 3.96 100 136 108 137
3.18 3.62 3.4 4.56 100 114 107 143
3.14 417 3.60 3.79 103 133 1t5 121
317 4.33 3.49 4.16 100 137 110 131
3.4 4.44 3.79 3.99 100 137 117 123
4.04 4.15 3.65 3.51 100 103 90 87
3.77 3.84 3.87 3.41 100 102 103 90
3.67 4.24 3.86 3.76 100 il6 105 102
3.96 4.27 3.84 3.08 100 108 97 101
4. 85 4.28 4,06 4,72 100 88 84 97
3.96 4,42 4.40 4.78 100 112 111 1214
3.99 4.72 4.47 4.80 100 118 112 120
4.24 4,64 4.45 4.94 100 109 105 117
4.435 4.74 4.96 5.1 100 167 111 115
4.04 4.50 4.75 5.66 100 1E1 118 140
3.19 3.92 4.93 6.05 100 123 185 190
4.07 4.52 5.70 5.82 100 111 140 143
6.55 9.09 9,29 11.65 100 i39 142 178
8.27 9.21 10.23 9.99 100 111 124 121
10,54 .44 10.77 9.46 100 [ 102
5,52 7.99 6.50 6.49 100 145 118 118
6.77 5.31 5.27 5.82 100 78 78 85
7,58 5,90 6.78 6.90 100 78 89 91

* The price of nitrogen in cottonseed meal, castor pomace, ground fish, and tankage was calculated

from the price per ton and the actual nitrogen ¢ontent after deductions had been made for the value at

;'ett_;i_lA prices of thca phgsphoric acid in ground fish and in tankage and of the potash and phosphoric acid

g nE e T e
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pomace, ground fish, and tankage averaged only & per cent more than
the price of nitrogen in cottonseed meal, as compared with 40 per cent
more during the four years 1806 to 18%9. During the war period, the
price of nitrogen in cottonseed meal was low as compared with that in the
other organic ammoniates. For the two years 1922 and 1923, however,
the price of nitrogen in cottonseed meal averaged $7.18 per unit, as com-
pared with an average of $6 per unit in the other three organic ammoniates.

The price of nitrogen in tankage was high when compared with the
other organic ammoniates in 1899 and 1915, when there were peaks in
the price of cattle.

The changes which occurred in the prices of the organic ammoniates
followed changes in the general price level, declining from 1881 to 1898,
rising from 1899 to 1914, and rising and declining during and following
the World War.

Even though prices of organic ammoniates declined abruptly in 1920
and 1921, they remained from 25 to 40 per cent above the pre-war level
during the two years 1922 and 1923. Organic ammoniates have been con-
sistently higher than other fertilizer materials during the post-war period.
In the earlier years, cottonseed meal and packing-house by-products were
used primarily as fertilizers. At the present time, cottonseed meal, tank-
age, and ground fish are used extensively for feeding purposes. The
demand for these products for use as feed has tended to keep the prices
at a comparatively high level, so that there has been a decided shift to
inorganic and synthetic nitrogen carriers for fertilizing purposes.
Nitrate of soda Mineral ammoniates

In Connecticut, Nitrate of soda has becn the commonest nitrogen car-
rier purchased by farmers for home mixing or for use in unmixed form.
Both the retail price of nitrate of soda in Connecticut, and the wholesale
price, are shown in table 11 and figure 7.

Dollors Per 7o

o0}

8o

— “ ry
el
o
TN

= Wholesale Price
20 S

Olllllllll!l1|||||I!|L1LI|III|l§ii|\\
/862 /890 /8900 S3/0 1920
FIGURE 7. WHOLESALE PRICE OF NITRATE OF SODA, AND CONNECTICUT RETAIL
rrICE, 1882 To 1923

, The lorgtime changes in wholesale and retail prices have been similar. The trend
in both prices was downward from 1882 to 1898, and upward from 189% to 1914
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During the thirty-two years prior to the World War, the long-time
changes or trends in both wholesale and retail prices were much the same.
This was true for both the period of generally declining prices, 1882 to
1898, and the period of rising prices, 1899 to 1914. Even though the
margin between the wholesale and the retail price varied from year to
year, there was not enough change in the margin to cause the trend in
retail prices to be greatly different from the trend in wholesale prices.

During the war period the violent price fluctuations caused wide
variations in the margin.

The correlation between the wholesale price and the retail price was high
during both the period of declining prices (r =0.954) and the period of

TABLE 11. RETAIL AND WHOLESALE PrICES, CosT OF DISTRIBUTION, AND ANALYSIS
oF NITRATE oF Sopa IN CoxNECTICUT, 1881 10 1923

Retaj Nitrogen
Letail Wholesale | Cost of overrun
Number price per | pride per digtin Per cent Per cent (per cent
Year of ton in ton at bution of nitrogen | of nitrogen found
samples Connecti- ports per tan found guaranteed minus
cut guarantee)
1883-1885. .. 2z $ 59.04 $48.30 $10.74 15.87 e
1881-1885. ., 2 242 | Lo b 15.54 v O P
1B90-1894 ., . 2 5097 38.74 12,23 15.99 Y
1900-1504. . . 4 46.75 39,74 7.0t 15.72 0.2¢
19101944 . .. 11 53.31 45,28 03 15.41 0.41
1922-1923. .. 16 64.04 4960 14.44 15.54 0.34
1881........ 1 85.00 PP PN 15.7¢ | cviinenen | eiiniains
1882 . ...... 1 100.00 61.65 18.35 14.29 e
1883...... .t 2 68.50 54,53 13.97 15.47 PN .
1884.,...... 4 56.12 46.16 9._96 16,00 PP
1885, ....... 1 52.50 44,22 8,28 L R
1B86...... . 3 59 .83 48 .96 10_87 16.02 PO .
18R7....... . 3 55.83 43 .46 12.37 16,04 [N
1888 _...... 2 51.00 40.43 10,57 16,32
188G, ... P 3 55.33 44 64 10.69 1586 | covvinann | eeianns
1890.,...... 1 50.00 37.42 12.58 16.06 dreeeaa .
1891, ....... 3 50.00 38.46 11.54 b N I .
1892, ... 4 .50 37.9% 10.51 16,18 | sieivivis | veninnnnn
1893........ 1 55,00 41.00 14.00 15.76
1894, ....... 3 51.33 38.83 12.50 15.99 AP .
1895..... P 5 51.00 38.13 12.87 15.87 | caeiiiiia ] ool B
1806..,.. v 1 45,14 34.54 10.60 15,91 b reeaaes
1897, .. ..., 12 46.21 36.14 10,07 15.82 P .
1898, .. 12 42.25 35.51 6.74 15.63 P
1899, ...... . 7 43 .86 31.66 12.20 15,71 T
1900, . ..., 3 45.00 36.24 8.76 15.7% 0.22
1001........ 5 45.20 36,42 B8.78 15.7% G.49
0oz ... 3 48,33 42.26 6.07 15,70 0.33
1903........ 4 46,00 40.20 5.80 15.87 0.12
1004, ....... o 49.25 43,60 5.65 15.56 0.03
1605....... 6. 53.30 46.40 7.10 15.77 0.64
1906...... .. 10 52,60 44 .80 7.80 15.33 0.25
1907 .. ...... 9 58.44 50.40 8.04 15.54 0.33
1908 ....... 5 59.00 47.60 11.40 15.39 0.07
1909...... . 12 52.82 43.80 9.02 15.48 0.43
1910 ,...... 18 40,45 42,20 7.25 15.27 0.19
1911, ..., e 8 50.56 42 .40 8.16 15,40 0.42
1912, ....... 11 52.11 45.20 6.91 15.44 0.44
1913........ 10 57.98 51.00 6,98 15,46 0.48
1914 . 7 56.43 45,60 10.83 15.47 0.50
1915...... ‘e ) 48.59 41.40 7.19 15.62 0.64
1916. .. ... 9 77.94 6020 17.14 15.44 0.46
1917, ,...... -] 79.88 67.20 12.68 15.43 0.45
1918.,,.. . 4 93.16 9320 1.96 15,32 Q.37
1919, ..., <] 97.50 83.00 9.50 15.43 0.46
1920 ..., 13 78.80 66.60 12,10 15.35 0.33
1921..... 22 71147 60.80 10.37 15.22 0.25
1922..... e 17 61,79 48 80 12.99 15,59 0.58
1923 . . 15 66.30 50.40 15.90 15.49 0,50
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TABLE 12. INpEx NUMBERS OF RETAIL AND WHOLESALE Prices, CosT oF Dis-
TRIBUTION, AND ANALYSIS OF NITRATE oF Sopa 1N CONNECTICUT, 1881 10 1923

(1910-1%914 = 100)

Retail ‘Wholesale dC_)osﬁhof Nit Nit Nit
price per price per istribu- itrogen itrogen itrogen
Year ton Exe ton at tion per foend guaranteed | overrun
Connecticud ports ton
1883-1885 111 107 134 103
1881-1885 136 [ 101
96 86 152 104
83 33 87 102
100 100 100 100
120 110 180 101
159 P S 102
188 136 478 93
128 120 174 100
105 io2 124 104
98 o8 103 105
112 108 135 104
105 96 154 104
96 89 132 106
104 133 193
94 83 157 104
94 B85 144 104
o1 84 131 105
103 91 174 102
96 86 156 104
96 84 160 103
85 76 132 103
87 80 125 103
79 78 84 101
82 0 152 102
B4 20 109 102
B5 B0 109 102
91 93 76 102
86 e 72 103
92 %6 10 101
100 102 88 102
99 09 97 9
110 115 100 101
111 105 142 100
99 97 112 100
93 93 90 99
95 94 102 100
98 100 86 100
109 113 87 100
106 101 135 100
91 91 101
146 134 213 100
150 148 158 100
179 206 24 99
183 194 1i8 100
148 147 152 100
134 134 129 99
16 108 162 101
124 111 198 101

rising prices (r=00926) (table 13). High retail prices were associated
with high wholesale prices, and low retail prices with low wholesale prices.
These correlations were high because the trends in both series were so

TABLE 13, CORRELATIONS BETWEEN THE WHOLESALE PRICE AND THE CONNECTICUT
RETaL PricE oF NITRATE OF Sopa, 1883 1o 1923

1883-1898 1899-1914 1883-1923

P t) [£3] (¢
Actual retail price with actual wholesale price. . ....... AN 0.954 0.926 0,973
i ifferences). . ...... 0.924 0.775 0.892

Retail price with wholesale price (first d

3
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nearly the same. If the spread, or margin, between the two series of
prices had been constant from year to year, the correlation would have
been perfect,

Both wholesale and retail prices of nitrate of soda vary from year to
vear. In order to determine the relationship between these annual or
short-time price fluctuations, the changes in the retail price from year to
year were correlated with the year-to-year changes in the wholesale price
(figures 7 and 8).* In thirty-six of the forty years 1884 to 1923, the

Dottars Per 7or
32—

= -

4

PP

[Nl
)

o -

/G

F
L

B Wholesale Price

— (A

-
)
g
—
= Tk

e

Retar! Frice |

Fais

~/G

l'

1

‘%—I!III1illl|]|||l|l|!1|llill|Il
/884 /890 /995 1900 A905" Ve raE /920

Figure 8. CHANGES IN WHOLESALE PRICE OF NITRATE OF $SODA FROM YEAR
TO YEAR, AND CHANGES IN THE CONNECTICUT RETAIL PBRICE FROM YEAR
T0 YEAR, 1884 T0O 1023

When wholesale prices rise, retail prices also rise

changes in the wholesale and retail prices of nitrate of soda were similar
-—that is, both increased or both decreased. In three of the forty years,
the changes in price were opposite -— that is, one increased and one
decreased; and in one vear the retail price remained the same while the
wholesale price increased. There was a high degree of relationship hetween
the short-time changes in the wholesale and the retail price during the
period of declining prices {r = 0.924) and during the period of rising
prices (r=0775), and also for the entire period from 1883 to 1923
{r=0892) (table 13).

During the period from 1899 to 1914, a change of $1 per ton in the
wholesale price was accompanied by a change of only 67 cents in the retail
price (table 14). That is, the change in the retail price was not so great
as the change in the wholesale price. If the wholesale price increased $!

® The first differences in the retail prices were correlated with the first differences in the wholesale prices.
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. per ton, the retail price tended to increase only 67 cents; and if the whole-
1 cale price declined $1 per ton, the retail price tended to decline only 67

cents.

TABLE 14. CBANGE IN THE CONNECTICUT RETAIL PRICE OF NITRATE OF S0ODA
AccoMpaNIED BY A CHANGE oF ONE DoLrLar 18 THE WHOLESALE Price, 1883
0 1923

1883-1898 18841898 1809-1914 1883-1923

Change in retail price per ton, per dollar
change in whaolesale price per ton........ $1.22 $1.12 $0.67 $0.90

During the period from 1883 to 1898, however, the changes in the retail
price tended to be greater than the changes in the wholesale price (table
14 and figure 8). In the earlier period the data on retail prices were
meager, so that some of the year-to-year variations in the retail price were
probably duc to the small number of quotations. In the period from 1883

1 to 1914, there was a tendency for retail prices to become more stable as

compared with wholesale prices. |

For the sixteen years 1883 to 1898, the retail price of nitrate of soda in
Connecticut averaged $52.41 per ton; the wholesale price for these years
averaged $41.28. The margin between the two, or the cost of distribution,
averaged $11.13. During the period of rising prices, the margin averaged
$8.17. This was $2.96 = $2.67 less than the margin during the period
of declining prices. The probable error of the difference is so large that
the difference may be due to chance fluctuations, and therefore it is not
possible to say that the margin during the period of declining prices was
significantly greater than that during the period of rising prices.

There was little or no tendency for the margin to either increase or
decrease during the period from 1899 to 1914. For the two years 1922
and 1923, however, the retail price averaged 20 per cent higher than for
the five years 1910 to 1914; the wholesale price was about 10 per cent
higher, and the margin was 80 per cent greater. This would seem to
indicate that the cost of distribution was considerably greater than before
the war, because of the increase in labor costs and handling charges.

In Pennsylvania. Retail prices of nitrate of soda for Pennsylvania are
available for the twenty years 1909 to 1928 (table 15). For the pre-war
period, 1910 to 1914,® the retail prices averaged $54.88 per ton ; the whole-
sale price for the same years averaged $44.80. The margin, or cost of
distribution, was $10.08. During the five post-war years 1924 to 1928 the
retail price averaged 25 per cent more than the pre-war price, while the
wholesale price averaged 11 per cent above the pre-war price. The retail
price had increased more than had the wholesale price (figure 9). The
cost of distribution was $18.72, or 86 per cent greater than the pre-war
cost. For the two years 1922 and 1923 the margin in Connecticut was
80 per cent greater than the pre-war margin.

PE910 to 1914 except 1912. The data for 1912 were for the spring season only. For each of the other
years the data included both the spring and the fall season. Because of this, 1912 was omitted in calou-
lating the average. '
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TABLE 15. RETAIL AND WHOLESALE PRICES AND COST OF DISTRIBUTION OF NITRATE
oF Sopa IN PENNSYLVANIA, 1909 TO 1928

Retail Index numbers {1910-19141 = 100)
price per | Wholesale | Cost of
Year ton in price per | distribution
P enr_:sx]- ton at ports; per ton Retail Wholesale | Cost of dis-
vama price price tribution
.88 $H4.80 $10.08 100 100 100
8.60 49.88 18.72 125 i 186
.00 43,20 11.80 100 96 117
.00 42.20 .80 95 94 o7
.50 42,80 8.70 94 96 86
.00t 46.80 5.20 95 104 52
.00 50.40 9._60 109 112 95
.00 43,80 12.20 102 98 124
.00 43.20 6. 80 91 o6 67
.50 13.50 141 143 134
.00 73,80 6.20 146 165 62
.00 9620 7.80 190 215 77
.00 78 20 21.80 182 175 216
.00 70,40 11.60 149 157 115
.00 53.40 16,60 128 119 165
.00 50,00 10.00 109 112 o
.75 50,40 19 35 127 112 192
.00 50.20 17.80 124 112 177
.00 50.80 24.20 137 113 240
L 51.60 18.40 128 115 183
.00 30,80 14.20 113 113 141
.00 45.00 19.00 118 103 138
* Median retail price,
; 1910 to 1914 except 1912,
For the spring seasen only.
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FIGU'.RE O, INDEX NUMBERS 0¥ THE WHOLESALE PRICE AND THE PENNSYLVANIA RETAIL
PRICE OF NITRATE OF S0DA, 1909 TO 1928

Both wholesale and retail prices rose sharply during the war period. During the period
1923 to 1928, retail prices were high as compared with wholesale prices, and the margin between
retail and wholesale prices was greater than the pre-war margin

In New York. The retail price of nitrate of soda in New York State
in 1914 was $54.25; the wholesale price was $45.60, and the difference,
or cost of distribution, was $8.65 (table 16). TFor the three years 1926
to 1928, the cost of distribution averaged $19.32, or 223 per cent of the

cost in 1914,
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TABLE 16. RETAIL AND WHOLESALE PRICES, CosT oF DISTRIBUTION, AND ANALYSIS
oF NITRATE OF Sopa IN NEW YORK, 1914 1o 1928

Retajl | Whole- Per Index numbers {1914 = 100)
ke | 0| Gt | ont
Year ?: rth"z; per ton | bution nét:;.lo- Retai] | Whole- | Cost of | Nitro-
York at perton | found price sale distri- fgen 4
ports price bution oun
191, e $ 54.25 | 845.60 | % 8.65 15,20 100 100 100 100
1915, e 30.25 41.40 3.85 15.25 93 91 102 104
1016, .ceven e aienes 77.62 60.80 16.82 15.50 143 133 194 102
. 77.50 67,20 10,30 15,36 143 147 119 101
b - 11450 93.20 21.30 15.38 211 204 246 101
B L 116.80 88.00 25.80 15.24 215 193 333 100
L 89,72 66. 60 23,12 15,23 165 146 267 100
1920 i iveni i 74.55 60. 80 13.75 15.14 137 133 159 100
1922, i 67.66 48.80 18.86 15.22 125 107 218 100
1923, ...t ireiiernans 71.70 50.40 21.30 15,27 132 1il 246 100
1924, . ..ot iirn i 66,28 50.00 16.28 15.23 122 11¢ 188 100
1925, iiiiiivnsveineenas] caies 5080 | ... oL e b S T B
1926, .0, v iiii i 70.35 52.20 18,15 15.20 130 ile 210 100
- 66,10 51.00 15.1¢ 13,22 122 112 175 100
1928, .. it 71.50 15 80 24 .70 15,22 132 103 286 100

There are differences in the year-to-year changes in the price of nitrate
of soda in the various States. Some of the differences are probably due
to the method of tabulating the data. For New York the average price
of all the samples was all that was available. For Pennsylvania the prices
of the individual samples were tabulated, and the retail prices given in
table 15 are the median prices. In some years, some of the prices were
unusually high and probably represented prices for small lots. In such
vears, the average price and the median price were considerably different,
while in other years they were nearly the same. In order to eliminate the
fluctuations in the average due to the unusually high prices that were
sometimes quoted, the median price was used,

Some of the differences in the retail price probably represent changes

- which were due to changes in the demand.

While the changes in the retail prices of nitrate of soda varied some-
what in the different States, all the Jata indicated that the margin between
the wholesale and the retail price during the post-war period was approxi-
mately double the margin during the pre-war period. That is, retail prices
have increased more than wholesale prices have. Since farmers buy at
retail prices, index numbers of wholesale prices do not indicate the
changes in the prices which farmers have paid.

In Texas. During the five scasons 1923-24 to 1927-28 inclusive, the
retail price of nitrate of soda in Texas averaged $71.04 and the margin
hetween the wholesale and the retail price averaged $20.88 (table 17).
The retail price of nitrate of soda averaged higher in Texas than in either
New York or Pennsylvania.

The retail price declined at the rate of $2 per ton per annum during
the seven seasons 1922-23 to 1928-29. The wholesale price declined at
the rate of 93 cents per annum during the same period. There was a
tendency for the spread between the wholesale and the retail price to
become smaller,

!
5



26 BurLLeTIN 545

TABLE 17, RETAmL AND WHOLESALE Prices AND CosT oF DISTRIBUTION OF NITRATE
OF SopAa 1IN TExas, 1919-20 10 1928-29

Number| Retail price Wholesale Cost of ber
Season of per ton in price per tan disteibution NuTons of

samples Texas at poris* per ton

1019-20, . .. viiinnnnnnnnss [ $102.50 $66.60 $33.90

1920-21 . . . 9 717.61 60,80 16.81

1921-22 14 14.36 48.80 25,56

1922-23, , 26 76.90 50.40 26,50

192324, . 42 73.28 50,00 23.28

1924-25. . 53 74.44 50.30 23.64

1925-26, .., 35 71.54 52.20 19 34

192627 21 70.20 51,00 19.20

1927-28 30 65,72 46,80 18,92

192829 21 64.65 43.80 20.85

* Wholesale price from July to June inclusive,

Sulfate of ammonia

In Connecticut. At the present time, sulfate of ammonia is the most
important single scurce of nitrogen in mixed fertilizers, During the
post-war period the low prices of this product have stimulated its use as
a source of nitrogen in the fertilizer industry,

In the pre-war period, when sulfate was less important as a nitrogen
carrier, there were relatively few data in the state fertilizer reports on
retail prices, This lack of data is no doubt indicative of the fact that
sulfate of ammonia was not common in the retail trade.

During the period from 1885 to 1894 the retail price of sulfate in Con-
necticut averaged $73.93 per ton, or about $10 per ton more than the
wholesale price (table 18 and figure 10). Tor the two years 1922 and
1923 the margin averaged $19.14. This was much the same change that
occurred in the margin between retail and wholesale prices of other
fertilizer materials.
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Fioure 10, WHOLESALE PRICE AND CONNECTICUT RETATL PRICE OF SULFATE OF
AMMONTA, 1882 TO0 1023

The wholesale price was high during the two years 1882 and 1883 and during the
war period
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TABLE 18. RETAIL AND WHOLESALE PRICES AND ANALYSIS OF SULFATE OF
AMMONIA IN CONNECTICUT, 1882 10 1923

Retail Index numbers
Number |  price per Whalesale Per cent of wholesale
Year of samples ton in price per of nitro; prices (1910-
Connecticut ton foun 1914=100}
1882—18B5, . .ivvunvrunrens 2 $87.54 $ 80.60 20,56 133
1800-1894. . ... cinniiiais 2 75.30 65.02 20.64 108
19001904, . covvvrivnrcees]| cnivnnn 59.60 99
1910-1914. ......hvuvns PR O 60.48 100
1922-1923. ..., ..., s 4 73.24 54.10 a9
1882. . 102.89 170
1883 80.00 147
1884 67.88 112
1885 62.54 103
1886 63.13 104
1887 60.56 100
1888 61.67 102
1589 66.07 109
1890 63.65 105
1891 68,22 113
1892, 61.67 102
1893 62.16 103
1894 69.40 115
1895 66.07 109
1396. 4950 8z
1897. 44 .51 74
1398 46.60 77
1899 54.60 90
1900. 60.20 100
1901 55.80 92
1902 57,60 95
1903. 61.60 102
1904 . 62.80 104
1905. 62,20 103
1906 . 62.00 163
1907 . 62.00 103
1908 . 61,20 101
1909. 58.40 97
1910. 54.80 91
1911 59,60 99
1912. 64.80 107
1913. 65.20 108
1914, 58,00 96
1915 57.20 95
1916 73.00 121
1917 82,40 136
1918, ... 102.00 169
1919, . 87.60 145
1920. 79.80 20,92 132
1921. 70.80 20.55 117
1922, 46,80 20.80 77
1923...... 61.40 20.82 102

In other States.

Data on retail prices of sulfate of ammonia in Penn-

sylvania, New York, and Texas for a few post-war years are given in
table 19, During the post-war period the tendency has been for both the

TABLE 19. RETAIL PRICES OF SULFATE OF AMMONIA IN PENNSYLVANIA, NEW
York, anp TeExas, 1920 0 1929

Retail price per ton Whalesale

Year price per
Pennsylvania New York Texas* ton$
$100.00 | ......... A T $79.80
760 | .. $75.00 70.80
68.84 $72.25 ieiieanns . 4680
............ 90,00 eavieen 61.40
73.75 78.03 79.17 56.40
76.63 e reaeaean 85.63 50.60
74,71 72,00 75.96 54,20
69,20 72,12 75.66 49. 40
72.68 71.50 70.53 49 40
............ . 67.68 46.80

* The prices for Texas are for the season.

T The wholesale price for each year is the average for

The Texas
it

rice for the 1920-21 season is opposite 1921,
o twelve months ending with June,
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wholesale and the retail price to decline. For the five years 1924 to 1928,
the wholesale price averaged about $52 per ton, or 86 per cent of the
1910-t0-1914 price.

SUPERPHOSPHATE

While there are many materials that are used as sources of mtrogen in
the ferulizer trade, and several potash salts used as sources of potash,
superphosphate {acid phosphate) is the only important source of phos-
phoric acid.

Retail and wholesale prices

In Connecticut

For the nineteen years 1896 to 1914, the retall price of phos-
phoric acid in superphosphate averaged $1.11 per unit (table 20).
During this period the price declined at the rate of 1 cent per unit, or 0.8
per cent, per annum. The wholesale price of superphosphate at Baltimore
also tended to decline slightly. The trends in both wholesale and retail
prices were about the same (figure 11).
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Fioure 11. WHOLESALE AND RETAIL PRICES OF PHOSPHORIC ACID PER
UNIT IN SUPERPHOSPHATE IN CONNECTIICUT, 1806 To 1023

The trends in the wholesale and in the retall prices were similar

During the inflation and deflation period the percentage change in the
wholesale price was greater than the change in the retail price. The index
number of the wholesale price per unit rose to 211 in 1920, and then
declined 1o 116 in 1922 (table 21). The index number of the retail price
rose to 198 in 1920 and declined to 136 in 1922,

For the five years [910 to 1914, the retail price of phosphoric acid in
Connecticut averaged $1.05 per unit, while the wholesale price at Balti-
more averaged 35 cents per unit (table 20}. The cost of distribution —
that is, the difference between the retail and the wholesale price — was
50 cents per unit.
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TABLE 20. ReTanL ANpD WHOLESALE PRICES, Cost OF DISTRIBUTION, AND ANALYSIS
OF SUPERPROSPHATE 1N CONNECTICUT, 1896 To 1923

Retail price in Wholesale |  Cost of Per Par
Connecticut price of distribu- cent of cent of
Number phosphoric {  tion of available | available
Year of . acid per | phosphoric | phosphoric | phosphoric
samples Super- Phaspheric unit at acid per acid acid
phosphate | acid per Baltimore unit found guaranteed
per ton unit*
1896-1900. ., .. 5 $15.41 $1.17 80.57 $0.60 14,10 13.19
19101914, . ... 10 15.34 1.05 0.55 .50 15. 44 14.66
1922-1923 ..... 22 23.16 1.46 0.61 0.83 16.34 15.82
1896, .. ... 1 3 17.00 1.39 Q.57 0.82 13.00 12.19%
1897, . ........ 4 16.00 1.21 0.54 0.67 14.09 13,221
1808, ....... 7 iz2.61 0.96 .50 0.46 13.99 13. 127
1896, . ...... 7 13.93 1.04 0.62 0.42 14.30 13.417%
1900. . ..,,.... 2 17.50 1.25 0.61 0.64 15.14 14.00
1901, ...t 6 15.79 1.17 0,64 0.33 14,26 13,50
1902, . ..00vue 4 17,25 i.n Q.62 Q.59 1510 14.25
1903, . ........ 7 14.07 1.04 0.63 0.41 14.31 13.57
1904, ......... 11 15.77 1.13 0,64 0,49 15.04 13.91
1 14,00 1.00 0.64 0.36 15.89 14.00
5 13.80 1.03 9.64 Q.39 14.27 13.40
7 16.14 1,13 0,64 0,51 13.95 14.00
3 16,00 1.20 0.66 0.54 16.04 13.33
7 15.31 1.08 .57 0.48 14.96 14.57
4 14.84 .02 0,58 0.44 15.34 14.50
9 16.536 1.13 Q.63 0,50 15.72 14 .67
7 15.89 1.12 Q.53 0.59 14.63 14.14
12 14.92 0.99 0.52 0.47 15.75 15.12
18 14,50 0.98 0.48 0.50 15.75 14.86
14 13.23 0.88 Q.48 0.40 15.64 15.00
12 22,98 1.45 0.72 0.73 16.32 15.83
14 20,57 1.32 0.76 Q.56 16.67 15.57
12 26.58 1.72 1.08 0.64 16.02 15.46
13 31.57 2.05 1.07 0.98 15.98 15,38
16 32.74 2.08 1.16 0.92 16.24 15.75
22 31.29 1.63 1.08 0.85 16.57 16.18
26 22,87 1.43 0.64 Q.79 16,38 16,00
17 23.45 1.50 0.58 0.92 16.09 15.63

* 1 unit = 20 pounds.

1 Estimated. The guaranteed analysis of superphosphate was not given for the four years 1896 to
180¢9, During the five years 1900 to 1904 the guaranteed analysis averaged 93.8 per cent of the actual.
Tl;e P,I'Uamlnte.etl analysis for the four years 1896 to 1899 was estimated by taking 93.8 per cent of the
actual analysis.

For the two years 1922 and 1923 the margin between the retail and the
wholesale price averaged 70 per cent greater than {or the five years 1910
to 1914, For the pre-war period the cost of distribution, or margin, was
48 per cent of the retail price, as compared with 58 per cent for the two
post-war years 1922 and 1923, The mcrease in the margin reflects pri-
marily the increase in transportation and handling charges.

Only a limited amount of data on retail prices of superphosphate was
contained in the Connecticut fertilizer reports. The year-to-vear changes
in the Connecticut retail price of this product were greater than the
changes in the wholesale price. Some of the variation in the retail price
may be due to sampling variations. For Pennsylvania there were more
data available and the average retail price was more constant.
 Correlations between the year-to-year changes in wholesale prices and
in Connecticut retail ptices of superphosphate are given in table 22, Dur-
ing the period from 1896 to 1914 the correlation was relatively low
{r==0.375). The wholesale price was relatively stable and the changes
that did occur were not closely associated with changes in the retail price.
For the twenty-eight-year period 1806 to 1923 the correlation was much
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TABLE 21. InpEx NUMBERS OF RETAIL AND WHOLESALE Prices, CosT OF Dis-
TRIBUTION, AND ANALYSIS OF SUPERPHOSPHATE IN CONNECTICUT, 1896 TO 1923

Retail price in Wholesale | Cast of .
Connecticut price of distribu- | Available Avsilable
phospharic |  tion of | phosphoric | Phesphoric
Year . acid per | phosphoric acid BLK
Super- Phosphotic | “ypit'at acid per found guaran-
phosphate | acid per Baltimore unit teed
per ton unit

1806-1900, . ............. 100 111 104 120 91 o0
19101914 .. .. ......... 100 100 100 100 100 100
1922-1923, ... i nen 151 139 111 170 106 108
111 132 104 164 84 83
104 115 98 134 91 90
82 91 91 92 91 89
o1 99 113 84 93 91
114 119 i1 128 98 a5
103 in 116 106 91 92
112 115 113 118 98 97
92 99 115 82 93 a3
103 108 116 93 97 95
o1 95 116 72 163 95
90 28 116 78 92 91
105 110 t16 102 99 95
104 114 120 108 104 91
100 100 104 96 97 99
97 97 105 88 99 99
108 108 115 100 102 100
104 107 96 118 25 96
97 04 95 94 102 103
95 93 87 100 102 101
86 B4 87 80 101 102
150 138 131 146 106 108
134 126 138 112 108 106
173 164 196 128 104 105
206 195 195 196 143 105
213 198 211 184 105 107
204 184 196 17¢ 107 110
149 136 116 158 107 109
153 143 105 184 104 101

TABLE 22. CORRELATIONS BETWEEN WHOLESALE PRICES AND CONNECTICUT RETAIL
Prices oF Puospporic Acip, 1896 to 1923

18961914 1896-1923
. {r) (r}
Actual retail and wholesale prices. ......c.oiauentns . . 0.375 0.758
Retail and wholesale prices {(first differences) 0.283 0.808

higher (r=0.758). There was a rapid rise and decline in both retail and
wholesale prices during and following the war. The relatively high corre-
lation for the entire period 1896 to 1923 is due primarily to the unusual
changes that occurred during the years 1915 to 1921 (figure 11).

The correlations between the actual wholesale and retail prices were
much the same as the correlations between the year-to-year changes in the
prices.

In New York

Data on retail prices of superphosphate for New York were avail-
able for the period from 1914 to 1928 (table 23). In 1914 the
average retail price in New York was $14.50 per ton. The analysis
averaged 14.65 per cent of available phosphoric acid, and so the retail
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price per unit was 99 cents, The wholesale price at Baltimore averaged
48 cents per unit, making the cost of distribution 51 cents per unit. The
retail price per unit and the cost of distribution were practically the same
as in Connecticut for the same year.

TABLE 23. RETAIL AND WHOLESALE PRICES, CosT OF DISTRIBUTION, AND ANALYSIS
OF SUPERPHOSPHATE IN NEW Yorx, 1914 1o 1928

Retail Par Retail Wholesale Cost of
price of cent of price of price of distribu~
Year super- available phosphoric phosphorie tion of
phosphate phosphoric acid per acid per phosphoric
per ton in acid uait n anit at acid per
New York found New York Baltimore unit
$14.50 14.65 $0.99 $0,48
14.60 15.23 0,96 0,48 |
20.20 15.00 1.35 0.72
19 16 15.07 1.27 0.76
25.30 15.00 1,69 1,08
30.50 15.52 1.97 1.07
30.80 16.00 1.92 1.16
29.45% 16,19 1.82 1.08
21.30 16.34 1.30 0.64
21.35 16.70 1.28 .58
19.30 16,53 1.17 0,50
.................. 0.54
24.47 16.83 1.45 .61
20.60 17,21 1.20 0.55
23.72 17.44 1.36 0.54%

During the period of inflation the index number of the retail price rose
to 199 while the index number of the wholesale price rose to 242 (table
24}. Wholesale prices fluctuated more violently than did retail prices.

TABLE 24, IxpEx NUMBERS OF RETAIL AND WHOLESALE Prices, CosT oF Dis-
TRIBUTION, AND ANALYSIS OF SUPERPHOSPHATE IN NEW York, 1914 To 1928
(1914 = 100)
Retail Per Retail Wholesale Cost of
price of cent of price of price of distribu-
Year sSuper- available phospharie phaspheric tion of
phosphate phosphorie acld per acid per phesphoric
et ton in atid unit in unit at acid per
ew York found New York Baltimore unit
106 100 100 100 100
101 104 97 100 924
139 102 136 150 124
132 103 128 158 100
174 102 171 225 120
210 106 199 223 176
212 109 194 242 149
203 111 184 215 145
147 112 131 133 129
147 114 129 121 137
133 113 118 {?: 131
169 115 146 127 165
142 117 121 115 127
164 119 137 112 161

For the three years 1926 to 1928, the retail price per unit averaged 35
per cent more than in 1914, the wholesale price was 18 per cent higher,
and the cost of distribution was 51 per cent greater (table 24), Retail
prices during the post-war period have been relatively higher than whole-
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sale prices. The cost of distribution, however, hag increased even more
than has the retail price. In 1914 the cost of distribution per unit was
52 per cent of the retail price, as compared with 58 per cent for the three
years 1926 to 1928,

During the post-war period from 1926 to 1928, the superphosphate in
New York averaged 17.16 units of phosphoric acid per ton, which was
17 per cent greater than in 1914, Higher grades of superphosphate are
being used. The cost of distribution consists primarily of charges for
handling and transportation. These costs tend to be a uniform amount
per ton, By using higher grades it is possible to cut down on the average
cost of distribution per unit. If there had not been this increase in cons
centration, the retail price per unit of phosphoric acid would probably be
even higher than it has been, since the increase in the cost of distribution
wotld not be spread over so many units.

In Indiana

During the five years 1910 to 1914, the retail price of phosphoric
acid in Indiana averaged $1.16 per unit {table 25), or about 10
per cent more than the Connecticut retail price, $1.05. The cost of
distribution in Indiana was 62 cents per unit, as compared with 50 cents
in Connecticut. The cost of distribution was larger, and represented 53
per cent of the retail price in Indiana as compared with 47 per cent in
Connecticut,

The relative changes in wholesale and retail prices in Indiana during
the inflation period were much the same as in New York and Connecticut.

TABLE 25. RETAIL AND WHOLESALE PRICES, C0sT OF DISTRIBUTION, AND ANALYSIS
OF SUPERPHOSPHATE IN INDIANA, 1906 TO 1928

Retail Retsil | Wholesale | Cogt of
price of | Percent of | price’of price of | distribu. Number
super- available | praspherie | Phosphoric tion of of tons
Year phosphate pbosp_léonc acid acid per | phosnharie | Of super-
per ton 301 ped |, POr unit ol in acid phosphate
in indiana | guaranteed | i jndiang | bulk at per unit | 10 Indiana
Baltimore
1906-1009. .. ... ... ... $16.28 1 ... e, $0.62 [ ......... 7,988
W010-1014. ... ..., ..., 16,22 14,0 $1.16 0.54 $0¢.62 10,325
1924-1928. ... civnn 30.19 1.8 1.39 0.56 .83 43,620
L T e 0.64 | ..i.ulll. 3,904
LY T T [ 0.65 | ........, 7,044
16,73 | ..o e, 0.63 | ...iiiil, 7,892
1737 | vveviviee [ evienaann 0.58 | ......... 8,111
lfL.EZ 13.6 1.21 0.59 Q.62 7,572
16,74 13.8 1.21 0.60 0.61 9,262
16.23 13.9 1,17 0.52 0.65 9.940
13.942 14.5 1.10 Q.52 0.58 11,974
15.67 14.3 1.10 0.48 0.62 12,878
16.09 15.2 1.06 .48 Q.58 14,783
20.44 15.7 1.30 Q.78 0.52 26,526
20,18 15.8 1.28 Q.82 0,46 42,562
26.41 15.8 1.67 .11 0.56 57,084
28.99 16.0 1.81 1.06 0.75 59,001
31.91 16.0 1.99 1.22 Q.77 68,171
23,73 16.5 1.44 0.95 0.49 53,767
20,67 16.8 1.23 0.59 0.64 60,740
25.78 18.2 1.42 0.57 0.85 49, 501
28 14 20.8 1.35 0.50 0.85 53,553
30.53 23.2 1.32 0.57 0,75 37,127
31.99 23.1 1.38 Q.61 0.77 48,381
28.61 19.6 1.46 0.54 0.92 32,041
31,68 22.3 1.42 0.56 0.86 26,997
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One of the most notable changes that have occurred in Indiana is the
unusual increase in the number of units of phosphoric acid per ton.
During the five years 1910 to 1914, the guaranteed analysis averaged 14.0
per cent of available phosphoric acid. During the five years 1924 to 1928,
however, the analysis averaged 21.8 per cent, or 50 per cent more than
during the pre-war pericd (table 26)}. The increase in the use of high-
grade superphosphate has been much more marked in Indiana than in
either Connecticut, New York, Pennsylvania, or Texas,

TABLE 26, INDEx NUMBERS OF RETAIL aANp WHOLEsSALE Prices, CosT oF IDis-
TRIDUTION, AND ANALYSIS OF SUPERPHOSPHATE IN INDIANA, 1900 To 1928
(19101914 = 100)

Retail Retail | Wholesale | Cggt of
price of Available rice of price of distribu- Tonnage
SUper- phosphorie | phosphoric phosphoric tion of of super-
Year phosphate acid acid _ acid per phosphoric | phosphate
per ton guaranteed |  per unit u“ﬁt mn acid in Indiana
in Indiana in Indiana bulk at per unit
Baltimore
1906-1909, ... ... et 100 | e ] e 115 | ... T
1910-1914. ... ... ... 100 100 100 100 100 100
1924-1928. ..., v 186 156 120 104 134 422
2 e [ 119 | ... 86
100 ... o, 120 ..., 68
L e 117 [ ... n . 76
1007 | oevviiiii ] e iinn 07 |, ... 79
102 97 104 109 100 73
103 9% 104 111 98 20
100 99 101 96 105 25
98 104 95 96 94 116
97 102 95 &9 100 123
99 109 91 89 04 143
116 112 112 144 84 257
124 113 110 152 4 412
163 113, 144 206 90 562
119 114 156 196 121 51
197 114 172 226 124 6604
146 118 124 176 79 521
127 120 106 109 103 588
159 130 122 106 137 479
173 149 116 93 137 519
188 166 114 106 121 553
197 165 119 113 124 469
176 140 126 100 148 310
195 159 122 104 139 261

During the five years 1924 to 1928 the retail price of superphosphate in
Indiana averaged $30.19 per ton, or 86 per cent more than during the
period from 1910 to 1914, The analysis averaged 21.8 per ceut of avail-
able phosphoric acid. The average retail price of phosphoric acid was:
$1.39 per unit, or only 20 per cent above the pre-war price.

Because of the increase in concentration, the cost of distribution of phos-
phoric acid per unit increased only 34 per cent. Ifor some of the materials
the average analysis of which has not changed, the cost of distribution per
unit during the post-war period has been ncatly double the pre-war cost.

In Pennsylvania

The average retail price of superphosphate per ton and the retail price
ot phosphoric acid per unit, in Pennsylvania, are shown in table 27 and
figure 12, During the sixteen-year period from 1899 to 1914, the aver-
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FIGURE 12, WHOLESALE AND RETAIL PRICES OF PHOSPHORIC ACID PER UNIT
IN SUPERPHOSPHATE IN PENNSYLVANTA, 1800 To 1028
Prices were relatively constant during the 16 years prior to the war. The spread
between the retail and the wholesale prices during the post-war period was decidedly
greater than that during the pre-war period
TABLE 27. RETAIL AND WHOLESALE PRICES, CosT OF DISTRIBUTION, AND ANALYSIS
OF SUPERPHOSPHATE 1N PENNsYLVANIA, 1899 To 1928
Retail Retaill | Wholesale tribation
price of Per cent price of price of Cost of distribution
super- of bl phosphoric | phosphoric
Vear phosphate E:l‘”-"_‘la e acid per acid per | Phosghoric | Super-
per ton in | Phosphoric unit in unit in acid per phosphate
Pennsyl- “F‘d Pennsyl- bulk at umlé per tont
vania guaranteed |, * yuqis Baltimore
1900-1904. ... ... ouua $14.04 13.39 $1.05 $0.63 $0.42 $ 5.65
1905-1909 ., e 13.96 13.50 1.04 0.63 0.41 5.51
1910 -1914% ., 14 .18 13.74 1,03 0.55 0.48 6. 66
19241928 . ... ..ol eeen 20.08 16,18 1.24 0.56 0.68 11.04
13.23 13.26 1.00 0.62 0.38 5.04
14 48 13.25 1.09 0.62 0.47 6.23
13. 60 13.61 1,00 0.63 0.37 5.04
13 60 13.36 1.02 0.62 0.40 5.34
14.32 13.28 1.08 0.63 Q.45 5,98
14 20 13.44 1.06 Q.62 0.42 5.64
13.70 13.33 1,03 .64 0,39 5.20
13 .34 13.57 0.93 064 0.34 4.61
14 .04 13.55 1.04 Q.65 0.3% 5.28
14.47 13.56 1.07 0.63 0.44 5.97
14 .25 13.49 1.06 0,58 0.48 6.48
14.34 13,50 1.06 0.59 0.47 6.34
14.71 13.73 1.07 0.60 Q.47 G.45
14911 13,901 1.07 0.52 0.55 7.64
13.75 13.80 1.00 Q.52 0,48 6.62
13.94 13.94 1.00 Q.48 0.52 7.25
13.95 14,358 .96 0.48 0.48 7.00
18.51 14.59 1.27 0.78 0.49 7.15
18.26 14,56 1.25 0.82 0.43 6,26
24.19 1464 1.65 1.11 0.54 7.91
27.49 14,97 1.84 1.06 0.78 11,68
19,63 15.48 1.91 1.22 0.69 10.68
23.76 15.56 1.53 €.95 0.58 9.02
17.27 15,55 1.11 0.59 0.52 8.00
18.95 15.75 1.20 0.57 0.63 9.92
17. 46 15.68 1.11 Q.50 0,61 9.56
21.26 15.95 1.33 O.57 0.76 12,12
21.15 16.31 1.30 0.61 0.69 11.25
i8.98 16.47 1.15 Q.54 0.61 10,05
21,585 16.51 1.30 Q.56 0.74 12.22

* TINO to 1914 except 1912,
t For the spring scason only,

1 Calculated by mulnplying- the cost of distribution per unit by the number of units per ton,
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age retail price of phosphoric acid per unit remained practically constant;
tlgl:e highes[tJ price, élO9p per unit, was in 1900, and the lowest, 98 Cpnti
per umit, was in 1906, The wholesale price pf phospheric a(".:d 1;61' um:t3 9:19
Baltimore also was relatively constant, especially for the perlod rom 1
to 1911, From 1911 to 1914, however, the wholesale price declined from
60 to 48 cents per unit. s . .
Tn 1920 the retail price per unit was 185 per cent of the pre-war price
while the wholesale price was 222 per cent of the pre-war price (tab.!e 28).
The relative increase in the wholesale price was greater than the increase
in the retail price.

TABLE 28. INDEX NUMBERS oF RETAIL AND WHOLESALE Pricgs, CosT OF Dis-
TRIBUTION, AND ANALYSIS OF SUPERPHOSPHATE IN PENKSYLVANIA, 1899 to

1928 '
(1910-1914 = 100%)
Retail Retail Wholesale Cost of distribution
price of . price of price of_
1’lsuper- Avallgblgc ph0$£hOTIC phosphoric
phosphate | phospiors acid per actd per .
Year perpton P acid unit in unir_pin Phosphoric hsupe;_
in guaranteed | Pennsyl- bulk at acid per | D Dspthate
Pennsyl- vaniz Baltimore unit per ton
vania
1900-1904. ... .......... . 99 97 10z 115 B7 85
1905-1909 ... ... 08 98 101 113 85 83
1010-1014%. ... ... .. ... 100 100 100 100 100 100
1924-1928........ DI 142 118 120 102 142 166
03 97 97 113 79 76
102 96 106 113 98 94
95 99 97 115 77 76
% 97 99 113 83 80
101 97 105 115 o4 90
100 98 103 116 87 85
a7 97 100 116 81 78
94 99 95 116 71 69
99 99 101 118 81 9
102 99 104 115 92 90
100 08 103 105 100 07
101 98 103 107 98 95
104 100 104 109 93 97
105+ 101% 104 95§ 115 115
97 1 97 95 100 99
98 101 97 87 108 109
28 106 93 87 100 105
131 106 123 142 102 107
129 106 121 149 90 04
171 107 160 202 112 119
194 109 179 193 162 175
209 113 185 222 144 160
168 113 149 173 121 135
122 113 108 107 108 121
134 115 117 104 131 119
i23 114 108 91 127 144
150 116 129 104 158 182
149 119 126 111 144 169
134 120 112 98 127 151
is2 120 126 102 154 183

* 1910 to 1914 except 1912,
t For the spring seazon only,

During the five-year period 1924 to 1928, the retail price of superphos-
phate in Pennsylvania averaged $20.08 per ton, or 42 per cent higher than
the pre-war orice. The guaranteed analysis averaged 16.18 per cent avail-
¢In calculating the.index numbers, the average for the four years 1910, 1911, 1913, and 1914 was used

s 3 base. The da.a Yor 1912 were for th 1ly; £ N
or the spring and fall seasons combined. © spring season only; for each of the other years the data were
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able phosphoric acid, or 18 per cent more than the pre-war figure, Thus
the retail price per unit of phosphoric acid was only 20 per cent higher
than in the pre-war period. The wholesale price at Baltimore during the
five years 1924 to 1928 was only 2 per cent above the pre-war price.

The year-to-year variations in the average retail price per unit during
the five-year period 1924 to 1928 were greater than during the entire six-
teen-year period 1899 to 1914.

For the period from 1910 to 1914° the retail price of phosphoric acid
in Pennsylvania averaged $1.03 per unit; the wholesale price was 55
cents. The difference hetween the retail and the wholesale price, or the
cost of distribution, was 48 cents, or 47 per cent of the retail price. In
the five years 1924 to 1928 the margin between the retail and the whole-
‘sale price was 68 cents, or 42 per cent greater than in the pre-war period.
In the post-war period the cost of distribution per unit was 35 per cent of
the retail price, as compared with 47 per cent in the pre-war period.

Relation of refail price to analysis
In Pennsylyania

There arc many different analyses, or grades, of superphosphate. The
preceding discussion of the prices of superphosphate dealt with the average
prices of all grades conthined. A mwore detailed picture is obtained when
the prices of the different analyses are compared.

During the period from 1899 to 1928, the guaranteed analyses of super-
phosphate in Pennsylvania varied from 7 to 20 per cent (table 29}, No
one analvsis predominated throughout the entire period. From 1899 to
1916 the 14-per-cent superphosphate was the most prevalent, From 1917
to 1928, howcever, the lo-per-cent was the most :mportzmt The change
has been toward higher analyses.

The average retail price of each grade of superphosphate for the six-
teen-year period 1899 to 1911 is given in table 30. There was no consist-
ent relationship between the guaranteed analysis and the price per ton.
The retail price of phosphoric acid per unit in each grade is shown in
figure 13. The retail price per unit tended to decline as the analysis
increased,

The average rctail price of phosphoric acid in the 14-per-cent super-
phosphate (the most important grade from 1859 to 1916) was $1 per unit:
in the 12-per-cent grade it was 19 per cent higher, and m the 10-per-cent
grade it was 38 per cent higher. The price per unit in the 16-per-cent
grade, however, was only & per cent less than in the I4-per-cent super-
phosphate.  That is, there was less difference in the average retail price
per unit in the grades that contained more than 14 per cent of phosphoric
acid than in the grades that contained less than 14 per cent.

In the five-vear period 1924 to 1928, the 16-per-cent superphosphate
was the predmnm'mt grade. Thuring this period the average retail prices
per ton of the 13-, 14-, and 16-per-cent grades were much the same, but
the 18- and 20-per-cent grades were distinctly higher in price.

The retail price of phosphoric acid per unit tended to decline as the
analvsis increased {rom the lowest to the most popular grade, but for the

51910 to 1914 except 1912,



TABLE 29. AvVERAGE RETAIL PRICE PER TON OF VARIOUS GRADES OF SUPERPHOSPHATE IN PENNSYLVANIA, 1899 1o 1928%

7 percent | 8 per cent § per cent 10 per cent. i 11 per cent i 12 per cent | I3 per cent ‘ 14 per cent ‘ 15 per cent 1% per cent I 18 per cent | 20 per cent
Year |Num- [Hum Num-| l N [N |N - Num-} ‘Num-:
ber of| Retail ber ul’ Retail |ber of| Retail her DII Retai) ber n! Retail berol‘ Retail ber of] Retail ber of, Retail [her of Retail bero:' Retail 4ber oﬂ Retail bcr ui‘! Retail
—— A=~ pﬂﬂe EBID- l pnce B&M~ pl']cﬂ BAIN- DTICU BATI- prlce 1 BAM- price |aam-! prlce BAIN~ prme BRATN- ‘ prwe i sam- price Bam- 1 DTICE BAfr= . DTIBE

ples ples ples t ples ples ples ples L l pl o | ples | ples ples ples
1890...... i | [z lsits | [ 4 [s16.38 | 5 13.00 | 12 [$i3.47 m,m ] e 28535 ] .. N IR
1500..... 1 313060 & §14.50 1 1250 11 3 15.67 7 13 .43 1 16.00 81 14 47 e 213800 .. ..., P IR
1001, .. 1 100 ... ..... 2 14 .25 3 5 15.00 7 12_66 2 13.50 ' 121 | 13 .62 ‘$13.00 [ e I N N
002.....0 ... ..o 3 14 67 ] 4 16.50 1BI6: ... )., ... 131 1 13 .45 I e T B N
mwa.....p e b e 3 | 12.38 ; 12 5 | 15.80 20 14.69 | 1 | 16.00 ' 125 | 1422 - N PR
904 .. ... | ..... [T R 11 12 433, 2 | 16,00 * 05 114131 2 (1960 ) ... ... ..o q ol O I
00500 ... ] ... 1250 | 9 2 1350 2 (16007100 [ 1371 o0 oL [ R R
1006. .. . 12,00 | 2 3 13.62 1 Wweol 8 |13.131 1 1300 11600 ., . | ... P N
107.....] ... ..., 13.00 [ 3 434, 2 1550 62113683 | 1 J13.00) 2 14.60 | ... ..... P N
1008, ... | ... 14.00 | 4 1 14.63 1 15.00 | 69 ‘ 1445 | 1 [ 1650 1!'168.00 | ... ..... PR
1909 ... ... (..... 13.00] 8 4 1390 ... ..... 98 | 14,18
W e .. 13.00| 5 3 441 ... [ ,.... 90 1 14.30
'] ) U R S 13.00 7 2 1 1462 ... 121 | 14.74
19121 P I I R 2 1643 ... 1 ..... 531471
19t3..... 12.50 | 3 3 1727 ... ..... 93 | 13.43
LTINS RO S 200 1 3 "l 83 \ 13,81 |
W5 ... | ..... AP RS P 1 I 16.00| R 78! 13.82
M6 0] e b 7 4 | 18,09 . 1 2800 | 80| 18.22 1
LT OUNN IR I ' 3 IO IR 12 2 17.28 \ 4 | 1950 81812 2
ME...0 L] . 1 23.00 P S 16 1 23 32 T ] 2493 94 | 23.84
e . ) L)L 2 | 25.06 . ' ..... i 2593 | 4 [2806 | 81|27.09 | ...
w0, ], R O T 1 8 | 32.87 | 3829071 ...
.0 ] e VR I F O U I O U N 24 124451 21 ‘ 2451 ...
1922, N N ar rrel 13 116.483 | ... 2
19230 L A I A OO 18 l1ess! 2177 | - 3
1024, L] D U SN O N N D TP a5 1T | L) 3
1025 Sy 3¢ | 207 | [ b 8
b7 N S EUUURUN N R IPD IUDROUN RN AUROURN EPUDR VU R I 24 | 20.21 l ..... L
19270 ... ..., .. |25 18.32 11 18.00
L T e S O O (R S U O I S, 20 | 21.84 ‘ 222,50 t

1

T The follnmnz rctsll prices also were given for gmdes with [ractional quarantecs: 1899 one nnmple 14 S-per-cent, $11.50; 1900, one pample 11.5-per-cent, §$16.00, and one sample 15.5-
-oent, $12.50; 1002, one samnple 5.5-per-cent, $15.00; 1910, one sample 6.5-per-cent, $18.00; 1913, one ssmple 8.5-pet-cent, 118, 60; 1915, one sample 14.4-per-vent, $12.50; 1917, one sample

lli-pcment. $21.00; 1927, one sample 16.5-per-cont, $18.25.

1 For the spring eeason only.
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Analysris
Froure 13. RETAIL PRICE OF PHOSPHORIC ACID PER UNIT IN VARIOUS GRADES OF SUPER-
PHOSPHATE, IN PENNSYLVANIA FROM I80¢ TO 1914 CND FROM 1024 TG 1028, AND 1N
TEXAS FROM 1024-25 To 1028-29
The retail price per unit tends to decline as the analysis increases

TABLE 30. AvERAGE RETAIL PRICE PER TON OF VARIOUS (GRADES OF SUPERPHOS-
PHATE IN PENNSYLVANIA, 1899 To 1914 aNp 1924 70 1928

18991914 1924-1928
Per cent of Retail | Retail HNem- | Retail | Retail Num-
avajlable price of | price of { Total ber of | price of | price of | Total | ber of
phosphoric acid supers phos- num- vears super- phos- num- years
guaranteed phos- phoric | ber of |price was] phos- | phoric | ber of [price was
phate acid samples | avail- phate acid samples | avail-
per ton | per unit able per ton | per unit { able
$2.00 2 - S I O
1.93 2 2 P e [T
1.43 24 | 2 S [ L F O SR
1.38 95 I S S A T
1.44 43 ) R (S T S
1.19 172 B L S O O I
1.17 24 9 147 5
1.00 1,498 16 3 2
0.99 L - S T T AP,
0.92 49 11 1,116 3
................. 11 2
.................. 178 5

18- and 20-per-cent grades the average retail price per unit was much the
same as in the 16-per—cent grade (figure 13),

The average retail price per unit of phosphoric acid in the predominating
grade was not the lowest in either the pre-war or the post-war period.
During the period from 1924 to 1928 the average price of phosphoric
acid in the 14-per-cent superphosphate was $1.45 per unit; in the 16-per-
cent grade it was $1.22, or 23 cents per unit less. The average price in
the 18- and 20-per-cent grades was $1.16 and $1.21, respectively, The
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difference in price per unit between the 14- and the 16-per-cent grade was
much greater than the difference between the 16- and the 18- or 20-per-
cent grade. As far as price was concerned, there was more of an incentive
to shift from the 14- to the 16-per-cent grade than to shift from the 16-
to the 18- or 20-per-cent grade,

In Indiana

In 1915 the price of phosphoric acid in 20-per-cent superphosphate in
Indiana was 92 cents per unit, as compared with $1.12 in the 14-per-cent
grade, which made up more than half of the total tonnage for that year
(table 31).

Beginning with 1921, retail prices were given on grades containing
more than 40 per cent of available phosphoric acid. For the three years
1926 to 1928 the retail price averaged $1.21 per unit in these extremely
high grades of superphosphate, as compared with $1.43 per unit in the
20-per-cent grade, which made up the largest tonnage in those years, In
the 13- and 16-per-cent grades the retail price per unit averaged $2.09 and
$1.57 per unit, respectively. The decrease in the retail price of phosphoric
acid per unit of increase in the analysis was larger for the grades below
20 per cent than for those with higher analyses (table 31 and figure 14}.

Doltlars Ler Ynit

2201
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Ficure 14, RETAIL PRICE OF PHOSPHORIC ACID PER UNIT
IN VARIOUS GRADES OF SUPERPHOSPHATE IN INDIANA,
I015 AND 1020 To 1028

The retail price per unit was lowest for the highest grade
n Texas

_For the five seasons 1924-25 to 1928-29, the average retail price in
texas of phosphoric acid in 16-per-cent superphosphate was $1.38 per
mit; in the 18-per-cent grade it was $1.28, and in the ZO-per-cent grade it



TABLE 31. AvERAGE RETaIL PricE AND NUMBER oF Toxs OF VARIOUS GRADES OF SUPERPHOSPHATE IN InNpDrana, 1910 to 1928
Per Retail price Ber Retail price Per Retail price Per Retail price
cent of cent of - cent of cent of
available Num- available ! Num- [available Num- [available Num-
Year phos- | Super. | Phos- | ber of | FPO% | Super- | Phos- | ber of | PB9S | Super- | Phos. | berof | PN9S | Super- | Phos- | ber of
vhotic | nhos. phoric tons phorie | phos. | phoric tons photie | ‘phos. | phoric tons phoric phos- | phoric tons
;;;‘;l phate | acid per ;Lf;?_' phate |acid per é“f;g phate | acid per ;_;:3 phate |acid per
- T ton - 1 = =
anteed pe umt antesd per ton unit anteed per ton unit antesd per ton umit
14.1 $16.62 | §1.18 6,499 0 .o .| .aas .
141 16.86 1.20 8,505 | coeit | venee ] e
14,2 16.06 1,13 L O .
14.0 15.63 1.12 9,250 16.0 $17.00 | $1.
14.0 15.43 1.10 9,922 16,0 16,72 1. .
14.0 15.65 1,12 7,823 16.0 16.16 1. .00 85
14.0 19.74 1.41 6,160 16.0 20.30 1. .30 3
4.0 19.79 i.41 7,041 16.0 20,22 1. .10 715
14.0 25,54 1,82 8,032 16.0 26,37 1. .56 1,156
14.0 28.35 2.02 6,991 16.0 28.84 1. o7 ..
14.0 32.68 2,51 7,474 16.0 31.43 1. 81 | 6,001 0 ..... P N TR
..... . 951 16.0 23,09 i. .43 45 4 56.00 1.23 600
14.0 21,75 1,55 2,407 16.0 19.73 I. .16 44.0 50.95 1.16 644
4.0 22.43 1.60 469 16.0 23.44 1. 1 39.8 46,42 1.17 3,157
12,9 24.60 1.91 813 16,0 23.73 1, .39 . 42.8 47.62 1.11 7,232
12.5 24.76 1.98 1,032 16.0 25.08 1. .29 20,813 | 43.7 49.72 1.14 12,000
13.0 26.70 2,05 1,906 16.0 24.17 1. .43 19,731 43.2 52.72 1.22 10,000
13.0 29,60 2.23 906 16.0 25.30 1. .44 16,500 41.8 49,00 .17 1,969
3.0 25.72 1.98 875 16.0 25.80 1. 43 13,082 40.1 50.26 1.25 4,987
I

or

CHS NILFTING
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was $1.24 (table 32). The tonnage of the 18-per—cent superphosphate
was greater than for the other two grades combined (table 33). The
difference in the retail price per unit between the 16- and the 18-per-cent
grade was 2.5 times as great as the difference in the price per unit between
the 18- and the 20-per-cent grade.

TABLE 32, AvERAGE RETAIL PRick OF PuosPHOrIC Acip pER UNIT IN 16, 18-,
AND 20-PER-CENT SUPERPHOSPHATE IN TEXAsS, 1916-17 To 1928-29

Retail price per unit
Season -_— —
16-per-cent 18-per-cent 20-per~cent

L L £1.31

1917-18.. 1.57

1018-16., 1.86

L . 1.86 ieres
L 1.86 51.61
1021-22 ., i u vy 1.45 1,39
[ 1.46 1.46
10032 e i e 1.44 1.37
1924-235 . i i s 1.47 1.38
102526, L i i b 1.40 1,31
L 1.32 1.26
B 2 1.35 1.2%
192B-29, . it i i e 1.35 1,20
1924-25 10 1928-29. ...\ vuurerrrr i raa s 1.38 1.28

TABLE 33. AvERAGE RETAIL PRICE AND NUMBER oF ToxNs oF 16-, 18-, AND 20~
PER-CENT SUPERPHOSPHATE IN TExas, 1916-17 1o 1928-29

Retail price per ton Number of tans sold
Season
16-per-cent | §8-per-cent | 20-per-cent | 16-per-cent | 18-per-cent | 20-per-cent.
2 I e e T I I
b T T e o P R,
A O L R M
b4+ I O [ Y
29,73 22001 ) O T N
23.19 AR e O T e,
23.36 o R I U O
22.99 2470 [ ..., 26,386 6,180*% { ......
23,51 24,85 $27.14 19,499 T.467% | ......
22.47 23.35 24.90 13,493 19,515 3,992
21,20 22 .70 24.69 6,355 12,517 4,053
21.55 22,44 24.44 4,318 11,353 4,811
21.66 21.66 23.32 3,920 12,201 5,022

* Includes 17-, 18, and 20-per-cent superphosphate,

These data on the prices of the various grades of superphosphate indi-
cate that the users of low-grade material paid decidedly more per unit for
phosphoric acid than did those users who purchased superphosphate with
analysis as high as or higher than the average. The decrease in cost per
unit was greater between the low-grade and the medium-grade goods than
between the medium and the high grade.

POTASH SALTS

Muriate of polash In Connecticut

Both the retail and the wholesale price of muriate of potash remained
relatively constant during the thirty-five years prior to the World War.
The general price level in the United States declined during the sixteen-
year period 1883 to 1898, but in Connecticut there was no consistent
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tendency for the retail price of muriate to-either increase or decrease
(table 34 and figure 15). The wholesale price increased slightly, at the
rate of 21 cents per ton, or 0.6 per cent, per annum.

TABLE 34, RETAIL AND WHOLESALE PRICES, CosT OF DISTRIBUTION, AND ANALYSIS
OF MURIATE oF PoTtasu IN CONNECTICUT, 1881 To 1923

Retail | Wholesale Cost Potash
Num- | price per price of Per cent Per cent overrun
Year her of ton 1n per distri- of potash | of potash (;;er cent
samples | Connecti- ton at bution found guaranteed n‘:;‘:g
cut ports per ton guarantee)

18821885, ,.... 4 § 42,33 % 34.63 $7.70 5176 1 ... AP
18901894 ... .. 2 43.80 37.25 6.55 11 i S A
1900-1904. . ... . 9 43.77 37.04 6,73 0.5 § ..... .
1910-1914, ..., . 11 43.29 37.54 5.75 50.84 49.21 1.63
1922-1923 . ..... 9 50.92 34,98 15.94 50.84 49.12 1.72
1881 [ 6 42.25 |  ..... v §1.08 P cees
1882 .......... 3 45.83 36.25 9.58 52.86 e et
1883........... 4 43.50 35.07 8.43 53.98
1884..... e 3 37.83 32.98 4.85 49.82 O I,
1885 . 7 42,16 34.21 7.95 50.38 PP PR
1886........... 5 43.50 34.43 9.07 48,99 P .
1887, .......... 7 43.07 34.53 3.54 51.23 R P
1888........... 6 41.80 34,76 7.04 51.78 PP, B .
1889........... 4 42.65 36.76 5.89 50.71 ..., veen
1890, P . 1 42.50 36.73 5.7 51.12 P I
I 1~ 2 42.75 36.64 6.11 51.65 | ..... .
1892, .......... 4 43.25 ar.32 5.93 50.62 {  ..... .
1893, .. .. [ — 1 48.00 37.19 10.81 49,7 ..., | o
1894 .......... 2 42,50 38.35 4.14 50.54 B .
1895........... 5 43.94 38.%0 3,04 50,30 | ..... PR
1896 - 8 43.00 36.26 6.74 51.17 e N
1807, ..o eet . 10 42.80 36.38 6.42 I UE - S seene
1898......... . 12 42,16 36.80 5.36 50.79 e .
1809, .......... 7 42.50 36.49 6.01 50.72 f e
1800, .. - 8 42.62 36.46 6.16 49.78 |  ..... ceane
i901. .. s 13 44.15 36.95 7.20 51.40 . PN
1902 . .......... 8 43.00 36.94 6.06 50.17 aeane PO
1903, ,........ 7 4.79 37.01 7.78 51.47 N P
904, ....... ban 11 44 .27 37.84 6.43 49.99 | L.... ] seles
1905, .,...0.n s 10 44.03 38.43 5.60 51.94 PN PR
1006, . ......... 9 44 .94 39.30 5.64 Si.41 | ..., anee
1907. ... ...... 7 45.14 39.27 5.87 50.01 50.00 .01
1908..,. e 7 43 .57 38.83 4.74 52,14 50. 00 2,14
1909 . ... 9 4,10 38.00 6. 10 51.13 49_72 1.41
1916, ... ..., .. 12 43.12 36.60 6.52 50.85 49 .04 1.81
1911, .., . 10 44.30 35.75 8.585 51.25 49,50 1.75
142, .00 e 11 43 .04 38.21 4.83 51.03 49 55 1.48
913 11 42.14 38.53% 3.59 50,91 49.14 1.77
1914 N . 12 43.88 38.60 5.18 50.19 48 83 1.36
1015, ..o.uians 1 60,00 77.88 F 49 24 4800 1.24
1916, .......... R 353. 66 N P PN
1917 .. ....... P T 402.52 | a.aae | veaas P sarea
1918, ..., .t . . 349.56 eana .s e PR
1919, . ..., . N 282.49 . P I e
1920. . P 120042 | ..... can
1928 ... ..00lu e 5 100. 60 88.48 12.12 48.92 45,80 0.12
1922, ....... et 13 51.58 37.78 13.80 50,77 49.57 1.20
1923 ... 00 [} 50.25 32.18 18.07 50.91 4867 2,24

During the following sixteen-year period, 1899 to 1914, the general
price level rose. \While there were fluctuations from year to year, there
was no consistent tendency for either the wholesale or the retail price of
muriate to rise or fall,

In a period of declining prices, a commaodity the price of which remains
constant becomes relatively expensive. In a period of rising prices, a
commaodity whose price remains constant becomes relatively cheap. Dur-
ing the sixteen-year period prior to the war, the general trend of agricul-
tural prices was upward. There was a tendency for the amount of potash
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Ficure 15. WHOLESALE PRICE AND CONNECTICUT RETAIL PRICE GF MURIATE OF
POTASH, 1881 To 1023

Wholesale prices of muriate tended to increase slightly during the 33 years prior to
the war, There was very little increase in retail peices

43

that could be purchased with a pound of cotton, tobacco, or potatoes, to
increase. The purchasing power of the price of muriate of potash

increased during the period from 1883 to 1898, and decreased during the

period from 1899 to 1914,

There was very little similarity in the year-to-year changes in the whole-
sale and retail prices of muriate of potash, either during the period from
1882 to 1898 (r=0.366) or during the period from 1899 to 1914
(r=-0.129) (table 36 and figure 16). When account is taken of the
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FiGure 16. YEAR-TO-YEAR CHANGES IN THE WHOLESALE PRICE AND IN THE
CONNECTICUT RETAIL PRICE OF MURIATE OF POTASH, 1883 10 I9I4
There was little or no

ere or, tendency for the year-to-year fluctuations in wholesale and in
retail prices to be similar
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TABLE 35. IxpEx NUMBERS OF RETAIL AND WHOLEsALE Prices, CosT o¥ Dis
TRIBUTION, AND ANALYSIS OF MURIATE oF Porasu IN CoNNECTICUT, 1881 ToO

1923
(1910-1914 = 100)

Retail ‘Wholesale Cast of
v price per price distribu- Potash Potash Potash
car ton in per ton tion found guaranteed | overruno

Con-
nesticut at ports per ton

1BB2-1885. ... 00 i e 98
1800-1894.

92 134 102

TABLE 36, CORRELATIONS BETWEEN THE WHOLESALE PRICE AND THE CONNECTICUT
ReTAaiL PrRICE OF MURIATE OF PoTasu, 1882 to 1914

| 18821898 [ 18991914 1882-1914
oo : () | ) )
Actual retail price with actual whalesale price .. ... . 0 483 0 314 0.481
Retail price with wholesale price (first differences) .. 0. 366 | —~0. 129 0.245
! o —

relatively small number of years, these correlations cannot be said to be
significant. The changes in wholesale prices were relatively small, and the
changes that did occur were not closely associated with changes in retail
prices.
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The fluctuations in the retail prices are probably due in part to the small
amount of data, and also to the changes in the demand in the retail market.

When the actual retail prices were correlated with the actual wholesale
prices the correlations were higher. High retail prices tended to he asso-
ciated with high wholesale prices (table 36).

For the seventeen years 1882 to 1898, the retail price of muriate of
potash in Connecticut averaged $43.01 per ton (table 37). The wholesale
price averaged $36.09, and the difference, or cost of distribution, $6.92.
During these years the general tendency was for the margin between the
wholesale and the retail price to become smaller,

TABLE 37. WHOLESALE PRICE AND CONNECTICUT RETAIL PRICE OF MURIATE OF
PorasH, AND RATES OF CHANGE IN WHOLESALE aND RETAL Prices, 1882 1o
1914

1882-1808 | 1809-19i4 | 18821514

Retail price per ton in Connecticut {average) $43.01 $43.72 $43.36
Wholesale price per ton (average) $36.09 $37.70 336,87
Cost of distribution per ton (average) $6.92 $6.02 3649
Average annual change (based on straight-line tread):
Retail price in Connecticut, ... .08 $0.00 | ........
Wholesale price +8$0.21 +80.00 | ... ...
Cost of distribution ~$0.16 -$0.00 | ........

Annual percentage change (based on straight-line trend):
Retail price in Connecticut {per cent) e . 0.00
Wholesale price (per cent). . . .....cuunivnnnan e . + 0.24
Cost of distribution (per cent) e N -1.50

For the five years 1910 to 1914, the margin between the wholesale and
the Connecticut retail price averaged only $5.75 (table 34). This was
relatively low when compared with the other years. The margin between
the retail and the wholesale price averaged $15.94 for the two years 1922
and 1923, This was 277 per cent of the pre-war average (table 35).

Sulfate of potash

The changes in the prices of sulfate of potash were somewhat different
from those for muriate of potash. During the seven years 1892 to 1898,
the retail price of sulfate of potash in Connecticut declined at the rate of
$1.38 per ton per annum while the wholesale price declined at the rate of
56 cents per ton per annum. The retail price declined faster than did the
wholesale price (table 38 and figure 17).
 During the sixteen years 1899 to 1914 therc was a slight upward trend
in both retail and wholesale prices, the wholesale price rising the more
rapidly. The rising prices of agricultural products resulted in a greater
use of fertilizer, and imports of potash into the United States increased
rapidly, The general increase in tonnage probably had some effect in
reducing the cost of distribution per ton.

The corcelation between actual retail and wholesale prices during
the period from 1892 to 1914 was relatively low (r=0.413) (table 41).

The spread between the retail and the wholesale price of sulfate tended
to decline throughout the period from 1892 to 1914. The relationship
between the wholesale and the retail price was constantly changing, so that
the correlation between the two was low, The relationship between the
year-to-year changes in wholesale and retail prices also was low (figure 18).
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FigUre 17. WHOLESALE PRICE AND CONNECTICUT RETATL PRICE OF SULFATE OF POTASH,
1892 TO 1923
Both wholesale and refail prices tended to decline during the period 1892 to I898, but
tended to rise during the period 1899 to 1914

TABLE 38 RETAiL AND WHOLESALE PricEs, CosT oF DISTRIBUTION, AND ANALYSIS
OF SULFATE OF PoTAsH 1IN CONNECTICUT, 1889 To 1923
. Potash
Retail Wholesale Cost overrun
Num- price per price of Per ¢cent Per cent (per cent
Year ber of ton in per distri- of potash | of potash found
samples | Connecti- ton at bution found guaranteed minus
cut ports per ton guarantee)
4 $ 54.40 $ 42.90 $11.50 4058 | ..... | ...
3 49 .68 41.93 71.70 49 15 T
[ 51,04 45.31 5,73 49 40 48.03 1.37
12 53.78 45.60 8.18 49 .04 43.08 0.96
1 61,20 (  ...., PPN 52,23 ) ..., 1 ol
P 47.00 D R e T TN
R 43.32 | ..... L.
4 55.00 43.30 11.70 49,92
] 55.21 4295 11,26 49,49
2 53.00 42.45 10.55 49.32 | .....
2 52.50 44 .41 3.09 48.88 1 .....
3 49,67 41.25 8.42 49,24 | ...
7 50.21 40 34 9 .87 4201 | .....
5 46.60 40.25 6.35 48.79 b ...,
2 49, 50 40,14 +.36 49,65 | ... | ...
5 49 60 40.56 % .04 48.20 ... .
5 48 80 41.77 7.03 50,05 | ..... A
1 4900 42.49 4,51 48 56 | ..., | ...
2 51.50 42 .42 9.08 49.63 | ... 1 ..
2 49. 50 42 .64 4.86 49,33 | ... .
4 49.75 43.04 6. 71 49 .55 . . .
2 51.00 44 .00 7.00 49.63 | .....
3 51.00 43.99 7.01 49,83 48.67
2 50.00 431.86 6,14 48 .95 48.90
6 30,65 43,61 7.04 50.52 48 .10
4 49 .00 42 .47 6.53 48,74 48.00
5 52.10 43.50 8.60 50.24 48,14
8 51.12 46.57 4.5% 49 .80 48 .00
6 51,92 46 .80 5.12 48.65 48.00
6 51.05 47.19 3.86 49.58 48_00
1 65.00 79.70 PR 49 .36 47.00
R . 30507 | ... L. bl
P 287.50 aee
1 225.00 338 %0 47.76 e
PR 307.88 | ... | ... ] ...
..... 185 28
10 112.30 119.95 49.79 48.23 1.56
t4 54.98 49.95 48,77 48.16 0.61
9 52.59 41.25 49,31 48.00 1.31
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Ficure 18, YEAR-TO-YEAR CHANGES IN THE WHOLESALE PRICE ANp IN THE
CONNECTICUT RETAINL PRICE OF SULFATE OF POTASH, 18g3 T¢ 1914

There was little correspondence between the year-to-year changes in wholesale and retail
prices of sulfate of potas

TABLE 39. InpeEx NuMBERS OF RETAIL AND WHOLESALE Prices, Cost oF Dis-
TRIBUTION, AND ANALYSIS OF SULFATE oOF PorasH IN CONNECTICUT. 1889 TO

1923
(1910-1914 = 100)
Retail ‘Wholesale Cost
Year Price per price digtfri Potash Potash Potash
Connecti- ton at hution ound guaranteed | overrun
cut potts per ton

107 95 201 100 N cea
97 | 23 134 99 -o. -ea
100 100 100 100 100 100
105 101 143 99 100 70
120 ee. v 106 P ves
104 e o e cee
96 ... - . F
108 96 204 101 aee e
108 95 214 100 . ans
104 94 184 100 . -
103 98 141 90 en e
97 91 147 100 . s
98 89 i72 99 N ..
91 g9 111 .. e
97 89 163 101 . .
97 158 98 . ..
96 92 123 101 .. .
o6 94 114 98 .as Ve
101 94 158 100 .. ..
97 04 120 100 . .
97 95 117 100 e -

100 97 122 100 .
100 97 122 101 101 85

98 97 107 99 102
99 o6 123 102 1040 177
926 o4 114 99 100 54
102 o6 150 102 100 153
100 103 79 101 100 131
102 103 89 93 100 47
100 104 67 100 100 115
127 176 . 100 o8 172
e 673 ces . . ven
635 A e “a e
441 748 . 57 N .
. 679
220 265 ca 11 100 114
108 110 83 9 100 45

103, o 198 100 100
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TABLE 40. WHOLESALE PrICE AND CONNECTICUT RETAIL PRICE OF SULFATE OF
PotasH, AND RATES OF CHANGE 1IN WHOLESALE AND RETAIL PRICEs, 1892 TO

1014
1392-1898 1399-1914 18921914

Retail price per ton in Connecticus (average)........ rrrras $51.74 §$50.34 $50.77
Whotesale price per ton (average).......o.vvuinnn.. PP . $42.13 $43.44 $43.04
Cost of distribution per ton {(average). .......ccviiivenn.. §9,61 $6.90 $7.73
Average annual change (based on straight-line trend):

Retail price in Connecticut. ..o i, -$1.38 +$0.14 ateas

W holesale DriCe, vvremer e v ncr e rnn e ncrrnnrrann P -50.56 +30.38 e

Cost of distribution. .............. ... N -§0.82 -$0.24 |  ......

Annual percentage change (based on straight-line trend):

Retail price in Connecticut {per cent}. ............ PN - 2.67 + 0.28 R,
Wholesale price (percent). ... ... ..i.iiiiiin e, - 1.33 + 087 | ......
Cost of distribution (er cent)......oviiveenniareins e - 8.53 - 3.48 PN

TABLE 41. CORRELATIONS BETWEEN THE WHOLESALE Pri¢ck ann THE CoON-
NECTICUT RETAIL IPRICE OF SULFATE oF PorasH, 1892 1o 1914

1899-19014 1892-1914
e . © (r)
Actual retail price with actual wholesale price............. PN 0.337 0.413
Retail price with wholesale price (first differences)....... [ 0,603 0.254

Sulfate of potash magnesia

Sulfate of potash magnesia is used as a source of potash in some fer-
tilizers, although it is of only minor importance as compared with muriate
and sulfate of potash. Retail prices of sulfate of potash magnesia in
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FIGURE 19. WHOLESALE PRICE AND CONNECTICUT RETAIL FRICE OF SULFATE OF
POTASH MAGKNESIA, 1835 T0 I914

During the period 12898 to 1914 there was a slight upward trend in both retail and
wholesale prices



REeTarL PricES oF FERTILIZER MATERIALS aND Mixep FerriLizers 49

Connecticut were available for most of the period from 1882 to 1923
(tables 42 and 43, and figure 19). The retail price was relatively high
in the threc-year period 1885 to 1887, hut after declining in 1888 it
remained relatively constant during the period from 1888 to 1914,

TABLE 42. REevAiL AND WHOLESALE PrICES, CosT OF DISTRIBUTION, AND ANALYSIS
OF SULFATE OF PoTasH MAGNESTA IN CONNECTICUT, 1882 To 1923

Retail Patash
. elal Wholesale | Cost of Per cent overrun
Num- price price distribu- | Pereent | orpomach | (per cent
Year ber of | per ton DEr ton tion per | of potash guaran- found
samples | 1n Con- at ports ton found teed mnus
necticut guarantee)

1890-1894 .
1900-1904
18111914,
1922-1923. .

2
4
1
3
3

b Gk 0 F R B 1 SN D0 G D0 R L G I v B G g e G e e e

‘There was an upward trend in the wholesale price for the sixteen-year
pertod prior to the war.  The margin between the wholesale and the retail
price averaged $6.41 {or the four vears 1911 to 1914. This was practically
the same as for the five years 1890 to 1894, While there were changes
from year to year, there was no marked tendency for the spread between
the whoiesale and the retail price to increase or decrease during the twenty-
five years prior to the war.

In 1923 the cost of distribution was $11.06, or 73 per cent greater than
for the four years 1911 to 1914. For the pre-war years the margin was
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TABLE 43. INpeEx NUMBERS OF RETAIL AND WHOLESALE Pricis, CosT oF Dis-
TRIBUTION, AND ANALYSIS OF SULFATE OF PorasH MAGNEsIA 1N CONNECTICUT,
1882 To 1923

(1911-1914 = 100)

Retail Wholesale
Price per price per , Cost of Potash Potash Potash
Year , ton ton at distribution found guaranteed overrun
in Con- ports per tan
necticut
98 98 95 96 | ... ' [
o2 91 93 w0 e
100 100 100 100 100 100
0 S e P 99 94 231
120 | L] e L e P
e | ] 98 | e e
121 iy B7 | e e e
116 | covaevaaa | v 96 | Lo e
98 | ... PP, 102 | o e
106 87 178 L s I A
98 97 100 L
98 97 98 L O
98 101 a5 L I I e
98 99 93 L e
98 97 98 B L I,
100 102 93 103 oo e .
96 21 115 b L R PPN
93 86 128 95 1 e e
94 90 110 92 [
95 88 124 100 | oo e
94 86 12% 100 | ..o el
95 90 115 B
91 93 33 100 f o e
89 91 82 L L T
91 93 83 W02 | | e
93 94 B3 o8
05 97 88 91
98 97 100 97 b oo e
o8 96 163 103
......... 96
......... 92
104 93 144 101
10t 101 99 04
93 103 79 B L)
98 103 78 104
D e O
......... 423
......... 431 e
w2 e 97 31t
113 a7 173 101 152

2] per cent of the retail price, as compared with 32 per cent in 1923
This is much the same change in relationship as existed with the other
fertilizer materials.

Kainit

While imports of kainit were large during the pre-war period, its usc
was most common in the South, and relatively few retail prices were avail-
able for Connecticut (tables 44 and 453). For the four pre-war years the
retail price in Connecticut averaged $15.07 per ton; the wholesale price
was $7.96, and the cost of distribution was $7.11, or 47 per cent of the
retail price.
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TABLE 44, RETAIL AND WHOLESALE PRICES, COST OF DISTRIBUTION, AND ANALYSIS
ofF KaINiT IN CoNNECTICUT, 1881 1o 1923

. Potash
Retail | Wholesale | Cost of Per cent overrin
Nurm- price price distribu- Per cent | of potash | (per cent
Year ber of per ton per ton tion per of patash guaran- found
samples | 1n Con- at ports ton found teed minus
necticut guarantee)
Q00-1904% ... .. .. B14.12 | .o i | e 12,52 | oo | el
1910—19141‘ ........ 15.07 $ 7.96 $7.11 13.83 12.00 1.83

* 1900 to 1904 except 1902,
T 1910 to 1914 except 1912,

Relation of analysis of potash salts to cost of distribution

For the years just prior to the war, 1210 to 1914, the cost of distribu-
tion for kainit was 47 per cent of the retail price, for sulfate of potash
magnesia 21 per cent, for muriate of potash 13 per cent, and for sulfate
of potash 11 per cent (table 46).

The cost of distribution was a larger part of the retail price of low-
grade materials than of high-grade materials, The same general relation-
ship existed also during the two post-war years 1922 and 1923, For
these two years, however, the cost of distribution was a larger part of the
retail price than in the pre-war period.

For the years 1910 to 1914, the spread between the retail price in
Connecticut and the wholesale price for sulfate of potash was $3.73; for
muriate of potash, $5.75; for sulfate of potash magnesia, $6.41; and for
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TABLE 45. INpDExX NUMBERS OF RETAIL AND WHoOUESALE Prices, Cost or Dis
TRIBUTION, AND ANALYsiS oF Kamir v ConnNecricuT, 1881 1o 1923

(1910-19141=100)

Retail TWholesale

i H Cost of P
price per price per i AR otash Paotash Potash
Year ton in ton at distribution found guaranteed overrun
Connecticut]  ports per ton
1900-1904*,, . ... . 94

1910-1914f. ... ........ 100

1933,

* 1900 tn 1904 except 1902,
11910 to 1914 except 1912,

TABLE 46. RETAIL aND WHOLESALE PrICEs axp Cost oF DISTRIBUTION OF SU1
FATE OF Porasi, MURIATE OF PotasH, SULFATE OF PoTasH MAGNESIA, an
]\A[\IT IN CO\'\'LC']I(,LT 1910 10 1914 axD 1922 TO 1923

J 1910-1914 1022-1023
% ! Retat & Whol Percer;_t Retail | Whol Perces}‘
etall ole- o8t 0 etail ole- cost of
| ceggrof price aale %?::rf_ t distri- ceil:%rof price sale %?::’r;‘:'f distri-
| potash | PET ton | i priee | oo butien potash per ton | prica bution bution
] (k<0) in Con- | per ton per ton | 8O0 | {0y 1inCon-[pertont D00 | isof
i RV nectieut ! at ports | retail necticut | at porta | I retail
| | f I price price
Sulfate of{w!.ash ..l 4803 ] 851.04 i $45.31 | &5.73 11 48.08 | $53.78 | $45.60 | § 8.18 15
AMuriate of potash. .. ... \ 49.21 43.29 37 b4 5.75 13 4912 [ 50.92 34,68 15 94 31
Falfate of pctash mag-
negia®. . ; 26.00 30,75 | 24 34 6.41 21 25.75 3.7 23 .67 1106 32
Rainitt. . | 12.00 1507 7.96 i1 47 12,40 20.00 6.56 13 44 G?

- 1011 to 1914, and 1023,
t 1010 to 1914 except 1012,
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kainit, $7.11. There was relatively little difference between the cost of
distribution for the various salts.

The margin between the wholesale and retail prices fluctuated from
year to year. Thus, for a short period it was not possible to determine
whether or not there was a real difference between the costs of distribution
of the various salts. During the twenty-three-year period 1892 to 1914
the cost of distribution, or the margin between the Connecticut retail price
and the wholesale price, of muriate averaged $6.12 = 0.99 {table 47). The
cost of distribution for sulfate was $7.73 = 1.39, and for sulfate of potash
magnesia (twenty-one years, no data for 1909 and 1910) $6.45 * 0.80.
The differences between the costs of distribution of the various potash salts
were not significant,

TABLE 47. RETAIL AND WHOLESALE PRICES AND CosT OF DISTRIBUTION OF SUL-
FATE OF PoTasH, MURIATE OF POTASH, AND SULFATE OF PoTAsH MAGNESIA IN
CoNxECTICUT, 1892 1o 1914*

Retail price Wholesale Cost of
er ton in price per ton distribution

onnecticut at ports per ton
Sulfateofpotash. . ....... .. o oo $50.77 $43.04 $7.73+1.39
Muriate otppotash ................................. 43.70 37.58 6.12+0.99
Sulfate of potash magnesia*®. . ... .. ... ... i 29.53 23.08 6.45+0.80

* For sulfate of potash magnesia, 1892 to 1914 except 1909 and 1910,

Although the wholesale price and the analysis of sulfate of potash were
nearly twice as great as for sullate of potash magnesia, the differences
between the retail and the wholesale price, or the costs of distribution,
were not significantly different for the two salts. The cost of distribution
tends to be a uniform amount per ton, and not a percentage of the price.
The differences in analysis and in wholesale prices of the various salts did
not seem to affeet the margin between the retail and the wholesale price.

In Indiana
The Indiana {ertilizer reports gave the retail prices and the tonnage of
all the potash salts combined, for the period from 1919 to 1928. In 1919
the average guaranteed analysis was only 14.1 per cent of potash (table
48). Most of the tonnage that year was apparently kainit. For the four

TABLE 48. AVERAGE RETAIL PRICE, AVERAGE ANaLvysis aND TONNAGE OF ALL
Porasa SaLts 1N InnIaNa, 1919 1o 1928

I L Per cent Retail
Year Retail price | of petash price of | Number of
per ton guarat- potash tons sold
teed per unit
$61.40 4.1 §4.35 740
82.97 27.4 3.03 2,008
68,70 41.9 1.64 2,228
42.33 43.0 0.98 2,300
45.52 47.0 Q.97 3,231
41.41 47 4 0,87 7,000
42.08 48.5 0.87 10,352
45.10 49 .1 0.92 5,650
40 31 48.1 0,84 5,200
48.33 48.9 0.9y 1,700
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[

vears 1925 to 1928 the guaranteed analysis averaged more than 48 per
cent of potash. Practically all of the tonnage during those years was
muriate. The average retail price of potash declined from $4.35 per unit
in 1919 to 84 cents per unit in 1927. In 1928, however, the retail price
was 99 cents per unit, the highest since 1921.

The tonnage of straight potash salts in Indiana reached a peak of
10,352 tons in 1925, In 1928 there were only 1700 tons. The total
potash consumption in Indiana, however, has increased, since more potash
has been used in mixed fertilizers.

‘

In Texas
Retail prices in Texas of both muriate of potash and kainit were avail-
able for the six seasons 1923-24 to 1928-29. During this period the aver-
age retail price of potash in muriate was $1.09 per unit (table 49). The
retail price of potash in kainit was $1.84 per unit, or 69 per cent higher
than that of potash in muriate. The retail price per unit was higher in the

TABLE 49, AvVERAGE RETAIL PRICE AND TONNAGE OF MURIATE OF POTASH AND
Kamvgr ¥ Texas, 1920-21 1o 1928-29

Retail price Retail price of Number of tons
per ton potash per unit 50
Season
Muriate In mu- In Muriate
of Kainit | riate* of kainit of Kainit
potash potash T potash
1920-21 $28.50 | ....... $2.30 | ..iiie ] ceraann
1921-22, 23.60 $1.35 L9 | ool Do
1922-23, 23.56 | ..., 1.90 | ... | Lell...
1923-24. 25.50 1.19 2,06 1691 628
1924-25, ... 23.61 .11 1.9¢ 18671 827
1925-26 2200 1.05 1.77 560 1,030
1926-27 51. 20.31 1.05 1.64 409 1,174
192728, . i 50.90 22.34 1.04 1.80 440 372
102820 .t s iaia s 52.85 23.23 1.08 1,87 579 498
1923-24 1o 1928-29. , .., ... ... ... 53.25 22.83 1.09 1.84 392 i55

* Calculated on the basis of 49 per cent of actual potash in muriate,
1t Muriate and sulfate of potash.

lower-grade salt. This difference between the retail price of potash in
kaimt and in muriate was greater in Texas than in Pennsylvania. Since
the cost of distribution tends te be a2 uniform amount per ton, the retail
price per unit in the low-grade salt is much higher than in the high-grade
salt, even though the wholesale prices of potash in the two salts were nuch
the same. Retail prices of hoth muriate and kainit in Texas duaring the
192829 season were the highest since the 1924-25 scason.

The retail prices of potash in Indiana seem to be relatively low as com-
pared with the retail prices in other States. Some of the Indiana prices
were cat-lot prices and thus tended to be somewhat lower than prices on
smaller quantities.

In Pennsylvania
Muriate of potash

Retail prices of muriate of potash in Pennsylvania were available, with
the exception of the war years, for the period from 1909 to 1928 (table
50). During the war period, imports of potash were practically discon-
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TARBLE 50. RETAIL AND WHOLESALE PRICES AND Cost OF DISTRIBUTION OF
MURIATE oF PoTAsH IN PENNSYLvANIA, 1909 To 1928

Retai Index nu.r\'lber“s)0
piiceper | Wholesale | Cost of (1910-19141 = 100)
Year ton in price per | distribu- Retail Whale- Cost of
Pennsyl- ton at tion rice in sale Pravwiivol
vania ports per ton ennsyl price at ltion
vanla ports
1910-1914+, .. ..., $ 45.63 $ 37.44 $8.19 100 100 100
1924-1928. .. ... viiinn e 48,65 32.38 16.27 107 86 199
38.00 7.00 99 101 a5
36.03 8.07 99 96 110
36.37 8.63 9 97 105
38.20 5.71 96 102 0
38,47 9.03 104 103 110
38.88 6.1 o9 104
140.93 376
381.26 1,018
415 89 1,111
329.14 879
228.04 611
12219 326
69 .75 1846
34.03 93
31.72 85
31.10 83
3111 83
31.41 84
33.04 88
35.22 94

* Average of monthly wholesale prices from Qctober to September inclusive,
11910 to 1914 except 1912,
1 For the spring season only,

tinued and potash prices were extremely high, In this period of scarcity,
potash practically disappeared from the retail market and no retail prices
were available,

For the four pre-war years 1910, 1911, 1913, and 1914, the average
retail price of muriate of potash in Pennsylvania was $45.63 per ton, and
the wholesale price averaged $37.44. The difference between the retail
and the wholesale price, or the cost of distribution, was $8.19, or 18 per
cent of the retail price.

During the five post-war years 1924 to 1928, the retail price averaged
$48.65 per ton, or 7 per cent more than the pre-war price of $45.063. The
wholesale price averaged $32.38, or 14 per cent less than the pre-war price.
Even though the wholesale price was less than before the war, farmers
had to pay higher than pre-war prices.

For the five post-war years 1924 to 1928, the difference between the
retail price and the wholesale price was $16.27, or practically double the
pre-war difference of $8.19, The cost of distribution during the post-war
period was 33 per cent of the retail price, as compared with only 18 per
cent during the pre-war period. The change in the cost of distribution was
greater than the change in either the wholesale or the retail price.

The data on retail prices of muriate of potash in Connecticut for the
two years 1922 and 1923 indicated that the spread between the retail and
the wholesale price was more than double the pre-war amount. Much the
same change in relationship between the wholesale and the retail price
oceurred in Pennsylvania, The prices in Pennsylvania for the five years
1924 to 1928 indicate that this change in relationship between wholesale
and retail prices has continued.



56 BurreTin 545

Kainit

For the period from 1910 to 1914 (except 1912), the retail price of
kainit in Pennsyvlvania averaged $13.75 (table 51). The wholesale price
during the same years was $8 per ton. The cost of distribution was $5.75,
or 42 per cent of the retail price.  For the low-grade salt the cost of dis-
tribution was a larger part of the retail price than for the high-grade salt.

TABLE 51. RutaiL AND WHOLESALE PrIicEs AND CosT oF DISTRIBUTION OF KAINIT

Index numbers
Retail . {1910-1914% = 100)
price per Wholesale | Cost of
Year ton in price per | distribu- \
Pennsyl- ton at tion Retail Whole- Cost of

vania poris¥ per ton price in sale distribu-

Pennsyl- price at tion
vania ports per ton

O1O-1914F. ... ... ... ... $13.75 5800 £ 5,75 100 100 100
1924-1928. . ... ... ... ... 19.15 V.48 11.67 139 94 203
7.50 5.91 98 95 103
7.45 a.55 102 93 114
7.70 6.30 102 96 110
§.36 5.64 102 104 93
8.45 3.05 98 106 88
§.41 5.09 o8 1035 89

2418 | L e 302 | .ol

4500 | (... ..., 562 | ...

4500 | (..o oL 562 | ...

................ 204 T
7.18 1% 82 145 90 223
6.51 12 .49 138 81 257
651 10.49 124 #1 £82
6.79 14.43 154 85 251
7.25 12.75 145 91 222
B, 14 9.41 128 102 164
&8.71 11.29 145 109 196

* Average of monthly wholesale prices from
T 1910 to 1914 except 1912,
1 For the spring season only.

ctober to September inclusive.

ol

During the post-war period from 1924 to 1928, the retail price averaged
$19.15 per ton, or 39 per cent above the pre-war price. The wholesale
price was 748, or 6 per cent less than the pre-war figure. The retail
price had increased, while the wholesale price had declined.

Such changes as these indicate the folly of assuming that changes in
wholesale prices are indicative of corresponding changes in retail prices.

The cost of distribution of kainit during the five-year period 1924 to
1928 was 811.67, or practically twice the pre-war amount. During the pre-
war period the cost of distribution was 42 per cent of the retail price, as
compared with 61 per cent for the five years 1924 to 1928

Relation of wholesale and retail prices to analysis

Muriate of potash contains approximately 49 per cent of actual potash
(K.0). whtle during this period kainit contained only 12.4 ner cent.

During the pre-war period the wholesale price of bulk kamit was $8
per ton, or 65 cents per unit. The wholesale price of potash in bagped
muriate was 76 cents per unit. The whelesale price of potash per unit in
kainit was only 86 per cent of the price of potash in muriate. The rela-
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tion between the retail prices per unit in the two salts was reversed: the
retail price of potash in kainit was 19 per cent greater than the price of
potash in muriate, ‘

The change in the relationship between the wholesale prices of potash
in muriate and kainit, and the retail prices of potash in the two salts, is
due to the fact that the cost of distribution per ton is not proportional to
the analysis or to the wholesale price. The wholesale price of muriate,
$37.44 per ton, was more than four times as great as the wholesale price
of kaimt, $8 per ton. The cost of distribution for muriate was $8.19 per
ton, as compared with $3.75 per ton for kainit. The differences in the
cost of distribution may have been due in part to differences in the geo-
graphical distribution of the retaii prices. There was probably a tendency
for the low-grade salt to be used near the seaports. :

The cost of distribution tends to be a larger part of the retail price with
low-grade than with high-grade goods. For the post-war period the cost
of distribution was approximately double the pre-war figure. This means
that for low-grade goods a larger part of the retail price has increased;
therefore the disparity in the retail price between low-grade and high-
grade goods is even greater than before the war. During the post-war
years 1924 to 1928 the wholesale price of potash in bagged muriate was
06 cents per unit; in bulk kainit it was 00 cents per unit, or 91 per cent
of the price for bagged muriate(table 52). This was much the same refa-
tionship as existed prior 1o the war. The retail price of potash in muriate
for the pust-war period was 99 cents per unit, as compared with $1.54 for
the potash in kainit. The retail price of potash in kaimit was 56 per cent
greater than that of the potash in muniate, as compared with a difference
of 19 per cent for the pre-war period.

TABLE 52. RETAIL PRICE OF PoTasH 1IN PENNSYLVANIA PER UNIT IN MURIATE
AND KamaT, anp WHoLEsALE Pric: oF PoTAsH iN MURIATE anp KawiT,
1610 o 1914* Ann 1924 10 1928

Wholesale price Pﬁ;.“‘?rt‘t Retmhgﬁce per P}‘;".;e.;lt Cast of distribution
t t lrrll . . aim 1
ot | ST | npatien, | i D e
158 6 50
Muriate | Kainit msrr:;:e l Muriate [ Kainit m;rgf‘:e l Muriate | Kainit
1910-1014* | §0.76 $0.65 A6 $0.93 $1.11 119 $0.17 $0.46
1924-1928 ... 0.606 0.60 9 0.99 1.54 156 0.33 0.94

* 1910 to 1914 except 1912,

While the wholesale prices of low- and of high-grade goods may be
nearly proportional to the analysis, the retail price per unit in low-grade
goods 3s much higher than in high-grade goods.

The increase of the retail price over the wholesale price is greater for
the low-grade than for the high-grade goods. That is, the cost of distri-
hution is more closely related to the tonnage than to the value. When the
cost of distribution increases, the disparity in the retail prices between the
low- and *he high-grade goods hecomes even greater, making it more
cconomical t use the higher-grade product. During the period from

1924 to 1928 the tonnage of muriate increased while the tonnage of
kainit decreased.
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BONE MANTURES

In the early development of the fertilizer industry, bone products were
an important source of plant food. At present, however, they are of
minor importance. Bone products are valuable for fertilizer because of
both their nitrogen and their phosphoric-acid content.

Retail prices and analyses of hone manures were given in the Connecti-
cut and the Pennsylvania fertilizer reports.

In Connecticut

During the period from 1881 to 1898, the retail price of bone manures
in Connecticut declined at the rate of 12 cenis per ton, or 0.4 per cent,
per annum (table 53). In the following sixteen years, the price increasedl

TABLE 53, AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS OF Bone MANUREs
ix CoxNEcTICUT, 1881 TO 1923

m P Mech]a.nim‘i
er cent er cent analysis
Number Retail Perncfent Pero?e:]t of | of 1} (percentol
Year of price nitrogen | nitrogen phosphorie | phosphoric | material
samples per ton found |guaranteed acid acid finer than
found guaranteed | yinch in
diameter]
1888 1885, ...... 21 $34.59 3.5 ..., 20057 | ... 37.13
1890-1894....... 19 32.91 361 ) ... 2311 L. 45.16
1900-1904 .. .. ... 31 29.91 3.28 1.94 23.91 22.06 56409
1910-1914. . ... .. 23 32.94 2.97 2.72 23.89 21.53 60. 44
1922-1923 ... ... . 16 50,80 3.02 2.469 23.46 22,68 59,28
14 31.82 3.59 2000 | ...l 32.79
16 34,78 3.33 19.87 | ... 36.75
22 36,01 3.45 | 20,17 L. 36.45
27 35.19 3.50 2016 36.81
27 35.16 3.84 20,63 | ..., 42.85
22 36.14 3.66 2200 | ..ol 44 68
16 34 25 3.59 22,37 | coeaanen 55.94
34 32.23 3.57 2224 | Lol 47 .44
18 34.11 3.38 23.38 | ... 44 .33
20 32.75 3.62 § 22.97 | L., 46.35
19 33.50 3.70 2312 | ... 40.47
18 33,06 355 | ..., 2252 | ..., 47.33
18 31,72 360 | ........ 23.69 [ Lo 42.56
21 33.52 3.5 | ... 23,27 ool 49.10
29 32.34 3.58 | ..., 23,10 | ...l 50.34
27 31.19 3.30 24,26 | ..., 52.30
33 31.15 342 [ .. 23.97 U 50.21
57 29,81 307 | ..l 24.39 | L.l 55.44
42 29,78 20 1 T RN 24,19 | ..., 54.50
31 29.32 3.21 2.95 23.13 21.49 62.13
24 30.06 3.28 2.99 24.56 22.52 57.92
36 29.75 3.30 2.97 23 .89 2,55 56.94
33 30.49 3.54 3.07 23.72 21.78 52.80
28 29 .95 3.0 2.71 24.25 21.98 53.68
39 20.70 3.28 2.78 23.76 21.67 54.54
30 30,13 3.24 2.70 23.86 21.89 54.90
36 30,69 3.14 2.78 23.41 22,22 51.43
31 30.55 3.00 2.63 2454 22.36 58,06
28 3121 2.87 2.76 24.55 21.79 54.00
It 31.95 3.09 2,74 22.89 20,59 54.19
24 32,62 2.92 2.67 24.18 21.09 63,12
26 33.04 2,96 2.65 24.45 21,74 50.35
24 33.44 301 2.77 2431 22.05 61.92
2% 33.07 2.88 2,77 23.61 22,16 63.062
22 33.97 3.06 2.88 24,27 22,30 58.09
18 37.78 3.09 2.76 24 .45 22.49 59.44
14 42,14 3.38 .89 23.49 21.70 53.14
i8 51.36 2.94 2.58 25,67 22,90 50.06
14 57.68 3.40 2.93 23.80 21.99 57.64
13 63.19 3.44 2,19 24.13 22,21 56,23
23 56.20 2.9% 2.67 25.68 2211 58.04
19 47,91 3.0l 2.67 25.35 22.18 61.84
14 33.69 3.04 2.71 25.56 22,57 56.71
o B R

e

i s
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at the rate of 14 cents per ton, or 0.4 per cent, per annum. These changes
were small when compared with the changes that occurred in the prices
of many of the ammoniates and in the prices of commodities in general.

The retail price of bone manures averaged $32.94 per ton for the five
years 1910 to 1914, or 10 per cent more than for the five years 1900 to
1904. In the same period the price of cottonseed meal in Connecticut
practicalty doubled.

The rctail price of bone manures rose rapidly during the war period,
and reached a peak of 192 per cent of the pre-war price in 1920 (table 54
and figure 20). For the two years 1922 and 1923 the index number
averaged 154,

Index Number
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Ficure 20. INDEX NUMEBERS OF TLE RETAIL PRICE OF BONE MANURES IN
CONNECTICUT AND PENNSYLVANIA, 1881 To 1028

Price in the two States tend to move together. Prices during the post-war period
have been high as compared with pre-war prices

There are cycles in the prices of cattle and hogs, In the period from
1830 to 1923 there were three cycles in the prices of both beef and dairy
cattle, The purchasing power of the price averaged about 50 per cent
greater in the periods of high prices than in the periods of low prices.
Even though there were these violent fluctuations in the price of cattle, the
retail price of bone manures in Connecticut remained relatively constant.

The retail price of bone manures is made up primarily of costs of dis-
tribution.  Bones arc collected from packing plants and retail butcher
shops, processed, and then sold for fertilizer purposes. The cost of the
faw material is only a small part of the retail price. Probably the most
important factors atfecting the retail price of bone manures are the labor
aud transportation costs involved in the collection and distribution, This
's probably the reason why the decline and rise in retail prices of bone
mamu‘es.c'uring the period from 1882 to 1914 was relatively small as com-
pared with those for other organic-plant-food carriers, and why the retail
prices of bone manures have little relation to the cycles in prices of cattle.
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TABLE 54. INpDEX NUMBERS OF AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS
oF BoxE Maxures 1x Cosxecrticut, 1881 1o 1923

{1910-1914=100)

1
. I Retail Nitrogen Nitrogea | Phosphoric | Phesphoric | Mechanical
Year ; _brice found guaranteed acid acid analysis
per ton ; four.d guaranteed

18811888 ... ........... 105 120 L 86 I ......... 61
1800-1804. .. ... .. ... ..... : 100 122 e 97T L 75
1900-1904. ... ........... i 01 110 : 108 100 102 94
19101914 ... ... ........ ) 100 100 ! inn 100 100 100
1922-1923 .., ... ..... 1 154 102 99 107 105 98
97 121 | ..ol 8% 1 L 54

106 1902 o 83 61

109 e | ... 2 60

167 120 [ ... 7 S R 6l

107 1206 [ .ol 86 | ..., 71

110 123 92 74

104 121 94 93

938 120 93 78

104 114 98 73

99 122 96 77

102 125 97 67

100 120 04 78

95 121 09 70

102 13206 | 97 | L.l -1

98 121 | ...l L N R 83

95 ) 8 102 oLl 87

93 115 | ... w00 | ... 83

90 103 | ..., 102 92

0 we | ... 101 90

a9 108 108 97 100 103

ba! 110 110 103 105 96

90 111 0w 100 105 94

3 119 113 vo 101 87

91 104 0 102 102 39

00 110 102 99 101 90

91 109 °9 100 102 91

93 106 102 o8 103 85

93 101 U7 103 104 96

95 97 101 i03 101 89

07 104 101 96 26 90

99 98 498 101 98 104

100 100 97 102 101 98

102 101 102 102 102 102

102 7 102 99 103 105

103 103 106 102 104 96

115 104 101 102 104 98

128 114 106 98 101 83

156 99 95 107 106 83

175 114 108 100 102 95

192 116 103 101 1063 93

171 9 a8 107 103 o6

145 101 08 106 106 102

163 102 100 107 105 o4

Aldthough the average analvsis of the bones fluctuated from year to year.
the general tendency was for the nitrogen content to decline and the phos-
phoric-acid content to increase. For the five vears 1881 to 1885 the mtro-
gen content averaged 3.33 per cent. or ahout one-fifth more than for the
five vears 1910 to 1914, The phosphoric-acid content averaged 20.57 per
cent for the period from 1881 to 1885, and 23.89 per cent for the periol
from 1910 to 1914, The increase in the phosphoric-acid content was most
rapid during the period from 1881 to 1886.

The mechanical analysis—that is, the percentage of the material that
will pass through a sieve with holes 1/50 inch in diameter — was given
also. For the five vears 1831 10 1885 only 37.13 per cent of the material
was finer than 1,50 inch, as compared with 6044 per cent for the five
vears 1910 to 1914, The coarser the material, the less rapidly it dissolves
in the soil and becomes available for plants.
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For the forty-three-year period 1881 to 1923, the coefficient of varia-
bility of the nitrogen content of the samples of bone manures averaged 27
(table 55). The variability of the phosphoric-acid content was only about

TABLE 55. COEFFICIENTS OF VARIABILITY OF THE RETAIL PRICE AND THE ANALYSIS
oF BONE MANUREs 1IN CoONNECTICUT, 1881 To 1923

- Retail | Nitrogen | Phosplioric | Mochuuieal | Nitrugen | Phosphoric
ea; & y 5 - ac
per ton found found found guaranteed guaranteed
18811885, ... . ... -... ... 13.09 24.66 22.43 TOL6 | ol e
18001894 . .............. 10.68 26.06 13.02 41.00 | ..., .. .
10001904 ... ..., ... 9.10 27.39 13.15 26.52 25.55 12.76
1910-1914 ... .00 i nnnn 8.62 27.57 14,33 20.62 25.07 13.78
1922-1923 ... oo 12,58 28 .60 6.48 21.42 26.00 8.20
15.32 17,42 22.08 90.83
11,62 24.74 23.85 72 06
13.34 32.17 21.23 61.87
12,18 27.40 23.92 71.39
13.00 21.49 21,07 54,63
11.11 36.28 22.12 37.01
9,03 29.01 18.28 26.94
10.66 20.44 17.60 4218 o
7.75 28.31 9.63 37.30 | .o oo
5.84 24 49 11.63 35.30 | Lo
10,28 24 .34 1406 81,72 | Lo e
9.90 2611 15.91 3447 | o
11,16 26.78 13.11 5011 | oo
12.23 25.57 10.41 3338 | Lo e
12.00 23.36 13.02 3450 | o
8.73 31.25 13,55 37,00 | L
10,54 26.80 12.57 3468 | L. oo,
5.19 28,51 13.65 27,05 | ...l
§.57 29.16 12.07 32.48 | Lo e
9.73 23.03 17.65 26.22 28.31 16. 84
9,34 30.80 10.78 26 82 30,28 10.16
10.06 20,64 14.56 22 60 27.28 13.635
7.45 23.95 10.87 25.63 20.32 11.92
§.93 2925 11,87 31.33 21,57 11,24
10.49 32.24 16.75 25.5¢ 22.36 16. 45
10,52 29 .54 16.15 21.658 26.36 15.01
9.18 30.79 13.17 18,28 23.98 7.18
9.35 30.27 13.00 23.20 28.20 12,
8.70 29,61 13.64 26,06 18,99 14.87
9.10 26.69 17.16 23.19 25.57 17,23
7.03 062 13.11 18 46 24.45 13.55
7.82 28,76 13.45 22,70 26,40 13.13
9.19 29 53 16.02 21.33 24 .51 14.53
9.97 23 25 11.89 17.33 24.43 10.45
11.13 28.08 11.22 19.50 25,50 i1.49
B.67 27.13 8.35 19,98 25.78 §.46
11.02 27,29 8,22 18.49 24.06 6.72
12,12 24 .58 §.13 15.89 23.23 7.69
9.93 18.63 5.15 20.29 25.78 6.16
26.51 1841 7.22 19,03 25.13 10.12
15.86 27 .48 10.41 22.93 23.09 13,91
13.30 2669 7.49 12.75 24.92 7.67
11.87 30.50 5.48 30.10 27,20 8.73

one-half as great, averaging 14, The mechanical analysis was more vari-
able than the nitrogen or the phosphoric-acid content. The cocfficient of
variability of the retatl price averaged 11. The variations in the prices of
the various samples were much less than the variations in the analyses
{figure 21),

Since there were such large differences in the analysis and also some
variation in the prices of the samples, correlations were made hetween
the retail price and the analysis in order to determine whether or not those
~amiples with fclativel_\' high analysis tended to he higher in price than those
with low analysis, The coefficients of determination of the retail price
by the analysis are shown in table 56 and figure 22, The relationship
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Fiocure 21. COEFFICIENTS OF VARIABILITY OF THE RETAIL PRICE AND THE
ANALYSIS OF BONE MANURES IN CONNECTICUT, I83I TO 1023

During the greater part of the period, the retail price was much less variable than
the analysis. The nitrogen contenl was mote variable than the phosphoric-acid content
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Frovre 22, COEFFICIEXTS OF DETERMINATION OF THE RETAIL PRICE OF BONE
MANURES IN CONNECTICUT BY THE GUARANTEED AND THE ACTUAL AMALYSIS,
1881 10 1023

There are wide variations in the relationship between the price and the analysis of
bone manures. Since 1908 the relationship between the price and the guaranteed
::21155: has been murh the same as the rvelationship between the price and the actual

between the price and the analysis fluctuated violently from year to year.
In 1923 approximately 79 per cent of the variability in the retail prices
was associated with the variations in the analysis, as compared with only
11 per cent in 1920, Lven before the war period there were large year
to-year changes in the relationship between the price and the analysis. For
the period as a whole, 1881 to 1923, about 40 per cent of the variation in
the retail prices of the bone manures was associated with variations in tie
analysis. There was a tendency for bone manures with high analysis to
sell for higher prices than did those with low analysis. I7actors other than
the analysis, however, were important in affecting the retail price,

Of the three variables in the analysis, the nitrogen content was the most
important in affecting the price. For the period as a whole, about 24 per
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TABLE 56. COEFFICIENTS OF DETERMINATION OF THE RETA. PRICE oF BONE
MANURES IN CONNECTICUT BY THE ANarysis, 1881 1o 1923

Coeflicients of determination of retail price by the analysis*

Actual analysis Guaranteed analysis Factors

Y ol':her

05~ than

Year Tatal ; Phos- | Mechan- | 1oi1 | Nitrogen | phoric | MR | actnal
Tysi Nitrogen| phoric ical lysi id ical tvsi
analysis {7 0 acid analysis | 2Dalysis | guaran- aci analysis | 2nalvsis

2’ ’ ot R’ teed guaran- dizt

% 100 diy”. 3" found found g dissd’ tead found
di’ o | il t A’ du’-a

188!—1385i 39,20 20.51 14,49 L - e [ e 60.80
1800-1894 49 .54 12,63 5.15 2176 | ovine b orcinn s | e v 50.46
1600~ 1904 40.83 25,91 14.90 0.02 23.47 13.63 5.92 3.92 59.17
1610~ 1014, 35.35 24.93 5,06 5.36 38.46 26.90 7.50 4.06 64.65
1422-1923 58.24 63.72 -4.59 -0.89 51,69 52.41 —1,28 0. .54 41.76
38.93 25,81 —0.01 13.13 | ..... . 61.07

40.24 -6.30 38.49 S8.05 | ..., 59.76

33.57 29,92 5.64 Q.02 | ....... 64.43

44 .89 40,62 4.40 ~0.13 | ... ... . 55.11

36.39 12.48 23.91 000 | ....... 63.61

65.71 44, 52 18,73 245 | ... 34.29

i7.70 46.64 -1.55 3261 | oo 22.30

51,39 16.36 7.27 21,76 | ..., 48.61

44.24 17.22 4.78 2224 | oo vaaeens 55.76

35.91 16.96 5.06 13.89 | ....... 64,09

66,59 24.75 1.94 3090 | oo o | e ] e 33.41

36.22 6.93 1.4 28.25 | oo o e ] e e 63.78

62.44 49,36 -2.86 1583 | .o i ] e B 37.56

46,52 15,17 20,55 10.81 | - | e e | e 53.48

28.34 19.33 3.90 512 | oo s ] e ] e 71.66

19.62 4.69 14.94 B e e ' 80.38

21.83 3.40 190.23 27 T I A O 78.12

30.87 2.50 0.45 2792 | oo i e e e 69.13

17.05 7.85 5.97 K I N eeae B2.95

21.98 8.50 11.77 1.71 10,58 1.62 8 08 1.18 78.02

43.93 14.87 34.65 -5.60 24 92 -0.41 17.97 7.36 56.07

40.05 Z8.43 12.00 -0,38 20,86 22 15 3.58 1.13 59.95

54 .12 34.76 13.57 3.79 36.05 26.24 .20 10.0t 45,88

44 08 42,99 2.51 -1.43 18.65 18.56 0,17 0. 08 55,92

45.81 37.44 7.86 .51 58.83 55.68 2.23 0.92 54.19

39.5¢4 20,77 14.93 3.84 38,03 30.83 .49 0.72 60.46

34,37 34.20 0.46 .30 54.02 54.21 -0.98 0.80 65.63

24.23 15,78 8,10 8.35 25 896 21.23 1,45 3.20 75.77

38.85 26.67 11.29 ¢.80 30.80 14.78 16.28 -0.25 61.15

25.79 id4,14 11,92 -0.28 26, 50 3,713 23.12 -0.35 74.21

34,20 24 .78 ~0.01 9.42 37.90 23.01 5.4 9,86 65.80

50.16 36.40 0.87 12.89 48.75 38.78 2.49 7.48 49.84

43.26 25 84 12,42 5.00 52,72 42,14 7.23 3.36 56.74

23,33 23.48 0.08 -0.24 26.41 26.82 0. 38 -{.03 76.67

35.47 31.98 ~0.08 3.57 46.97 41.06 1.74 4.16 64,53

45.97 10,92 11,87 14,19 48.93 27.48 10,10 11.37 54.03

40,11 38.30 1.58 0.16 56.20 42.95 11.56 1.69 59.89

30.52 -0.09 10,27 20,34 32,77 6,40 11.24 15.13 69,48

29.42 26,57 0.84 2,01 63._36 70.40 0.56 ~7.60 70.58

10.73 2.03 0.01 &.69 12.20 3.31 1.92 6,98 89.27

. 67.16 6.63 0.06 60.47 69,49 25.89 5.86 37.74 32.84

) arus 37.80 37.87 0.78 -0.84 34.04 34.50 -2.26 1.79 62.20
1923..,.. 78.68 89.58 -9.96 -0.94 69.34 70.32 —0.29 —0.70 21.32

*x1 = retail price of bone manures per tan in Connecticut: x: = per cent of nitrogen guaranteed; xi’ = per
cent of nitrogen found; xs=per cent of phosphoric acid guaranteed; xa’ = per cent of phosphorie acid
rund; 24 = mechanical analysis found (pet cent of material that will pass through a sieve with holes
“. Inch in diameter). No guarantee was reported for the mechanical analysis.

t Caleulated by subtracting {R¥.¢s'¢ X 100} from 100,

cent of the variability of the retail prices was associated with the nitrogen
content, as compared with 8 per cent for the phosphoric-acid content and
10 per cent for the mechanical analysis. The relative importance of the
hiferent items in the analysis in affecting the retail price fluctuated from
vear to year. In twenty-eight of the forty-three years the nitrogen con-
tent was the rhost important ; in eight of the years the mechanical analysis,
and in seven of the years the phosphoric-acid conteat, was the most
mportant {table 56 and figure 23}.
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+

The relation between the guaranteed analysis and the price was much
the same as for the actual analysis. Such differences as existed were due
to the fact that there was not a perfect correlation between the guaranteed
and the actual analysis. Several samples niight have the same guaranteed
analysis but differ considerably in actual analysis. Thus the correlations
hetween the actual and the guaranteed analysis were not perfect (table
57 and figure 24).

Because nitrogen is more expensive than phosphoric acid and has a
greater effect on the retail price, manufacturers are more careful to have
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There was na consistent relationship between the various items in the analysis and
the r_c‘t;ul price.  For the period us a wiole, the unitrogen content was more closely
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CUT. 1900 TO 1023
The guaranteed and the actuul nitrogen centent are more closely correlated than are the guaran-
teed and the actual phosphoric-acid content

3
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TABLE 57. CORRELATIONS BETWEEN ACTUAL AND (GUARANTEED NITROGEN AND
PrOSPHORIC-ACID CONTENT OF BONE MANURES IN CONNECTICUT, 1900 To 1923

Actual Actual
Actual phos- Actual phas=

nitrogen | phoric- nitrogen { pheric-
content acid content acid

Year with content Year with content
guar- with guar- with
antee guar- antee guar-
(r) antee (1) antee

(r) (r)

1900, . .uer i iiee i iaanes 0,757 0.793 R 0.897 0.6380
L 0.721 0.834 1913, ..t 0.870 0.767
1902, i i e 0.788 0. 339 B 0.869 0.677
1903, o i e 0,656 0.674 1915, o e 0.929 0.801
1904, . ..o iiiiaar s 0.803 0.616 D T« 0.925 0.511
1905, .. i i 0.786 0. 816 1917 . e 0.843 0.232
1906 . e 0,785 0,805 1918, ey 0.869 0.528
90T . e i 0.818 0.636 1909, i e (.862 0.488
1008 . . i 0.873 0.836 1920, .. e 0.752 0.449
e 0,780 0,879 1021, . 0,749 G.447
1910, . e 0.889 0.841 1922 e e 0.736 0.537
L 0.907 0.718 1923 . it i 3.965 0.323

the guaranteed nitrogen content indicate more nearly accurately the actual
nitrogen content than is the case with the phosphoric acid. The correlation
between the actual and the guaranteed nitrogen content was higher than
that betwecn the actual and the guaranteed phosphoric-acid content,

The differences in the rctail prices of the various grades of bone manures
per-unit variation in analysis are shown in table 58 and figure 25. In
1831 the bone manures containing 4 per cent of nitrogen tended to sell
at retail for about $9.03 per ton more than did those containing 3 per cent
of nitrogen but of egqual fineness and phosphoric-acid content, In 1882
this relationship was reversed ; the samples containing 4 per cent of nitro-
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FIoURE 25. INCREASE IN TEE RETATL PRICE PER TON OF BONE MANURES IN
CONNECTICUF, PER UNIT INCREASE IN ANALYSIS, I88I To 1023

! (Net regression coefficients})

A un® variation in the nitrogen content of the botie manures was asscciated with a
much larger change in the retmil price than was a corresponding change in the phos-
phonc-agnd content, A percentage change in the mechanical analysis caused very little
change in the price
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gen tended to sell at retail for 93 cents per ton less than did those con-
taining 3 per cent of nitrogen but otherwise oi the same analysis. This
was an unusual retationship. In only two of the years (1882 and 1918)
of the period from 1831 to 1923 was there an apparent tendency for the
bone manurcs of high nitrogen content to sell for less than those with a
low nitrogen content.

The prices of bone manures as reported in the Connecticut fertilizer
reports were collected over a period of several months during the fertilizer

TABLE 58. CwoaNGE IN THE CoNNECTICUT RETAIL PRICE OF BONE MANURES PER
Ton, PER UNIT INCREASE IN THE ANALYsis, 1881 To 1923

Change in the retail price of bone manures Change in the retail price of bone manures

per ton (X1) per unit increase in per ton (x1) per unit increase in
. ( guaranteed guaranteed
actual nitrogen| actual phos- mechanica] | nitrogen con- | phosphorie- actual
content (x7') | phoric-acid | analysis (x4') tent (xg) acid content mechanical
eliminating the: content (xg') ‘eliminating the eliminating the! (xs) eliminat- analysis (x/')
eflect of vari- |eliminating the effect of vari- i effect of vari- | ing the effect leliminating the
Year ations in the | effect of vari- | ations in the | ations in the | of variations | effect of vari-
actual phos- I ations in the | actual nitro- guaranteed in the guar- | ations in the
phoric-acid | actual pitro- | gen (x2) and | phosphoric- | anteed nitro- | guaranteed
content (x3’} | gen content the actual azcid content | gen content | nitrogen (xz)
and the (x2") and the | phosphoric- (x3) and the | {s2) and the and phos-
mechanical mechanical acid content actual actual phoric-acid
analysis (&) i analysis (x4) {x5') mechanical mechanical content (X3}
analysis (%) | analysis (%)
by LITYY b’y byzs’ ) nga’ bad-2
18811885, .. $3.25 $0.31 L U T P
189001894 .. Z2.33 0.39 L1 L L e R
1900-1904 . 2.14 0.57 0,00 $0.20 $0.03
19101914 ... 1.73 0.13 Q.00 G.11 -0.01
1922-1923, .. 8.18 2.56 ~0.04 Q.36 -0.12
9.63 0.00 0,19 L] e
-0.93 0.55 -0.04
2.47 0.25 0.06
2.82 0.20 0.00
2.28 .56 0.00
2.22 0.44 0,02
2.08 .18 0.11
2.15 0.30 0.09
1.92 0.40 0.09
1.61 027 .07
2.63 .32 0.12
1.54 0.17 0.12
3.84 g.51 0.10
2.03 0.70 0,09
z.51 -0.30 0.09
1.50 0.54 0.00
1.42 0.41 0.05
1.02 0.06 0.10
1.20 028 0.03 P R
1.40 0.25 Q.02 0. 46 . 0,
2.76 1.22 -0.03 0.82 .56 0.04
1.98 G, 47 - 0,02 1.94 a.17 0.05
1.91 0,43 0.03 1.93 -0.02 0.06
2.65 Q.50 0.02 1.08 0.0n Q.00
2.14 0.39 -0.01 3.78 0.18 ~ 0,02
1,79 .38 0.05 2.57 0.29 0.01
1.76 Q.11 ¢.01 3.36 0.51 -0.03
1.21 -0.01 0.06 1.80 0,17 4,02
1.%0 ¢.33 0.02 1.82 0.32 —-0.01
1.31 0.25 -0.01 0.62 0.39 ~-0.01
1,27 0.01 ~0.05 1.50 0,13 -~ 0.06
1.77 0.08 0.06 2.14 0,10 0.03
1.73 0.31 -~ 0.05 2.81 0.21 -0.03
2.53 0.01 0.04 2,79 -10.30 Q.01
2.55 0.06 0.07 3.35 0.13 0.08
1.72 0.64 0.08 2.41 0.46 0.07
3.86 1.12 0.00 4.49 1.20 0.04
- 0.53 0.81 0.35 2.51 1.38 0.26
4. 41 -0.3z G.04 7.22 1.59 -0.15
4.17 0.07 0.47 2.91 -0.90 0.38
4,20 0,02 Q.55 7.54 0,74 0.34
7.73 2.48 0.06 6.02 Q.71 -0.13
8.62 2,64 -0.i4 7.70 0,02 -0.11
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season. As indicated in the discussion of cottonseed-meal prices, varia-
tions in prices during the season tend to obscure the usual relationship
between price and analysis. The peculiar results obtained for a few of
the years inay be due to variations in prices during the fertilizer season.

The variation in retail prices of bone manures associated with differences
in analysis varied from year to year. The tendency, however, was for the
retail prices to be highest for the samples with the highest analysis. For
the forty-three-year period 1881 to 1923, a 1-per-cent variation in nitrogen
content was associated with a variation of $1.98 per ton in the retail
price, and a 1-per-cent variation in the phosphoric-acid content was associ-
ated with a variation of 31 cents per ton in the retail price; variations in
the mechanical analysis caused only slight changes in the retail price.
Nitrogen is muchk more expensive than phosphoric acid, and therefore
variations in the nitrogen content were associated with much larger varia-
tions in the retail price than were variations in the phosphoric-acid
content.

In Pennsylvania

For the five years 1910 to 1914, the retail price of bone manures in
Connecticut averaged $32.94, This was $1.76 higher than the average
retail price in Pennsylvania, $31.18 (table 59). Index numbers of the

TABLE 59. AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS, AND INDEX NUMBERS
OF AVERAGE RETAIL PRICE AND ANALYSIS, OF BONE MANURES IN PENNSYLVANIA,
1899 10 1928

- Index numbers {[910-1914=100)
er cent
Retail | FPer | of total Total
price | centof | phos | Num- | Num- | Retail | Nitrogen| phos-
Year per nitrogen | phoric ber of ber of price guar- phoaric
ton guaran- acid samples | analyses per ton anteed acid
teed guaran- guar-
teed anteed
1899-1903. 1 $27.66 | 2.93 21.46 53 28 89 99 103
1910-1914 . ., .1 31.18 2.95 20,87 62 30 100 100 100
1924-1928. . 51.62 2.93 22.26 58 14 166 ' 99 107
26.91 2.85 20.68 57 28 86 97 99
28 .44 2.98 20.91 26 19 o1 101 100
27.16 2.94 21.94 63 18 87 100 105
27.86 2,86 21,38 53 30 89 97 102
27.93 J.o2 22,31 66 33 90 102 107
27.42 2.87 21.93 54 25 88 97 105
28.00 2.1 21,64 a5 25 90 94 104
28.30 3.03 20,80 o4 30 a1 103 100
28.97 2,99 21.24 53 32 93 101 102
29.06 2.04 20,93 49 31 23 100 100
29.74 2.80 21.03 67 31 95 95 1M
30.08 2,87 20,48 80 35 06 o7 98
30.78 2.89 21,06 65 31 99 98 10¢
31.42 2.93 20.64 36 19 101 99 99
31.80 3.07 21,18 66 33 102 104 101
31.80 3.00 21.01 64 30 102 102 104
33.16 2.95 21.27 59 27 1046 100 102
36.48 2.84 21,32 51 26 117 96 102
40.68 2.90 21.90 56 25 130 08 105
49.94 2 8t 22,52 54 18 160 95 108
35.52 2.84 22.67 63 24 178 o6 109
6. 57 2.82 2177 44 13 194 96 104
48 83 2.79 22,17 65 15 157 93 106
43.52 2.92 22.53 51 16 140 949 108
49_30 2.86 22.31 31 12 158 97 107
49 .45 2.90 22,58 49 14 159 98 108
47.73 2.89 22.35 76 19 153 98 107
55.06 3.01 21.90 54 13 177 102 105
5011 2_86 22.33 57 14 16t 97 107
55.73 2.99 22,16 55 12 179 101 165

* For the spring season oniy, -
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retail price of bone manures in Pennsylvania and in Connecticut are shown
graphically in figure 20 (page 59). Even though the retail prices in
Connecticut were higher than those in Pennsylvania, the year-to-year
changes in the retail prices were practically the same in both States. For
the five vears 1924 to 1928 the retail price averaged 166 per cent of the
pre-war price. This was high as compared with the price of other fer-
tilizer materials. Costs of distribution during this period were high as
compared with the pre-war figure, and, since these costs tend to be such
a large part of the retail price, bone manures have been high in price.

In Pennsylvania, as in Connecticut, the retail price was much less vari-
able than the analysis, and the nitrogen content was more variable than
the phosphoric-acid content (table 60).

TABLE 60. STANDARD DEVIATIONS AND COEFFICIENTS OF VARIABILITY OF RETAIL
PRICE AND ANALYSIS OF BONE MANURES IN PENNSYLVANIA, 1899 1O 1928

Standard deviations Coeficients of variahility
Year Retail Per cent of gﬁg:;ﬁgr?g Retail Nitrogen [ FPhosphoric
price nitrogen acid price guaranteed acid
per ton guaranteed guaranteed per ton guaranteed
18991903 .........oonts $2.28 Q.70 2.70 &.25 24.0t 12.64
19901914, ... .. .. ..., 2.32 0,62 3,29 7.43 20,93 15.78
1924-1928. .. ............ 5.76 0.66 1.68 11,23 22,50 7.55
1.75% 0.79 3.19 6.51 27.82 15.41
223 0.48 2.98 7.83 16,27 14.27
1.86 0.75 2.71 6.86 2556 12.35
4.0% 0.75 2.24 14.68 26.33 10.50
1.49 0.73 2.38 5.35 24.07 10.65
1.86 0.69 284 6.77 23.90 12.95
1.61 Q.65 2.99 5.73 23.47 13.82
2.35 9.67 3.16 & 22.03 15.19
1.47 0.60 3.04 5.08 19.95 14.30
1,97 0.72 2,75 6.79 24.52 13.16
1.80 (.69 3.07 6.07 24.71 14,59
1.99 0.63 3.28 6.62 22.05 16.01
1.75 Q.67 3.06 5.68 23.06 14.52
2.51 0.60 3.22 7.98 20.63 15.62
2.79 0.62 3.96 8,78 20.17 18.72
2.58 0.56 2.94 8,11 18.76 14.01
2.44 Q.60 3.04 7.36 20.2% i4.31
3.38 0.63 3.13 9.27 22.10 14.69
2,92 0.72 2.62 7.19 24.78 11,97
2.76 0,72 1.73 5.53 25.53 7.67
4,00 0.66 2.91 8,83 23.13 12.82
5.42 0.65 2.40 895 23.23 11.02
4.11 0.65 2.38 8.42 23.44 16.73
2. 88 0.72 1.51 6,63 24.79 6.69
3.67 0.55 4.62 7.44 19.13 20,69
7.68 0,59 1.42 15.53 20.39 6.28
5.81 0.62 1.63 12,17 21.65 7.28
0. 66 0.59 1.13 12.09 1%.6% 5.17
4.37 0.71 2.12 8,73 24.85 9.95
426 | 0,78 2.0 .64 25.91 9.07
|

The correlations between the retail price and the analysis varied greatly
from year to vear (table 61 and figure 26). In 1925 therc was practically
no relationship between the analysis and the price. In 1917, however,
about 57 per cent of the variations in the retail price were accounted for
by the variations in the analysis. As an average for the thirty-year period
1899 to 1928, the analysis accounted for 18 per cent of the variability in
the retail price. Factors other than the analysis were important in affect-
ing the retail price of bone manures in Pennsylvania.
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[1cuRE 26. COEFFICIENTS OF DETERMINATION OF THE RETAIL PRICE OF BONE MANURES
IN PENNSYLVANIA BY THE NITROGEN AND THE PHOSPHORIC-ACID CONTENT, 1899 TO
1028
The nitrogen content of the bone manures was more closely associated with the price than was

the phosphoric-acid content, for most of the years

TABLE 61. MvuLTIiPLE CORRELATIONS BETWEEN RETAIL PRICE AND ANALYSIS OF
BoNE MANURES, AND COEFFICIENTS OF DETERMINATION OF THE RETAIL PRICE
BY THE ANALYSIS, PENNSYLVANIA, 1899 To 1928

Multiple correlation Coefficients of determination of retail
between retail price by the analysis¥
price and guaranteed
Year unitrogen and Total Nitrom Phosphoric | Factors other
phosphoric-acid analysis al mgT.—end acid than the
content Ry £ aan ee guaranteed analysis
Ry > 100 13-2 dis.e dirl
1890-1903, ., ,...... 0.382 15.34 7.31 3.03 84.66
1910~1914. .. ..... 0.441 21.03 16.653 4.38 78.97
1924~3928 ..., . ... 0.284 9. 62 2,68 6.94 90.38
0.363 13.16 2.93 10.23 86.84
0.238 5.69 1.54 4.16 94,31
0,300 15,89 15.95 -0.05 84.11
0.402 16.15 -0,92 17.07 83.85
0.508 25.82 17.06 8,76 74,18
0.273 7.47 7.34 0.13 92.53
0,535 28,66 28.89 -0.23 71.34
0.511 26.13 24 87 1,27 73.87
0.346 11.95 5.45 6.51 88.05
0.456 20,77 19.65 1.12 79.23
0.344 11.84 11.59 0.25 88.16
0.331 10.57 0.34 16.63 89.03
0.318 10.0¢ 10,29 - 0,20 80.91
0.369 13.64 4£.65 8.99 86.36
0,626 39,22 38,81 0.41 60,78
0.559 31.2t 2916 2,05 68,79
0.648 42.03 40.92 1.11 57.97
0.286 8.19 8.13 0.06 9t.81
0.753 56.67 48 .45 8 22 43 33
0,533 28.38 25.00 3.32 71.62
0.374 13.97 13,93 0.04 86.03
0.353 12.48 7.68 4.79 87.52
0,285 8.12 4.01 4.10 91.88
Q. 580 33.61 24,59 9,02 66,39
0.297 8.81 8,76 0.03 01.19
0.427 18,20 5.49 12.71 81.80
0.093 0.87 -0.08 0.94 99,13
0,226 511 6.00 - 0.89 94.89
0,260 6,97 1,11 5.66 93.23
0.414 17.14 0.86 16.28 82,86

hed

1 = retail price per ton; X2 = guaranteed nitrogen content; x3= guaranteed total phospharic-acid content.
I For the spring season only.
T Calenlated by subtracting (R%.2 X 100) from 100,
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The relationship between price and analysis was greater in Connecticut
than in Pennsylvania. Probably a considerable part of the variation in the
retail price in Pennsylvania is due to geographic differences in price.
Connecticut is smaller and the geographic differences are less,

The nitrogen content of the bone manures was much more closely related
to the retail price than was the phosphoric-acid content. For the thirty
vears 1899 to 1928, approximately 14 per cent of the variations in the
retail price were associated with variations in the nitrogen content as com-
pared with only 3 per cent for the phosphoric-acid content. The relative
importance of each factor in the analysis in affecting the retail price varied
greatly from year to year. In 1917 the coefficient of determination for the
nitrogen was 48.45, as compared with 822 for the phosphoric acid. In
1924, however, only 549 per cent of the variation in the retail price was
associated with variations in the nitrogen content, as compared with 12.71
per cent for the phosphoric acid.

For the period as a whole, there was no consistent tendency for either
the nitrogen or the phosphoric acid to increase in importance in affecting
the retail price.

The changes in the retail price of bone manures in Pennsylvania per
unit change mn nitrogen and phosphoric-acid content are shown in table 62
and Agure 27. In 1926 a variation of 1 per cent in the nitrogen content

Dollgrs Per Unit
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Ficure 27. INCREASE IN THE RETAIL PRICE PER TON OF BONE MANURES IN PENNSYL-
VANTA, PER UNIT INCREASE IN ANaLvsis, I8gg 7c 1028
(Net regression coeflicients)

A unit variation in the nitrogen content caused a much greater change in the price than did a
corresponding change in the phosphoric-acid content

was associated with a change of $3.17 in the retail price. In 1928, how-
ever, the price changed only 13 cents for each unit change in the nitrogen
content.

In the three years 1902, 1925, and 1927 the retail prices of the samples
containing the larger amounts of nitrogen tended to be less than those of
the samples with the smaller amounts of nitrogen. While this was an
unusual relationship, somewhat similar results were obtained in a few
years in Connecticut. These unusual results are probably due to varia-
tions in prices and analysis during the period in which the data were col-
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TABLE 62,

PER ToN, PER UNIT INCREASE IN THE ANavysis, 1899 1o 1928

CHANGE IN THE PENNSYLVANIA RETAIL PRICE OF BONE MANURES

Change in the retail price of Change in the retail price of
bone manures per ton (x1) bone manures per ton (x:)
per unit increase in per unit increase in
guaranteed nitro-iguarantesd phos- guaranteed nitro-|guaranteed phos-
gen content (xz) phoric-acid gen content (xz) pharic-acid
eliminating the content (x) eliminating the content {xs)
Year effect of varia- | eliminating the Year effect of varia- | eliminating the
tions in the effect of varia- tions in the effect of varia-
guaranteed tions in the guaranteed tions in the
phosphoric-acid guaranteed phosphoric-acid guaranteed
content (xs) nitrogen content (x3} nitrogen
buzia content (Xz) buzz coantent (x1)
biz-z biz-z
1809-1903 . ... .. $0.43 ~$0,05 $0.77 $0.22
19101014 . _ .. .. 1.40 0.11 2.80 0.03
1924-1928, ., .. 0.52 - 0,85 2.45 0.10
2.62 0.09
0.27 0.16 1.54 0.03
0.45 0.14 2,68 - 0.20
0.99 0.02 1.82 ~0.13
- 0.50 - 0.79 2.78 0.0
0.96 0.23 t.97 - 0.38
0.75 0.05 1.91 0.33
1.34 0,03 1.72 -0.33
1.73 0.035 2.01 0.4
0.49 0.11 2.03 ~ 1.68
1,22 - 0.09 - 0.34 - 0.38
0.89 0.03 3.17 0.61
0.11 0.20 - 2.39 - Q.87
0.85 - 0.02 013 - 0.83

*For the spring season only.

lected.  The Pennsylvania prices for each year are averages for samples
collected during the spring and fall fertilizer seasons. If the prices dur-
ing the season or during the year tended to decline, and with this decline
fertilizers of somewhat higher analysis were purchased, or if the prices
rosc and fertilizers of somewhat lower analvsis were purchased, the rela-
tionship between all the prices and analyses would indicate that the lower-
analysis goods sold for higher prices—a relationship which probably did
not exist at any particular time during the year. Price changes during the
year might also greatly magnify the actual relationship between price and
analysis which existed at any particular time. In years when there were
only minor changes in price during the season, however, the data prob-
ably do indicate the relationship between price and analysis.

For the thirty-year period 1899 to 1928, there was, on the average, an
increase of $1.24 in the retail price per ton per umit increase in nitrogen
content, A unit increase in phosphoric-acid content caused only small
changes in the retail price, the average far the thirty-year period being
10 cents.  Nitrogen is much more expensive than phosphoric acid, and not
all the phosphoric acid in bones is readily soluble. Thus the variations
in phosphoric-acid content had relatively little effect on the retail price.

MIXED FERTILIZERS

_ The fertilizer materials discussed in the preceding sections are valuable
for fertilizer principally because of one plant food which each contains.
Mixed fertilizers, which are for the most part mechanical mixtures of
materials that contain plant {ood, make up the bulk of the fertilizer ton-
nage in tlte United States. These mixtures are made in a wide variety,

as regards both the proportions and the amounts of plant focd which they
contain,
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In studying the prices of mixed fertilizers, it is important to study not
only the changes that have occurred in the prices over a period of years,
but also the variation in prices from grade to grade, in order to determine
the effect of the analysis upon the price, The f{ollowing pages present
a study of the relationship between the retail price and the analysis of
mixed fertilizers.

PHOSPHATE AND POTASH FERTILIZERS

In Pennsylvania

Phosphate and potash fertilizers are mixed fertilizers containing only
phosphoric acid and potash. They are manufactured by mixing together
various amounts of potash salts and superphosphate. Retail prices of
phosphate and potash fertilizers were given in the Pennsylvania fertilizer
reports. In order to determine the relationship between price and analy-
sis, correlations were made between the retail price and the guaranteed
analysis, In 1928 the correlation between the guaranteed analysis of
the various samples and the retail price was 0.914 (table 63). The vari-

TABLE 63. MuLTiPLE CORRELATIONS BETWEEN RETAIL PRICE AND ANALYSIS OF
PHOSPHATE AND PorasH FERTILIZERS, AND COEFFICIENTS OF DETERMINATION
OF THE RETail. PRICE BY THE ANALYsis, PENxsyLvaNia, 1899 To 1928

Multiple correlation Cosfficients of determination of retail price
between retall price by the analysis*
and guaranfeed
Vaar phosphorie-acid Total Phosphoric Factors other

and potash analysis acid guar- Potash than the
content R anteed guaranteed analysis

Riez = 100 iz.g dis.2 diz§

1899-1903 . . 0.563 33.84 12.33 21.52 6616
1910-19141. . 0.926 85.85 15.71 70.14 14,15
1924-1928 0.902 81.54 57 75.79 18.46
0.483 23.33 5.20 18.12 76.67

0.317 10,05 5.23 432 89.95

0,604 48.11 32.79 15.32 51.89

0.700 48 .94 15,27 33.67 51.06

0.623 38.79 314 35.6% 61,21

0.733 53.71 13.80 39.90 46,29

0.879 77.20 28.72 48 .47 2280

0.837 66.99 14.36 35.63 30.01

0.808 65.34 5.49 59.84 34.66

0911 83.08 25.40 57.67 16.92

0.836 69 .85 20,77 49.08 30.15

0.923 R3.12 24.78 60.34 14.88

0.918 84 .32 16.43 67,89 15.68

0.936 B87.65 16.23 i1.42 12,35

0.956 51,43 15,25 76.18 8,57

0.908 82.53 4.39 76.14 17.47

0,964 92 .84 67.74 25.10 7.16

0,934 87.17 16.37 70.79 12.83

0.678 45.93 3.7 42.76 54.07

0.973 94,69 3.98 90.72 53

0. 840 70.51 16.17 54.34 29,49

0,822 £7.64 12,91 54,73 32.30

0.673 45.24 10.12 35.12 54.76

0.847 71,73 14.45 57.30 28,25

0.857 73.38 18.70 54,68 26,62

0.904 81,68 -3.79 85.47 18.32

}.986 97.30 -1.09 98.30 Z.70

0.914 83.061 0.51 83.10 16.39

* x; = retail price per ton; Xz= guaranteed phosphoric-acid content; xa= guaranteed potash content.
; 1910 to 1914 except 1912,

For the spring season only.
§ Calculated by subtracting (R?1.23X 100) from 100,



Rerair Prices oF FERTILIZER MATERIALS axp Mixep FErTILIZERS 73

ations in the analysis accounted for 83.61 per cent of the variations in the
retail price. Only 16.39 per cent of the variations in the retail price
were associated with factors other than the analysis, The relative impor-
tance of the analysis and other factors in affecting the retail price varied
from year to year, In 1927 the analysis accounted for 97.30 per cent of
the factors affecting the variability of the retail price, as compared with
only 45.24 per cent in 1923. During the five-year period 1921 to 1925,
the degree of relationship between the price and the analysis of the phos-
phate and potash fertilizers was relatively low. The coefficient of deter-
mination averaged 06, as compared with 88 for the three years 1926 to
1928 (table 63 and figure 28).
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Fioure 28, COEFFICIENTS OF DETERMINATION OF THE RETAIL PRICE OF PHOS-
PHATE AND POTASH FERTILIZERS IN PENNSYLVANIA BY THE PHOSPHORIC-ACID
AND THE POTASH CONTENT, 1800 To 1928

The potash content of the phosphate and potash fertilizers is the important factor
affecting the retail price

During the seventeen-year period 1899 to 1915, the general tendency
was for the differences in the retail price for the various grades to be more
and more closely associated with the analysis. For the two vears 1899 and
1900 the variations in the analysis accounted for only 17 per cent of
the variability in the retail price, as compared with 88 per cent for the
two vears 1914 and 1915, The tendency for the highest grades to sell
for the highest prices became more and more apparent during this period,
and factors other than the analysis became less and less important in
affecting the retail price.

In only two of the twenty-eight years was the phosphoric-acid content
of these phosphate and potash fertilizers more closely related to the price
than the potash content. The increase in the correlations between price
and analysis during the period from 1899 to 1914 was due almost entirely
to higher correlations between the potash content and the price. For the
two years 1899 and 1900 the potash accounted for only 11 per cent of the

variations in the price, as compared with 76 per cent for the two years
1913 and 1914,
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In the post-war period, the changes in the correlations between price
and analysis have been due primarily to changes in the relationship
between the potash content and the price.

With the exception of 1913, the variations in the phosphoric-acid con-
tent of the phosphate and potash fertilizers had relatively little effect on
the retail price. For the seven years 1922 to 1928, the phosphoric acid
accounted for about 9 per cent of the variations in the retail price as com-
pared with about 67 per cent for potash. In 1915, however, the coefli-
cient of determination for the phosphoric acid was 67.74, which was more
than four times as great as for the five years 1910 to 1914, In 1915
potash was scarce and fertilizers were uniformly low in potash content.
In that year variations in the phosphoric-acid content had an important
effect on the variations in the retail price.

For the twenty-eight years 1899 to 1915 and 1918 to 1928, the coeffi-
cient of variability of the potash content of the phosphate and potash fer-
tilizers averaged about 44, or more than three times the variability of the
phosphoric-acid content (table 64 and figure 29). Superphosphate is

TABLE 64. STANDARD DEVIATIONS AND COEFFICIENTS OF VARIABILITY OF RETAIL
PRICE AND ANALYSIS OF PHOSPHATE AND POTASH FERTILIZERS IN PENNSYLVANIA,
1899 1O 1928

Standard deviations Coefficients of variability
Year Retail Eﬁ;s.c;}?:.:rfg Per cent. Retail Phosphorie |  potach
price acid of potash price acl guaranteed
per ton guaranteed | Ruaranteed per ton guaranteed

1866-1903 . .,............ $1.56 1.063 1.21 9 28 10,30 51.76
1910-19314%_ ... ... ... 1.90 1.58 2.10 11.50 16.60 52.76
19241028 .. ... ... 1.66 1.19 1.76 6,32 10.73 31.51
1.71 0.94 0.89 10.08 9.26 42 .40

2.38 1.08 1.66 13.60 10.65 60.45

0. .84 0.96 1.12 5.23 9.61 49 69

1.45 0.98 1.13 8.94 9.84 47.95

1.42 1,19 1,27 4,57 12,13 49.30

1.73 1.15 1.50 10.71 11.71 51.61

1.37 1.23 1.55 8,55 12.36 50.65

1.62 1.48 1.60 10.1%9 15.08 49.43

1.50 1.42 1.61 9.26 14.59 50.20

1.62 1.43 1.65 9,82 14.77 50.54

1.85 1.60 1.80 11.18 16_835 50.46

1.89 - 1.60 1.89 11.21 16.32 50.35

1.86 1,58 1.97 11.12 16.57 50.83

1.73 147 2.13 10.20 15.73 50.32

1.8% 1.57 2,24 11,46 16.65 51.61

1.97 1,358 2.29 12.23 1637 58.26

1.27 1.61 Q.35 7.60 15.07 18.49

1,03 1.27 0.48 5.85 12.35 30. 14

2.16 0.96 1.23 6.30 9,62 48,51

3.16 1.36 £.07 8.22 13.55 38.45

2.08 1.20 1.32 6,56 11,99 41.65

1,83 1.34 1.66 7.51 13.27 42 .25

Z.16 1,44 1.75 8.54 13.93 38.00

i.56 1.42 1.54 6.34 13.29 30.27

i.97 1.46 1.54 7.09 13.52 28.19

1.73 1.05 2.03 6,27 9.31 34.55

1.80 1.02 1.94 7.21 9.02 33.61

1.25 0.98 1,75 4.71 8.51 30.94

* 1910 to 1914 except 1912,
1 Por the spring seasen only.
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Frevre 29, COEFFICIENTS OF VARIABILITY 0OF THE RETAIL PRICE AND THE ANALYSIS
OF PHOSPHATE AND POTASH FERTILIZERS TN PENNSYLVANIA, 1899 T0 1028

The retail price was relatively constant, while the potash content was highly variable

used as a basis of many mixed fertilizers, and there was relatively little
variation in the amount of phesphoric acid in the various grades.

During the thirty-year period 1899 to 1928, the wholesale price of
potash per unit was greater than the wholesale price of phosphoric acid.
The higher whaolesale price of potash and the much greater variation in
the percentage of potash in the fertilizers are the factors that account for
the importance of potash in affecting the retail price.

For the five years 1924 to 1928 the coefficient of variability of the
potash content averaged 31.51, as compared with 52,76 for the four years
1910 to 1914 except 1912 (table 64). There was also a decline in the
variahility of the phosphoric-acid content.  Many of the analyses, and
especially those containing relatively small amounts of plant food, have
been eliminated. For the two years 1927 and 1928 there were fewer than
ten different analyses of phosphate and potash fertilizers, or only about
me-third as many as during the period from 1910 to 1914, The plant-
tbod content for the two vears 1927 and 1928 averaged more than 17
units per ton, or 27 per cent higher than for the four years 1910 to 1914
except 1912,

During the twenty-eight years for which the data are available, the
cocfficient of variahility of the retail price of phosphate and potash fer-
tilizers in Pennsylvania averaged 873. This was about two-thirds as
creat as the variability of the phosphoric-acid content, and about one-
fifth as great as the variability of the potash content. The prices tended
to be more nearly alike than the analyses. Manufacturing costs and
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transportation and handling charges are a relatively large part of the retail
price. These items do not tend to vary with the analysis. Thus the retail
price is relatively constant.

In 1927 each unit change in the phosphoric-acid content of the phos-
phate and potash fertilizers was associated with a change of 79 cents in
the retail price (table 65 and figure 30). In the same year the wholesale
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Figuke 30. WHOLESALE PRICE OF PHOSPHORIC ACID PER UNIT IN SUPERPEOS-
PHATE AT BALTIMORE, AND CITANGE IN THE RETATL PRICE PER TON OF
PHOSPHATE AND POTASH ¥ERTILIZERS IN PENNSYLVANIA PER UNIT CHANGE
IN VPHOSPHORIC-ACID CONTENT, 1800 TOo 1028

(Change in retail price = net regression coefficient)

The change in the retail price of phosphate and potush fertilizers per unit change in
phosphoric-acid content has tended to be less than the wholesale price

price of phosphoric acid at Baltimore was 54 cents per unit.  The change
in the retail price of the fertilizer per unit change in the phosphoric-acid
content was greater than the wholesale price.  In 1926 the change in the
retail price per umt change in the phosphoric-acid content was 33 cents
and the wholesale price was 61 cents.  For the seven years 1922 to 1928
the average change in the retail price per unit change in phosphoric-acid
content was 44 cents, which was 12 cents less than the average wholesale
price for the same period. In 1928 the disparity between the wholesale
price and the change in the retail price per unit change in phosphoric-acid
content was 57 cents.  This was wnusually large as compared with the
other vears. For the six years 1922 to 1927, the wholesale price averaged
56 cents while the change in the retail price per unit change irr phosphotic-
acid content averaged 51 cents. In only three vears during the entire
period from 1899 to 1928 was the change in the retail price of phosphate
and potash fertilizers per unit change in phosphoric-acid content greater
than the wholesale price of phosphoric acid.
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TABLE 65. CHANGE IN THE PENNSYLVANIA RETAIL PRICE OF PHOSPHATE AND
PoTasH FERTILIZERS PER UNIT INCREASE IN PHOSPHORIC-ACID CONTENT, AND
WHoLESALE PRICE OF PHOSPHORIC Acip, 1899 1o 1928

Change in retail price Index numbers
per ton of phosphate (1910-1914* = 100)
and potash fertilizers Wholesale Difference
i{x1) in Pennsylvania per ice of between Change in
v u;nt increase in guaran- p}]:‘;fs’ hgric change in retail price w :
ear . eetcé ;tw;h(os?hlo;c aa??xg acid per rctail %nce per t_:n_ per ptr\_c::]:safe
onten Xz) ellTnnaty R A1 umt in- s O
the effect of variatigns Bg]rfclif;naotr e whalesale crease in phosphoric-
in the guaranteed price phosphoric- acid
potash content (x3) acid content
bie.s biz.s
1899-1003. ....... $0.40 $0.62 -$0.22 93 113
1910-1914% . ... .. .43 0.55 —0.12 100 100
1924-1928 . ....... 0.43 0.56 -0.13 100 102
0.40 0.62 93 113
0.47 0.62 109 113
0.43 0.63 112 115
0.50 0,62 116 113
0.16 0.63 37 115
0.54 0.64 126 116
eq |
0.3 . 84 1
0,19 0,65 44 118
Q.53 ggg 123 lég
0.47 . 109 1
0.53 0.59 123 107
0.44 Q.60 102 109
0.4671 0.52 107 95
0.42 0,52 98 95
0.33 0.48 77 87
0.63 0.48 147 87
.................... 3;8 135
................... .82 1
0.7% 1.11 174 202
0. 66 1.06 153 193
0.59 1.22 137 222
0.80 0.95 186 173
0.50 g 5? 116 107
0,44 .5 102 104
Q.39 Q.50 91 91
0.64 0.57 149 104
0.33 0.61 71 111
0.79 0.54 184 93
-0,01 0.56 - 2 102

*1910 to 1914 except £012.
T Por the spring scason only.

The difference in price between a low and a high phosphoric-acid anal-
vsis was less than the cost of the additional phosphoric acid at wholesale
prices.  This indicates that there was a wider gross margin on the grades
contaiming relatively small amounts of phosphoric acid. It is not pos-
sible to state who gets the wider margin. The manufacturers’ prices to
dealers probably vary with the analysis. Since retail prices are relatively
more stable than wholesale prices, it may be that the retailer gets the wider
margin on the lower gradeq and the narrower margin on the higher grades,

Iu 1928 the change in the retail price of the phosphate and potash fer-
tilizers per unit Lhange in potash content was 65 cents (table 66 and figure
31).  The wholesale price of potash in muriate was 72 cents. The change
m the retail price per unit change in potash content was 7 cents less than
the who]“sale price.

v thesixteen years 1899 to 1914, the wholesale price of potash in
'Jagged mutiate averaged 77 cents per unit; the average change in the retail
price of these mixed fertilizers per unit change in potash content for the
same years was 66 cents. In the two years 1900 and 1901 the disparity
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Figure 31. WHOLESALE PRICE OF POTASE PER UNIT IN BAGGED MURIATE, AND
CHANGE IN THE RETAIL PRICE PER TON OF PHOSPHATE AND POTASH FERIILIZERS

IN PENNSYLVANIA PFR TUNII CHANGE IN POTASH CONTEXNT, 1899 10

1028
{Change in retail price = net regression coefficient)

The change in the retail price of phosphate and potash fertilizers per unit change in
potash content tended to be less than the wholesale price during the pre-war period,

but more than the wholesale price during the post-war period

between the wholesale price and the change in the retail price per unit
change in potash content was relatively great. If these two years are
omitted, the average is 77 cents for the wholesale price and 71 cents for
the change in the retail price. The change in the retail price per unit
change in potash content was much the same as the wholesale price of

potash in bagged muriate.

During the eleven years 1904 to 1914 the wholesale price of potash in
20-per-cent manure salts in bulk was 66 cents per unit, or 12 cents less
than the price per unit in hagged muriate. The average change in the
retail price of phosphate and potash fertilizers per unit change in potash
content for this period was 71 cents. This was less than the wholesale
price of potash in bagged muriate, but more than the wholesale price in
bulk 20-per-cent manure salts. Either the manure salts or the muriate
could be used as sources of potash; it is probable that both were used.

This indicates that the change in the retail price of phosphate and potash
fertilizers per unit change in potash content tended to equal the wholesale
price of potash. The difference between the retail price of a 10-per-cent
potash fertilizer and that of a 5-per-cent potash fertilizer tended to equal
the cost at wholesale prices of the 5 units of potash,

For the seven years 1922 to 1928, the change in the retail price of the
phosphate and potash fertilizers per unit change in potash content averaged
82 cents, while the wholesale price of potash in bagged muriate averaged
67 cents per unit. During this period the change in the retail price per



RETAIL PRrICES OF FHRTILIZER MATERIALS AND Mixep FERTILIZERS 79

TABLE 66. CHANGE IN THE PENNSYLVANIA RETAIL PRICE oF PHOSPHATE AND PoTAsSH
FERTILIZERS PER UNIT INCREASE IN PortasH CONTENT, AND WHOLESALE PRICE
oF PotasH IN BAGGED MURIATE, 1899 1o 1928

Change in retail price Index numbers
per ton of phosphate (1910-1914% = 100)
and potash fertilizers ‘Whelesale Difference
{x1) in Pennsylvania price of between .
per unit increase in potash per change in Change in
Year guaranteed potash con- unit in retail price, | retail price
tent (xa) eliminating bagged and per ton per Wholesale
the effect of variations muriate wholesale amt increase price of
in the guaranieed phos-|  at poris price in potash potash
phoric-acid content (x2) content
132 bizs
18901903 . . ... ... $0.54 $0.75 -$0.21 72 29
1910-1514%, .. 0.75 0.76 . -0.02 100 100
1924-1928 . 0.34 0.66 0.18 112 87
1899, .\ vunnrnenns 0,80 0,74 0.06 107 97
1900, c.oinuen s 0.29 0.75 -0.46 39 99
1901 . i 0.27 0.75 —0.48 36 99
1902, . ivvannnenns 0,70 0,75 0,03 93 99
1903, .. 0.66 0.76 0. 10 B3 100
1904, ... .ot 0.72 0.77 -0.05 96 101
1905, .. 0 van s 0.58 0.79 -0.21 77 104
1906, ... ioaninns 0.73 0.80 —0.07 97 105
1907, .00 0.71 0.80 -0.09 95 103
1908 . viinnnnn 0.72 0.79 -0.07 96 104
1908, ..ol G.69 0.78 —0.09 92 103
1910, ., e e Q.75 0.74 0.01 100 97
0 I 0.76 Q.74 0.02 101 97
M2, el 0.63¢ 0.78 -0.10 o1 103
113 et 0,72 0.79 -0.07 26 104
1914 . ov e 0.76 0.79 .03 101 104
L 1.69 2.88 -1.19 225 379
................... 7.78 1.024
................... 8.49 P 1.117
3. 50 6.72 -3.13 479 884
1.22 4.67 ~3.45 163 614
2. 85 2.49 0.36 380 328
1.21 1.42 -0.21 161 187
0.32 .71 0.11 109 93
0.71 0.65 0.06 95 86
0.75 0.63 0.12 100 B3
0.98 0.63 0.35 131 83
0.82 0.64 0.18 169 84
1.01 0.67 0.34 135 88
0.65 Q.72 —0.97 B7 95

* 1910 to 1914 except 1912,

T For the spring season only,
unit change in potash content was greater than the wholesale price of
potash.  This was the situation in six of the seven years.

This relationship is somewhat different from that which existed prior
to the war. During the post-war period the margin has tended to be
greater on high-potash brands than on low-potash brands. In the pre-war
period the margin tended to he the same on both high- and low-potash
brands. It seems probable that competition between dealers and manu-
tacturers will tend to reduce the difference between the wholesale price
of potash and the change in the rctail price per unit change in potash
content, until it more nearly equals the wholesale price of potash. In 1928
11‘(1;&} difference was negative, and was smaller than for any other year since

24,

During the period from 1899 to 1914 the retail price of phosphate and
potash fertilizers remained relatively constant. The highest price, in
1900, was about 10 per cent higher than the Jowest price, in 1906 (table
67). Constant retail prices of fertilizer and the rising prices for agricul-
tural products stimulated fertilizer consumption.
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TABLE 67. AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS OF PHOSPHATE AND
Porasd FERTILIZERS IN PENNSYLVANIA, 1899 To 1928

Retail :
price per | Fer cent of | pep paqt | Total units | Retail | Number | Number
Year ton in | Phosphoric | of natash | of plant price per of of
Pennsyl- acid guaranteed| food per unit | samples | analyses
vania guaranteed ton
1809-1903. .,,..,,... 316,66 9.99 2.34 £2.32 $1.35 153 21
1910-1914% ., ., ... .. 16.54 9.54 3.97 13.51 1.23 410 29
1924-1928........... 26,28 11,10 5.57 16,67 1.58 157 11
16.94 16,11 2.11 12,22 1.39 82 22
17,48 10.11 2,39 12,50 1.40 110 20
16.15 9.95 2.26 12.21 1.32 155 18
16.18 9.96 2.35 12.31 1.31 192 22
16,56 9,80 2,57 12.37 1.34 226 25
16.18 9.81 2.90 12,71 1.27 220 26
16.01 9.98 3.06 13.04 1.23 229 26
15,90 9. 84 3.24 13.08 .22 236 25
16.138 9.76 3.21 1297 1.25 188 28
16,55 e.67 3.27 12,94 1,28 220 31
16.53 9.48 3.57 13.05 1.27 323 31
16.81 9.52 3.78 13.27 1.27 324 30
16,72 .54 3.87 13.41 1,25 433 21
17,00 9. 37 4.22 13.59, 1.25 232 26
16.49 2.45 4.34 13.79 1.20 456 28
16,13 9.64 3.93 13.57 1.19 368 28
16.75 10.69 1.87 12.56 1.33 193 16
32.96 10.26 1.58 11.84 2.78 34 ]
34,21 93 2.33 12.46 2,74 132 12
38.41 10.05 2.79 12.84 2.99 153 12
31.76 10.0¢ 3.18 13,18 2.41 178 14
24,37 10,08 3.92 14.00 1.74 183 15
25.26 10. 3% 4.60 14.96 1.69 107 14
24.60 10.71 5,08 15.%9 1.56 144 13
27.80 10.81 5.45 16.26 1.71 171 14
27.63 11.22 5.88 17.10 1.62 186 11
24.91 11.28 5,18 17.06 1.46 144 8
26.46 11.46 5.66 17.12 1.55 142 9

*1910 to 1914 except 1912
f For the spring season only.

In the war period, when potash was extremely high-priced, the phos-
phate and potash fertilizers were discontinued. In 1918, however, they
were again on the market. Retail prices in 1919 and 1920 were more than
double the pre-war prices. For the five years 1924 to 1928 the retail
price averaged $26.28 per ton, or 59 per cent more than the pre-war
average (tables 67 and 68).

These changes in the retail prices are not indicative of the actual changes
in the average retail price of plant food per unit, because of the changcs
in the average analysis. During the fifteen years prior to the war therc
was a slight decline in the phosphoric-acid content of the phosphate and
potash fertilizers, while the potash content practically doubled (tables ¢/
and 68, and figure 32). The potash content of all fertilizers was unusu-
ally low during the war period, when importations of potash were prac-
tically discontinued. In the period from 1918 to 1928, the percentage of
potash recovered rapidly from the iow point following the war. For the
five years 1924 to 1928 the phosphate and potash fertilizers averaged 5.57
units of potash per ton, or 40 per cent more than for the years just prior
to the war, while the phosphoric-acid content averaged 16 per cent higher
than the pre-war figure and the total plant food averaged 23 per ccnt
higher.

The retail price of plant food in phosphate and potash fertilizers m
Pennsylvania averaged $1.35 per unit for the five years 1899 to 1903
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TABLE 68, INpEX NUMBERS OF AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS
oF PHOSPHATE AND PoTasH PERTILIZERS IN PENNSYLVANIA, 1899 1o 1928

(1910-1914* = 100)

Retail Phosphoric Potash | Total uaits Retail Number Number
Year price acid guaranteed | of plant price per o of
per ton guaranteed food unit samples analyses
1%99-1903. .. 101 105 59 91 110 37 72
1910-1084* ., 100 100 100 100 100 100 100
1924-1928. ., 159 116 140 123 128 38 38
102 106 53 20 113 20 76
106 106 60 93 114 27 69
08 104 57 90 107 38 62
o8 104 59 91 107 . 47 76
100 103 65 92 109 55 86
08 103 73 94 103 54 90
97 105 77 97 100 56 20
96 103 82 97 99 58 86
98 102 81 96 102 46 a7
100 101 32 96 104 54 107
100 o8 90 a7 103 79 107
102 10qQ 94 98 103 o4 103
101 100 97 9 102 106 107
103 08 106 101 102 57 90
100 o0 109 102 98 11t 97
98 101 99 100 97 20 a7
101 112 47 93 108 47 35
et | w0 Wl aa | 396" | g 5
207 104 64 92 223 32 41
232 105 70 95 243 38 41
192 1G5 80 98 196 43 48
147 106 99 104 141 45 52
153 109 116 111 137 26 48
149 112 128 117 127 35 45
168 113 137 120 139 42 48
167 118 148 127 132 45 38
151 118 146 126 119 35 28
160 120 143 127 126 35 a1
#1910 to 1914 except 1912,
1 For the spring season only.
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FICURE 32. AVERAGE GUARANTEED ANALYSIS OF PHOSPHATE AND POTASH

FERTILIZERS IN PENNSYLVANIA, 1899 To 1928
Except for the war period, the potash content bas tended to increase
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(table 67). This was 10 per cent more than for the pre-war period 1910
to 1914. For the post-war period 1924 to 1928, however, the retail price
of the plant food averaged $1.58 per unit, or 28 per cent more than the
pre-war average.

The potash made up 19 per cent of the total plant food for the five
years 1899 to 1903, 29 per cent for the four years 1910 to 1914 {except
1912), and 33 per cent for the five years 1924 to 1928. Thus, even the
average retail prices of plant food per unit for the different years are not
exactly comparable, since the proportions of potash and phosphoric acid
changed from year to year.

Superphosphate and muriate of potash are the important sources of
phosphoric acid and potash in mixed fertilizers, The wholesale cost of
the plant food in the average analysis of phosphate and potash fertilizers
for cach year was calculated from the wholesale prices of superphosphate
and muriate of potash.

IFor the pericd 1910 to 1914 (except 1912) the cost of materials aver-
aged $8.26 (table 69); the retail price averaged $16.54; the difference
hetween the retail price and the cost of materials was $8.28, or 50 per cent
of the retail price. Much the same relationship between the cost of mate-

TABLE 69. RetaiL PricE oF PHOSPHATE AND PoTasH FERTILIZERS IN PENNSYL-
VANIA, ESTIMATED VALUE oF PLaNT Foon 18 AVERAGE ANALYSIS AT WHOLESALE
Prices, aNp CosT OF MANUFACTURE AND IISTRIBUTION, 1899 To 1928

]
. Value of Index numbers
Retail phosphoric Cost of (1810-1914* = 100}
v price per acid and manufacture
ear Pton n potash at and dis- Cost of
enasyl- |} wholesale | tribution | Retail price| Valueof |manufacture
vania prices per ton materials and dis-
| | tribution
1899-1903 ... ... ..... | $16.06 $ 7.08 $ 8.68 101 o7 105
1910-1014%. .. ... ... ..., 16.54 8.26 8,28 100 100 100
1924-1928. . ... .. ... ... ' 26,28 9.84 16.44 159 119 199
7.83 a.11 102 095 110
.06 9.42" 106 98 114
7.07 8.18 98 96 99
7.94 8 24 98 96 100
8.12 .44 100 08 102
8.51 7.6% 98 103 93
8.81 7.20 97 107 87
8.89 7.01 26 108 85
8.91 7.27 98 108 88
8.67 7.88 100 105 95
8,28 8.25 100 100 100
8.40 8.41 102 102 102
8.58 8.14 101 104 93
&.16 8.84 103 99 107
8.34 8.15 100 i 98
7.73 8.40 93 94 101
10.52 6.23 101 127 75
22,01 10.95 199 266 132
22.35 11.86 207 271 143
19.21 19.20 232 233 232
14.02 i7.74 192 170 214
8.73 15.64 147 106 189
8.90 16.36 153 108 198
8,36 16.04 149 104 194
9.59 18.21 168 116 220
10.60 17,03 167 128 206
2.96 14.95 151 121 181
10.50 15.96 160 127 193

* 1910 to 1914 except 1912,
t For the spring season only.
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rials and the retail price existed during the entire sixteen years 1899 to
1914, For the five years 1924 to 1928, however, the cost of materials
averaged $9.84, or about 19 per cent more than the pre-war cost; the retail
price avelaged $26.28, or 59 per cent greater than the pre-war price; the
margin between the cost of materials and the retail price averaged $16 44,
or nearly twice as much as for the pre-war period. During the later
period the margin between the cost of materials and the retail price was
03 per cent of the retail price, as compared with 30 per cent {or the pre-
war period.

The spread between the wholesale and retail prices of fertilizer mate-
vials during the post-war period was approximately twice as great as dur-
ing the pre-war period. Much the same change has occurred in the dif-
{erence between the cost of materials and the retail price of phosphate
and potash fertiizers. During the post-war period the manufacturer of
fertilizer materials received a smaller proportion of the money which the
farmer spent for fertilizer than he received during the pre-war peried.

COMPLETE FERTILIZERS

While some mixed fertilizers contain only two plant foods, the greater
proportion contain three—nitrogen, phosphoric acid, and potash, In
stadying the relationship between the analysis and the retail price of com-
plete fertilizers, three factors are to be considered, instead of only two
as m the case of the phosphate and potash fertilizers.

In Pennsylvonia

The relation between the plant-food content and the Pennsylvania retail
price of complete fertilizers varied from year to year (table 70 and figure
33). In 1928 there was a smaller degree of relationship between price and
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FIGUFRE 33. COEFFICIENTS OF DETERMINATION OF TIE RETAIL PRICE OF COM-~
PLETE FERTILIZERS IN PENNSYIVANIA BY TITE AMMONIA, PHOSPIIORIC-
ACID, AND POTASH CONTENT, 18g9 10 1928

The ammonia content of the fertilizer was the most important ingredient affecting
the retail price
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TABLE 70. MuLTiPLE CORRELATIONS BETWEEN THE RETAIL PRICE AND THE ANAL-
¥sts OF COMPLETE FERTILIZERS, AND COEFFICIENTS OF DETERMINATION OF
THE RETAIL PRICE BY THE ANALYSIS, PENNSYLVANIA, 1899 1o 1928

Multiple correlation Coeflicients of determination of retail price
between retail price by the anaiysis*
v and .guar}?,nteed ) Fact

e am;r‘ré?cgl:;]g ];’csbﬂjsfm a;{:]ta;is Ammonia Pho:giléonc Potash g{:hg:s
content _{u guaranieed puaranteed guarantesd | than the
Ry X 100 dizu detoa 1423 analysis

diz$

1899-1903..... 0.858 74.25 46,34 -0.27 28.18 25.75

1910-1914%, ... 0.934 91,08 65.45 -1.47 27.10 8.92

1924-1928. .. .. 0.863 74.54 62.37 4.73 7.44 25.46
0.709 50.30 23.59 ~0.15 26,86 49,70

0.879 77.19 46.22 Q.42 30.55 22.81

0.914 83.48 57.16 0.00 26.33 16.352

0.909 82,58 52.12 -0.78 31,23 17.42

0.881 77.69 52.59 ~0.86 25.95 22,31

0.935 87.45 49, 41 -0.53 38,57 12,55

0.933 86,99 51,59 -(.48 35.88 13.01

0,930 86.41 55.93 -.98 31.46 13.59

0.929 86,26 57.26 0.18 i8.81 13,74

0.949 90.02 61.95 -0.98 2¢.06 9.93

0.946 8952 65,89 -0.71 24.34 10.48

0.950 90.18 04.25 -1.26 27,19 9.82

0.953 90.82 63.10 -0.54 28.26 9.18

0. 966 03,29 62,14 1.41 32.56 6,71

0.956 91.45 67.43 -1.40 25.42 8.55

0.939 ©1.87 67.02 -2.69 27.54 8.13

0.829 68.67 56.49 0.25 11,94 31.33

0.978 05.62 85.68 1.27 8.60 4. 38

0.924 85,36 71,71 -0.70 14.36 14.64

0.965 $3.03 6.4 3.2s5 13.35 6.97

0.920 84.67 82.85 ~0.02 1.83 15.33

0.976 95,19 61,22 1,93 32.05 4 81

0.952 90.7¢ 56.46 0.03 34.22 9.30

0.948 89.96 G8.07 0.82 21.07 10.04

0.963 92,81 69,38 1.90 21,53 7.19

0.875 7665 65.48 0.39 10.78 23.35

0.858 73.66 64.69 2.27 6.71 26,34

0.888 18 86 64.26 6_57 8.03 21.14

0.868 75.30 61.45 7.65 6.20 24.10

0.826 68.24 55.95 6.79 5.50 31,76

*x1=retail price per ton; x3 = per cent of ammonia guaranteed; xz = per cent of phkosphoric acid
guaranteed; x4 = per cent of potash guaranteed.
I 1910 to 1914 except 1912,
For the spring season only.
§ Calculated by subtracting {(R%.1u X 100) from 100,

analysis than for any other year since 1899. The multiple correlation
between price and analysis in 1928 (R,..,, —=0.826) indicates that the
variations i the analysis accounted for 68.24 per cent of the factors affect-
ing the variation in the prices of the different grades of complete fer-
tilizers. All factors other than the analysis accounted for 31.76 per cent
of the variability. In 1920 the analysis accounted for 95.19 per cent of
the vartability, as compared with only 68.24 per cent in 1928. The rela-
tionship between price and analysis declined, while factors other than the
analysis increased in importance.”®

During the pre-war period 1899 to 1914, the situation was reversed.
Varjations in the retail price tended to become more and more closely
associated with variations in the analysis. In 1899 the analysis accounted
for only 50.30 per cent of the variability in the retail price; this was the
lowest for the thirty-year period 1899 to 1928. In 1900 the analysis

¢ The decline in the correlation may be due to the fact that the type of relationship has changed.
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accounted for 77.19 per cent of the variations in the retail price. The
degree of relationship increased, and for the seven years 1908 to 1914 the
variations in the analysis accounted for 89 per cent or more of the
variations in the retail price.

From 1915 to 1920, a period of inflation, the prices of fertilizer mate-
rials rose rapidly, and there was greater variability in the relationship
hetween the analysis and the retail price than during the pre-war period.

For the five years 1924 to 1928 the coefficient of determination averaged
7154, as compared with the pre-war average of 91.08. The decline in
the relationship between price and analysis was probably due in part to
the increased cost of distribution,

Variations in the retail price were more closely associated with varia-
tions in the ammonia content than with variations in either the phosphoric-
acid or the potash content. In twenty-seven of the thirty years from 1899
to 1928, variations in the ammonia content accounted for meore than 50
per cent of the variations in the retail price. The ammonia content was
more important than all other factors.

For the three years 1899 to 1901 the ammionia content accounted for
about 42 per cent of the variability in the retail price, as compared with
6345 per cent for the four years 1910 to 1914 except 1912. During the
period from 1899 to 1914, there was an upward trend in the degree of
velationship between the ammonia content and the price. The increase
in the degree of relationship betwcen the total analysis and the retail price
was due primarily to the higher correlations between the ammonia content
and the price.

For the four years 1916 to 1919, the coefficient of determination of the
retail price by the ammonia content averaged about 79 as compared with
the total determination of about 90 for all three plant foods combined.
During this four-year period the ammonia content was more closely asso-
ciated with the retail price that at any other time in the thirty-year period
1899 to 1928, The decline in the relationship between analysis and price
during the period from 1922 to 1928 was due in part to the decline in the
correlations between the ammonia content and the price. For the five
vears 1924 to 1928 the ammonia content accounted for 62.37 per cent of
the variability of the retail price, which was only slightly less than the pre-
war average of 63.45,

In the sixteen-vear period 1899 to 1914, the variations in the potash
content accounted for ahout 29 per cent of the variability of the retail
vrice of complete fertilizers in Pennsylvania. During the period from
1904 to 1914 the importance of the patash in affecting the retail price
tended to decline. In the five years 1915 to 1919, potash was high-priced,
and complete fertilizers were uniformly low in potash content. For these
vears the coefficient of determination of the retail price by the potash con-
tent averaged only about 10, as compared with 27.10 for the four years
1910 ta 1914 except 1912.

_ When importations of potash were resumed in 1920, potash recovered
1ts pre-war importance in affecting the retail price of complete fertilizers.
For the period from 1921 to 1928, however, the coefficient of determina-
tion for potash declined from 34.22 to 5.50. The decline in the relation-
ship between total analysis and price during this period was due primarily
10 the decline in the relationship hetwcen the potash content and the price.
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For the four years 1925 to 1928 the cocfficient of determination for potash
averaged about 7, or only one-fourth of the pre-war average of 27.10.

For the twenty-seven-year period 1899 to 1925 there was practically no
relationship between the variations in the phosphoric-acid content of the
fertilizers and the retail price. For the three years 1926 to 1928, how-
ever, about 7 per cent of the variability in the retail price was due to
variations 1n the phosphoric-acid content. During this period the potash
and the phosphoric-acid content of the fertilizers were of nearly equal
importance in affecting the retail price.

In 1928 a change of 1 per cent in the ammonia content of completc
fertilizers caused a change of $4.28 in the Pennsylvania retail price (tabl
71). That is, ol two fertilizers each containing the same amount oi

TABLE 71. CHANGE IN THE PENNSYLVANIA RETAIL PRICE OF COMPLETE FERTILIZER,
PER UNIT INCREASE 1N AMMONIA CONTENT, AND WHOLESALE PRICE OF AMMONIy
IN Driep Broop, TaNKAGE, NITRATE OF S0DA, AND SULFATE OF AMMONIA, 1899

TO 1928
| Change in retail | . . Difference between change in retail
price per ton ‘ Wholesale price of ammonia price per unit increase in ammonia
i of complete ferti- | per unit content, and wholesale price of
; lizers (x1) in Pean- | ammonia*
i sylvania per unit - -
i increase in guaran- 1
Ve ! teed anunonix con- ] &
BAI itent (xs) eliminating i In In
| the effect of varia- i In In | In sulfate Ia In in sulfale
itions in the guaran- dried | tank- nitrate | (& 0" dried tank- ! nitrate ;
jteed phosphoric-acid) blood age lofsoda) ot | blood age of soda amr?l s
I{xs} and potash (x4} i o
! content ‘
1 brass h i
1899-1903_ §2.63 $2.25 | $t.94 | §2.00 | $2.34 | 450,40 | +80.71 [+80.64 | +50.3!
1910-19141 3.53 3.04 2,78 2.36 2.37T |+ 0.49 |+ 0.74 [+ 1.17 + 1.1
1924-1928, 4.29 4.02 3.46 2.62 2.05 |+ 0.27 |+ 0.82 |4+ 1.66 | + 2.24
1.78 1.84 1.59§ 1.7 2.30 | -0,06 |+ 0,19 |4+ 0.07 ~ 0.51
2.82 2.18 1.88 1.94 2.34 |+ 064 |+ 0.94 (4 0.88 | + 0.48
3,04 2.32 2A0ﬂg 1.96 2.22 |+ .72 [+ 1.04 |4+ 1,08 } 4+ 0.8
.68 2.32 2.00 2,23 2.36 |+ 036 |+ 0.68 |+ 0.45 | + 0.3
2,01 2.57 2.22§ 2,17 2.48 |4+ 0.34 |+ 0.69 |+ 0.74 1 + 0.4
2,74 2.54 2,195 2.31 2.50 |+ 0.20 |+ 0.55 14+ 0.43 | 4+ 0.4
286 2.61 2.24 2.46 2.50 |+ .25 14+ 0.62 [+ 0.40 | + 0.40
3.03 2.68 2.33 2,39 2.48 |+ 0.35 )14+ 0.70 |+ 0.64 | + 0.5
3,28 275 2,57 2.67 2.48 |+ 0,33 |+ 0,71 |4 0.61 + 0.40
3.45 2.55 2.19 2.45 2.41 |+ 0.90 [+ 1.26 [+ 1.00 | + 1.04
3.65 2.7 2.33 2.27 2.30 |+ 0.94 !4 1,32 |4 1.38 | + 1.3
3.50 2.97 2.70 Z2.22 2.21 |+ 0,53 \+ 0,80 14+ 1,28 § + 1,20
3.48 3.2t 2.80 2,25 2.45 |+ 0.27 '+ 0.68 1+ 1,23 + 1.3
3.28% 2.79 2,67 2.46 2.62 |4 0,49 || 0.61 |} 0.82 + 0,60
3.69 2.78 2.70 2.65 2,56 |+ 091 |+ 099 |+ 1.04 | 4 115
3.44 3.19 2.94 2.3 2.25 -+ 0.25 |4 0.50 [+ 1,13 + 119
3.28 2.84 2,69 2.27 2.45 |+ 0.44 /4 0.59 |+ 1.0t + 0 K3
3.02 3.07 2.93 3.37 | 2.96 |+ 0.85 |+ 099 |+ 0,55 | + 0
3.45 4.50 4.63 3.88 361 | - 1.45 | — 1,20 | — 0,43 -0 lo
6,79 6.72 6,46 | 5.06 4.03 |+ 007 [+ 0,33 |+ 1.73 4 270
8 00 6.19 5.78 4.12 3.28 |+ 1.81 1+ 2,22 |4+ 3,88 | + 4..2
5.75 | T.86 | 7.45 3.71 344 |21t | -1.70 -+ 2.04 | + 2,30
4.75 ‘ 377t 305 2,81 2.30 (- 098 |+ L.70 [+ 1.94 | 4 2,45
3.06 3.90 3.48 2.63 2.02 1 -024 |+ 018 [+ 1.03 | 4+ .04
3,56 4_30 3.96 2.65 2.501 - 0.74 | —0.40 14+ 0.91 4+ 1.06
4,18 3.38 3.04 | 2,64 2.13 (+0.80 |+ 1,14 1+ 1,54 | 4 2.0%
4.39 366 3.25( 267 207 !4+093 |+ 1.3¢4 [+ 1.92 | 4 2.3
4.48 3.94 i 3.54 ; 2.72 213 [+ 0.54 i+ 094 [+ 1,76 | + 245
3.01 v 4.2 0 3057 2,67 l 1,95 | -0.30 |+ 0.34 |4 1.24 | + 1.o0
428 bodel | ez 2la | 1.98 | - 0.63 |+ 0.36 |+ 1.86 | + 2.3

|
|
|

* The dutference is equal to biz.s minus the wholesale price.

1 1910 to 1913 except 1912,

T For the spring season only.

3 Estimated. For the four years 1903, 1906, 1008, and 1909, the price of ammonia in tankage averag?!
86.2 per cent of the price of ammonia in dried blood, The prices of ammonia in tankage for the six yea
1899 to 1904 are 86,2 per cent of the price of ammonia in dried blood,
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phosphoric acid and of potash but differing by 1 per cent in ammonia
content, the retail price of the one with the higher ammonia content tended
1o be $4.28 per ton more than that of the other. A change of 1 per cent
in the phosphoric-acid content caused a change of 72 cents in the retail
price (table 73, page 91), while a corresponding change in the potash
content catsed a change of 63 cents in the retail price (table 74, page 93).
A unit change in the ammonia content of the fertilizer caused a change
m the retail price about six times as great as that caused by a unit change
in the phosphoric-acid content, and nearly seven times as great as that
caused by a corresponding change in the potash content. Ammonia is the
most expensive plant food in complete fertilizers. This is one of the
reasons why it is so mmportant in affecting the retail price.

Many different materials are used as sources of ammonia in fertilizers,
The price of ammonia per unit in these matertals varies. In 1928 the
wholesale price of ammonia in dried blood averaged $4.91 per unit {table
71 and figure 34). The change in the retail price of the complete fer-
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Ficure 34, WHOLESALE PRICE OF AMMONIA PER UNIT IN DRIED ELOOD AND
IN SULFATE OF AMMONIA, AND CHANGE IN THE RETAIL PRICE PER TON OF
COMPLETE FERTILIZERS IN PENNSYLVANIA PFR UNIT CHANGE IN AMMONIA
CONTENT, 1800 To 1928

(Change in retail price = net regression cocfficient)

The change in the retail price of complete fertilizers ipf:r unit change in ammonia con-
tent has tended to be greater than the wholesale price of amnionia

thzer per unit change in ammonia content was 63 cents less than the
wholesale price of ammonia in dried blood. In 1928 the wholesale price
ol ammonga in tankage averaged $3.92 per unit, of ammonia in
ritrate of spda $2.42, and of ammonia in sulfate of ammonia $1.98. The
change in the retail price of the complete fertilizer per unit change in
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ammonia content was less than the wholesale price of ammonia in dried
blood, but greater than the wholesale price of ammonia in tankage, nitrate
of soda, or sulfate of ammonia,

For the sixteen years 1899 to 1914, the average change in the retall
price of complete fertilizers per unit change in ammomsa content was
$3.10. This was 18 per cent higher than the wholesale price of ammonia
in blood, 29 per cent higher than the price of ammonia in sulfate of
ammonia, and 36 per cent higher than the wholesale price of ammonia
in nitrate of soda. The increase in the retail price of the complete fer-
tilizers per unit increase in ammonia content was greater than the whole-
sale price of ammonia in various fertilizer materials. There was a wider
margin on those analyses which contained a relatively high percentage of
ammonia.

During this period there was an upward trend in the wholesale price

TABLE 72. INDEX NUMRERS OF THE CHANGE IN THE PENNSYLVANIA RETAIL PrICE
oF COMPLETE FERTILIZERS PER UNIT INCREASE IN AMMONIA CONTENT, AND
OF THE WHOLESALE PRICE OF Aummonia 1N DRIED Broon, TANKAGE, NITRATE
OF S0DA, AND SULFATE OoF AMMONiA, 1809 1o 1928

(1910-1914* = 100)

7!
|

I
|

Change in retail price per ton Whelesale price of ammonia per unit
of complete fertilizers (x1)
in Pennsylvania per unit
increase in guamnt(ce().’h
ammeoenia content (X2
Year eliminating the effect of In Ian In sulrfgte
variations in the dried tank- nitrate of ar
guaranteed phosphoric-acid blood age of soda | o, 0T
(xs) and potash (x4) content
bz

E) 74 70 85 99

100 100 100 100 100

122 132 124 111 846

50 61 57 72 97

80 72 68 B2 99

86 76 72 83 94

76 76 72 94 100

82 83 80 92 105

78 84 79 9§ 108

81 86 81 104 105

85 88 84 101 105

93 90 92 113 105

G8 84 79 104 102

103 89 84 96 97

99 08 97 94 23

99 106 101 25 103

93T 92 94 104 111

105 91 97 112 108

97 105 106 98 95

23 93 97 96 103

111 10t 105 143 125

98 161 167 164 152

192 221 232 214 170

227 204 208 175 138

163 259 268 157 145

135 124 110 119 o7

104 128 125 111 83

101 141 142 112 103

118 111 109 112 90

130 120 17 113 87

127 130 127 115 90

it1 138 128 113 Bz

121 162 14t 103 84

* 1910 to 1914 except 1912,
F For the spring season only.
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f organic ammoniates and in the change in the retail price of the complete
fertilizers per unit change in ammonia content. The wholesale price of
ammonia in the mineral ammoniates remained relatively constant. The
major part of the ammonia in the complete fertilizers was probably from
nrganic materials.

For the post-war period 1922 to 1928, the average change in the retail
nrice of complete fertilizers per unit change in ammonia content was $4.09,
This was 1 per cent higher than the price of ammonia in blood, 16 per
cent higher than the price of ammonia in tankage, and 56 and 94 per cent
higher, respectively, than the wholesale price of ammonia in nitrate of
soda and in sulfate of ammonia. Since the change in the retail price of
the complete fertilizers per unit change in ammonia content was greater
than the wholesale price of ammonia in various atmmonia carriers, there
was apparently a wider margin on the analyses containing relatively high
percentages of ammonia. This was much the same rclationship as existed
prior to the war. In the seven years 1922 to 1928, the spread between
the change in the retail price of complete fertilizers per unit change in
ammonia content, and the wholesale price of ammonia in mineral ammo-
niates, was 50 per cent greater than the pre-war average, while for organic
ammoniates the spread was only about one-half as great. During this
post-war period the mineral-ammoniate content of fertilizers increased
while the organic-ammoniate content decreased. Practically no dried blood
is used in fertilizers at the present time. With the present relatively low
prices of mineral ammoniates, it seems probable that the change in the
retail price of complete fertilizers per unit change in ammonia content
will tend to decrease. There has becn some tendency in this direction
since 1925,

In 1928 the change in the retail price of complete fertilizers in Penn-
sylvania per unit change in phosphoric-acid content was 72 cents; in other
words, each unit increase in the phosphoric-acid content tended to increase
the retail price by 72 cents (table 73 and figure 35). The average wholesale
price of phosphoric acid at Baltimore for the twelve-months period from
Uctober, 1927, to September, 1928, was 56 cents. Thus the change in
the retail price of the fertilizers per unit change in the phosphoric-acid
content was greater than the wholesale price of the phosphoric acid. In
1925, however, the change in the retail price of complete fertilizers per
unit change in the phosphoric-acid content was 39 cents, or 18 cents less
than the wholesale price of phosphoric acid.

For the sixteen-year period 1899 to 1914 the wholesale price of phos-
phoric acid at Baltimore averaged 60 cents per unit. During the same
jeriod the average change in the retail price of complete fertilizers per
unit change in the phosphoric-acid content was 22 cents. The change in the
retul price of complete fertilizers per unit change in phosphoric-acid con-
tent was less than the wholesale price of phosphoric acid. This indicates
that, in general, there was a wider margin on those analyses which con-
tained a relgtively small percentage of phosphoric acid. The disparity
hietween the wholesale price of phosphoric acid and the change in the retail
price of complete fertilizers per unit change in phosphoric-acid content
tended to decrease during this period. For the five years 1899 to 1903,
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Freure 35. WHOLESALE PRICE OF PHOSPEIORIC ACID PER UNIT IN SUPERPHOSPHATE
AT BALTIMORE, AND CHANGE IN THE RETAIL PRICE PER TON OF COMPLETE
FERTILIZERS IN PENNSYLVANIA PER UNIT CHANGE IN PHOSPHOKIC-ACID CONTENT,
1809 To 1028

(Change in retail price = net regression coefficient)

The change in the retail price of complete fertilizers per unit change in phosphoric-acid
content has tended to be less than the wholesale price of phesphoric acia

the difference between the wholesale price and the changes in the retal
price per umit change in phosphoric-acid content was 43 cents, as compared
with 25 cents for the four yvears 1910 to 1914 except 1912

During the four-year period 1918 to 1921, the amount by which the
retail price of complete fertilizers changed per unit change in phosphoric-
acid content fluctuated violently, varying from an increase of $1.13 in
1918 to a decrease of 1 cent in 1919,

For the seven years 1922 to 1928, the wholcsale price of phosphoric
acid averaged 50 cents per unit; for the same period, the change iu the
retail price of complete fertilizers per unit change in phosphoric-acid con-
tent averaged 61 cents. During this period the tendency was for the
changes in the retail price due to variations in the phosphoric-acid content
to be approximately equal to the wholesale price, instead of less than the
wholesale price as was the case during the pre-war period,

The increase in the retail price of complete fertilizers for each additional
unit of phosphoric acid is now apparently equal to the wholesale price of
the phosphoric acid. It has taken twenty-five years to hring about this
normal relationship. This means that for farmers who use complete fer-
tilizers it is much cheaper to get additional phosphoric acid by purchasing
mixed goods of higher analysis than by buying additional material i
unmixed form. During the thirty years 1899 to 1928, the additional cost
of the higher-analvsis goods tended to be less than the wholesale cost of
the additional units of phosphoric acid.
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TABLE 73. CHANGE IN THE PENNSYLVANIA RETAIL PRICE OF COMPLETE FERTILIZERS
pER UNIT INCREASE IN PHOsPRORIC-ACID CONTENT, AND WHOLESALE PRICE OF
ProspaorIc Acip, 1899 To 1928

Index numbers
Change in retail price per ton Wholesale (1910-1914*= 100)
of complete fertilizers (x) rice of Difference
‘f:nzl‘?:;siyzxagn;:rg?t;f;t phosphoric | between Change in
p panee.
Year phosphoric-acid content Snitin iih?ég?l repc:r! fon © | Wholesale
(xs) eliminating the effect super- price, and |._per unit price of
of variations in the phosphate | wholesale | increase in phosphorie
guaaant::dha(mx?om?e()?) at Balti- price phesphoric~ :ﬂge:‘n
and potash {xs) conten i - N
ooy more acxte:ém phosphate
bz
18961903 $0.19 50,62 ~$0.43 63 7 113
1910-1914%. 0.30 0.55 -0.25 100 160
1924-1928. 0.62 0.56 + 0.07 207 102
0.11 0.462 ~ 0,51 37 13
0.38 0.62 -0.24 127. 113
0.00 Q.63 - 0.63 0 115
0.21 0.62 - 0.41 70 113
0.26 0.63 - Q.37 a7 115
0,10 0,64 - 0.45 63 116
0.23 0.604 - 0.4t 77 116
0.27 0.64 - 0.37 90 116
- 0,05 Q.65 - 0.70 -17 118
0.23 0.63 - Q.40 77 115
0.15 0.58 - 0.43 50 105
0.20 0.59 - 0,30 o7 107
0.12 0.62 - 0.48 40 109
0.36t1 Q.52 -0.1¢6 120 95
Q.35 Q.52 - 0.17 117 95
0.44 0.48 - 0.04 147 87
0.33 0.48 - 0.15 110 87
0.51 0.78 -0.27 170 142
0.27 0.82 - .55 90 149
1.13 1.11 + 0.02 377 202
- .01 1.06 -1.07 -3 193
0.95 1.22 - 0.27 317 222
0.08 0.95 - 0.87 27 173
.56 0.59 - 0.03 187 107
0.58 ¢.57 + 0.01 193 104
Q.47 0.50 - 0.03 157 9L
.39 057 -0.18 130 104
0.78 0.61 + 0.17 260 111
0.75 0.54 4+ 0.21 250 98
0.72 0.56 + 0.56 240 102

* 11 1910 to 1914 except 1912,
T For the spring season only.

In 1928 the change in the retail price of complete fertilizers per unit
change in potash content was 63 cents (table 74 and figurc 36). The
wholcsale price of potash in bagged muriate was 72 cents, or 9 cents higher
than the change in the retail price of complete fertilizers per unit vari-
ation in potash content,

During the sixteen-ycar peried 1899 to 1914, the change in the retail
price of complete fertilizers per unit change in potash content fluctuated
around the wholesale price of potash in bagged muriate, so that for the
eatire period the wholesale price averaged 77 cents per unit, the same as
the change in the retail price of the nuxed fertilizer per unit variation in
pomsh content. Apparently the normal relationship between the whole-
sale price of potash and the increase in the retail price of commercial
fertilizers for each additional unit of potash has existed for many years.

The index number of the wholesale price of potash rose to 1117 in
1917, During the period of extremely high potash prices the change in
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Fioure 37. COEFFICIENTS OF VARIABILITY OF TEE RETAIL PRICE AND THE
ANALYSIS OF COMPLETE FERTILIZERS IN PENNSYLVANIA, 1899 T I

The variability of the price and of the phosphoric-acid content are low as compared with
the variability cf the ammonia and the potash content

TABLE 75. STANDARD DEVIATIONS AND COEFFICIENTS OF VARIABILITY OF THI
RETAIL PRICE AND THE ANALYSIS OF COMPLETE FERTILIZERS IN PENNSYLVANI:
1899 To 1928

Standard deviations Coefficients of variability
! ¢ Per cent of | |
Year + o Percentof | Percent of ¢ . Am- Phos-
li{;mﬂer arnmonia p}?é)s'_c potash Rf.itgél monia vhoric
priee b guaran- | DIOT | guaran. e, | guaran- [azcid guar-
on teed e B a teed pel teed anteed
i antee

1899-1003....| §$4.03 0,90 | 1.25 2,05 17.12 '53.09 15.50 67.28

1910-1014%, 5.08 1.07 1.00 2.86 21.39 62.32 12,89 635.23

19241928, .. 6.46 i.15 2.04 2.49 19.04 52.35 22 .06 49 47
1809 ..., 3.64 Q.81 1.40 1.80 15,75 47.24 16,66
1900.. R 4.41 0.93 1.27 2.11 17.88 53.03 15.98
1901, . A 4.02 0,90 1.23 2,02 17.15 53.43 15,33
1902.. 4.02 0.96 1.1% 2.10 E7.40 57.62 15,00
1903 .. 4.07 0,90 1.16 2.23 17.44 54.12 14,52
1904 3.84 0.8 H 1.01 2,28 16,53 51,57 12,76
1905 4. 10 0.89 1.00 2.34 17.78 53._62 12,60
1906. . 4,08 0,89 1.13 2.49 17.58 53.11 14.26
1907 .. 4.53 0.92 1,22 2,63 19,11 53.89 15.37
1908. . 5.20 1.07 1.23 2.67 21.49 60.93 15,76
1909. . 5.47 1,12 1.02 2,73 22.59 65.14 13.12
1910.. 5.17 1.09 1,00 2,75 21,65 63.56 12.86
1911, . . 4.08 0.97 0.96 2.74 19.5¢ | 58.22 12.36
19127, v 4.83 ! 1.05 0,94 3.08 19.64 59.23 12.16
1913.. : 5.31 1.09 1,00 2,97 22.43 G2.47 12,93
1914., 5.14 1.13 1.04 2.98 21.95 65.03 13.40
1915 5.69 1.24 1.14 1.10 23.48 69._98 13.75
1916 6.06 1.40 1.09 Q.45 22,80 83.59 13.03
1917, 5.61 1.33 1.25 Q.55 19.69 78.11 14,87
1918, 7.84 0.99 1.30 Q.32 20.43 64.75 15.83
1919, 6.61 0.73 1.34 1.01 16.94 54.42 16.02
192G, 7.63 0.92 1.07 .33 16.88 50.04 13.08
1921 ‘ 5.44 \ 0.77 1.15 1.43 14.93 50.99 13.89
1922 4. 03 1 0.98 1.20 2.40 15.63 56.29 14 .48
1923....... .. 4.48 0.98 1.27 2.65 14.51 53.79 15.26
i924....... . 5.67 1.06 1.48 2,63 18.60 55.20 17.33
1925, . 6.33 1.00 1.80 2.57 18 .84 53.72 ). 54
1026 6,36 1.10 2.13 2.46 18.36 49 .09 22.53
1927 .. 6,20 | 1.22 2.37 2.43 1960 50.89 24,84
1928, 7. 08 I 1.28 2.42 2.34 i 22.58 52.84 23.06

i :

* 1910 to 1914 except 1912,
1 For the spring season only,
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other plant foods. Superphosphate is used as a basis of most complete
iertilizers.  To  the superphosphate are added wvarying amounts of
anmionia and potash.

The ammonia content of the fertilizers was most variable during the
war period, while the potash content was more or less uniformiy low. For
tw seven years 1922 to 1928 the outstanding changes were a decrease in
the coetficients of varmability of the potash content from 66.23 to 42.79,
a4 decrease in the coefficient of variability of the ammonia content from
36.29 to 32.84 and an increase in the variability of the phosphoric-acid
content from 1448 to 25.00. These changes in the variability of the
analyses have been somewhat similar to the changes in the relationship
lwtween the retail price and the analysis, The coefficient of determina-
tion of the retail price by the potash and the ammonia content has declined.
The cocfficient of determination of the retail price by the phosphoric-acid
coutent, however, has increased. The variability of the analysis and the
wholesale price of the plant foeds are the important factors affecting the
degree of relationship between price and analysis.

For the pre-war period 1899 to 1914, the coefficient of variability of
the retail price averaged about 19, which was greater than the variability
of the phosphoric-acid content but decidedly less than the variability of
the ammonia and the potash content. For the five years 1924 to 1928
e coeflicient of variability of the price averaged about 20, which was
less than the variability of the content of any of the plant foods. The
prices of the various grades of complete fertilizer were more ncarly alike
than the analyses. The retail price includes the cost of manufacture and
:histribution, which tends to be a fixed amount per ton. Thus a large part
of the retail price does not vary, and retail prices of the different grades
vary little as compared with the analyses.

During the entire sixteen-year period 1899 to 1914, the average retail
price of complete fertilizers in Pennsylvania remained relatively constant
ttables 76 and 77). The highest price, $24.66 per ton in 1900, was only
7 per cent greater than the lowest price, $23.07 in 1903, As compared
with the changes that occurred in the prices of farm crops and commodi-
tes in general during this period, the fluctuations in the retail price of
complete fertilizers were small. The changes that occurred in the fer-
utizer tonnage in Pennsylvania during the period were due primarily to
changes in the demand for fertilizer rather than to changes in the price.

During the war and inflation periods the prices of fertilizer rose rapidiy.
In 1920 the average price per ton, $45.18, was 90 per cent higher than
the pre-war price. By 1922 the price had declined to $29.63, or 25 per
cent above the pre-war price.

In the seven-year period 1922 to 1928 there was an upward trend in
the retail price, and for the five pears 1924 to 1928 the price averaged 39
per cent greater than the pre-war average. Not only did the retail price
nerease, but the changes in the price were greater than during the entire
sixteen-year period 1899 to 1914,

The average retail prices are not a true indication of the retail price of
plant food ger unit, since there have been changes in the average analysis.
During the’ sixteen-year period 1899 to 1914 the ammonia content
remained practically constant and the phosphoric-acid content decreased
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TABLE 76. AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS OF COMPLET
FERTILIZERS IN PENNSYLVANIA, 1899 10 1928

. Per er Per
Retail | ooh | oef lcentof | Per | Total | AVerese

price per | of am- | of ni- | Phos- | cent of [ units price of | Num- Nur-

Year ton in monia | trogen | Phoric | potash | of plant | "¢ ber of Der of

Penn- suat- guar- acid guar- food food samples | analyse:

sylvania | ghiced | anteed | &var- [ anteed | per ton | per unit
anteed
1899-1903.| $23.54 1.70 1.40 g.04 3.05 12.48 $1.89 675 172
1910-1914* 23.73 i.72 1.41 7.76 4.39 £3.56 1.75 1,234 200
1924-1928. 32.89 .21 1.81 9.19 5.0 16.10 2.05 1,239 83
1899, ... .. 23.12 1.72 1.42 8.38 2.72 12,52 1.85 416 189
1900.. .. .. 24.66 1.75 1.44 7.92 3.12 12,48 1,98 547 174
1901...... 23.46 1.68 1.38 7.99 2.96 £2.33 1.90 702 151
1902, . 2312 1.67 1.37 7.92 3.11 12.40 1.86 208 172
1903. . 23.30 1.67 1.37 7.08 3.33 12,68 1,84 902 176
1904 .. 23.21 1.63 1.34 7.91 3.42 i2.67 1.83 955 173
1005, ..... 23.07 1.65 1.36 7.94 3.52 12.82 1.80 997 184
1906, ..... 23.18 1.67 1.37 7.92 3.65 12 .94 1.79 1,003 193
1907 ... .. 23.68 1.70 140 7.94 3.85 15.19 1.80 719 188
1908. .. 24,23 1.75 1.44 7.83 3.83 13.10 1.85 217 196
1909...... 24.21 1.72 1.42 7.78 4.11 13.31 1.82 1,068 190
1910, ... .. 23.88 1,71 1.41 7.6 4.14 13.31 1.79 1,229 197
1911, ... 23.94 1.66 1.37 7.77 4.17 13.31 1.80 1,250 193 }

1912¢..... 24.60 1.78 1.46 7.77 4.97 14 20 1.73 810 i38
1913 23.69 1,75 1.44 7.73 4,64 13.81 1.72 1,239 104
1914, .. 23,41 1.74 1.43 7.78 4.60 13.81 1.70 1,219 210
1915 24.24 1.77 1.46 8.26 2.43 12.15 2,00 965 133
1916 26.56 §.67 1.37 8.39 1.10 10.86 2.45 583 68
150 W IR 28 4R 1.73 1.42 .42 1.16 11.00 2.59 597 78
1918, ..... i8.37 1.52 1.25 8.24 1.16 1065 3.60 353 65
1916 . 39.01 i.37 1.13 837 1.66 11.16 3.50 724 80
1920, ... 45,18 £.55 1.28 8.2 2.51 12.00 3.76 755 it
i921.. 36.45 1.50 1.23 8.30 2.61 12.14 3.00 992 Gh
122, ... 29.63 i.74 1.43 829 3.63 13.35 2.22 1,184 87
1923...... 30,85 [.81 1.49 3.34 4.15 13.98 2.21 304 !
1924, ..., 30. 50 1.93 1.59 8 .55 4.43 14,57 2.09 1,156 By
1625, . 33.71 2.02 1.66 8.74 4.60 15.00 2.25 1,475 114
1926 ..., 34 29 2.24 1.84 9.46 5.43 16,73 2.05 1,141 on
1927 . 3L.62 2,41 1.8 9.52 5.55 17.05 1.87 1,177 i3
1928, ..., 34.01 2.43 2.00 .67 5.46 17.13 1.99 1,345 82

* 1910 to 1914 except 1912,
T For the spring season only,

slightly, but the potash content increased (figure 38). For the two years
1899 and 1900 the potash content averaged 2.92 per cent, as compared with
4.62 per cent for the two years 1913 and 1914, Owing to the increase
in the percentage of potash in the complete fertilizers, the total plant-
food content tended to increase, and there was a gradual decline in the
average retail price of plant food per unit. The average retail price per
unit for the two years 1899 and 1900 was $1.91, as compared with $1.71
for the two years 1913 and 1914,

During the war period there was a decrease in hoth the potash and the
ammonia content of the complete fertilizers, owing to the difficulties of
importing potash and to the use of nitrogen in war industries. Because
of this decrease in plant-food content, the retail price of the plant foud
rose even higher than the price per ton would indicate.

In the post-war period higher-analysis fertilizers have been used. I'or
the five years 1924 to 1928 the ammmonia content of complete fertilizers
in Pennsylvania averaged 28 per cent above the pre-war average, the
phosphortc-acid content was 18 per cent higher, the potash content was
16 per cent higher, and the total plant food was 19 per cent higher, Dur-
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TABLE 77. TInpEX NUMBERS OF AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS
orF COMPLETE FERTILIZERS IN PENNsYLvanIa, 1899 To 1928

(1910-1914* = 100}

Phos- Total | Average
Retail | Am- ! phoric | Potash | unitsof | 'l | Num- | Num.
Year price mona acid guar- plant price of ber of | ber of
per ton guar- guar- anteed food plant samples | analyses
anteed | nieed per ton food
per unit
18Y9-5003 ... .. 9e 99 104 69 92 108 55 86
1910-1014% . 100 100 100 100 100 100 100 100
1924-3928........ 139 128 118 114 119 117 102 42
1BYD . e, a7 100 108 62 92 196 34 94
1900, . 164 102 102 71 92 113 44 86
1901.. 99 08 103 67 91 109 57 76
iw02.. vi 97 102 7t 91 106 05 86
1903 ., 08 97 103 76 94 105 73 88
98 Q5 102 78 93 105 77 86
97 06 102 80 a5 103 81 04
08 97 102 83 95 102 81 96
1006 o9 102 88 97 103 58 94
162 102 101 87 97 106 66 08
102 100 100 94 98 104 87 a5
101 99 100 94 o8 102 100 98
im 97 100 95 98 163 101 98
104 103 100 113 105 9% 66 69
100 102 100 106 102 98 100 93
99 101 100 108 102 97 99 105
102 103 106 55 9 114 78 6
112 o7 108 25 2¢ 140 47 34
120 101 109 26 Bl 148 48 39
162 48 106 20 79 206 45 32
164 80 108 38 B2 200 59 40
190 90 106 57 88 215 61 38
154 87 107 59 90 171 30 33
125 101 107 83 08 127 926 44
130 105 107 43 103 126 65 37
129 112 110 101 107 119 94 44
142 117 113 105 1k1 1249 120 57
145 130 122 124 123 117 92 34
135 140 123 126 126 107 95 36
123 141 125 124 126 114 109 41
* 1910 to 1914 except 1912,
t For the spring scason only,
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FI1cure 38, AVERAGE GUARANTEFD ANALYSIS OF COMPLETE TFERTILIZERS IN
PENNSYLVANIA, 1899 1o 1928

During the pre-war period only the potash content tended to increase. Since the
war the percentage of all the plant foods has increased
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ing this period the retail price per ton of complete fertilizers averaged 39
per cent above the pre-war figure, but, because of the increase in coticen-
tration, the retail price of plant food per unit averaged only 17 per cent
higher.,

Even the average retail prices per unit are not exactly comparable,
hecause of the changes in the relative proportions of the various plant
foods. A comparison of the two periods 1899 to 1903 and 1910 to 1914
{except 1912) indicates that the percentage of the total plant food in the
form of mnitrogen declined from 11.2 to 104 per cent, phosphoric acid
declined from 64.4 to 57.2 per cent, and potash increased from 24.4 to
324 per cent. A part of the decline in the average price per unit of
plant food in the period from 1899 to 1914 was due to the decline in the
proportion of nitrogen, the most expensive plant food.

During the five years 1924 to 1928 the percentage of the total plant
food in the form of nitrogen, 11.2 per cent, was about the same as that
which prevailed at the beginning of the century. Phosphoric acid made
up 57.2 per cent, and potash 31.6 per cent, of the total. The increase in
the proportion of nitrogen was one factor causing the increase in the
retatl price of plant food per unit.

For the five years 1924 to 1928, all commodity prices and farm prices
in the United States averaged 54 per cent and 44 per cent, respectively,
above the pre-war averages. The increase in the price of plant food per
unit in complete fertilizers in Pennsylvania has been less than the increasc
in the prices of commodities in general and the prices of farm products.

It is difficult to make an accurate estimate of the wholesale cost of the
materials used in making up a complete fertilizer of average analysie.
Estimates of the whalesale cost of the phosphorie acid and the potash can
be made comparatively casily by using the wholesale prices of phosphoric
acid and potash in superphosphate and muriate of potash. These mate-
rials are the important sources of phosphoric acid and potash in complete
fertilizers. Estimating the cost of the ammonia is more difficult.. Many
different ammonia carriers are used, with wide variations in the cost of the
ammonia content. Data are not available on the proportions of the ammonia
from each source. During the period from 1899 to 1928, important
changes have taken place mn the materials most commonly used as ammonia
carriers. In the earlier years organic ammoniates predominated, while in
the post-war period there has been an increased use of mineral ammoniates.
Tt is difficult to weight the prices of ammonia in the various materials
because of the changes in the materials used.

During the thirty-vear period 1899 to 1928 the price of ammonia in
dried blood tended to be higher than the price of ammonia in any of the
other organic ammoniates. If the value of the ammonia is estimated
from the price of ammonia in dried blood, the wholesale cost of the
materials is overestimated. This is true especially for the post-war
period, during which there has been a marked decline in the use of the
high-priced organic ammoniates in complete fertilizers.

since 1912, sulfate of ammonia has been one of the cheapest sources
of nitrogen. Although it is used extensively in complete fertilizers, it ix
not used exclusively. If the wholesale cost is estimated by using the price
of ammonia in sulfate of ammonia, the cost tends to he underestimated.
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and the difference between the retail price and the cost tends to be too
iarge. During the post-war period the use of sulfate of ammonia in com-
iete fertilizers has increased rapidly. In the past few years, the esti-
mated cost of materials at wholesale using the price of ammonia in
.ulfate would be more nearly correct than the estimate using the price
ol ammonia in dried blood.

In order to get an estimate of the changes that have occurred in the
cust of manufacture and distribution, two estimates of the wholesale cost
o materials necessary to make an average analysis were made, one using
the price of ammoma in dried blood and the other using the price of
ammonia in sulfate of ammonia (tables 78 and 79). The former is
doubtless somewhat too large, and the latter too small. The true cost is
somewhere between the two.

During the four pre-war years, the average estimated cost of materials,
assuming the ammonia to be all from dricd blood, was $12.82.  This was
only $1.15 more than the estimate in which the price of anmronia in sul-
fate was used. For the sixteen years 1899 to 1914, the estimate of the

TADLE 78. AvVERAGE RETamw PrICE oF COMPLETE FERTILIZERS IN PENNSYLVANIA,
aND EsTiMaTED CosT OF MATERIALS AND COST OF MANUFACTURE AND Dis-
TRIBUTION OF COMPLETE FERTILIZERS IN PENNsYLVaNnIA, 1899 To 1928

Retail Wholesale cost of plant food Cost of manufaceure
rice h:mcé1 distribution

ot com- 1 ased on ammonia

Year ;f:giraa Ammonia in 1?}?;:;: Poit:sh an?rgt:ﬂi:-lf?;m from
lizers - sulfate acid in bagged - sulfate . sulfate
dried supers i3 dried dried

per ton of am- muriate of am- of am-
blood | [ o |phosphate I blood monia blond monia
1590-1914.; $23.68 | § 4.47 | $4.10 $ 474 $2.90 §12.12 §11.74 $11.56 $11.94
1910 -1014% 23.73 5.20 4.06 4.25 3.36 12.82 11,67 10,92 12.046
14241928 32.89 8.96 4,51 5,12 3.36 17.45 13.00 15.44 19,89
L1173 A 23.12 3.16 3.96 5.20 2.01 10.37 11,47 12,7 11.95
thud. ... .. 24 .66 3.2 4.10 4.9 2.34 11.07 11.35% i3.59 13.31
1901, ..., 23.46 3.90 3.73 5.03 2.22 11,15 10.98 12.31 12.48
1902 23.12 3.87 3.94 4.9 2.33 11.11 11.18 12.1 11,94
1903 23.36 4.29 4.14 5,03 2,53 11.85 11.70 11.51 11,66
1904, ... .. 23.21 4.14 4.08 5.06 2.63 11.83 11,77 11.38 11.44
19035.. ., .. 23.07 4.31 4,12 5,08 2.78 12.17 11.98 10.90 11,09
1905, .., . 23.18 4. 48 4.14 5.07 2.92 12,47 12,13 10.71 §1.05
1907, ..... 23,68 4.68 4.22 5.16 3.08 12.92 12.46 10.76 11.22
1908 24 .23 4._46 4,22 4,93 3.03 12.42 12,18 11.8L 12,05
9w, . ... 24,21 4.66 1.96 4,51 3.21 12.38 11.68 11.83 12.53
1910 23 .88 5.08 3.78 4,58 3.06 12.72 11.42 11,16 12.46
W, 23.94 5.33 4.07 4.66 3.09 13,08 11.82 10.86 12.12
92t .. 24,60 4.97 4.66 4.04 3.88 12.89 12,58 11.71 12.02
1913..,, .. 23.69 4_86 4.48 4.02 3.67 12.55% 12.17 11.14 11,52
1914 23 .41 5.55 3.92 3.73 3.63 12,91 11.28 10.50 12,13
16135 24,24 5.03 4.34 3.96 7.0 15.99 15.30 8.25 8.94
4L 26,548 5.13 4.94 6.54 8.56 20.23 20.04 6.33 6,52
1323 VI 28,48 8.48 6.25 6.90 9.85 25,23 23.00 3.25 5.48
1918 38371 10.21 | 6.13 9.13 7.80 27.16 23.08 11,21 15.29
1919.,, ... 39.01 8.48 4.49 5. 87 7.7% 25.10 2t.11 13.01 17.90
1920, ., ... 45,18 12,18 5.33 10.02 6.25 2845 21,60 16.73 23.58
1921 36.45 5.66 3.45 7.88 3.7 17.25 15.04 19.20 21.41
1722 29,63 6.70 3.51 4_8¢9 2.58 14.26 10.98 15.37 18.65
1923 30 .85 7.78 4.52 4.75 2.70 15.23 11.97 15.62 18.88
9., 30, 50 6.52 4,11 4.28 2,79 13.59 11.18 16.91 19.32
1915, .. .. 33,71 7.39 4.18 4.98 2.90 15,27 12,06 18.44 21.65%
1926.. ., 34.29 883 4.17 5,77 3.48 18.08 14.02 16,21 20.27
192t ..., 31.92 10.15 4.70 5.14 3.72 19.01 13.56 12.91 18.36
1928, ... .. 34,01 11,93 | 4,81 5.42 3.93 21.28 14.16 12,73 19.85

b I?]O to 1914 except 1912,
For the spring season ouly.
f
i
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TABLE 79, INDEX NUMBERS OF AVERAGE RETAIL PrICE oF COMPLETE FERTILIZERS
18 PENNSYLVANIA, AND OF EsSTIMATED CosT OF MATERIALS AND CosT OF Mant -
FACTURE AND DisTRIBUTION OF COMPLETE FERTILIZERS IN PENNSYLVANIA, 1890

T0 1928
(1910-1914* = 100)
i -
Retail Wholesale cost of plant food Cost(f)f manufacturs
rice and distribution
Year 0?1(:;:;‘ Ammonia in thhoci‘si;: Porash anTr?qtoﬂ;i: ’i!—:'.]ém pased (}nro?nmmonln
erti- N in
lizers . sulfate | B in [ o000 sulfate : sulfate
dried g super- & dried . dried
per ton | pioed (;50"‘1?;' phosphate muriate | yiand ?rfo‘:l?;' | blood ?1[;:;14
18991014 100 86 101 112 86 93 10t 106 9g
1910-1914* 100 100 100 106G 10¢ 100 100 100 100
1924-1928. 139 172 i1t 120 100 136 HI8Y 141 165
1899, , ... 97 61 08 122 60 81 926 117 99
1900...... 104 73 101 116 70 86 o7 124 110
1901. ., ... 99 75 92 118 66 87 o4 113 103
1902, . ... 97 74 07 116 69 87 96 110 9%
1903...... 98 82 102 118 5 92 100 105 97
1904. ., ... 08 80 100 119 78 92 101 104 95
1905 97 a3 0 120 83 95 103 100 92
1906... ... 98 86 102 119 87 97 104 98 92
1907 100 o0 104 121 92 101 107 95 93
t908. ... .. 102 86 104 116 90 97 104 108 100
1909. ... .. 102 90 03 106 96 97 100 108 104
1910... ... 101 08 93 108 oF 99 98 102 103
19114 101 102 100 110 92 102 101 99 100
{31%1‘ ..... {% 6 113 35 115 101 108 107 lgg
13...... 93 5 ety 98 104 102
1914, .. ... 99 107 31 88 ;gg 101 o7 92 101
1915.. ..., 102 97 107 93 125 131 7 74
1916, . ..., 112 90 122 154 255 158 172 58 54
1917, ... .. 120 163 154 162 293 197 197 30 45
1918, .. .. 162 196 131 215 2132 212 198 103 127
1919 164 163 111 209 3 196 131 127 148
1920, .. .. 190 234 131 236 186 222 185 153 196
}3%; ...... 154 Ig‘) gg }35 llg 135 129 ii? }gg
...... 125 131 15 7 111 94
1923 ... .. 130 150 111 112 80 119 103 143 157
1924, ... .. 129 125 101 101 83 106 96 155 168
1925, ... .. 142 142 103 117 86 1o 103 169 180
1926 ... .. 145 170 117 136 104 141 120 148 168
1927 ..., 133 195 116 i21 111 148 116 118 152
1928 143 229 118 128 117 166 121 117 165

* 1910 to 1914 except 1912,
1 For the spring season only.

cost of materials using dried blood averaged only 38 cents more than the
estimate based on sulfate-of-ammonia prices. During this period
the ammonia content of the complete fertilizers was relatively low, and
the differences in the prices of ammonia in dried blood and in sulfate were
also relatively small. ~ Thus the two estimates were much the same. In
the sixteen years 1839 to 1914, the difference hetween the retail price of
the complete fertilizer and the estimated wholesale cost of the materials—
that is. the cost of distribution and manufacture—was $11.56 based on
the estimate using dried blood, and $11.94 based on ihe estimate using
sutfate of ammonia. The cost of manufacture and distribution was about
50 per cent of the retail price. For the four pre-war years, the relation
between the retail price and the cost of manufacture and distribution was
much the same.

During the war period the cost of the materials increased much more
than did the retail price. Potash was very high in price, and, even though
only small amounts were used in complete fertilizers, the cost of the potash
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was about one-third to one-half of the cost of materials necessary to make
jertilizers of average analysis.

For the five years 1924 to 1928, the cost of materials based on the
ptice of ammonia in dried blood was $17.45, or 36 per cent more than
the pre-war average. The difference between the retail price and the cost
of materials (based on dried blood) was $15.44, or 41 per cent more than
the pre-war figure. If all of the ammonia had been obtained from the
high-priced dried blood, the estimated cost of manufacture and distribu-
tion would he 41 per cent greater than for the four pre-war years. If
the estimates based on the price of ammonia in sulfate of ammonia are
used, the cost of manufacture and distribution during the years just prior
to the war was $12.06, and that for the five vears 1924 to 1928 was $19.89,
an increase of 65 per cent.

It 1s probable that the estimate based on the dried blood was more
nearly correct for the pre-war period, and that the estimate based on sul-
fate of ammonia was more ncarly correct for the post-war period. 1f
this is true, the cost of manufacture and distribution during the period
irom 1910 to 1914 was about $10.92, and for the period from 1924 to
1928 about $19.89, an increase of 82 per cent.

Each of the estimates indicate that the spread between the cost of
materials and the retail price during the post-war period was distinctly
greater than during the pre-war period. The estimated increase varies
{rom 41 to 82 per cent. This is similar to the changes that occurred in
the cost of distribution of fertilizer waterials and in the cost of manu-
tacture and distribution of phosphate and potash fertilizers.

The increase in the concentration of the fertilizers has been a method
of reducing the cost of distribution of plant food per unit. The cost of
distribution tends to be a wniform amount pet ton. With the fertilizers
ol high analysis this cost is spread over a larger number of units. The
increase in the cost of distribution las heen an impotrtant factor in stimu-
lating the development and use of high-analysis fertilizers.

In New York

The fertilizer reports for New York contained the average retail price
and guaranteed analysis of only those grades of complete fertilizers of
which five or more samples had been collected. Thas retail prices and
analyses for many of the less common grades were not included. These
data were available for the five years 1923, 1924, 1926, 1927, and 1928,

The correlation between price and analvsis was highest in 1923
{ R34 =0.984) and lowest in 1927 (R, ‘.HﬁOSY)) {table 80). In 1923
the analvsis accounted for 9694 per cent of the variability in the
retail price, as compared with only 6594 per cent in 1927, In 1927 the
analysis of the fertilizer was less important in determining what
farmers had to pay than in any other year for which the data were
avaitable.

For these five years the ammona content accounted, on the average,
ior 72.07 per cent of the variability in the retail price of the complete
fertilizers in New York, as compared with 0.60 per cent for the phosphoric-
acid content and 12.55 per cent for the potash content. Variations in
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TABLE 80. MurLTipLE CORRELATIONS BETWEEN THE RETAIL PRICE AND THE
ANaLysis oF COMPLETE FERTILIZERS, AND COEFFICIENTS OF DETERMINATION
OF THE RETAIL PRICE BY THE ANALYSIS, NEW YORK, 1923 ro 1928

Multip! lati Coefficients of) detﬁ:rminz-lxtiqn*of retail price
ultiple correlation the analysis
between retail price v v -
and guaranteed Phos-
Year ;f;ggf‘a’;dpg%sa Total Ammonia phoric Potash Fgfﬁ;’: s
otash content analysis guar- acid guars than the
o R, Y- anteed guar- anteed analvsic
gl % 100 dia.u anteed dun a ’.’i. s
diges 12
1923-1928%.... 0.921 85.22 72.07 G.60 12.55 14.78
96.94 73.73 1.18 22.03 3.06
82.06 69.71 0.84 11.51 17.94
U TToalast | aelisTT LT 105 |7 8.3 |7 5517
65.94 64.90 -2.30 3.34 34.06
B6.67 67,835 1.34 17,49 13.33

* xq =retail price per ton; X2 =per cent of ammonia guaranteed; xa = per cent of phosphoric acid guar-
anteed; xa=per cent of -potash uaranteed.

+ Calculated by subtracting (Ra.ex X 100} from 100.

1 1923 to 1928 except 1925,

§ Retail prices and analyses were not available for 1925,

the phosphoric-acid and the potash content were associated with the
retail price, but to a much less degree than were variations in the ammonia
content. The ammonia content was the most important single factor
affecting the retail price, and was more important than the two other
plant foods combined.

In 1928, for each 1-per-cent change in the ammonia content of the com-
plete fertilizers there was a change of $2.37 in the retail price {table 81)
A l-per-cent change in the phosphoric-acid content caused a change of

TABLE 81, CHANGE IN THE NEw York RETAN. Pricg oF COMPLETE FERTILIZEXRS
PER UNIT INCREASE IN AMMONIA CONTENT, AND WHOLESALE PRICE OF AMMONIA
¥ DrRIED BLooD, TANKAGE, NITRATE OF S0DA, AND SULFATE OF AMMONIA, 1923

10 1928
Cg?g%epl;i%ﬁm Difference between change in retail
of complete ferti- Whelesale price of ammonia price per unit increase in am-
lizers (%)) in New per unit monia content, and whelesale price
York per unit of ammonia¥
increase in guaran-
teed ammonia con-
Year tent | ré_z) eliminating .
the effact of varia- I I 1 i I I In
tions in the guaran~ n 1 an sulfate n o o sulfate
teed phosphoric-acid gﬁ;gﬁ L:nl:- Sfltsgadtg of am- E‘lrm% tank- nfxtradte of am-
(x3) and potash (z4) & monia 00 age | o1 sada | monia
content
Tiw
1923-1928% $3,14 §4.15 | $3.61 | $2.63 | §2.17 | —-81,00 | —-$0.47 $0.51 $0.97
1923...... 3.50 4.44 4,24 2,65 2.46 -0.94 -0.74 0.85 1.04
1924;.,... 3.27 3.45 3.00 2,63 2.26 -0.18 0,27 0.64 1.01
|3 U T, S I I A errere L oaaensa | anoees
1926T ..... 3.84 3.93 3,39 2,78 217 -0.09 0.45 1.09 i.67
1927...... 2.74 4.10 3.78 2.68 1.98 -1.36 =1.01 0.06 0.76
1928...... 2.37 4.82 3,68 2.46 1.98 -2.45 -1.31 | - 0.09 0.39

* The difference is equal te by minus T.he wholesale prn:e
11923 to 1928 except 1923,
1 Retail prices and analyses were not available for 1923,
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64 cents in the retail price, and a 1-per-cent change in the potash content
causcd a change of 70 cents in the retail price (tables 82 and 83).

For the five years the change in the retail price per unit change in
smmonia content averaged $3.14 (table 81). For the same years the
wholesale price of ammonia in dried blood averaged $4.15 per unit, in
rankage $3.61, in nitrate of soda $2.63, and in sulfate of ammonia $2.17.
The change in the retail price of complete fertilizers in New York per
unit change in ammonia content averaged less than the wholesale price of
ammomnia in dried blood and in tankage but more than the wholesale price
of ammonia in nitrate of soda and in sulfate of ammonia. For the five-year
period for which the data were available, there was a general tendency
{or the change in the retail price of the complete fertilizers per unit
variation in ammonia content to decline. This was probably owing to
the lower prices for mineral and synthetic ammoniates.

In 1924 the average retail price of the 8-per-cent-phosphoric-acid brands
was $36.90 per ton, as compared with $33.16 for the 12-per-cent brands,
The retail price tended to decline 43 cents per ton per unmit increase in
phosphoric-acid content. In other years, however, the retail price tended
to increase as the phosphoric-acid content increased (table 82).

TABLE 82, CHANGE IN THE NEW YORK RETAIL Price OF COMPLETE FERTILIZERS
PER URIT INCREASE IN PHOSPHORIC-ACID CONTENT, AND WHOLESALE PRICE
oF PHOsPHORIC ACID, 1923 1o 1928

Ch?nge i!'J.1 retafil pli_ice per t)r,m
of complete fertilizers (xs
in New York per unit Wl:lpcleesgfle Difference
increase in guaranteed }1;05 horic between
Year phosphoric-acid content a’cpi d % nit change in
(zs) eliminating the effect id par u retail price,
of variations in the ﬁg:%g:;‘at and whole-
guaranteed ammonia (xz) pBalI:imore sale price
and potash (x4} content
bun
1023-1928% . (... i $0.46 $0.56 -$0. 10
D 1.06 0.58 +0.48
924 e e - 0.43 0.50 -0.93
S 0.54 1 L..l.... .
1926 i e e 0.65 0.61 +0.04
A 0.37 0.55 -0.18
LOZB . i i e 0.64 .54 +0.10

* 1923 to 1928 except 1925, .
t Retail prices and analyses were not available for 1925.

The average change in the retail price per ton of complete fertilizers
per unit change in phosphoric-acid content was 46 cents.  The wholesale
price of phosphoric acid in superphosphate at Baltimore for the same
years averaged 56 cents per umit. Even though the change in the retail
price per unit change in phosphoric-acid content averaged less than the
wholesale price of phosphoric acid, the change in the retail price tended
to fluctuate around the wholesale price of phosphoric acid.
~ The change in the retail price of the complete fertilizers per unit change
in potash content averaged 59 cents (table 83). This was 7 cents per unit
less than the wholesale price of potash in bagged muriate.
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TABLE 283, CHANGE 1N THE NEw YORK RETAIL PricE oF COMPLETE FERTILIZER:
PER UNIT INCREASE IN PorasH CONTERT, AND WHOLESALE PrRICE OF POTAsy,
1923 To 1928

Ch?nge m:L rel;}ﬂ p:];ce per t}un
of complete fertilizers (X .
in New York per unit “;f;fﬂgsj}" Difference
increase in guaranteed potash in between
potash content (xi) elimi- bagged change in
Year nating the effect of varia- muriale retail price,
tiont in the guaranteed per unit and Wh93e"
ammonia (x2) and phos- at ports sale price
phoric-acid (x3) content
bueas
1923-1928%. . ... ... $0.59 $0.66 -$0, 07
1923 L e 0.74 0.66 + 0.08
1924 ., ... 0.57 0.6} - 0,06
B Q.63 4 L.
1926, . ... .o G.58 0.64 - 0.06
1927 . e, 0.37 0.66 - 0,29
928 Q.70 0.72 - 0.02

* 1923 to 1928 except 1925, )
1 Retail prices and analyses were not available for 1925,

The change in the retail price of the complete fertilizers per unit change
in both phosphoric-acid and potash content tended to fluctuate around the
wholesale price. Owing to the fact that there are many different materials
used as sources of ammonia, it is not possible to teil whether the same
situation holds for ammonia,

These relationships between the wholesale prices of plant food and the
change in the retail prices per unit change in plant-food content far
New York are much the same as for the other States,

The coefficient of variability of the retail price averaged 13.34 for the
five years, as compared with 17.16 for the phaosphoric-acid content, 44.73
for the ammonia content, and 4821 for the potash content (table 84).
The variability of the price. the ammonia content, and the potash content
tended to decrease; during this period the various grades were becoming

TABLE 84, StanDarp DEvIATIONS AND COEFFICIENTS OF VARIABILITY OF THE
RETALL. PRICE AND THE ANALYSIS OF CoMPLETE FERTILIZERS IN NEW YORK.
1923 1o 1928

Standard deviations Coelficients of variability
Per Per £ P
cent o ar Phos-
Year Retail chi“r:‘_ phose | centof | Retail nﬁ:mi-a phoric | Potash
price mf;nia phorie putash price u:r- acid guar-
per lon quar- acid guar- per ton aiteed guar- anteed
anteed guar- anteed anteed
anteed
1923-1928* . .,..| $5.00 1.34 1. 58 2,5% 13.34 44.73 17.16 48.21
1e23. ... . . 0.74 2.69 14.03 50,43 9._07 60.5¢
1924 ... L. . . 0.94 2.56 15.92 47 .84 11.28 49,90
bR o S e S O T R
1924 .. 2.03 2.54 13.15 42.21 21,69 44.17
1927. . 1.04 2.42 13.24 40,52 21.30 42.76
1928. .. 2.08 2.54 10 37 42,67 22.48 43.65

* 1923 tn 1928 except 1925 )
t Retail prices and analyses were not availabie for 1925,
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more uniformly high in ammonia and potash content, The variability of
the phosphoric-acid content more than doubled from 1923 to 1928,

The average retail price per ton and the average analysis for all the
samples of complete fertilizers for New York for the vears 1914 to
1928 (except 1925) are presented in table 85. "tThe averages for all
camples differ somewhat from the averages calculated from only those
g‘ra(les of which five or more samples were collected (table 85).

TABLE 85, AVERAGE RETAIL PRICE AND AVERAGE ANaLvsts oF CoOMPLETE FERTI-
LIZERS IN NEW YOREK, 1923 1o 1928, For SaMrLEs Usep 1IN CORRELATION
ANALYSIS

Per
Retail [Per cent]Per cent| cent of Per Total Retail
price of am- of ni- phos- | cent of | units of | price of Num- Num-
Year per ton | monia trogen | phorie potash plant plant ber of ber of
in New guar- guar- acid guar- faod food samples | analyses
York anteed | anteed gyar- anteed | per ton | per unit
anteed
1523-1928*, 1 $37.56 3.03 2,50 8 82 i 5.36 16.70 $2.26 330 1
35.78 2,32 1.91 &.16 4.44 14.51 2.47 263 21
36,68 3. 2.48% 8,33 5,13 15.94 2.30 371 25

*1923 to 1928 except 1925 ,
t Retai] prices and analyses were not available for 1925.

TABLE 806. AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS OF COMPLETE
FERTILIZERS IN I\EW York, 1914 1O 1928

Retait Per cent of | Percent of | Per cent of Total Retail
'Year price _per nitmgen pho;&phm’m pOtESh 1l.ull‘:,S{Dfrl Fl‘liefofd
ton in acid juar- " plant foo plant fao
New Yorlk guaranteed anteed guaranteed ner ton per unit
L $28.53 2.08 7.60 5.70 15.38 41.86
1915 30.87 2.20 R 22 2.90 13_32 2.32
W 35.00 2,14 B.50 1.28 11.92 2.94
1917 e 34 40 2.06 8.51 1.45 12.02 2,80
1918 47.70 1.90 8.32 1.58 11.80 4.04
1919 80.22 1.79 8.24 1.59 11.62 6.90
[ B 51.60 1.74 §.22 3.18 13.14 3.93
191 50.00 2.02 8.10 3. 51 13.63 3.67
1922 38 06 2,20 7.64 4. 41 1425 2.67
923 36.89 2.26 8,15 4.70 15.11 2.44
1014 36.15 2.581 .39 5.05 16.05 2,25
B I S A P S PPN
1926 34.24 2,65 .13 1.97
X . 35.558 2.79 8.50 2.12
1928 38.98 2.80 9.30 2.20

* Retail prmes and analyses were not available for 1925

In 1928 the complete fertilizers in New York contained, on the average,
15 per cent more plant food than in 1914 (table 87). The nitrogen con-
tent had increased 35 per cent and the phosphoric acid 22 per cent, while
the potash content had declined 1 per cent., The retail price of the
fertilizers per ton in 1928 was 37 per cent more than in 1914, but, owing
to the increase in plant-food content, the average price of plant food per
unit was only I8 per cent greater than the pre-war figure.  With high
costs of distribution there is an increased incentive to use high-analysis
fertilizers,
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TABLE 87. INDEX NUMBERS OF AVERAGE RETAIL PRICE AND AVERAGE ANALYs
oF CoMPLETE FERTILIZERs IN NEW YoRrK, 1914 10 1928

(1914 = 100)
- — =
; Total Retail

Year Retail price! Nitrogen Phoasgi}&cnc Potash units of price of
per ton | guaranteed | yaranteed | Buaranteed | plant food | plant fn:
per ton per unit

100 100 100 100 100 100

108 106 108 51 87 125

123 103 112 22 78 158

121 99 112 25 78 154

167 91 109 28 ki 217

281 86 108 28 76 371

181 824 108 56 835 21

175 97 107 62 29 197

133 106 101 I 93 144

129 109 107 82 98 131

127 125 110 89 104 121

120 127 120 28 113 106

125 134 112 94 108 115

137 135 122 99 115 118

* Retail prices and analyses were not availakle for 1925,

In New Hampshire

In 1920 the multiple correlation between the guaranteed analysis and
the retail price of complete fertitizers in New Hampshire was 0.946 (tabl:
88). Variations in the analysis accounted for 89.57 per cent of the
variations in the retail price. Factors other than the analysis accounted

TABLE 88. MurTtipLE CORRELATIONS BETWEEN THE RETAIL PRICE AND THE ANALYSE
OF COMPLETE FERTILIZERS, AND COEFFICIENTS OF [JETERMINATION OF THE RET
PricE BY THE ANaLys1s, NEw HAMPSHIRE, 1920 10 1929

Coeficients of determination of retail price
Multiple correlation by the analysis*
hetween retail price —
and guaranteed Phos-

Year ammonia, phoss Total Ammonia phorie Patash Fafht(f,‘
phoric-ucid, and analysis guar- acid guar- othe:
potash cuntent R .on anteed guar- antesd than the

Ri-au 100 dur-s anteed dis-o3 an&‘h{h
dizaa 1z
69,62 57.98 3.64 7.99 30.38
89 57 76.41 -0.67 13 83 1043
88.55 84 62 -1.78 5.71 11,43
77.62 58,20 13.19 6.23 22.38%
68.11 61.05 5.28 1.77 31,80
74.12 60 89 11.41 1.82 25.88
84.70 62.99 5.57 16.13 1540
78.54 71.49 0.43 6.62 21.46
65.44 47 85 -0.1% 17.77 34.56
30.32 24.11 -0.19 6. 41 69.08
39.28 32.22 3.40 3.63 60,75

* x) = retail price per ton: x:= per cent of ammonia puaranteed; xs= per cent of phosphoric acid yua
anteed; x3= per cent of potash puaranteed.
1 Calzulated by subtracting (Rh.as X 100) from 100,

for only 10.43 per cent of the variability, In 1928 the correlation between
price and analysis was 0.531; the analysis accounted for only 30.32 per
cent of the variability in the retail price. During the ten-year period
1920 to 1929 the general tendency was for the correlation between price
and analysis to decline (figure 39).
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FicURE 39. COEFFICIENTS OF DETERMINATION OF THE RETAIL PFRICE OF COM-
PLETE FERTILIZERS IN NEW HAMPSTIIRE BY THE GUARANTEED AMMONIA,
PHOSPHORIC-ACID, AND POTASH CONTENT, 1020 TO 192G

The ammonia content of the fertilizer was the most important ingredient affecting
the retail price

The retail price of complete fertilizers in New Hampshire was more
osely associated with the ammonia content of the fertilizer than with
ther the phosphoric-acid or the potash content. During cach of the
ven years 1920 to 1926, the ammonia content accounted for more than
i of the variation in the retail price. For the three years 1927 to 1929,
hle the ammonia content accounied for less than half of the variahility
' the retail price, it was the most mmportant item in the analysis.
mmonia is the most expensive plant food in commercial fertilizers.
his is one of the reasons why the retail price of complete fertilizers is so
osely associated with the ammonia content.

For the two years 1920 and 1921 the coefficient of determination of the
tail price by the ammonia content averaged 80, as compared with 28 for
e two years 1928 and 1929, The decline in the relationship between the
ice and the analysis has been due primarily to a decline in the relation-
ip between the ammonia content and the price. The ten-year period
20 to 1929 was a period of declining prices for mineral and synthetic
nmonizates.

While there were fluctuations {rom vyear to year in the relation-
ip between the retail price and the phosphoric-acid content of complete
rtilizers in New Hampshire, there was no consistent tendency for the
rrelations to increase or decrease, For the ten years 1920 to 1929, the
ctiicient of determination for the phosphoric acid averaged 3.64. This
1s the lowest for any of the three plant foods.

In 1927 approximately 18 per cent of the variability in the retail price
as associated with variations in the potash content, as compared with
by 1.77 per cent in 1923. While there were changes in the relationship
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between the retail price and the potash content, there was no consisten
tendency for the correlations to increase or decrease. For the ten-vew
period 1920 to 1929 the coefficient of determination for potash averayw
7.99, as compared with 3.64 for phosphoric acid and 5798 for ammour
The potash content of the feriilizer was more important than the pho.
phoric acid in affecting the price, but both the phosphoric acid and 1k
potash were of relatively minor importance as compared with the ammoni.

During the period from 1920 to 1929 there was a downward trend
in the average retail price per ton of complete fertilizers in New Hamy
shire. Prices were exceptionally high in 1920 aud 1921, In five of th
years from 1921 to 1929, the average retail price per ton was less thar
i the preceding year. In each of the years when the retail price declined
the degree of relationship between the analysis and the price also declined.
In three of the four years when the retail price increased, the degree i
relationship between the analysis and the price also increased. In eight of
the nine years, the chunges in the price and in the degree of relationship
between price and analysis were similar.  The relationship Detweer
price and analysis was highest when the retail price was highest, and wu
low when the retail price was low,

In Pennsylvania the corrclations between price and analysis were high
est during the war period, when prices were high; since 1922, however,
there has heen an upward trend in retail prices in Pennsylvania, but the
correlations hetween price and analysis have declined.

In New Ilampshire the year-to-yvear changes in the retail price, and the
standard deviation of the retail price, were similar in eight out of nine
years. In the years when the average retail price was less than in the
preceding year, the variation in the retail price also was less. With
declining prices all grades of complete fertilizers tended to sell for more
nearly the same price than when prices increased. In Pennsylvania,
during the period from 1920 to 1928, the changes in the retail price and
the standard deviation of the pricc were similar in six out of cight years.

In 1929 each added umt of ammonia tended to raise the retail price
of the complete fertilizers by $2.95 (table 89). That is, 3-per-cem-
ammonia goods tended to sell for $2.95 per ton more than did 2-per-cent-
ammonia goods which contained an equivalent amount of phosphoric
acid and potash. During the 1928-29 fertilizer season the wholesale
price of ammonid in sulfate of ammonia averaged $1.87 per unit, in
nitrate of soda $2.31 per unit, and in tankage $4.10 per unit. In 1929 the
change in the retail price of complete {ertilizers in New Hampshire per
unit change in ammonia content was more than the wholesale price of
ammonia in sulfate of ammonia or in nitrate of soda, but less than that
m tankage or in dried blood.

During the fve-year period 1925 to 1929, more than 70 per cent of the
anumonia in {ertilizers registered in Maryland was from sulfate of
anumonia, nitrate of soda, and tankage.”™ The proportion of the total
ammonia {rom each of these materials varied from year to year.

During the ten-vear period 1920 to 1929, the change in the retail price
of the complete fertilizers in New Hampshire per unit change in ammonia

;Materials used in Maryland fertilizers 1925 to 1930, Fertilizer economics, no, 16, p, 94, February,
930,
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TABLE 89. CuHance IN THE NEw HaMpsHiRe RETAIL PRICE OF COMPLETE FERTI-
LIZERS PER UNIT INCREASE IN AMMONIA CONTENT, AND WHOLESALE PRICE oF
Auvonia IN DriEp Broon, TANKAGE, NITRATE OF $S0DA, AND SULFATE OF
AMMONIA, 1920 TO 1929

Change in relail Difference between change in retail
price per ton of . : . ! AR nes A
complete ferti- Wholesale price of ammonia Price per unit increase in ammonia
lizers {x1} in New per unit content, and wholesale price
Hampshire per unit of ammonia*®
ncrease in [.,uaran- E—
. teed aAmmmonii con-
Year heEt (‘g} elm;matmg . I
the effect of vana- 1 n
tions in the guaran arisd | ank- | mivtate sulfate dried | tadie. | mitrate sulfate
lee OSPhOrg-act of am- aof am-
(x9) e?nd gotash (X} bloed age |of soda| . oo blood age of soda |
content
biz.a
1020-1920 $4.00 $4.49 | §3.98 | 82.74 | §2.26 | -50.50 [+%$0,02 [ +81.25 | }-§1.73
1022-1920, 3.52 4.05 3.54 2.59 208 -0.54]-00214+ 093 [+ 1.44
1920...... 6.24 7.52 712 3.51 320|-1.28(-0.88 |+ 2,73 |+ 3.04
020, 5.58 5.00 4.36 3.20 2.8 [+ 0.58 |+ 1.22 [+ 2.38 |+ 2,75
L 22N 3.53 3.51 2.92 2,57 1.87 [+ 0.02 |+ 0.61 |4+ 0.96 [+ 1.66
1923 ..., 3.76 4. .34 4.24 2.65 2.46 | -~ 0.68 | -G48 [+ 1.11 [+ 1.30
U S 3.57 3.43 3.00 2.63 2.26 [+ 0,12 |4+ 057 14+ 0,94 |+ 1.31
1935, ... 5.06 3 54 3.24 2.67 202 [+ 1.52 |+ 1.82 + 2.39 |+ 3.04
1926, ... .. 4.22 3.93 3.39 2.%5 2,27 |} 0.29 |+ 0.83 |+ 1.47 |+ 2.05
0. 2.30 4.10 3.75 2.68 1.98 | - 1.60 | - 1.25 | — 0.18 |+ 0.52
1038, . ... 2.54 482 3.68 2,48 1.98 | - 2.28 | - 1.14 |+ 0.08 |+ 0.56
A S 2.95 4.02 4.10 2.4 1.87 | —1.67 | - 1.15 |+ 0.64 |+ 1.08

I

* I'he dlﬁerence is equal to lm 34 minus the wholesale prlce

content averaged $4.00. The average wholesale price of ammonia in tank-
age during this period was practically the same, $3.98. During the eight-
year [ }cnod 1922 to 1929, the corresponding average prices were $3.52
and $3.54, respectively,  Although these averages are almost 1denL1Lal,
since 1925 there has been little or no similarity hetween the year-to-year
changes in the price of ammonia in tankage and the change in the retail
price of complete fertilizers per unit change in anunonia content {figure
40). The relatively high price of organie ammonia during the post-war
period has stimulated the use of mimeral and synthetic ammoniates.

The change in the retail price of complete fertilizers in New Hampshire
per unit change in phosphoric-acid content, and the wholesale price of
phosphoric acid, are shown in table 90 and figure 1. Tu 1924 the average
retail price of twelve samples which contained 0 per cent of phosphoric
acid was $57.18; the average price of fifty-two samples which had a
cuarantee of 8 per cent of phosphoric actd was $48.76, The &-per-cent-
phosphoric-acid grades had a higher percentage of ammaonia and potash,
Liven when the differences in ammonia and potash content are taken into
consideration, the average price ol the S-per-cent grades was less than that
of the 6-per-cent grades.

In only two years of the ten was the change in the retail price of the
complete fertilizers per unit change in phosphonc -acid content as great as
the wholesale price of phosphonc acid in superphosphate.  This seems to
indicate that in ecight of the ten years there was a wider gross margin on
the brands containing a relatively small percentage of phos])horlL acid.

The change in the retail price per unit change in potash content, and the
wholesale price of potash in muriate and in 20-per-cent manure salts, are
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Ficure 40. WHOLESALE PRICE OF AMMONIA PER UNIT IN TANKAGE AND IN SUL-
FATE OF AMMONIA, AND CHANGE 1N THE RETAIL PRICE PER TON OF COMPLETY
FERTILIZERS IN NEW HAMPSHIRE PER UNIT CHANGE IN AMMONIA CONTENT,
1920 TO 192Q

(Change in retail price =net regression coefficient)

The change in the retail price of complete fertilizers per unit change in ammonia content
has fluctuated around the wholesale price of ammonia in tankage. It is likely that in the
future the change in the retail price of complete fertilizers per unit variation in ammonia
content will be more equal to the whalesale price of sulfate of ammonia

Dollars Per /ot
2.00] - -
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.
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or—: ——
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Figure 41. WTIOTESALE PRICE OF PHOSPHORIC ACID IN SUPERPHOSPHATE AT TALTI-
JMORE, AND ¢IIANGE IN THE RETAIL FRICE PER TON OF COMPLETE FERTILIZERS
IN NEW HAMPSIIRE PER UNII' CHANGE IN PHOSPHORIC-ACID CONTENT, 1020 T¢
1929

(Change in retail price =net regression coefficient)

The change in the retail price of complete fertilizers per unit change in phosphoric-acid eou-
tent has averagcd less than the wholesale price
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TABLE 90. CuANGE IN THE NEW HampsHirRE RErTAlL PRICE OF COMPLETE FERTI-
LIZERS PER UNIT INCREASE IN PHOSPHORIC-ACID "CONTENT, AND WHOLESALE
PRICE OF PHOSPHORIC AcIp, 1920 1o 1929

Change in retail price per ton
of complete fertilizers (x1) Wholesale

in New Hampshire per unit price of Difference
increase in guaranteed phosphoric hetween

Year phosphoric-acid content acid per unit change in

{x1) eliminating the effect in super- retail price,

of variations in the phosphate at and whole-

guaranteed ammonia (Xz) Raltimore sale price

and potash (x4} content
b

20-1929 . L e it e e e $0.22 $G.68 -$0.46
L922-1929 Lo 0.12 0.57 - 0.45
10200 et nr i 0.63 1.16 - 0.5t
L i 0.53 1.08 - 0.55
2 e - 1,30 0,64 - 1.94
W3 ... B T T T TN - 0.5¢ 0.58 ‘ ~ 1.17
LS - 0.95 0.50 - 1.45
1923, 1,84 Q.54 + 1.30
1926, . e e 0.356 .6l ~ 0.02
4 0.20 .55 -0.35
JC 3 e 0.53 0.54 - 0.01
B T 0.67 0.62 -+ 0.05

~

shown in figure 42. In ouly two years of the ten was the change in the
retail price per unit change in potash content more than the wholesale
price of potagh in either muriate or manure salts. The increase in the
retad]l price per unit increase m potash content tended to fluctuate around
the wholesale price. That is, the increase in the retail price per unit
mcrease m potash content tended to be about the same as the wholesale
price,

Doliars AGr (h
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Ficure 42, WHOLESALE PRICE OF POTASH PER UNIT IN MURIATE AND IN
20-PER-CENT MANURE SALTS, AND CHANGE IN TIIE RETAIL PRICE PER TON
OF COMPLETE FERTTLIZERS IN NEW HAMPSHIZE PER UNIT CHANGE IN POTASH
CONTENT, 1620 TO 1920

{Change in retail price = net regression coefficient)

The change in the retail price of complete fertilizers per unit change in potash content
has fluctuated around the wholesale price
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TABLE 91. CrHaANGE IN THE NEW HaMpsHiRe Retain Price oF COMPLETE Fgg.
TILIZERS PER UNIT INCREASE 1N PorasH CONTENT, aND WHOLESALE PRICE «f

Porasi, 1920 to 1929
Change in retail price per ton
of complete fertilizers (x1) Wholesale .
in New Hampshire per unit price of Difference
increase in guaranteed potash between
Year potash content (x) elim- per unit change in
matmg the effect of in bagged retail price,
variations in the guar- muriate and whele-
antecd ammonia {xs) and at ports sale price
phosphoric-acid (x3) content
bu-2s
1920-1929 $0.55 $0.97 -%$0.42
1922-1929 .. 0.47 0.68 - 0.21
1920. . 1.25 2.460 -1.24
0.46 1.81 -1.35
0.31 0.77 — 0.46
0.12 Q.66 -0.54
g.16 0.63 - 0.47
9.94 0.63 4+ 0.31
0. 34 0.64 - 0.30
Q.84 .66 + 0.18
6.72 Q.72 0.00
Q.33 0.72 - 9.37

For the ten vears 1920 to 1929, the coefficient of variability of the
phosphoric-acid content averaged 20.11, as compared with 47.22 for the
ammonia content and 51.24 for the potash content {table 92 and figure
43). The coefficient of variability of the phosphoric-acid content increased
from 7.68 in 1920 to 31.02 in 1929. This increase in variability was due
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FIGURE 43. COEFFICIENTS OF VARIABILITY OF THE RETAIL PRICE AND THE

ANALYSIS OF COMPLETE FERTILIZFRS IN NEW HAMPSHIRE, 1020 T0 1920

The retail price was less variable than the analysis. The variability of the retail price

increased
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in large part to the introduction of double-strength or highly con-
centraled fertilizers. There was also some increase in the variability of
the ammonia content.

TARLE 92. StanparRD DEvIATIONS AND COEFFICIENTS OF VARIABILITY OF THE
RETAIL PRICE AND THE ANALYSIS OF COMPLETE FERTILIZERS IN NEW HAMPSHIRE,
1920 To 1929

Standard deviations Coeflicients of variability
Per

cP o | centof Per Am- Phos-
Year Retail | °°° | phos | centof | Retail | V00 | phoric | Potash
price monia phoric potash price ar. acid guar~

per ton war acid guar- per ton a%]uteed guar- an
agnteed guar- anteed anteed
anteed

1.67 1,65 2,58 17.71 47.22 20.11 51.24
1,12 0,63 1.30 13.75 44.06 7.68 41.02
1.25 0.76 1,41 12.84 46.43 9.33 42.81
1.46 1.04 2.66 12.60 45,62 13.59 58.30
1,56 1.31 2.80 16.27 45,89 17.06 54.94
1.65 1.53 2,73 15,98 45.07 19.66 55.69
1.79 2.04 3.33 22.29 47.96 24,55 58.75
1,80 2,16 3.16 17.72 47 .81 25.90 55.61
1.97 2.26 2,75 18.48 49,71 26.88 48.93
1.86 2.13 2.58 21.84 46,86 25.45 46,07
2.25 2.68 3,03 25.33 52.81 31.02 50,24

The coefficient of variability of the retail price averaged only 17.71 for
the period as a whole. With the exception of the two years 1920 and
1921, the variability of the price was less than the variability of the con-
tent of any of the three plant foods. The retail prices were more similar
than the analyses.

The average plant-food content of the fertilizers has increased so that
the decline in the average retail price of plant food per unit has been even
greater than the decline in the average price per ton. In 1922 the average
retail price per ton was $50.98 (table 93). The plant-food content per ton
averaged 14.87 units. The retail price was $3.43 per unit, as compared

TABLE 93. AVERAGE RETAIL PRICE AND AVERAGE ANALVYSIS oF COMPLETE FER-
TILIZERS TN NEW HAMPSHIRE, 1920 1O 1929

Retail | percent | Percent | Percent [ peycent| Total Retail

. price | of am. | of nitro- | 9 Phos- of units of price Number | Number
Year perton | mopia gen photic | petash | plant | of plant of of
In New | piaran- | guaran- | 290 [ gyarans fand food | saraples | analyses
HS?EE' teed teed B“t:;zc‘ln' teed per ton | per unit
1920-1929._ . .| $51.64 3.52 2,90 8. 16 4.96 16.02 $3.28 32 26
1922-1929. . .| 49.28 3.74 3.08 8.15 5.40 16,63 2.98 84 27
2,35 2.10 8,23 3.17 13.50 4.60 i1 21
2.68 2.21 .14 3.30 13.65 4.40 74 21
3.20 2.64 7.66 4.57 14.87 3.43 0 24
3.39 2.7% 7.69 5.09 15.587 3.10 77 24
3.66 3.01 7.79 4.90 15.70 3.25 90 28
3.72 3.06 8.31 §5.66 17.03 3.3 83 27
3.77 3.10 8.35 5.69 17,14 3.4 81 25
3,96 3.26 8.39 5.62 17.27 2.48 92 24
3.67 3.27 8.38 5.61 17.26 2.70 %0 26
4.27 3.52 8.64 6.03 18.19 2.1 92 36
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with $2.71 in 1929, The decrease occurred even though there was an
increase in the proportion of nitrogen, In 1922 about 17.8 per cent of the
total plant food was nitrogen, as compared with 19.4 per cent i 1929
Lower prices for nitrogen have stimulated its use.

In Indiana

The average retail price and guaranteed analysis of complete fertilizers
in Indiana for the period from 1906 to 1928 are presented in table 94.
For the ten years 1906 to 1915 the average retail price per ton remained
practically constant. The highest price for this period, $24.56 in 1911,
was only 4 per cent greater than the fowest price, $23.66 in 1909.

TABLE 94, AveERAGE RETAIL PRICE, TONNAGE, AND AVERAGE ANALYSIS OF
CoMPLETE FERTILIZERS IN [NDIANa, 1906 TO 1928

Per . Per cent

R Per cent of Per Total Retail er con

pgce,;alir Number | cent of phos- cent of | wunits of | price of f:;{:ﬁlzz&:

Year ton 51 of tons | ™irogen | phoric potash plarét }i:_l%rét were of
Indiana guar. | acid guar foo ood total

antee suar- antee per ton | per uni tonmage

anteed

1911-1914. .1 $24.18 120,110 1.1 8.3 3.7 13.1 $1.84 65
1924-1928. ., 37.76 125,390 1.6 11.35 4.2 17.4 2.18 56
2410 B L | O [ N RO [ 60
23.70 GBLASR ) L e e 68
24.04 [T 2 T TP R I 63
23.66 L O O T D S 67
24,21 101,083 ¢ ..o oo e 67
24 .56 119,353 1.1 g.1 3.5 12.7 1.93 56
24.09 04,968 1.1 8.2 3.7 13.0 1.85 66
23 .95 121,993 1.1 8.4 3.9 13.4 1.79 63
24.12 144,126 1.1 8.5 3.7 13.3 1.81 66
24.04 111,503 1.0 9.2 2.2 12.4 1.94 71
26.91 58,699 1.0 9.6 1.2 1.8 228 44
28.71 67,123 0.8 9.7 1.2 11.7 2.45 34
36.68 78,2066 0.6 9.5 1.2 11.3 3,25 32
39.51 02,277 0.8 9.7 1.6 12.1 3.27 38
43.72 80, 868 0.9 9.7 2.1 12.7 3.44 a5
34.33 74,085 1.1 9.9 2.2 13.2 2.60 39
3t.35 21,903 1.3 10.3 2.8 14.4 2,18 44
32.74 91,220 1.4 10.8 3.2 15.4 2.13 46
35.63 86,714 1.5 1.1 3.8 16.4 2.17 45
38.27 111,885 1.6 11.4 3.0 16,9 2,26 49
38.08 131, 529 1.6 10.6 4.2 16.4 2.32 58
38 .67 151,112 1.7 12.4 4.2 18.3 2,11 63
38.15 145,709 1.8 12.2 4.9 18.9 2.02 66

The tonnage of complete fertilizers in 1914 was about 2.4 times as great
as in 1906. This change in the fertilizer tonnage represented a change in
the demand for fertilizer, since the retail price was practically constant.

The rising prices for agricultural products which occurred during this
period was an important factor affecting the demand for fertilizer,

For the five years 1924 to 1928, the retail price of complete fertilizers
in Indiana averaged $37.76 per ton. This was 56 per cent more than the
pre-war price, $24.18 (table 95). The total plant-food content of the
complete fertilizers averaged 33 per cent more than the pre-war figure,
the nitrogen content was 45 per cent greater, the phosphoric-acid content
was 39 per cent greater, and the potash content was 14 per cent greater.
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TARBLE 95. INDEX NUMBERS OF AVERAGE RETAIL PRICE, TONNAGE, AND AVERAGE
AwaLvsis ofF COMPLETE FERTILIZERS IN INDIana, 1906 To 1928

(1911-1914 = 100)

. . Total R_etai[
Retail Number Nitrogen | Phospharic Potash units of price of
Year price of tons | guaranteed acid guaranteed | plant food plant
per ton guaranteed per ton food
per utut
1911-1914. .. 100 100 100 100 100 100 100
1924-1928. .. 156 104 145 139 114 133 118

100 50
98 57
99 54
98 74
100 B4
102 99
100 79
90 102
100 120
99 93
111 49
119 56
152 65
163 77
181 67
142 62
130 i
135 76
147 72
158 93
157 110
160 126
158 121

Because of this increase in analysis, the average retail price of plant food
per unit was 18 per cent greater than the pre-war average, These
changes in analysis and price relationships were similar to those in other
States.

The total cost of the materials that are used in making a ton of com-
plete fertilizer is closely related to the analysis. A considerable proportion
of the retail price of complete fertilizers, however, is made up of manu-
facturing, handling, and transportation costs. These costs are not closely
related to the analysis; they tend to be comparatively uniform. Labor
and transportation costs are practically double the pre-war figure. The
increase in these fixed costs has made it more advantageous to use higher-
analysis fertilizers. The high fixed charges and the increase in the
average analysis have made the retail price per ton high. The increase in
the number of units of plant food per ton has tended to reduce the retail
price of plant food per unit.

For the four years 1911 to 1914, approximately 65 per cent of the
total fertilizer tonnage in Indiana consisted of complete fertilizers (table
94). Owing to the scarcity of potash during the war period there was a
marked decline in the tonnage of mixed fertilizers containing all three
plant foods. In 1918 the complete fertilizers made up only 32 per cent of
the total fertilizer tonnage. During the period from 1920 to 1928, both
the tonnage and the relative importance of this class of fertilizers increased.
In 1920 only 35 per cent of the total tonnage consisted of complete
fertilizers, as compared with 66 per cent in 1928.
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In Texas

The Texas fertilizer reports for the {our seasons 1925-26 to 1928-2
contained the average retail selling price per ton and the guarantec
analysis of the various grades of fertilizers sold in the State. As define
in the reports, “the average retail selling price is the average of the casl
retail price as furnished to the inspector by the dealer.” The muitipl
correlations between the guarantecd analysis and the retail price wen
unusually high; none was lower than 0986 (table 96). During thes
four seasons, variations in the analysis accounted for practically all 1ly
variations in price between the different grades.

TABLE 96. MurtieLt CORRELATIONS BETWEEN THE RETAIL PRICE AND Thi
ANALYsIS OF COMPLETE FERTILIZERS, AND CORFFICIENTS OF DETERMINATIO
OF THE RETAIL PRICE BY THE ANALYSIS, TExas, 1925-26 to 1928-29

Coeflicients of determination of retail price
by the analysis*
Multiple correlation
s betwsen retail pi;:ce Ph
eason and guarantee 05~

nmogeff, phosphoric- Total Nitrogen phorie Potash thcl_fglfs
acid, and potash content | analysis guar- acid guar- than the
. Repan apteed guar- anteed analyes

X 100 diz-u anteed du-n d l'.F.l

du-w 2

Average.._... 0.992 98.30 62.57 13.88 21.84 1,70

1925-26 0,993 98.57 76.84 7.37 14.36 1.43

1926-27 0.986 97.2% 51.76 9.36 36.12 2.76

1927-28 0.996 99. 51 60.93 20,19 i7.99 0.89

192829 0,991 98.27 60.76 18.62 18.90 1.3

* m=retal price per ton; xp=per cent of nitrogen guaranteed; xa= per cent of phosphoric acid guar
anleed; x4 = per cent of potash guaranteed.
1 Calculated by subtracting (R2. s 100) from 100.

Retail prices in Texas were available for only fifteen to sixteen differen
grades of complete fertilizers per annum. The average retail price of
cach grade was based on a relatively large number of samples. Thus the
margin and the geographic differences tended {o be completely eliminated
leaving only differences due to variations in analysis. In the other States
the average number of samples per grade was considerably lower. Som
of the differences in the correlations between the analysis and the retai
price for the various States may be due to the number of samples per
grade. With a large number of samples per grade the correlations
between price and analysis would probably tend to be higher than whe
there were relatively few samples per grade, because margin and geo
graphic differences may not have been entirely eliminated.

For the four seasons the coefficient of determination of the retail price
by nitrogen averaged 02.57, as compared with 13.88 by phosphoric acid
and 21.84 by potash. The nitrogen content of the fertilizer was the mios!
important factor affecting the retail price, with potash second in impor-
tance and phosphoric acid third, The relative importance of the differen
items in the analysis was much the same as in the other States.

The increase in the retail price per unit change in nitrogen conten
averaged $3.92 for the four seasons (table 97). This was less than tl
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wholesale price of nitrogen in either dried bloed or tankage, but greater
than the wholesale price of nitrogen in nitrate of soda or in sulfate of

ammonia.

TABLE 97. CHANGE 1¥ THE TexAs RETAIL PrICE oF COMPLETE FERTILIZERS PER
Untt INCREASE 1N NITROGEN CONTENT, AND WHOLESALE PRICE OF NITROGEN
1N DRIED BLooD, TANKAGE, NITRATE OF S0DA, AND SULFATE OF AMMONIA, 1925~
26 o 1928-29

retgga;rgig; r;)er W A . Diﬁ_’lerer}ce betwesan change in
ton of complete olesale price of nitrogen . retail price per unit increase in
fertilizers (x1) int per unit aitrogen contefnt‘_ and w‘}'zo]esaie price
Texas per unit of nitrogen’
increase in guaran-
. teed nitrogen con-
Season teﬁt (:f({z) el:rtpmat:mg I lIfnte
the effect of vana- T, sulfa
h H In In n In In In
E;uerés ﬁﬁogﬁoﬂﬁm dried | tank- | nitrate i‘f‘u::_;f dried | tfank- | nitrate ;;‘fl_
{x3) and potash (xs) blood age |ofsoda monia blood age of soda monia
content
[TRT]
Average. .. $3.92 $5.30 | $4.53 { $3.10 | $2.43 | -§1.39 | -50.62 | 1$0.82 |+$1.49
115-26. .. 4,57 4.77 ] 4.12 ] 3.34| 2.64 | -0.201+0.45 14 1.23 |4 1.93
1926-27, .. 3.72 4.98 4 .35 3.25 2.40 1 - 1.26 1 - 0.83 [+ 0.47 |+ 1.32
1937-28. .. 3.51 5.85 4.47 2,99 2,40 | — 2.34 | —0.96 |+ 0.52 [+ 1.11
1928-29. .. 3.86 5.61 4.98 2.81 2,271 -1.95 1 -1.12 [+ 1,05 14 1.59

# The difference is equal to bi-x minus the wholesale price.

The change in the retail price per unit change in phosphoric-acid content
averaged 84 cents {table 98). This was 26 cents more than the wholesale
price of phosphoric acid at Baltimore. In each of the four seasons the

TABLE 98. CHANGE IN THE TEXAS RETAIL PRicE oF COMPLETE FERTILIZERS PER
TUNiT INCREASE IN ProspHoric-AciD CONTENT, AND WHOLESALE PRICE OF
PuospaoRrIC Acip, 1925-26 1o 1928-29

Chsmgze in thle reftail .i)_rice r(mr) ton
of eomplete fertilizers (x X
. in Texas per unit “;t_x;:i;es;le Difference
increase in guaranteed phosphoria between
Seasnn phosphoric-acid content acid per unit change in
(x3} eliminating the effect in super- retail price,
of variations in the phosphate at and whole-
guaranteed nitrogen (xa) Baltimore sale price
and potash {x) content
bas-=a
AVETBER. o vt vuiiiircniaranr s $0.84 $0.58 +$0.26
192526, L iinariiaie e 0.66 0.61 + 0.05
192627, L i 0.87 0.55 1032
W28 e .94 0.54 + 0.40
1928-20. L L i i 0.87 0.62 + 0.15

change in the retail price per unit change in phosphoric-acid content was
greater than the wholesale price of phosphoric acid. Wholesale prices of
phosphoric acid at Baltimore, however, are probably not strictly compa-
rable with wholesale prices at manufacturing points nearer Texas. The
change in the retail price of complete fertilizers in Texas per unit change
in phosphoric-acid content should be compared with wholesale prices at a
market typical {or those companies that manufacture fertilizers for the
Texas trade.
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The change in the retail price of complete fertilizers in Texas per unit
change in potash content averaged $1.21 for the four scasons (table 99).
This was 52 cents more than the wholesale price per unit of potash in
bagged muriate. In the other States the change in the retail price per unit

TABLE 99. CHaNGE IN THE TExas RETAIL Pricik oF COMPLETE FERTILIZERS PER
Unit CHANGE IN Porasd CONTENT, AND WHOLESALE PRICE oF PortasH, 1925-26

TO 1928-29
Chanfge in the r%milllprice r ton
of complete fertilizers () .
in Texas per unit ‘g":ﬂ:s’gée Difference
increase in guaranteed . potash between
potash content (xi) eliminating per unit change in
Season the effect of variations in in bagaed retail price,
the gtli:ar}::nteed l_ntrogd?n (xz2) murgfte and wholesale
and phosphoric-acid {xa) price
content at ports
b2z
Average. ... ... . il $1.21 $0.63 4-$0.52
1925- 26 0.78 0. 64 + 0.14
1926-27, .. 1.87 Q.66 4+ 1.21
1927-28 , . 1.00 0.72 -+ 9,28
1928-29 1.18 0.72 + 0.46

increase in potash content fluctuated atound the wholesale price. In Texas
the change in the retail price per unit increase in potash content has been
consistently greater than the wholesale price of potash.

The nitrogen content of the complete fertilizers in Texas averaged
3.66 per cent for the four scasons (table 100); the potash content was

TABLE 100. AvVERAGE RETAIL PRICE AND AVERAGE ANALYSIS OF COMPLETE
FewrTiLIZERS IN TEXAs, 1925-26 To 1928-29

Per
. Per cent of Per Total Retail
Rif?él cent of phoss cent of | units of | price of Nim- Num-
Season Er ton | Mitrogen | phoric potash plant plant ber of ber of
ig Texas guars acid fruar- food food samples | analyses
i anteed guar- anteed per tan | per unit
anteed
Average. .. ...... $39.32 3.66 10.50 3.76 17.92 $2.20 G84 16
1925-26. 41.72 3.42 10.40 3.38 17.20 2,43 593 15
192627 7 3.54 10.22 3.83 17,59 Z.15 567 16
192728, 3.73 10.57 3.76 18 .04 2.15 655 16
1928-20 . l 3.96 10,79 4,07 18.82 2,07 219 15

practically the same, 3.76 per cent. Many of the grades contained equal
amounts of nitrogen and potash. This relationship between the nitrogen
and the potash content was rather unusual, as compared with the situation
in other States. In New York, for the three vears 1926 to 1928 the com-
plete fertilizers averaged 275 per cent of nitrogen and 5.52 per cent of
potash.  Sinularly. m Temnsylvania, New Hampshire, Connecticut, and
Indiana, the potash content of the fertilizers was distinctly greater than
the nitrogen content.  The total plant-food content of the complete
fertilizers sold in Texas was about the same as in other States.

Even with the high degree of relationship between price and analysis,
the price was much less variable than was the analysis (table 101). Rela-
tively large variations in the anatysis were associated with small percentage
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variations in the retail price. The retail price of a fertilizer varies with
the costs of the materials used in manufacturing it; a large part of the
retail price, however, is made up of costs of manufacture and distribution,
and, since these costs tend to be a uniform amount per ton, the variability
of the retail price tends to be low as compared with the variability of the
analysis.

TABLE 101. STANDARD DEVIATIONS AND COEFFICIENTS OF VARIABILITY OF THE
ReTAIL PRICE AND THE ANALYSIS OF COMPLETE FERTILIZERS IN TEXAs, 1925-26
10 1928-29

Standard deviations Coefficients of variability
Per

. Per cent of Per Phos-
Season Retail cent of phos- cent of Retail | Nitrogen ; phoric Potash
price nitrogen | phaoric potash price guar- , acid fuar-
per ton guar- acid guar- per tan anteed guar- anteed

anteed guar- anteed anteed

anteed

Average. .. ...... $5.66 0.96 1.90 1.32 14.45 26.22 18.07 35.10
1935-26. ., 4.98 0.87 1.73 1.22 11.95 23.55 16.39 36.01
192027 6.13 0.93 1.83 1.47 16.24 26.34 17.91 38.23
1927-28, 5.40 1.00 1,90 1.26 13.93 26.90 18.00 33.59
1428-29. 6.11 1.03 2.13 1.33 15.68 2609 19.78 32,58

In Connecticut

The fertilizer reports fior New York, New Hampshire, and Texas con-
tained the average retail price of the various analyses or grades of com-
plete fertilizers, and the number of samples that were obtained of each
grade. The retail price of each sample was not given. In making the
correlations between the retail price and the analysis, each grade or analysis
was weighted by the number of samples reported. The Pemnsylvania
reports for some of the years contained the average retail price of each
grade or analysis. For the other years the average retail price for each
grade was calculated from the prices of the individual samples. The
correlations between price and analysis were calculated in the same way
as for the other States, each grade being weighted according to the
number of samples.

There is some variation in the retail price of the same grade, or analysis,
of complete fertilizers. Some of this variation is due to geographical
differences in price. Retail prices of the same grade of fertilizer tend to
be higher as the distance from the manufacturing point increases, owing
to the increased cost of transportation. By taking the average retail price
of each grade, this geographical variation in prices tends to he elimmated.

The Connecticut fertilizer reports contained the retail price ol most of
the samples reported. 1In calculating the coefficients of correlation between
price and analysis for Connecticut, each sample was used individually.
None of the variation in the retail price was eliminated by caleulating the
average price of cach grade. Thus the coefficients of correlation for
Connecticut are not precisely comparable with those for the other States.

In 1923 the multiple correlation between the retail price and the
analysis of complete fertilizers in Connecticut was (0958 (table 102).
The variation in the analysis accounted for 91.88 per cent of the variability
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in the retail price. This was a higher degree of relationship than for any
other year during the forty years 1884 to 1923. 1In 1922 the analysi:
accounted for only 56.10 per cent of the variability in the retail price:
factors other than the analysis accounted for 43.90 per cent,

The coefficients of determination of the Connecticut retail price of
complete fertilizers by the guaranteed analysis for the forty-year period
1884 to 1923 are presented in table 102 and figure 44. During the fifteen.
year periad 1884 to 1898 there was a tendency for the relationship between
price and analysis to decline. For the three years 1884 to 1886 the cocff-
cient of determination averaged 70.58, as compared with 65.15 for the
three years 1896 to 1898,

TABLE 102, MuimirLe CORRELATIONS BETWEEN THRE RETalL PRICE AND 7Tup
ANALYsIS OF COMPLETE FERTILIZERS, AND COEFFICIENTS OF DETERMINATION
OF THE RETAIL PRICE BY THE ANaLysis, CowNEcTICUT, 1884 To 1923

l‘;{uitiple corrt]ela tion Coefficients of determination of retail price by the analysis 3
etween retail price
and guatanteed aitro- Total Nitrogen 1:?1}10(;?;: Potash Factors
Year gen, phosphorie- analysis guar. acid guar- t}ghet?n
acid, and potash Ra.ay anteed guar- afnteed r]x iy
content w100 dyzm anteed du-ss a'nl;y“°
Rum dizn 7t
1884-1888. ., 0.83% 70.40 45.89 ~3.73 28.24 29,60
18G0-1BO4. . 0.873 76.31 53.89 ~5.07 27.50 13,69
1600-1904. . 0.8566 75,19 50.23 ~4. 52 29 48 24,81
1010-1913. .. 0.835 i8 46 59.13 ~5.20 24.54 21,54
1922-1923.,, 0.B354 73.99 52.77 i2,.66 8.506 26,01
0.837 70.06 44 41 ~7.00 32.65 29 .94
0.809 65,49 34.97 0.69 29.82 34.:1
9.873 76.19 60. 54 -5.54 2119 23.81
0.865 74,84 51.03 ~-1.21 25.03 25.16
0.809 65,41 38.50 -5.59 32.50 34,54
0,734 61,50 52.40 ~10.05 1915 38.50
0.892 78,56 57.25 -1.61 23.93 20.44
0.848 71.94 53.20 -4.60 23.34 28,06
0.872 76.04 51.90 —-6.79 30.93 23,96
0.894 86.01 51,30 -7.69 36.40 19,99
0.860 74.02 55,79 —4.67 22.90 25 98
0,765 58.506 51.00 -2.72 10.28 41.44
0.826 68,18 43,42 -2.66 27.49 31,82
0.806 65.05 45.80 -2.68 21.93 34.95
0,789 62,22 38.46 —-1.44 25.21 37.78
0.771 59.48 37,12 -2.29 24 .66 40,52
0.808 65.31 38.10 -2.47 29 63 34.60
0,865 74.89 49.75 =5.22 30.36 25.11
0.879 77.24 56,13 ~-5.40 26.52 22.76
0.898 80.71 55.11 -5.27 30.87 19.29
0 882 7179 52.05 —4.23 19.97 22,21
0,881 771.67 57,14 ~2.38 22.91 22.33
0838 i0.22 50,35 -2.52 22.39 29.78
0.861 74.18 58 -3.41 19.49 25.82
0_863 74.47 55.91 ~3.81 22.37 25.53
0.914 83.63 62.94 -5.51 26.20 16,37
G857 73.50 56.17 ~4.31 11.65 26,50
0.913 83.35 61,79 -5.23 16.79 16,65
0 911 83.03 52,96 -6.19 26.26 16.97
0860 713.97 55,59 ~5.Q7 23.45 26.03
0.891 74.38 73.08 -4.27 10.57 20.62
0.933 87.07 85,07 -7.56 ©.57 12.93
0.925 85.64 66,81 -4.99 23.81 14.36
0.930 8G.42 70.27 2,76 13.39 13.38
0.824 67.83 50.98 4. 70 21.54 32.17
0_8835 78.28 38.05 25.84 14,39 21.72
0.814 6626 39.21 11.39 15.16 33.74
0.749 56,10 38. 40 9.66 8.04 43.90
0.938 91.88 67.14 15.67 5.08 §.12

* z1 = retail price per ton; x:= per cent of nitrogen guaranteed; xs=per cent of phosphoric acid guar-
anteed; x4 = per cent of potash guaranteed,
ICalculated by subtracting (R3.:u X 100) from 100.
Retail prices for 1914 were not available .
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Ficure 44, COEFFICIENTS OF DETERMINATION OF THE RETAIL PRICE OF COM-
PLETE FERTILIZERS IN CONNECTICUT BY THE NITROGEN, PHOSPHORIC-ACID,
AND POTASH CONIENT, 1834 T0 1623

The nitrogen content of the fertilizer was the most important ingredient affecting
the retail price

During the {ollowing sixtcen-year period, 1899 to 1914, the tendency
was reversed. The correlations betwcen price and analysis tended to
increase. This was much the same change as that which took place in
the relationship between the price and the analysis of complete fertilizers
in Pennsylvania.

Tor the four years 1915 to 1918 the multiple correlations between the
price and the analysis were exceptionally high, averaging 0.920.

The retail price of the mixed fertilizer was more closely associated
with the nitrogen content than with cither of the other plant foods. This
was true throughout the entire period. In all but twelve of the thirty-
nine years the nitrogen content accounted for more than 50 per cent of the
variability in the retail price. Thus, for twao-thirds of the time, the
nitrogen content of the fertilizers was more important in affecting the
retail price than were all the other factors combined. Even in those
vears when the nitrogen content accounted for less than half of the total
variability in the retail price, it was more important than either of the
other two plant foods in affecting the retail price. The general increase
in the relationship between price and analysis during the period from
1899 to 1914 was due primarily to higher correlations between the price
and the nitrogen content.

In only four of the vears did the phosphoric-acid content account for
more than 10 per cent of the variability in the retail price of complete
fertilizers in Connecticut, During the period from 1884 to 1919 there
was no tendency for the importance of the phosphoric acid in affecting
the retail price to increase or decrease. For the four years 1920 to 1923
however, the coefficient of determination for phosphoric acid averaged
1576, as compared with 5.20 for the four years 1910 to 1913

For the period from 1884 to 1923 (except 1914), the coefficient of
determination of the retail price hy the potash content averaged 23, as
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compared with 33 for nitrogen and 4 for phosphoric acid. The potash
content was thus more important than the phosphoric-acid content in
affecting the retail price, but less important than the nitrogen content,
During the four years 1920 to 1923 the potash content accounted for 11.67
per cent of the variation in the retail price, as compared with 15.76 per
cent for the phosphoric-acid content. The general tendency for the
period as a whole was for the coefficient of determination of the retail
price by the potash content to decline.

The relationship between price and analysis of fertilizers in Connecticut,
and the changes in this relationship from year to year, were much the
same as in Pennsylvania.

More important than the degree of relationship hetween the analysis
and the price is the effect of variations in the analysis on the retail price.
In 1923 the retail price of complete fertilizers in Connecticut guarantced
to contain 4 per cent of nitrogen averaged $5.81 per ton higher than that
of grades guarantced to contain only 3 per cent of nitrogen but with the
same amount of phosphoric acid and potash (table 103). The retail price
per ton varied by $3.81 per unit variation in nitrogen content. In that
year the wholesale price of nitrogen in dried blood was $5.40 per unit,
i nitrate of soda $3.22 per unit, and in sulfate of ammonia $2.99 per
unit, The change in the retail price of the complete fertilizers in Con-
necticut per umt change in nitrogen content was greater than the whole-
sale price ot nitrogen in any of these nitrogen carriers. This indicates
that 1n 1923 there was a wider gross margin on those grades containing
a relatively high percentage of nitrogen,

The change in the retail price per unit change in nitrogen content, and
the whotesale price of nitrogen in dried blood, are shown in table 103
and figure 45. During the period from 18284 to 1899 the change in the
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FIGURE 45. WIIOLESALE PRICE OF NITROGEN PER UNIT IN DRIED BLOOB, AND CHANGE
IN THE RETAIL PRICE PER TON OF COMPLETE FERTILIZERS IN CONNECTICUT PER UNIT
CHANGE IN NITROGEN CONTENT, 1884 T0 1023

(Change in retail price = net regression coefficient)

The change in the retail price of complete fertilizers per unit change in nitrogen content
has tended to fluctuate arcund the wholesale price of nitrogen in dried blood
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TABLE 103. CHANGE IN THE CONNECTICUT RETAIL PriCE oF COMPLETE FERTILIZERS
PER UNIT INCREASE IN NITROGEN CONTENT, AND WHOLESALE PRICE OF NITROGEN
N DriED BLoop, NITRATE OF SoDA, AND SULFATE OF AMMON1a, 18384 To 1013

Change in retaii Difference between change in
ptice per fon Wholesale price of nitrogen | retail price per unit increase

of complete ferti- per unit in mitrogen content, and

tzers (x) in Con- wholesale price of nitrogen*

, necticut per unit
incrense in guaran-

Year teed nitrogen content
(x3) eliminating the 1 In In in In In

effect of variations in the drind nitrate | sulfate Aried nitrate sullate

guaranteed phosphoric- | {7 ng of of am~ | PRES | Liiia | of am-
aeid (x3) and potash (xy) soda monia monia -

content
bizn

18841888, ,.... $2.87 $2.73 $2.84 $3.03 4-30.14 | +80.03 -$0.16
1800-1894, .. ... 2.73 2,67 2.47 3.13 + 0.05 | 4+ 0.26 ~ 0,40
1900-1904. .. ... 2.39 2.86 2.54 2.90 - 0.47 -9.14 - 0.50
1410~-1913...... 3.0% 3.56 2.89 2.97 - 0,51 + 0.16 | 4+ 0.08
1922-1923...... 4.53 4. 84 3.17 2.63 -0.39 | +1.3 | 4+ 1.9
3.02 2.89 2.94 3.26 + 0.13 | + 0.08 - 0.24

2.58 2.62 2.82 3.01 - 0.04 —0.24 - 0.43

3.18 2.81 3.12 3.03 + 0.37 + 0.06 | 4+ G.15

3,38 2.74 2.77 2.91 -+ 0.64 | + 0,61 ] 4 0.47

2.19 2.57 2.57 2.96 - 0.38 - 0.38 - 0.77

3.00 3.00 1.84 3.18 - 0.0 | 4 0.16 - 9.18

3.17 2,60 2.38 3.06 + 0,57 | +0.79 | + 0.11

2.67 2.36 2.45 3.28 -+ 0.31 + 0,22 - 0.61

1.62 2.41 2,42 2.96 + 0.21 -4 0.20 - 0.34

2.47 3.03 2.61 2.99 - 0,56 -0.14 -0.52

2.70 2.97 2.47 3.34 -~ 0271 + 0.23 - 0.64

2.67 z2.61 2.43 3.18 + 0.06 | | 0.24 - .51

2.35 2.24 2.20 2.38 <+ 0.1t 4+ 0.15 - 0.03

2.69 2.11 2.30 2.14 4 .58 1 4+ 0.39 | + 0.55

2.30 2.27 2.26 2.26 4+ 003! 4+00¢]| +0.04

2.20 2.19 2.02 2.63 + 0.01{ 4+ 0.18 - 0.45

2.08 2,57 2.31 2.93 ~ 0,49 - 0.23 - 0.85

2.28 2.80 2,32 2.71 ~ Q.52 ~ 0.04 ~ 0.43

2.60 2.78 2.69 2.80 - 0.18 - 0.09 - 0.20

2,47 3.06 2.58 2.99 - 0.59 - 0.11 - 0.52

2,53 3.10 2,78 3.05 - 0.57 - Q.25 ~ 0,52

2.80 3.14 2.97 3.03 - 0.34 - 0.17 -0.23

2,74 3,23 2.87 3.02 - 0.49 - 0.13 - 0,28

2.98 3.34 3.22 3.02 - 0.36 -0.24 - (.04

3.13 3.14 3.05 2.98 - 061! +¢.08) + 0.15

3.28 3.26 2.81 2.85 4+ 0,02 + 0.47 | + 0.43

3.05 3.53 2.7 2,66 - 0,48 | 4+ 0.35 | + 0.39

3.14 3.88 2.1 2.89 ~0.74 ] + 0.43 | + 0.25

3.02 3.53 2.89 3.15 - D.51 + 0.13 - 0.13

2,99 3.31 3.26 3.17 - 0.32 - 0.27 - 0.18
itaaserecraerraatas 3.83 2.92 PR 7.2 R

3.50 3,56 2.65 2.78 - 006 { + 0.85 | + 0.72

3.9¢ 3.60 3.89 3.55 + 0.39 | 4 0.10 | + §.44

4,20 4,96 £.30 4.01 - 0.76 -0.10 | + B.19

6.43 8.00 5.97 4.96 -~ 1,87 | + 0.46 | + 1.47

8.26 T.67 5.63 4.26 + 0.59 | 4+ 2.63 | + 4,00

4, 50 9.14 4 27 3.89 -4.64 | + 0.23 + 0.61

v . 4.66 6.08 3.89 3.44 ~ 142 | + 0,77 | 4 1,22
1922, .. 0nant 3.25 4,27 3.12 2.27 - 102 4+ 013} + 0.98
1928, . eevannnnn 5.81 5.40 3.22 2,99 + 0.41 + 2.59 1 4 2.82

* The difference is equal to biss minus the wholesale price.
T Retail prices for 1914 were not available.

retail price of the complete fertilizers per unit change in nitrogen content
fluctuated around the wholesale price of nitrogen in dried blood. For the
period as a whole, the change in the retail price averaged $2.70 per unit
change in nitrogen content, while the wholesale price per unit of nitrogen
in dried blood averaged $2.59 and in sulfate of ammonia $2.91. During
this period the major part of the nitrogen in complete fertilizers was
organic nitrogen. The change in the retail price of complete fertilizers
per unit change in nitrogen content was much the same as the wholesale
price of nitrogen in dried blood.
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TABLE 104. INpEXx NUMBERS OF THE CHANGE IN THE CONNECTICUT RETAIL PRic
oF COMPLETE FERTILIZERS PER UNIT INCREASE IN NITROGEN CONTENT, Ax
WHOLESALE PRICE OF NITROGEN IN DRIED BLOOD, NITRATE OF SODA, AND Sy
FATE OF AMMONIA, 1881 1o 1923

(1910-1913 = 100)

Change in retail price per ton | Wholesale price of nitrogen per unit
of complete fertilizers (x;)
in Connecticut per unit
increase in guaranteed
Year nitrogen content (xs2) elim- .
inating the effect of Indried | In nitrate | In sulfate
variations in the guars blood of soda | of ammon;
anteed phosphoric-acid
(x3) and potash (s content
bt
1884-1888 ., 04 77 93 102
18901894 . 90 75 85 105
19001504, 78 80 88 98
1910-1913. 100 100 100 100
1922-1923. 149 136 110 89
o9 81 102 110
&s 74 98 104
104 79 108 102
11 7 96 98
..................... 72 T2 89 100
98 a7 98 107
104 73 a2 103
88 65 85 110
86 68 84 100
81 85 90 10t
89 83 85 112
88 73 34 107
77 63 76 80
B8 59 80 72
s 64 78 16
72 62 70 89
68 72 80 99
75 79 80 91
85 78 93 94
81 86 89 101
83 87 96 103
02 88 103 102
90 9 99 102
98 94 111 102
103 48 106 i
108 92 97 96
100 99 93 90
103 109 o4 97
20 99 100 106
98 93 113 107
e brrasaeienn eraraiaens 108 10t 95
115 100 42 94
131 101 135 120
138 139 149 135
211 225 207 167
71 215 195 143
148 257 148 131
153 171 135 116
. 107 120 108 76
Creemraaian V. 190 152 111 104

* Retail prices for 1914 were not available.

During the fourteen-year period 1900 to 1913, the change in the retai
price of the complete fertilizers per unit change in nitrogen conten
averaged $2.79 while the price of nitrogen in dried blood averaged $3.19
That is, the change in the retail price averaged 40 cents per unit less
than the wholesale price of nitrogen in dried blood, but was practically
the same as the price of nitrogen in nitrate of soda. Prices of both
organic and mireral ammoniates increased, but prices of organic ammoni-
ates increased more rapidly, and there was an increase in the amount o
mineral nitrogen used in complete fertilizers and a decrease in the amoun
of organic nitrogen.
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For the thirty years 1884 to 1913, the change in the retail price of the
complete fertilizers per unit change in nitrogen content averaged $2.74.
This was & cents per unit more than the average wholesale price of
pisrogent in nitrate of soda, 13 cents per unit less than the price of nitrogen
n dried blood, and 19 cents less than the price of nitrogen in sulfate
»f ammonia. This indicates that, {or the period as a whole, variations
in the retail price of the complete fertilizers per unit change in nitrogen
contenit were approximately equal to the wholesale cost of the nitrogen,
although there were variations from year to year. The cost of manu-
facture and distribution did not tend to vary with the analysis.

For the twenty-four-year peried 1890 to 1913, the wholesale price of
shosphoric acid in superphosphate averaged 62 cents per unit (table 105).

TABLE 105. CuanceE 15 THE CoNNECTICUT RETAIL PricE oF COMPLETE FERTI-
LIZERS PER UNIT INCREASE IN PHOSPHORIC-ACID CONTENT, AND WHOLESALE
PRICE oF PrOsPHORIC AcID, 1884 To 1923

. . B Index numbers
Change in retail price X (1910-1913 = 100)
per ton of complete ferti- Wholesale Difference
lizers (x1) in Connecticut price of between Change in
per unit increase in phosphoric change in retail price Wholesale
Vear guaranteed phosphoric-acid acid per retail per lon price of
content (xs) eliminating unit in price, and per unit phosphoric
. the effect of variations superphos- wholesale inerease in acid in
in the puaranteed nitrogen phate at price phosphoric- super-
(xz} and potash {(x4) content Baltimore acid content phosphate
11-24 big-2
884-1888. ., $0.67 P P I 131
RO0-1894 . ., 0.69 $0.71 -$0.02 135
G00-1904 . . . 0.65 0.63 +0.02 127
1M10-1913. .. 0.51 Q.56 - 0.06 100
922-1923 ... - 1.04 0.61 - [.65 -204
ARG L.l 080 | . 175
8BS, .. u.u. s 0.73 | i 143
886........ 054 | ... 106
AB7. i, 0.80 | ..o 157
888, ..., 0.40 | LL.iaaeel 78
88O, ... 0.63 . b L.l 124
80, ... 0.72 0.31 141
1) AU 0.62 0.74 122
R92. .. uu.. 0,81 0.7¢ 159
803, ..., 0.71 0.65 139
894, , ..., 0.60 0.61 118
OS5, ... 0.45 0.65 88
ROG. .. ...l 0.65 0.57 127
897, .. 0.80 0.54 157
oL DA 0,68 0.50 133
890 ... 0.61 0.62 120
200, ., ... .. 0.44 0. 61 86
WL 0.66 0.64 i29
902, ..., 0.62 0.62 122
903, ....... 0.69 0.63 135
904, . ..... 0.83 0.64 163
005, ....... 0.66 0.64 129
4906, .. ..... 0.47 0.64 92
007, ... 0.63 .64 124
908, ...... 0.65 0.66 127
909, ... 0.74 0.57 145
910, .. ..... 0.41 0.58 80
011, ..., 0.52 0.63 102
2. .. 0.56 0.53 110
013, . 0,54 0.52 10656
Gi4%. L P T TN 048 1oL
915 .. 0.63 0.48 -+ 9.15 124
D16, ... .. 0,62 0.72 - 010 122
917 ..., ... 0.5t 0.76 - 0.25 100
D8, ... - 0.32 1.08 - 1.40 - 63
819, ... ... 0.87 1.07 - 0.20 171
020, .. ..., - 2.55 1.16 -3.71 -500
021, ..., - 1,54 1.08 - 2.62 -302
922, ... ..., - 0.89 0.64 - 1.53 =175
V23....,... - 1.1% 0.58 - 1.77 -233

* Retail prices for 1914 were not available.
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For the same years the change in the retail price of complete fertilizers
in Connecticut per unit change in phosphoric-acid content averaged 63
cents. Even though these two averages are practically the same, the
change in the retail price per unit change in phosphoric-acid content and
the wholesale price of phosphoric acid did not tend to be the same each
year. The change in the retail price of the complete fertilizers per unit
change i phosphoric-acid content fluctuated around the wholesale price
of phosphoric acid (figure 46).
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FicUre 46. WHOLESALE PRICE OF PHOSPHORIC ACID PER UNIT IN SUPER-
PHOSPHATE AT BALTIMORE, AND CHANGE IN THE RETATL PRICE PER TON
OF COMPLETE FERTILIZERS IN CONNECTICUT PER UNIT GHANGE IN PHOS-
PHORIC-ACID CONTENT, 1884 To 1923

(Change in retail price =net regression coefficient)

During the pre-war period the change in the retail price of complete fertilizers per
unit change in phosphoric acid tended to fluctuate around the wholesale price

For the four years 1920 to 1923, and in 1918, the retail price tended
to decline as the phosphoric-acid content increased. As compared with
the other years, this was a very unusual relationship. These years were
years of violent changes in the prices of {fertilizers and of commodities
in general.

The change in the retail price of the cotnplete fertilizers in Connectictit
per unit change in potash content, and the wholesale price of potash
in bagged muriate, are shown in table 106 and figure 47, The change
in the retail price of the fertilizers per unit change in potash content
fluctuated around the wholesale price of potash. For the thirty years
1884 to 1913, the wholesale price of potash in bagged muriate aver-
aged 75 cents per unit. This was 3 cents per unit higher than the
average change in the retail price of the complete fertilizers per unit
change in potash content. In only ecight of the thirty years was the
difference between the wholesale price of the potash, and the change in
the retail price per unit variation in the potash content of the fertilizers,
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Ficure 47. WHOLESALE PRICE OF POTASH IN BAGGED MURIATE, AND CHANGE IN THE
RETAIL PRICE PER TON OF COMPLETE FERTILIZERS IN CONNECTICUT PER UNIT CHANGE
IN POTASH CONTENT, IBB4 To 1923

(Change in retail price = net regression coefficient)

The change in the retail price of complete fertilizers ]Euer unit change in potash content has
tended to fluctuate around the wholesale price of potasl

more than 10 cents. The difference in the retail price between low-potash
mixtures and high-potash mixtures tended to equal the wholesale cost of
the additional potash.

During the period from 1915 to 1921, potash was high-priced. While
the differences between the wholesale price of potash and the change in
the retail price of complete fertilizers per unit change in potash content
were considerably greater than during the pre-war period, the year-to-
year changes in both prices were much the same.

Retail prices of complete fertilizers in Connecticut were available for
only two post-deflation years, 1922 and 1923. For these two years the
rclationship between the wholesale price of potash and the change in the
retail price was the same as for the pre-war period.

These data on the change in the retail price of complete fertilizers in
Connecticut per unit change in analysis indicate that the retail prices of
the various grades of fertilizers tend to differ by an amount approximately
equal to the difference in the cost at wholesale prices of the plant food
which they contain. This indicates that the costs of manufacture and
distribution tend to be a uniform amount per ton and are not affected
by the analysis of the fertilizer.

These results for Connecticut are somewhat different from the results
for Pennsylvania. In Pennsylvania the change in the retail price of the
complete fertilizers per unit change in ammonia content was consistently
greater than the wholesale price of ammonia in dried blood, while in Conneg:—
ticut, for the same years, the change in the retail price per unit change in
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TABLE 106. CHANGE IN THE CONNECTICUT REFAIL PRICE OF COMPLETE FERTILIZLR:
PER UwNrT INCREASE 1IN PotAsH CONTENT, AND WHOLESALE PRICE oF PoTasm
1884 1o 1923

Change in retail price Index numbers
per ton of complete ferti- . (19101913 = 100)
lizers (x1) in Connecticut Wholesale Difference
per unit increase price of between Change in
in guaranteed potash con~ potash per change in refail price ,
Year tent (xs) eliminating the unit in retail per ton Wholesals
effect of variations in the bagged price, and per unit price of
guaranteed nitrogen (x3} muriate wholesale increase in . hotash ,
and phosphoric-acid (xs) at ports price potash in bague |
content content mutate
e bue-as
1884-1888 . _, $0.79 $0.70 +5$9.09 104 92
1850-1894. .. 0.72 Q.76 - Q.04 02 100
1900-1904, .. 0,75 0.75 Q.00 96 99
1910-1913. ., 0.78 0.76 4 0.01 100 100
1922-1923. .. 0.72 0.72 0.00 92 95
0.86 0.67 + 0.19 110 88,
0.93 0.70 + 0.23 119 02
Q.70 0.70 0.00 290 22
0.68 0.70 - 0.02 B7 92
Q.76 Q.71 -+ Q.05 o7 93
0.52 0,75 - 0,23 67 299
0.73 0.75 - 0.02 94 99
0.63 Q.75 -0.12 81 99
0.72 0,76 - 0,04 92 100
0.85 0.76 + 0.09 109 100
0.65 0.78 - 0.13 83 103
0.35 0.79 - 0,44 45 104
0.66 0.74 - 0.08 85 97
0.64 0.74 - 0.10 82 97
0.74 0.75 - 0.01 95 99
0.69 0.74 - 0.05 88 97
0.74 0.74 0.00 95 97
0.78 Q.75 + 0.03 100 99
0.73 0.75 - 0.02 94 99
0.75 2.76 - 0.0t 96 100
0.77 0.77 0.00 99 101
0.65 0.78 - 0.13 83 103
0.67 0.80 -~ 0.13 86 105
9.70 0.80 - 0.10 0 105
0.73 079 - 0.06 94 104
Q.80 0.78 + 0.02 103 103
Q.68 0.75 - Q.07 87 99
0.83 0.73 + 0.10 106 96
0.79 0.78 4+ 0.01 101 103
0.80 0,79 + 0.01 103 104
e 0.79 PP [ 104
1,34 1.59 -0.25 172 209
5,32 7.42 -2.10 682 976
5.11 3.21 -3.10 655 1.080
5.98 7.13 - 1.15 767 8
5.88 5,77 + 0.11 754 759
2.46 2.46 ¢.00 315 324
., 1.92 1.8t <+ 0.11 246 238
0.62 Q.77 ~0.15 79 101
0.81 0.66 + 0.15 104 87

* Retail prices for 1914 were not available.

nitrogen content was less than the wholesale price of nitrogen in dried blood
In Pennsylvania, during the pre-war period, the change in the retail price
of the complete fertilizers per unit change in phosphoric-acid content wa:
consistently less than the wholesale price of phosphoric acid. The tend:
ency, however, was for the difference between the wholesale prive
of phosphoric acid and the change in the retail price per unit change it
phosphoric-acid content to decrease. Thus, in Pennsylvania the relatiosn
ship between the wholesale price of phosphoric acid and the change
the retail price of complete fertilizers per unit change in phosphoric-acic
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-ontent seemed to be approaching the same relationship as existed in
Connecticut for the entire period irom 1890 to 1913.

In regard to the relationship between the wholesale price of potash and
he change in the retail price of complete fertilizers per unit change in
wotash content, the results were the same for both States.

The correlations between the retail price and the analysis of the com-
lete fertilizers indicate that there were factors other than the analysis
which affected the retail price. The variations in the relationship between
e wholesale prices of plant food and the change in the retail price of
-omplete fertilizer per unit change in analysis indicate that there are some
liscrepancies between the normal price relationship and the relationship
hat actually does exist. Changes in the demand for fertilizer, and com-
wtition between manufacturers and dealers, are probably factors which
weccunt in part for the year-to-year differences in the relatignship.

In Connecticut, as in the other States, the variability in the retail price
f the different grades of fertilizer was much less than the variability in
he analysis (table 107 and figure 48). During the period from 1884 to
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FIG('RE 48 COEFFICIENTS OF VARIABILITY OF THE RETAIL PRICE AND THE ANALYRIS
OF COMPLETE FERTTLIZERS IN CONNECTICUT, 1881 To 1923

The variability of the retail price and of the phosphoric-acid content were low as compared
with the variability of the nitrogen and the potash content

923, the coefficient of the variability of the retail price of complete
ertilizers in Connecticut averaged 135, as compared with 23 for the phos-
horic-acid content, 44 for nitrogen, and 55 for potash. For each vear the
ariability of the retail price was less than the variability of any of the
hree plant foods.

Variations in the analysis, or plant-food content, of fertilizers are
losely associated with variations in the cost of the materials necessary
0 make the fertilizers, and with the retail price. The cost of materials,
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TABLE 107. STANDARD DEVIATIONS AND COEFFICIENTS OF VARIABILITY OF TRl

RETAIL PRICE AND THE ANALYSIS OF COMPLETE FERTILIZERS IN CONNECTICUT
1881 1o 1923

Standard deviations Coefficients of variability
Per
¥, . . Per cent of Per ) X Phos-
ear Retail cent of phos« cant of Ratail | Nitrogen | phoric Potash
price nitrogen | phoric potash price guar- acid Ruar-
per ton gUar- acid guar- per ton | anteed guar- anteed
anteed guar- anteed anteed
anteed
1884-1888..... -1 $ 4,53 0.95 1,98 2.43 11.68 35.34 26.96 63.63
1860-1894. ., ., o 4,16 1.03 1.81 2.43 11,65 39.21 24.29 58 28
1900-1904, . ... ... 4.5% 1.22 1,43 2.65 14_3t 48.52 19.78 35.35
i910-1914, ... ., ., 5.25% 1.32 1.71 2.68 15.13% 45.80 25.69 48 .76
1922-1923,.,...... 8.52 1.33 1.76 2.22 18,17 42.69 24.40 49,90
5.56 P I N 11.91 vesracs | eesanne | oenaaa..
5.52 b oLl e, . 12,16 P I TN
- T U o 15.44 | ....... T
1.88 2.00 . 11.61 35.33 28.25 65.13
4.86 2.18 2.42 12.18 35.64 30.67 62.71
4,70 2.02 2,29 12.43 40.52 27.69 64.70
4.64 1.79 2.70 12.51 34,05 23.50 69 83
3.55 1.8% 2.15 9.66 31.14 24.68 55,74
3.90 1.73 2.88 10.78 38,17 22,04 65 59
4.69 1,81 2.47 13.19 41.45 23.78 62.03
4.31 1.01 2.53 11.90 39.26 25.86 55.77
3.88 1,73 2.56 10.91 37.91 23.38 60,25
4.05 1.84 2.47 11.49 40.54 24,83 60.48
3.85 1.74 2.13 10.75 36.91 23.41 52.83
4,00 1.53 2.28 11.31 39.03 20,42 54.34
3.97 1.33 2.57 11.55 38.62 20,64 56.76
4,57 1.48 2.60 13.96 43.47 19.76 61.07
4,47 1.48 2.54 14.27 44 10 1990 59.55
4.21 1.37 2.46 13.48 41,06 18.34 55.06
4.15 1.37 2.54 13.34 45 04 18.93 57.42
4.54 1.51 2.70 14,14 50.32 21.13 53.90
475 1.41 2.59 14.83 49.47 19,31 54.42
4,88 1.4 2,78 15.16 49 81 20.20 56.32
4.61 1.41 2.63 14,07 47.95 19.34 57.19
5.00 1.37 2.67 15.67 50,68 19,04 55.93
5.12 1.45% 2,74 15.45 47.47 20.27 55.07
5.43 .45 2.58 16.18 48.94 20.40 52.18
3.32 1.53 2.70 15.70 45,75 21,89 54.44
5.48 1.51 2,69 16.04 48,04 21.66 52.14
5,10 1.68 2.69 14.88 42.82 25.12 50,90
5.45 1.66 2.71 15.71 45,34 24.94 49,54
5.02 1.65 2,68 14.51 44.80 1490 48,10
5.35 1.76 2,68 15.43 46.14 26.36 48,10

1.78 264 | ..., 49,92 27.13 | 47.18

6.07 . 1.78 1,07 16,73 48.66 24.64 34.25
6.79 . 2.15 ¢.32 18.05 53,99 27,97 30,68
1.7 1.50 2.14 Q.71 18,56 51,10 27,75 58.08
11,52 1.52 1.86 0,68 20.96 55.26 23.13 52.66
11,97 1.09 1.82 0.94 19,39 45,31 22.59 62.49
12,63 1,30 1.74 i.34 19,46 47,56 23.10 41,18
10,78 1.16 1.50 1,45 17.97 43.48 19.73 40430
7.89 1.31 1.59 2.21 16.85 44 52 21.63 51.81
9.16 1.35 1.94 2.23 19,49 40,86 27.16 48,00

¥ Bor 1910 to 1913 only.
T Retail prices for 1914 were not available.

however, is only a part of the retail price. The costs of manufacture
and distribution also constitute a part of the retail price, but these costs
do not vary greatly with the analysis, Thus the variability of the retail
price tends to be low as compared with the variability of the analysis.
There has been some tendency, however, for the variability of the retail
price to increase. For the five years 1884 to 1888 the coefficient of
variability of the price averaged 11.68, as compared with 15.13 for the
four years 1910 to 1913, and 18.17 for the two years 1922 and 1923.
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Superphosphate is used as a basis for most mixed {fertilizers. To it
are added various amounts of nitrogen and potash. Thus the variability
of the phosphoric-acid content tends to be low as compared with that of
the other plant foods. The small amount of variability of the phosphoric-
acid content, together with its low price per unit, indicate why a relatively
small part of the total variability in the retail price of the complete
fertilizers is associated with the variations in the phosphoric-acid content.

Oi the three plant foods, the potash was the most variable. There
has been some tendency for the variability of the potash content to
decline. For the five years 1884 to 1888 the coefficient of variability of
the potash content averaged 63.63, as compared with 48,76 for the period
irom 1910 to 1914,

The nitrogen content was decidedly more variable than the phosphoric-acid
content, but less variable than the potash content.

During the period from 1881 to 1900 there was a general downward
trend in the average retail price per ton of complete fertilizers in Con-
necticut (tables 108 and 109). For the five years 1881 to 1885 the price
averaged $44.53 per ton, as compared with $31.14 per ton for the three
vears 1898 to 1900. During the period from 1900 to 1913, however,
there was a gradual upward trend in the price. TFor the four years
1910 to 1913 the price per ton averaged $34.57, or 11 per cent more
than during the three years of lowest prices, 1898 to 1900. This gen-
cral upward trend in price was somewhat different from the situation
m Pennsylvania and in Indiana. In Pennsylvania the average price per
ton was practically constant during the sixteen years prior to the war,
and in Indiana the price was practically constant for the eight years
prior to the war.

The difference in the pre-war trend of the price in Connecticut as
compared with the situation in Pennsylvania and in Indiana was probably
due to the differences in average analysis of the fertilizers. The Connecti-
cut fertilizers contained, on the average, about twice as much nitrogen
pet ton as did the Pennsylvania fertilizers, and more than twice as much
as did the Indiana fertilizers. During the pre-war period the nitrogen
content of the Connecticut fertilizers was made up primarily of organic
nitroger.

The price of cottonseed meal, which is an important source of organic
nitrogen in Connecticut, rose about 50 per cent from 1897 to 1913. The
general trend in the price of other organic ammoniates was much the
same. The upward trend in the price of complete fertilizers in Connec-
ticut was probably caused in large part by the rise in the price of organic
ammoniates. This tended to affect the price in Connecticut more than
in Pennsylvania and Indiana, because of the greater use of organic
nitrogen in Connecticut.

There was a marked rise in price in all these States during the war
period. In 1920 the price in Connecticut was 188 per cent, in Pennsyl-
vania 190 per cent, and in Indiana 181 per cent, of the pre-war price.

Following 1920 the decline in price was similar in Connecticut, Penn-
sylvania, and Indiana. In 1923 the index numbers of the prices were
136, 130, and 135, respectively.
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TABLE 108. AVERAGE RETAIL PRICE AND AVERAGE ANALYSIS OF COMPLETE Fry
' TILIZERs IN CONNECTICUT, 1881 to 1928

Retail Per Per cent Per Total Retail

price per cent of of phos- cent of units of price of | Numbe
Year tén in nitrogen pcll-mric potash }Elar:it plant food of

on- guar-~ acid guar- gUar- Q0! H samples
necticut anteed anteed anteed per ton per unit i
1884-1888 ... ... L $38.71 2.70 7.34 3.82 13.86 £2.80 43
1890-1894 35.69 2.64 7.44 4.18 14.26 2.50 i
1900-1904 32.03 2.50 7.23 4.75 14,48 2,21 My
1910-1913 .. 3457 2.85 6.66 5.47 14.98 2.3 240
1922-1923 .. 46,92 3.i2 7.24 4,46 i4.82 3.17 217
1924-1928. . 3.67 7.37 5.43 16,48 | ........ . 246
PRIV L e . 47
....... . T
7.06 3.98 13.74 3.06 40
7.12 3.85 13.71 2.91 53
7.28 3. 54 13.51 2.80 4)
7.60 3.86 14,13 2,62 56
7.65 3.85 14.19 2.59 6
7.84 4.39 14.76 2.45 57
7.60 3.99 14,09 2.52 76
7.41 4.53 14,72 2.4% 73
7.36 4.25 14.25 2,50 0
7.42 4,09 14 19 2.50 80
7.43 4,03 14 14 2.53 182
7.51 4.20 14.35 2,47 230
7.43 4. 53 14 49 2.37 205
7.51 £.26 14.16 2.31 201
7.45 4.206 14.11 2,22 2%)
7.49 4.48 14.42 2.17 244
7.24 4.42 13.99 2.22 232
7.17 5.00 14,71 2.18 244
7.31 4.76 1461 2.19 277
7.15 4.94 14.72 2.19 301
7.28 4.63 14,38 2,28 307
7.20 4.78 14.44 2.25 325
.14 4.97 i4.68 2.26 324
7.10 4,94 14.74 2,28 403
7.00 4.96 14.60 2.32 379
.99 5.17 14.79 2.31 409
6.70 5,27 14.76 2,32 233
6.65 5.47 15.00 2.31 129
6.63 5.57 15.07 2.30 235
6.66 5.56 15,08 2.30 269
6.56 5.5¢ 1516 | ......... 278
7.22 3.13 13,43 2.70 202
7.70 1.05 11,77 3.20 160
7.70 1,22 11.86 3.26 114
8.06 1.29 12,10 4,54 85
§.04 1.51 11.93 a7 84
7.34 3.26 13.33 4.87 173
7.59 3.58 13,84 4,34 201
7.36 4.26 14.55 3.22 222
7-13 4.65 15.08 3.12 212
7.07 4.88 15,49 245
7.t9 5.09 15.86 152
7.48 5.61 16.72 245
T.45 5.65 16.76 [ 242
7.68 5.93 17.55 [ 246

* Retail prices for 1914 were not gvailable.

For the two years 1922 and 1923 the retail price of plant food in
complete fertilizers in Connecticut averaged $3.17 per unit, or 37 per cent
more than the pre-war figure, Owing to the decrease in the plant-food
content of complete fertilizers during the war period, the index number
of the retail price per unit rose to a much higher point than the index
of the price per ton—224 in 1919 for the price per unit, as compared
with 183 in 1920 for the price per ton.
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INpEX NUMBERS OF AVERAGE RETAIL PRICE AND AVERAGE ANAILYSIS
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i i sphori Total Retail
Year %ﬁ;l Nitrogen Phnagdonc Potash units of price of
per ton | guaranteed | ouaranteeqd | uaranteed | plant food | plant food
per ton per unit
1884-1888..,. ..., ... .. 112 95 110 70 23 121
| 1890-1894. ... ...... e 103 03 112 76 95 108
1900-1904. ... ... ... 03 83 109 87 97 96
0113, L 100 100 100 100 100 100
122-1923. ... . L.l 136 109 109 82 99 137
1924-1928......... I 129 i1 99 11 ... .
135 . P P D .
131 PP B [T R
127§ ... e . . T T
122 95 106 73 a2 132
11% 96 107 70 92 126
109 94 109 13 20 121
107 o 114 7L 94 113
106 94 113 70 95 112
105 89 118 80 99 106
103 88 114 73 o4 109
10% 938 111 83 o8 106
103 93 111 78 95 108
102 a1 111 75 94 108
104 04 112 74 94 110
102 o3 113 77 26 107
o9 89 112 23 97 103
95 B4 113 78 95 100
o1 B4 112 78 94 96
90 86 112 a2 96 24
20 82 109 81 93 96
93 g9 108 91 98 94
93 89 110 87 98 95
93 92 107 90 98 95
95 87 109 85 96 g9
94 &6 108 a7 96 97
96 90 107 91 o8 98
97 a5 107 90 08 99
98 93 105 91 97 100
09 92 105 25 99 100
90 o8 101 26 b 100
100 101 100 100 100 100
100 101 100 i02 101 100
100 100 100 102 101 100
......... 106 98 102 101
105 108 108 57 20 117
109 106 116 19 79 130
112 103 116 22 79 141
159 96 121 24 81 197
179 84 121 28 30 224
188 96 110 60 89 211
174 94 114 65 92 188
135 103 1kl 78 97 139
136 116 107 8§ 101 135
......... 124 106 89 103 P
...... PN 126 108 93 106 -
ereeaa 127 112 103 112
......... 128 112 103 112 Cieeaaeen
...... ae- 138 115 108 117 . FIPRIN

* Retail prices for 1914 were not available.

During the period of generally declining prices, from 1884 to 1899,
the price of plant food per unit dectined somewhat more rapidly than did
the price per ton, because of the increase in number of units of plant

food per ton.

During the period of rising prices, from 1900 to 1913,

the price per unit rose less rapidly than did the price per ton, because of
the increase in the average analysis. ~

The changes in the average analysis of the complete fertilizers in
Connecticut were similar to the changes that occurred in other States for



134 BuLreTiN 545

which similar data were available. During the period from 1884 1
1914 there was a slight upward trend in the nitrogen content, a sligh
downward trend in the phosphoric-acid content, and a decided upward
trend in the potash content (tables 108 and 109, and figure 49).
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Ficure 49. AVERAGE GUARANTEED ANALYSIS OF COMPLETE FERTILIZERS IN CONNECTI-
cut, 1884 10 1028

During the pre-war period the potash content increased. Since the war both the potash and
the nitrogen content have increased

There are many different nitrogenous materials that are used as sources
of nitrogen in mixed fertilizers. The nitrogen in these materials oceurs
in different forms. In the Connecticut fertilizer reports the total nitro-
gen found in the samples of complete fertilizers was classified as nitrate,
ammonia, and organic nitrogen. During the forty-five-year period 188!
to 1925, there was more organic nitrogen in the fertilizers than either
nitrate or ammonia nitrogen. In the three years 1926 to 1928 the
ammonia nitrogen was the most important form, and in 1928 this made
up 51 per cent of the total nitrogen (tables 110 and 111, and figure 50).

| I

7otsf Mitrogeny ,

Sy -,._"/ i /V//,(/. g :
\\\\‘ \‘“\ ;’, . g,fz
.
///////7,// ez
ot Organic
i

FIGURE 50. FORMS OF NITROGEN IN -COMPLETE FERTILIZERS IN CONNECTICUT,
1881 10 1928

Plri.or to 1926 the organic nitrogen was the most important form of nitrogen in mixed
fertilizers in Connecticut. Since 1926 the ammonia nitrogen has been the most important
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TABLE 110. GUARANTEED AND AcTUAL NITROGEN CONTENT, AND FoRMS oOF
NITROGEN, IN CoOMPLETE FERTILIZERS IN CONNECTICUT, 1881 TO 1928

Nitrogen Per cent Per cent Per cent

Per cent Per cent - f -

Year of nitrogen | of nitrogen (%‘;ré:r?t orfi&x;;:;e OEE?E?%(;SE °,f,£§§§;;°
guaranteed | found found sminds | found found found
18861889, ., .. ..., 0.31 0.2 0.72 2.00
1590-1894,........ 2.64 Q.29 0.4 0.43 2.08
1900~-1904. ... PR 2.50 . 0.23 0.6 0.16 1.93
1910-1914., . ... P 2.88 0.11 0.6 Q.67 1.65
1924-1928......... 3.67 0.08 0.6 1.58 1.48
b 1:3:7 S . . 0.2 1.61 2.20
LT, v PO . 0.7 0.65 2.12
0.3 0.98 1.87
0.1 1.21 1.63
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For the twenty years 1881 to 1900, the organic-nitrogen content of
the fertilizers remained relatively constant at about 2 per cent. From
1900 to 1928 there was a downward trend in the average amount of
otganic nitrogen in Connecticut fertilizers. During this period there was
an upward trend in the total nitrogen content, so that the proportion of
the total nitrogen content in the organic form declined from 70 per cent
for the five years 1900 to 1904, to 56 per cent for the pre-war period
and 40 per cent for the post-war period.

During the period from 1900 to 1914 there was only a slight upward
trend in the price of mineral ammoniates, as compared with a marked
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TABLE 111, INDEX NUMBE®RS OF GUARANTEED AND AcTUAL NITROGEN CONTES
AND OF Fomras OF NITROGEN IN COMPLETE FERTILIZERS IN CONNECTICUT, 13
0 1928
(1910-1914 = 100)

Nitrogen
- . overrun Nitrate Ammonia Organic
Year Nitrogen Nitrogen (per cent nitrogen nitrogen nitroges
guaranteed found found found found foun!
minus
guarantee)

1886-1889......... 92 99 282 33 107 121
1890-1894. - 92 98 264 64 64 126
1900-1904. ... .. .. 87 92 209 926 24 {17
19101914 .., 100 100 100 100 10Q 100
1924-1928......... 127 123 73 103 236 o
30 240 133

107 97 128

146 113

27 181 9%

15 151 127

3 125 116

52 82 124

37 75 119

54 72 119

55 73 136

42 67 133

49 3 124

119 34 117

81 36 128

g 28 130

39 49 129

49 40 129

66 25 127

84 18 120

107 19 114

88 25 121

100 30 121

59 30 110

90 31 110

103 33 108

79 79 103

81 70 105

91 84 98

84 113 96

106 112 91

110 84 102

78 83 113

122 103 99

105 125 101

116 104 103

131 81 101

172 75 76

72 106 82

110 70 99

113 o1 82

109 128 87

146 119 93

i3 133 107

106 210 93

o4 251 &6

81 275 83

100 3i2 Bl

upward trend in the price of organic ammoniates., Because of thes
changes in price, there was a decline in the amount of organic nitrogen au
a still greater decline in the proportion of the total nitrogen in the organi
form. During the post-war period 1924 to 1928, the index number ¢
the price of organic ammoniates averaged 136 per cent of the pre-wa
figure, while the price of mineral ammoniates averaged 96 per cent of th
pre-war figure,
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The rapid increase in the amount of ammonia nitrogen from 0.47 per
;ent in 1920 to 2.09 per cent in 1928 was the muost striking change that
sceurred in the form of nitrogen used in mixed {fertilizers. While there
was a tendency during the pre-war period for the amount of nitrate
mtrogen to increase, this tendency has not been maintained during the
sost-war period.

The index number of the price of sulfate of ammonia declined from
102 in 1923 to 82 in 1928, During the same period the index number
»f the price of nitrate of soda dropped from 112 to 100, The relative
seapness of sulfate of ammonia has been an important factor in causing
m increase in the use of ammonia nitrogen in complete fertilizers.

The guaranteed available phosphoric-acid content of the complete fer-
lizers in Connecticut declined gradually from 1888 to 1914. For the
cars 1924 to 1928 the guarantee averaged 7.37 units per ton, or 11
ser cent higher than the five-year pre-war average of 6.04 units (tables
[12 and 113). As compared with the other plant foods, the phosphoric-
wid content of the mixed fertilizers has been the most stable.

While superphosphate is the principal source of phosphoric acid in most
nixed fertilizers, the phosphorus compounds in superphosphate vary in
their solubility. For the forty-five years 1884 to 1928 the total phos-
phoric-acid content of the complete fertilizers in Connecticut averaged
974 units per ton (table 112 and figure 51}, Of this total, 14.4 per

Per Centt

2 T T
- 7ot/ Pﬁas/ci:/mr/r/k/'a/ Availabie FrosphorcAcid
a 4 C/frd;‘%}m/zxé/@
X Citrafe-Soluble XY N

7, Worer-Soluble

L

I

1800 1940 S920 /B
Ficure 51. ¥ORMS OF PHOSPHORIC ACID IN COMPLETE TFERTILIZERS IN CONNECTICUT,
1881 TO 1028

. T'IF water-soluble and the citrate-soluble are the impostant forms of phosphoric acid in complete
ertilizers

cent was classified as citrate-insoluble phosphoric acid, leaving 85.6 per
cent as available phosphoric acid. For the five years 1924 to 1928 about
10 per cent of the total phosphoric-acid content was insoluble in citric
acid, as compared with 14 per cent for the five years 1910 to 1914.
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TABLE 112. GUARANTEED AND ACTUAL PHOSPHORIC-AcID CONTENT, AND Fonis
OF PHOSPHORIC ACID, 19 COMPLETE FERTILIZERS IN CONNECTICUT, 1881 19
1928

Per cent | per gont | Phosphotic| per cent | Percent | Dercent | Per cent

of available|of o yaiiaple| acid over- | ‘ofygeal | of Waters [ it citrate- | of sitrate.

Year phosphoric| shogphoric| Tun {PeF | phospharic | Soluble | “goiunle | insoluble

zeid acid cent found acid phosphorie| phasphoric| phospharic

guaran- found minus found acid acid found| acid med

teed guaraniee) found

1884-1888 ..., .., 7.32 £.93 1.59 10,51 6.78 2,15 1.58
1890-1804 ., ., ,, ... 7.44 8.78 1,33 10.33 5.73 3.05 1.55
1900-1904. ... ... 7.23 B.46 1.23 10,27 5.12 3.33 1.81
1016-1914 . ,. .y 6.64 7.51 Q.87 8.76 4.22 3.29 1.25
1924-1928....,.... 7.37 7.78 0.40 8.69 0.91
1881, ..., IS B 7.57 3.95 3.62 2.20
1882, .., e 7.33 4,87 .46 2.09
1883 ... . AL L P PR . 5.48 1.93 2.50
1BB4. .. ... ..., 7.06 8.06 1.00 9.90 6.50 1.56 1.84
1885, ..o vt 7.12 B.61 1.49 10.15 6,53 2.08 1.54
18R6............. 7.28 9.06 1.78 10,13 6.76 2.30 1.07
1887 ... ........ 7.60 9.13 1,53 10.63 6.89 2.24 1.50
1888, ., ... ... 7.65 9.79 2.14 11,74 7.21 2,58 1.05
1889. ... ..., . 7.84 9.49 1,65 11.09 7.08 2.41 1.60
186G, ..,,........ 7.00 9.01 1.41 10.69 6,27 2.74 1.68
1801, ...l 7.41 8.72 1.31 10.08 5.81 2.91 1.36
1892............. 7.306 8.86 1.50 10.45 6,01 2,85 1.59
1893, .. iohe L 7.42 8,56 1.14 10.21 5.60 2.96 1.65
. 7.43 8.74 1,31 10.21 4.94 3.80 1.47
IB95. ..., 7.51 2.13 1.62 10.45 5.49 3.64 1.32
W86 7.43 9.15 1.72 10,47 5.15 4.00 1.32
1897 ... 7.51 B.75 1,24 10.51 5.21 3.54 1.76
IB9B. ............ 7.45 8.76 1.31 10.43 5.02 3.74 1.72
89 7.49 8.65 1.16 10.32 5.09 3.56 1.67
900, ............ 7.24 2.69 1.45 10.42 5.13 3.56 1,73
100, 7.17 B.67 1.50 10.31 5.03 3.64 1.64
1002, ... s, 7.31 8.48 1.17 10,40 5.17 3.31 1.92
1903............. 7.15 R.02 0.87 1015 4.8% 3.14 2.13
1904, ..., .. 7.28 8.42 1.14 10.07 5.41 3.01 1.65
1905, ,,....... 7.20 8.29 1.09 10,13 4.96 3.33 1.84
1906, .. ... .. ... .14 B.36 1.22 9,80 5.09 3.27 1.44
1907 .., ..., . 7.10 7.99 0,89 9.54 4.70 3.2¢ 1.55
1908, ... ... 7.00 7.99 ¢.99 9.49 4.73 3.26 1.50
3 6.99 8.06 1.07 9.38 4.84 3.22 1.32
1910, ., . uunens 6.70 7.84 1.14 9,27 4.63 3.21 1.43
1911, ... s, 6.63 7.59 0.94 8,83 4,40 3.19 1.24
1912, ... ... ., 6.63 7.46 0.83 B8.64 4.17 3.29 1.18
1913, ... 6.66 7.34 0.68 B.58 4,00 3.25 1.24
1914 . ... o 6.56 7.32 0.76 8.48 3.82 3.50 1.16
1915...... ree 7.22 7,94 0.72 9.05 4.17 3.77 1.11
916, ...l 7.70 8,52 0.82 9.83 4.64 3.88 1.31
1917 ...l 7.70 8.40 0.70 9.74 4.39 4.01 1.34
1918, ..., L, 8.06 8,54 0.48 9.95 5.18 3.36 1.41
1919, . ..., e 8.04 8.58 0.54 9.90 5.18 3.40 1.32
1920 ... ... ., 7.34 7.78 0.44 9.01 3.98 3.80 1.23
1921, ..o Jp 759 8,16 0.57 B.99 4.31 3.85 .83
22, ..... PP 7.36 7.80 0.44 8,80 B 1.00
1923 ...l 7.13 7.56 0.43 8.62 P T 1.06
1924, ..., . 7.0% 7.53 0.46 8.44 0.91
1925.., . 7.19 7.60 0.41 8.59 [ T . 0.99
1926, ..... [ 7.48 7.80 0.32 8.82 P T 1.02
1927 ...l . 7.45 7.82 0.37 8.61 B T Q.79
928.......... . 7.68 8.14 0.46 897 | ... 0.33

There has been some tendency for the proportion of the citrate-insoluble
phosphoric acid to decline and for the proportion of available phosphoric
acid to increase. It is the available phosphoric acid that is the more
important in the fertilizer analysis, _

For the thirty-eight years 1884 to 1921 the available phosphoric acid
averaged 8.44 units per ton, and of this amount 61.8 per cent was water-
soluble and 38.2 per cent was citrate-soluble. The proportion of the
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TABLE 113. INpEx NUMBERS OF GUARAKTEED AND ACTUAL PHOSPHORIC-ACID
CONTENT AND OF FoRMs OF PHoOsPHORIC AcIip 1IN COMPLETE FERTILIZERS IN
CoNNECTICUT, 1881 TO 1928

(1910-1914 = 100)

Phospheric - 1 - i -
Available | Available | acid over- Total zg{t;ﬁe cs:é,tliaf;tli iggéﬂiiﬁe
Year phosphoric | phosphorie | run (per | phosphoric | phospharic | phosphoric | phosphoric
acid acid cent found acid acid acid acid
guaranteed found minus found found found found
guarantee)

1334-1888. .. 111 119 183 120 161 65 126
1890-1894, ., 112 117 153 118 136 23 124
1900-1904 . .. 109 113 141 117 121 101 145
9010-1914. .. 100 100 100 166G 100 100 100
1924-1928. .. 111 104 46 99 o . 73

176
167
200

available phosphoric acid that was citrate-soluble increased from 24 per
cent for the five years 1884 to 1888, to 44 per cent for the five pre-war
years 1910 to 1914,

There were more violent changes in the potash content of the com-
plete fertilizers in Connecticut than in either the phosphoric-acid or the
nitrogen content, During the period from 1881 to 1914 there was a
decided upward trend in the potash content as compared with a slight
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downward trend in the other two plant foods. For the five years 101
to 1914 the potash content averaged 585 units per ton, or 37 per cent
more than during the five-year period from 1884 to 1888 (table 114,
During the war period, imports of potash practically ceased and the potash
content of fertilizers was greatly reduced (tables 114 and 115, and figure
52). In 1916 the average potash content of complete fertilizers i
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Ficure 52. ¥orMS OF POTASH IN COMPLETE FERTILIZERS IN CONNECTICUT,
1881 10 1928

Muriate of potash, or potassium chloride, is the most important form of potash in com-
%Iete fertilizers; the other émtash includes sulfate of potash and some carbanate of potash.
E»ccepl: t}’lor the war period there has been litile variation in the proportion of muriate
of potas

Connecticut was only 18 per cent of the average for the five pre-war
years. During the post-war period, however, the potash content rapidly
recovered to about the pre-war level,

There are several different potash salts that can be used as sources of
potash in complete fertilizers, The salts most generally used contain
potassium chloride ; some salts containing potassiom sulfate and potassium
carbonate also are used. In the Connecticut fertilizer reports the potash
found in the form of inuriate, or potassium chloride, was reported. For
the 36 years 1893 to 1928 the total potash content averaged 4.64 units
per ton; 75.2 per cent of this was in the form of muriate, and 24.8 per
cent was other potash, primarily sulfate of potash although some car-
bonate also was included.

The cost of potash per unit in the sulfate or the carbonate form is
considerably higher than in the form of chloride. Therefore the major
part of the potash in mixed fertilizers is generally in the chloride form.
For some crops, however, sulfate of potash is often used. During the
period from 1893 to 1928, with the exception of the war years, there
has been relatively little change in the proportion of the muriate of
potash to the total potash.

The data available concerning the forms of plant food in complete
fertilizers in Connecticut made it possible to estimate fairly closely the
average annual wholesale cost of the plant food in a ton of fertilizer
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TABLE 114. GUARANTEED AND AcTuaL PorasH CoONTENT, AND Forms oF PorasH,
1N COMPLETE FERTILIZERS IN ConNECTICUT, 1881 TO 1928

Potash over-|  Per cent Per cent
Per cent Per cent Tun (per of muriate of other
Year of potash of potash cent found of potash potash
guaranteed found minus found Tound
guarantee)
1834-15888 ., 3.82 4,26 045 ..., P o
1893 -1897 . . 4.22 4,55 0.32 3.62 0.93
1900-1904, 4,75 5.18 0.43 3.2 1.36
1910-1914 5. 4% 5.85 0,36 4,36 1.50
1924-1928. . ... 5.43 5,70 0.27 4.18 1.51
5.33
4.73
3.85
3.98 4.35 0.37
3.85 4.59 0.74
3.54 4.36 0.82
3.86 4.04 .18
3,85 3.98 0.13
4.39 4.06 ~0.33
3,99 4.39 0.40
4.53 4.77 0.24 .
4.25 4.59 0.34 .
4.09 4,47 0.38 3.34 1,13
4.03 4,27 0,24 3.55 0.72
4.20 4.66 0.46 3.75 0.91
4.53 4.77 0.24 3.386 0.91
4.26 4.56 0,30 3.58 0.98
4.26 4.61 0.35 3.52 i.09
4.48 4.85 0.37 3.73 1,12
4.42 4.92 0.50 3.70 1.22
5.00 5.43 0.48 4.22 1.26
4.16 s.11 0.35 3.71 1.40
4.94 5.39 0.45 3.91 1.438
4,63 5.00 0.37 3.57 1.43
4.78 5.16 .38 3.84 1.32
4.97 5.27 0.30 4.14 1.13
4,94 5.29 0,35 4.28 1.0
4.96 5.37 041 4.18 1.19
5.17 5.62 0.45 4. 46 1.16
5.27 5,72 Q.45 4.31 1.41
5.47 5.81 0,34 4,22 1.59
5,57 5.86 Q.29 4.26 1.60
5.56 3.97 0,41 4.55 1.42
5.59 5,90 0.31 4.44 1.46
3.13 3.31 0.18 2.47 0,84
1.05 1.06 0.0t 0.79 0.36
1.22 1.23 9.01 Q.87 0.36
1.29 1.40 0.11 0.61 0.79
1.51 1.55 0.04 .94 0.61
3,26 3.33 .07 2.52 0.81
3.58 3.63 0,05 2.64 0.99
4.26 4.38 0.12 3,49 0.89
4.65 4.74 ¢ 3.43 1.31
4.88 5.22 0. 34 3.63 1.59
5.09 5.41 ¢.32 3.80 1.52
5.61 5.85 0.24 4.34 1.51
5.65 5.86 0,21 4.45 1.41
5,93 6.15 G.22 4,61 1.54

{tables 116 and 117). During the period {rom 1890 to 1897 there was
a downward trend in the wholesale cost of the plant food. This decline
was due in large part to the decline in the cost of the phosphoric acid.
In the period from 1898 to 1914 this trend was reversed, owing to the
mcrease in the total plant-food content of the fertilizers and to the rising
price of nitrogen. During the war perid there was an abrupt increase
i the price of matertals. The wholesale price of materials rose more
rapidly than did the retail price of the fertilizers, and the margin between
the two declined. For the two years 1922 and 1923, the cost of materials
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TABLE 115, INpEX NUMBERS OF GUARANTEED AND AcTUAL PoTasH CONTENT is
OF Forms oF PorasH N CompLETE FERTILIZERS IN CONNECTICUT, 1881 4

1928
{1910-1914 = 100)
Potash
averrun Muriate Other
Year Potash Potash (per cent of potash potash
guaranteed found found Found found
minus
guarantee)
18841888, ........ i 70 73 125 [T [ P
1893-1897, veraan 77 78 89 83 62
19001904 e 87 a9 119 88 91
1910-1914 . | 100 100 100 100 100
1924-1928......... Peesers 90 97 75 26 10t
1881. . I Pereanes . 91 L. O N
1882, EETTRTE PR 5 S T R R I I,
1883, ... ... Peraaes . -1} P “re [
1884, ..., 72 74 103 P, I I
1885, 70 78 206 e T
1886. 64 75 228 P T T TN
1887., 70 69 50 B T T
1888 ..., 70 68 36 ... P
1889, . 80 69 =92 | b
1890 73 75 D S . e
1891 83 a2 67 | e | e
1892 77 78 94 | L.l Ce
1893, 74 76 106 77 75
1894 . 73 73 67 81 48
1895 . 77 80 128 86 (11
1806 83 82 67 a9 41
1897 78 78 83 82 65
1808 78 79 97 81 i3
1899 82 83 103 86 75
1900, | 81 84 139 85 81
1601 91 94 133 97 84
1902 87 87 o7 85 93
1903 29 92 125 90 90
1904 a4 85 103 82 95
1905 87 £8 166 88 a8
1906 21 90 83 95 75
1907 90 90 97 98 67
1908 90 92 114 96 79
1909 04 96 125 102 77
1910 96 98 125 99 94
1911 100 90 04 97 506
1912 101 100 81 98 107
1013 101 102 114 104 93
1014 102 101 86 102 97
1915 57 87 50 57 56
1016 19 18 3 16 24
1917 22 21 3 20 24
1918 23 24 31 14 53
1919 28 26 11 22 41
1920 59 57 19 58 54
i921. 65 62 14 61 66
1922 78 75 33 80 59
1923, 85 81 25 79 ai
1924 80 89 04 83 106
1925 93 92 89 89 101
1926 102 100 67 100 101
1927 103 100 58 102 94
1928 108 105 6l 106 103

averaged 109 per cent of the pre-war cost, while the retail price of com-
plete fertilizers averaged 136 per cent aof the pre-war figure. .

During the period from 1910 to 1913, the margin hetween the retail
price and the cost of materials, or the cost of manufacture and distri-

hution, averaged $13.94.

While there have been fluctuations in the margin

from year to vear, the most violent changes have occurred since 1913

During the war period the margin was unusually small,

For the post-
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'ABLE 116, AVERAGE RETAIL PrICE OoF COMPLETE FERTILIZERS N CONNECTICUT,
AND EsSTIMATED WHOLESALE CoOST OF MATERIALS AND CoOST oF MANUFACTURE
AND DISTRIBUTION, 1890 1O 1923

Wholesale cost of materials Cost of
- Retail Y Totalf fr::t"‘l‘:;

BAL price . m=- - : cost of
per ton ﬂ}i’;ﬁe monia Orfﬁig_lc E}E}(ﬁ; M"g}am Other |materials d:iis%?i—
gen ng:;?' gen acid potash potash bution
00-1894. ..... . $35.69 | $1.06 $1.33 (5,54 $6.24 $2.72 §0.84 $17.72 | $17.97
Wo-1004 .. .., . 32.03 1,62 0.48 5.50 5.31 2.88 1.19 16.98 15.08
e-1913.. . ... 34,57 1.82 1.96 5.87 4.28 3.3 1.41 18.64 15,94
§22-1923....... 46.92 2,72 2.37 7.21 4.69 2.48 1.03 20.29 26.63
80 . 35.55 0.86 1.47 5.15 7.30 2.63 0.86 18.27 17,28
) 36.22 0,91 i.61 5.33 6.45 2.86 0._86 18.02 18,20
B2, el 35.57 0.68 1.33 5.30 6.56 2.79 0.83 17.49 18.08
093 s 35.29 0.86 1,47 6.18 5.56 2,54 1,01 17,62 17,67
B4 . 35.81 1,98 0.77 5.73 5.33 2.76 0.63 | 17.20 18.61
305, ... 35,38 1.3 0.76 5.53 5.93 2.96 0.85 17.34 13.04
06, e 3434 1.03 0.45 4.77 3.22 2,86 Q.78 15,11 19,23
L L 32.75 0.60 0.71 4.47 4.72 2.66 0.82 13.98 18,77
08, e 31.34 Q.75 0.61 4.79 4.38 2.64 0.92 14.09 17.25
09, ..., 31.22 0.89 0.45 4,60 5,36 2.77 0.94 15.01 16,21
W0 ..o 31.12 1.20 0.35 5.09 5.30 2.72 1.02 15.77 15.33
Wi von.. 32.08 1.67 0.35 5.26 5.55 3.17 1.10 17.10 14.98
W2l 32.00 1.59 0.48 5,50 5.26 2.79 1.25 16.87 15,13
W3, 32,18 1.73 0.60 6.06 5.05 2.97 1.30 17.71 14.47
WL, 32.79 1.83 0.61 5.61 5.30 2.74 1,27 17.45 15.34
WS, Lo, 32.45 1,78 0.64 3.7 5.31 2.98 1.19 17.61 14,84
106, . ... ... 33.13 1.98 0.66 5.72 5.35 3.30 1.04 18 05 15.08
W07, .ol 33.57 1.71 1.60 5.81 5.11 3.42 0,93 18.58 14.99
W08, ... ..., 33,91 1.65 1.40 5.43 5.27 3.30 1.08 18,13 15.78
0o, ., ,........ 34.14 1.71 1.60 5.28 4,59 3.48 1,06 17.72 16.42
Wo............ 34,29 1.51 2,02 5.58 4.55 3.23 1.24 18.13 16. 16
[ . 34,70 1.92 2.17 5.86 4.78 3.08 1.45 19.26 15.44
M2l 34.61 2.14 1.76 5.93 3,95 3.32 1.5% 18.65 15.96
L1 34.68 1.70 1.87 6.12 3.82 3.60 1.39 18,50 16.18
L L 2.39 1.95 6.24 3.51 3.51 1.43 19031 .......
WS 36.28 1.88 2.34 5.95 3.81 3.03 t.39 i19.30 16.98
16, ... ..., 37.62 3,03 2,48 6.16 6.13 5.34 2.29 25.43 12,19
L 38.64 3.78 2.17 8.28 6.38 7.22 2.16 29.99 4.65
M8 L, 54.97 6.87 2,48 10.16 9.22 4.49 5.58 38.80 16,17
W9, 61.73 2,70 3.02 10.43 9.18 5.42 3.91 34.66 27.07
w200 ..., ..., G4.92 3.16 1.83 15.08 9.02 6.17 3.13 38.39 26,53
L 60.02 2.96 2.10 8.27 8.81 4 30 2,48 20 .42 30.60
M2 i, 45,82 2.28 1.95 6.15 4.99 2.69 0.93 18 99 27.83
WL, 47.03 3.16 2,39 &.26 4.38 2.26 1.13 21.58 25.45

* Retail prices for 1914 were not available.

war period 1922 to 1923, however, it averaged 167 per cent of the
pre-war figure. This was much the same change as occurred in Penn-
sylvania, The data for all of the States, both for materials and for
complete fertilizers, indicate that the margin between wholesale and retail
prices is much greater than the pre-war average. For the post-war period,
57 per cent of the Connecticut retail price was the charge for manu-
facture and distribution, as compared with a pre-war average of 46 per
cent.  Of each dollar which the farmer spends for fertilizer, the manu-
iacturers of fertilizer materials get a considerably smaller percentage
than they did before the war. The increase in the cost of distribution
iz a reflection primarily of increased costs for transportation and handling.

Relation between guaranteed and actual analysis of complete fertilizers

The guaranteed analysis of complete fertilizers is a minimum guar-
antee, The actual analysis generally exceeds the guaranteed. For the
{orty-five years 1884 to 1928 the actual nitrogen content of the samples
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TABLE 117. INDEX NUMBERS OF AVERAGE RETAIL PRICE OF COMPLETE FERTILIzE]
1N CONNECTICUT AND OF ESTIMATED WHOLESALE CosT OF MATERIALS AND Co
0F MANUFACTURE AND DISTRIBUTION, 1890 to 1923

(1910-1913 = 100)

Wholesale cost of materials Cast ¢

v Retail Tnt.alf ;Z?t”“'

ear price . Am- . . : cost o ur

per ton I;T]ﬁrra;e monia | Organic 1 Pgwt’ Murfmte Other |materials] and

nitro- | ™o~ | yhoric < potash distri

gen gen gen acid potash butior
1890-1894....,, 4 103 58 68 94 146 32 60 95 113
1900-1904. . ..... 03 89 4 94 124 87 84 91 93
19101913, . .....| 100 100 100 100 104 100 100 100 100
1922-1923....... 136 149 111 123 109 75 13 109 167
1800 ... ...... 103 47 75 88 171 79 61 98 108
1891 et 105 50 82 o 151 86 61 7 114
1892, . .,....... 103 37 68 G0 153 84 59 94 113
1893 . ..., | 102 47 75 1035 130 77 72 95 111
1894, ... ....... 104 109 39 98 125 83 45 92 117
1895 hrae e 102 iz 39 94 139 &9 60 93 113
1896, ........,, . 99 57 23 81 122 26 55 B1 121
1897, . . i 95 33 36 76 110 80 58 i3 118
1898 e 21 41 31 832 102 80 65 76 108
1899, . ..., ., .. 90 4 23 78 125 84 67 81 1402
1900, ........... 20 Tt 18 87 124 82 72 85 96
1901 [ 93 02 18 90 130 26 78 92 94
1902, ........... 93 87 24 94 123 84 89 91 95
1903 . ......... 93 05 3 103 118 90 92 95 91
1904, . ..., . 93 101 31 96 126 83 o0 o4 96
1905. . .......... 94 98 33 97 124 90 84 94 23
1906 e 96 109 34 97 125 100 7d 97 95
1907, ..., 97 94 82 99 119 103 66 100 94
1908 . . 28 91 71 93 123 100 77 97 99
1900 ..., 99 94 82 90 107 105 75 95 103
1910..... P 99 83 103 95 106 98 88 97 101
1980, ., ..., ‘e 100 105 1 100 112 93 103 103 97
1912 ....... P 100 118 90 101 92 100 110 100 100
1013, ........ ... 100 93 95 104 86 109 99 99 102

1914%. ..., ... PP PP 131 o9 106 82 106 101 102

1915 ..., .. 105 103 119 101 29 119 29 104 107
1016, ....... e 109 166 127 105 143 161 162 136 76
19t7........ PN 112 208 111 141 149 218 153 161 4
1918, ..., vea 159 317 127 173 215 136 396 208 101
1919 ... ... o 179 148 154 178 214 164 277 186 170
1920, ....... e 188 174 93 257 211 186 122 206 166
1921...... e 174 163 107 141 206 145 176 158 £92
1922....... Ciae 135 125 o9 105 117 81 66 102 t75
1923 ....... oo 136 174 122 141 102 68 10 116 160

* Retail prices for 1914 were not available.

of complete festilizers in Connecticut averaged 2.99 per cent, while the
guaranteed analysis averaged 2.79 per cent, While there were individual
cases in which the actual analysis was less than the guaranteed analysis,
the general tendency was for the actual nitrogen content to be in excess
of the guaranteed. The fertilizer laws of most States make it unlawiul
to sell fertilizer that contains less than its guarantced analysis, The
average guaranteed and actual analyses indicate that, although there have
been violations of the law, in general the actual analysis has been as
idicated by the guarantee,

For the four vears 1886 to 1889 the average actual nitrogen content
exceeded the average guarantee by 0.31 unit per ton. For the five years
1924 to 1928, however, the overrun averaged only 0.08 unit, or about one-
fourth as much as for the earlier period. With improved methods of
chemical analysis, manufacture, and control, the general tendency has been
for the overrun to decrease,
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The available phosphoric-acid content averaged 8.34 per cent for the
period from 1884 to 1928. This was 1.03 units per ton greater than the
giarantee, and was about five times as great as the average overrun for
nitrogen. For the five years 1884 to 1888 the overrun of available phos-
phoric acid averaged 1.59 units per ton, as compared with an average
averrun of only 0.40 unit for the five years 1924 to 1928. The overrun
was about one-fourth as great for the later period as for the earlier period.
This was the same relative decline as occurred in the nitrogen overrun,

For the five-year period 1924 to 1928 the potash overrun averaged 0.27
unit per ton, as compared with 0.45 unit for the five years 1884 to 1888&.
The overrun for the later period was 51 per cent of that of the earlier
peripd.  The decline in the potash overrun was less than that for the
other plant foods.

For the forty-five-year period 1884 to 1928, the nitrogen overrun aver-
aged 0.20 unit, the phosphoric acid overrun 1.03 units, and the potash over-
runt 0.29 unit. Nitrogen is the most expensive plant food, while phosphoric
acid is the cheapest. The overrun was lowest for the most expensive
plant food, and was greatest for the cheapest plant food. This relation-
ship occurred during the post-war period, although the overrun of each
plant food was less than during the pre-war period.

In each of the forty ycars 1884 to 1923 the correlation between the
guaranteed and the actual nitrogen content of the complete fertilizers in
Connecticut was greater than 0.87, and there was a tendency for the
correlations to be highest during the latter half of the period {(table 118).
Not only was there a high degree of relationship between the guaranteed
and the actual analysis, but the degree of relationship tended to increase.

The correlations between the guaranteed and the actual potash content
were high throughout the entire period, while the correlations between
the guaranteed and the actual phosphoric-acid content were lower than
those for either of the other two plant foods.

The correlations between the guaranteed and the actual analysis of
each plant food indicate that there is a high degree of relationship between
the two. The amount by which the actual analysis increased per unit
increase in the guaranteed analysis is shown in table 118 For most
of the period the increase in the actual analysis per unit increase in the
guarantee was somewhat less than 1. This was especially true of the
phosphoric acid. It would seem to indicate that the overrun tends to
be somewhat less on the higher analyses.

Relation of the retail price of . complete fertilizers to the guaranteed and
the actual analysis

The correlations between price and analysis of complete fertilizers dis-
cussed in the preceding pages have all been between the guaranteed
analysis and the retail price. In some cases the actual analysis was less
than the guaranteed anmalysis, but in most cases the actual analysis
exceeded the guaranteed. It might be expected that the retail price of
those brands which had a relatively large overrun would tend to be
greater than those whose actual and guaranteed analyses were more
nearly the same.
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TABLE 118. CoORRELATIONS BETWEEN (CUARANTEED AND ACTUAL ANALYSIS of
CoMPLETE FERTILIZERS IN CONNECTICUT, AND INCREASE IN THE ACTUAL ANALVSE
PER UNIT INCREASE IN THE GUARANTEED ANaLYsIs, 1884 To 1923

Correlations between guaranteed Increase in actual analysis per unit
and actual increase in guaranteed
Year nitrogen phosg{lc{) rie- patash it phosphoric. tash
content a tent content n r:.\ge: acl pote“
ry co?r)n ey conten content content
1884-1888........ 0.897 0.752 0.927 Q.94 0.73 0.93
1890-1804 . 0.944 0,796 0.950 0.92 Q.79 1.00
1900-1904 . . 0,969 {.815 0,981 0.96 084 0.98
1910-1914., 0.979 0. 891 0.971 0.94 0. .82 0.96
1922-1923 . ....... 0.981 0,934 0.975 0.96 0,88 0.95
0.913 0.658 0.952 0.95 Q.62 1.00
0.910 0,844 0.962 1.04 0.93 1.06
0,875 0.811 0,885 0.88 0_86 9,92
0.872 0,759 0.907 0.98 Q.71 0.79
0.915 0,688 0.931 0.83 0,51 0.89
0.895 0,703 0.861 0.86 .64 0.70
0,925 0,801 0.910 0.87 G.81 0,89
0,951 0.845 0.959 Q.97 06.86 1.04
0.548 D.726 0.965 0.89 0.72 1.01
0.937 0,786 0.956 0.90 0.78 1,04
0,958 0.822 0,959 0.96 080 1.03
0.956 0.774 0.956 0.92 0.79 1.0t
0.920 0.768 0.967 0.90 0.81 0.99
0.972 .793 0.974 0.95 Q.35 Q.99
0.933 0.793 0.971 0.93 0.33 1.00
0.960 0.745 Q.959 0.95 0,77 Q.98
0.925 0,749 0.979 0.93 0.76 0.97
0.931 0.777 0.976 0.95 0.74 0.96
0.980 0.877 0.97% 0.98 0.91 0.98
0.979 0.862 0.986 0.93 0.93 1.00
0.9738 0.812 0.984 0.97 0.84 0.99
0.978 0,805 0.977 0.93 Q.78 0.96
0.973 0.836 0.975 Q.95 0.32 0.96
0.967 D0.798 0.974 0.92 0.78 0.97
0.982 0.8G4 0.969 0.95 0.86 Q.99
0.981 0.825 0.976 0.95 0.78 Q.99
0.977 0 842 0.950 0.93 0.83 0,98
0.686 0.888 0.97 0,97 0.84 0.96
0.972 0.913 0.974 0,93 Q.81 Q.94
0981 0.904 0,982 0.94 0.30 0.99
0.980 0.909 0.970 0,95 0. 84 0.9
0.980 0.927 0.948 0.95 0.88 1.06
0,985 0.960 0.808 0.98 0.94 1,17
0.969 0.948 0.8%6 0.92 .98 0.78
0,950 0.956 Q. 896 1.00 0.93 1.07
0.981 Q.943 Q.982 Q.9% Q.88 0.91
0,977 0.913 0,962 0.94 Q.83 0.92
0.975 0. 800 0.944 Q.98 0.81 0.92
0.983 0,935 0.983 0.98 0.90 0.98
0.979 0.914 0.967 0.95 0.85 0.92

For thirty-two of the thirty-nine years 1884 to 1923 (except 1914)
the correlation between the retail price and the guaranteed analysis was
greater; for seven of the years the correlation between the price and the
actual analysis was greater; for some of the years the differences were
very small. The largest difference between the two correlations, 0.063.
occurred in 1899. The average difference between the correlations was
only 0.014£0.019. The difference was not significant. The coefficients of
determination based on the correlations between retail price and guar-
anteed and actual analysis, are given in table 119, )

Fertilizers are sold according to the grade, or guaranteed analysis. The
actual and the guaranteed analysis are highly correlated. The difference
between the two, or the variations in overrun, were not important in affect-
ing the retail price.
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TABLE 119. COEFFICIENTS OF DETERMINATION OF THE RETAIL PricE oF CoM-
PLETE FERTILIZERS IN CONNECTICUT BY THE (GUARANTEED AND THE ACTUAL
ANALYSTS, 1881 TO 1923
Year Guaranteed Actual analysis, Actual analysis,
analysis 3 factors* 8 factorst
1B84-1923%. .. ... ... e 73.78 7122 b e
189610235 L, 74.05 71.80 73.76
1 S 42,53 | e
L7 D S R 56.43 | ...,
83 6558 | ool
S 70.06 63.20 | ...
B3 L e e 65.49 o T S
.................................... 76.19 69.34
.................................... 74.84 71.89
.................................... 65.41 62.44
.................................... 61.50 71.75
................................... 79.56 76.32
.................................... 71.94 70.11
.................................... 76.04 70.69
................................. 80.01 79.85
................................... 74.02 69.83
................................. 58.56 59.21
................................. 68.18 60.63 62.20
................................. 65.05 64.46 66,91
................................... 62.22 61.64 63.70
.................................... 59.48 60.31 62.34
.................................... 65.31 66.15 70.39
................................... 74.89 74.48 7752
..................................... 77.24 77.79 78.81
................................... 80.71 78.62 80.13
................................ 77.79 71.78 52.76
................................. 77.67 77.54 78.30
................................. 70.22 69.84 71,06
................................. 74.18 6978 72.67
.................................... 74.47 75.36 75.53
.................................... 8363 81.17 81.62
.................................... 73.30 69.65 70.7
.................................... R3.35 80.62 §1.04
.................................. 83 03 70 38 80.55
.................................. 73.97 69.88 74,63
................................. 79.38 74.60 76.94
................................... 87.07 81.97 42.90
.................................. RS.64 75.20 77.64
.................................. 8642 77.47 78.53
................................... 67.83 64.60 69.13
................................... 78.28 76.19 79.26
.................................. 66.26 60.71 68.82
..................................... 56.10 54.21 60.79
...................................... o1.88 84.46 76.69

* Three factors — total nitrogen, available phosphoric acid, and potash, i
t Eight factors — nitrate, ammonia, and organic nitrogen, water-soluble, citrate-soluble, and citrate-
ble phosphoric acid, and muriate and other potash. For the two years 1922 and 1923 the water-
e and the citrate-soluble phosphoric acid were not reported separately. For those two years the
«vallable phosphoric acid was used.

+ Except 1914,
. § Retail prices for 1914 were not available.

Lven though two fertilizers may contain the same amounts of nitrogen,
phesphoric acid, and potash, quite different materials may have been
used in making them. The Connecticut fertilizer bulletins contained, in
-addition 1o the total nitrogen found, the nitrogen found in the nitrate,
ammotia, and organic forms. The total phosphoric acid was divided into
waler-soluble, citrate-sotuble, and citrate-insoluble. The potash was
divided into muriate and “other potash.” The muriate of potash is the
chloride, while the “other potash” is primarily sulfate although some
- carbonate is included.

For the twenty-seven-year period 1896 to 1923 (except 1914), corre-
lations were made between the retail price and the eight different forms
of plant food mentioned above. These correlations were only slightly
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greater than the correlations in which only the three items in the analysi
were considered, and the difference was not significant. The correlation
between the price and the actual analysis were the same regardless of
whether only the total of cach plant food was considered or whethe
cach of the eight forms of plant food were considered separately. Thd
correlations between the retail price and the actual analysis were ng
significantly different from the correlations between the retail price and
the guaranteed analysis.

For the twenty-seven years 1896 to 1923 (except 1914), the coefficien
of determination of the retail price by the nitrate nitrogen averaged 2.3
by the ammonia nitrogen 11.09, and by the organic nitrogen 142
(table 120). For the period as a whole, the nitrate-nitrogen content of

TABLE 120, COEFFICIENTs OF DETERMINATION OF THE RETAIL PRICE OF Cox
PLETE FERTILIZERS IN CONNECTICUT BY THE (GUARANTEED AND THE ACiry
NritroGEN CoNTENT, 1881 To 1923

— —
Total Nitrogen
Guaran- Actual nitrate,
Year ni'::eden nitrogen amg\nodma.
"0}
contégnt content organic Nitrate Ammonia Organic
nitrogen
[884-1023%. 53.03 46,96 | ... Lo, F O A
1896-1923% .. ........... 34.29 50.15 50,84 25.5¢4 11.09 i4. 10
41,40 b
6,17 | oo
55.46 | ... oo Lo oo
34.73 | e
39.62 | ..o
40,06 | ... oo
3201 ¢ oo
WY | o
45,16 oo oo e
40,97 b Lo
4240 1 oL e e
39.44 Lo Lo
B e N
42.32 | oo e
41.07 | ..., P I P
32.84 36.87 8.27 19.37 9.3
43.75 49.76 12.32 22.74 14.70
33.90 36.23 9.28 18.64 8.1
35,47 37.86 13,66 13.82 10.38
40.09 43.26 27.91 7.81 7.54
47.53 46,27 41.51 2.14 2,62
55.69 55.39 35.44 3.29 16,06
51.73 49.23 35.71 4.07 9,43
45.78 45,62 34.24 1.70 ¢.63
55.14 54.62 39,29 7.16 8.17
45.47 47.07 28,50 10,51 8.0
50.87 49 .05 28.59 16.42 4,94
55.27 53.92 29,02 12.89 12.01
54.26 53.57 33.48 12,98 7.1
51.70 49,66 23.12 12.06 i4.43
57.22 55.33 28 8% 16.04 10.48
53.89 52.76 35.36 6 10.°9
50.85 51,90 30.22 14.07 7.61
70.43 67.38 29.94 20,04 17.40
81.67 78.99 33.48 21.53 23.9%
53.07 53.70 31,52 9.76 12.42
58_82 63.17 37.36 4,99 20.82
47.39 52.30 3.43 27.07 21.80
40,87 45.80 16,20 0.32 29,23
38 .86 45.78 18.52 1,060 26.26
38.56 43.50 15.03 8.00 20.47
63.02 52.69 9.45 4.41 38.83

* Ezcept 1914.
1 Retall prices for 1914 were not available.
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TABLE 121, CoEFFICIENTS OF DETERMINATION OF THE RETAIL PRICE OF CouMpLen
FERTILIZERS 1IN CONNECTICUT BY THE (GUARANTEED AND THE ACTUAL PHOSPHORIC
Acip CoNTENT, 1881 To 1923

Total : i
water- Phosphorie acid
Guaranteed Actual soluble,
available available citrate-
Year phosphcfimc- phusp}_adonc- i‘olu_hle.
acl Ack and citrate- Water- Citrate- Citrate.
content content insoluble soluble saluble insolelle
phosphorie
acid
1884-1923*. ... .... -2,12 =126 b e b A
18961923 ., .., —0.96 -0.46 B T e R S i
1896—-1921% . ... -2.04 -1.20 -1.76 -4.80 +3.14 ~0.10
1881, ,...ovnnu| ool 4369 | e |
1882, .0 e =330 e L
1883, .. oine| oe el A3 e D e
1884.............. -7.00 -84 | L e
1885... ... ....., +0._69 +6.32 |
1886.............. -5.54 e I A
1887.............. -1.21 =301 b e e
1888 -5.59 Fs B O I I
1889, ... ... .. -10.05 =6.86 1 oo e e
1890.. ., .......... —~1.61 o T e T T I
1890, ... ... ..., -4 .60 T e N T R,
1892 ... ... —6.79 499 | e ] e
1893,............. -7.69 =502 | e e e
1894.............. —4.67 =334 | e
1895, ... ... —-2.72 e T T A O R
1896 ~2.66 -3.4 —4.90 -1.42 2. -1.47
1897, ... .. ..., -2.68 -0.35 -5.32 -2.40 +0.73 -3 63
1898, . ... ......... -1.44 -1.16 +0.41 —5.42 +4.46 ~+t 37
1899, .., .. ... -2.29 -1.17 -4.26 —4.09 +1.93 =2.10
1900., . ..., -2.47 -2.77 -4,82 -6.37 +1.76 —0.21
1901 -5.22 -2.19 -0.16 -11.95 +11,71 +0.08
1902, .. ..., .. ~5.40 —4 .83 ~-5.53 —11.43 +3.96 —0.06
1903.............. -5.27 -3.87 -4.38 -8.07 +3.15 +0.54
1904, ... ... ...... -4.23 -3.11 -5.90 -6,84 +1.16 -0.22
1905 -2.38 -0,12 -1.42 ~5_68 +4.75% -0 4%
1906.......cuvnn -2.52 -0.25 -1.06 -8.10 46,51 -+0,33
1907............ .. -3.41 -1.05 -2.81 -6.08 +12.22 +1.0%
1908.............. -3,81 -1.75 +0.62 —9.00 +10.09 -0.47
1909 ... ... ... ~5.51 -2.05 -1.47 -9.04 +7.79 0,22
1910 ... ... ... -4.31 =277 -2.66 -5.35 -+2.68 -+0.01
1941, .. Ll -5.23 ~3.02 -2.18 -4.89 +2.72 -4.01
012 -6.19 -4.06 -6.09 —8.95 +3.05 -0,1%
1913'.f ............. -5.07 ~2.70 -1.49 —4.07 +1.67 +0.91
B S S I I TR R,
1915 —4,27 =-3.67 +1.93 -4.99 +6.93 —3.01
916.............. -7.56 -7.65 ~4.47 -5.67 +10.65 =+0.55
|30 -4.99 -5.18 -3.64 —4.69 +1.66 =061
1918, ..., +2.76 +2.51 -0.06 +1.08 -1.44 4-4.30
1919 -4.70 -3.48 -2.26 ~3.48 +1.13 +0. 0
1920...,.......... +125.84 +21.68 “+13.36 +14.00 -1.20 +0.50
1921, ... H11.89 +6.33 +4.66 +2.91 +0.48 +1.27
1922.......... .. .. +9.66 +6.71 +2.51 +2.61 =0.10
1923, . ............ +15.67 +10.70 +2.81 +2.11 +0.70
i .

* Except 1914, '
1 Retail prices for 1914 were not available.

During the post-war period it tended to decline in Pennsylvania, New
Hampshire, and New York, but in Texas it was unusually high.

From 1900 to 1914 the fertilizer tonnage in the United States more
than tripled. There was a marked increase in tonmage in all of the fer-
tilizer States. Costs of distribution were relatively low as compared with
retail prices. With this increase in demand, low cost of distribution, and
a growing knowledge in regard to fertilizers, the relationship petw_ccﬂ
the analysis and the retail price increased, so that during the period jus
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TABLE 122, COEFFICIENTS OF DETERMINATION OF THE RETAIL PRICE OF COMPLETE
FERTILIZERS IN CONNECTICUT EY THE OGUARANTEED AND THE ACTUAL POTASH

ConTENT, 1881 TO 1923

Guaranteed Actual Total Muriate
Year potash potash muriate and o Other potash
content content other patash potash
1RR4-1923% . . ..., 22.87 1 T
1596-1023%, . 21.62 22.11 24.36 6.31 18. (4
S22 T O
23.57 | o e | e
B.S5T | e e e
3.0 | e e
B T 1 e T
34,77 | e e
41.99 L L e e
37,26 | Lo, B .
33.45 | ...l P T
32.30 . | ] s ] ey
35.66 U s
b O e
B T T e
30.85 | e ] e | e
19,85 R
31.00 30,23 i7.38
21,05 22.47 12.74
28.9¢ 27.07 19,13
26.01 28.73 21.00
28.8¢ 31.95 23.61
20.14 31.41 19.47
26.93 28,97 21.79
30.76 35.27 26.73
29.11 33.04 21.54
22.52 25,09 16.03
24.62 25.06 13.82
19.97 25.52 21.06
21.84 20,99 15.08
28 .96 29.51 17.53
20.71 23.76 20,31
26.43 27.89 24 36
29.55 33.88 28.72
z1.74 24.21 18,22
7.93 7.64 7.04
7.96 8.39 5,53
27,31 27.58 13.26
16.13 15.42 10.22
20.69 19.10 11,67
13.64 2010 22.69
15.51 18.38 19.67
8.94 14,78 14 .60
10.74 21.19 24.58

* Except 1914,

t Ratail prices for 1914 were not available.

prior to the war and during the war the analysis accounted for the major
part of the variations in price between the different grades.

During the post-war period conditions have been decidedly different.
There has been a marked increase in the cost of distribution, so that
this constitutes a larger part of the retail price than it did in the pre-war
period. The agricultural depression has tended to curtail the demand
for fertilizer. High costs of distribution and only a slight increase in
demand have probably been important factors associated with the
decrease in relationship between the retail price and the analysis.

In Texas, however, the relationship between price and analysis has been
very high. This may be owing in part to the fact that a large number
of samples were used in obtaining the averages for each grade, and to
the rapid increase in fertilizer consumption in Texas. The fertilizer
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tonnage in Texas practically doubled during the period from 1925 to 1929,
With this marked increase in demand, the relationship between the retail
price and the analysis has been high even though distribution charges
also have been high.

When demand is increasing, it is probable that the relation betwcen
price and analysis tends to be high. When demand does not increase,
there i1s increased competition and price cutting, factors other than the
analysis are important i affecting the price, and it 1s probable that the
relationship between price and analysis declines.

SUMMARY

During the past twenty years there have been violent fluctuations in
the price of fertilizer materials, which have been a disturbing factor in
the fertilizer industry and have caused manufacturers and farmers to
shift from one material to another as a source of plant fcod.

When the price of cottonseed meal was high, it was more closely asso-
ciated with the analysis than when it was low. The retail price of nitrogen
in cottonseed meal tends to be lowest in the higher grades.

Prices of most organic nitrogen carriers followed the same course. The
retail price of tankage, however, was affected by the cattle cycle. When
cattle prices were high, the price of tankage was high relative to other
ammoniates.

During the period from 1882 to 1914, the trends in wholesale aud
retail prices of nitrate of soda were the same. The wholesale prices
fluctuated widely from year to year, and these fluctuations were reflected
in the retail prices. With passing time there was a tendency for retail
prices to fluctuate less violently than wholesale prices.

For the five years 1924 to 1928, retail prices were high as compared
with wholesale prices. The average wholesale price of nitrate of soda
was 11 per cent above the pre-war figure, the retail price was 25 per cent
above, and the margin between the wholesale and the retail price was
86 per cent above.

Prior to the war, relatively few data were available on the retail price
of sulfate of ammonia, probably reflecting the limited use of this forn
of nitrogen, During the post-war period the situation has been reversed,
and sulfate of ammonia has become one of the cheapest sources of nitro-
gen. Its use has been greatly stimulated, and it is now the most importait
source of nitrogen in complete fertilizers.

During the penod from 1890 to 1914, the trends in wholesale and
retail prices of phosphoric acid were approximately the same. In the
pre-war period the changes in the wholesale price from year to year were
small and were not closely associated with the changes in the retail price.
Although many different grades of superphosphate are sold, phosphoric
acid is cheapest in the higher grades. There are greater differences in
the retail price per unit between the low and the medium grades than
between the medium and the high grades. The bulk of the tonnage i
composed of the medium grades.

With the inflation, whelesale prices of superphosphate rose more than
did retail prices; and conversely, with the deflation, wholesale prices fell
more, and fell more rapidly, than did retail prices.
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The high cost of distribution following the war stimulated the use of
higher-grade superphosphate. The increase in the use of high-analysis
superphosphate has been greater in Indiana than in other States. The
cost of distribution in Indiana is a larger proportion of the retail price
than is the case in other States which are nearer the main source of s_upply.

During the pre-war period the trends in wholesale and retail prices of
potash salts were similar. As compared with the nitrogen carriers, there
was relatively little variation in the wholesale price of potash salts during
the pre-war period. These changes in the wholesale price were not closely
associated with changes in the retail price. .

Owing to the scarcity of potash during the war period, wholesale prices
were unusually high and potash salts disappeared from the retail markets.

Although there are wide variations in the analysis and the wholesale
price of the potash salts, there are no significant differences in the
margin between the wholesale and the retail price, or the cost of dis-
tributing the various salts. Consequently, the cost of distribution was
only 11 per cent of the retail price of sulfate of potash, a high-grade
sait, as compared with 47 per cent for kainit, a low-grade salt. With
the high cost of distribution during the post-deflation period, the margin
hetween the wholesale and the retail price widened, and was 15 per cent
of the retail price for sulfate of potash and 67 per cent for kainit. When
the cost of distribution increases, low-grade goods are affected the most,
because the cost of distribution is a larger part of the retail price of
low-grade goods than of high-grade goods.

[n the pre-war period the retail price of potash in kainit, a low-grade
salt, was 19 per cent greater than in muriate, a high-grade salt, as com-
pared with 56 per cent greater in the post-war period, even though
the relationship between the wholesale prices of the two salts was about
the same as during the pre-war period.

The wholesale price of kainit for the five years 1924 to 1928 averaged
8 per cent less than the pre-war price, but the retail price to farmers
averaged 39 per cent more than the pre-war figure.

High costs of distribution were not confined to any particular fertilizer
material or geographic area, Costs of distribution are high for all fertilizer
materials in New York, Connecticut, Pennsylvania, Indiana, and Texas.

During the early development of the fertilizer industry, bones were
an important source of plant food; but with relatively low prices of min-
eral and synthetic plant-food carriers, bone products are now of only
minor importance. Although the variations in the retail price of the
various grades of hone manures are less than the variations in the chemical
analysis, the retail price varies with the analysis. While bones contain
both phosphoric acid and nitrogen, there was a tendency for the retail
price to he more closely associated with the nitrogen than with the phos-
vhoric-acid content.

In the post-war period the index number of the retail price of bones
has been higher than that of any of the other fertilizer materials.

Although farmers buy fertilizer materials, the bulk of the fertilizer
tormage in the United States is mixed {fertilizer, containing nitrogen,
phosphoric acid, and potash.  Almost every possible combination of these
three plant foods has been made and sold to farmers. In the past thirty
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years, more thart 900 different combinations have been reported for sale
by fertilizer inspectors in one State. Owing to the high cost of manu.
facture and distribution, and to a greater knowledge of the uses of
fertilizers, the number of mixtures has decreased.

There is a high degree of relationship between the plant-food content
of complete fertilizers and the retail price. For the five years 1924 to
1928, approximately 74 per cent of the variations in the retail price of
the complete fertilizers were associated with the variations in the analysis.

Variations in the ammonia content of the fertilizers accounted for 62
per cent of the wvariability in the retail price; the phosphoric-acid and
the potash content were of only minor importance, accounting for 3 and
7 per cent, respectively, of the variability in the retail price.  While the
relationship between the retail price and the analysis varied among the
States, the relative importance of the three plant foods was much the
same in New York, New Hampshire, Connecticut, Pennsylvama, aud
Texas. During the twenty-year period ending in 1920, there was a tend-
ency for the retail price to become more closely associated with the
plant-food content. During the deflation period, the relation between
price and analysis has tended to decline. High distribution costs, increased
competition, and price cutting, have disturbed the relationship between
the retail price and the plant-food content.

In New York, Pennsylvania, New Hampshire, and Connecticut, the
variation in the retail price of complete fertilizers per unit variation i
potash content tended to fluctuate around the wholesale price of potash.
That is, the difference in price between fertilizers of low and of high
potash content tended to be equal to the difference in the cost of the
potash at wholesale prices.

In New York, Connecticut, New Hampshire, and Pennsylvania, during
the post-war period, the difference in retail price between complete fur-
tilizers with high and with low phosphoric-acid content was approximatcly
equal to the wholesale price of the phosphoric acid. In Pennsylvania,
during the pre-war period, the difference in retail price of complete
fertilizers per unit variation in phosphoric-acid content tended to be con-
sistently lower than the wholesale price of phosphoric acid; there was a
tendency, however, for the difference to become more nearly equal to the
wholesale price.

Thus it appears that the difference between the retail price of fertilizers
of high and of low phosphoric-acid content tends to equal the ditference
in the wholesale cost of the phosphoric acid which they contain. This i
the normal relationship,

Because of the wide variety of nitrogen carriers used, and the difference
in their prices, it is difficult to determine the normal relationship betwcen
the retail prices of complete fertilizers of high and of low nitrogen con-
tent. From the retail price of complete fertilizers of high and of low
nitrogen content in Connecticut, it appears that the difference in the retail
price is equal to the difference in the wholesale cost of the nitrogen
In Pennsylvania, during the pre-war period the change in the retail price
of fertilizers per unit change in the nitrogen content was greater than
the wholesale price of the nitrogen; during the post-war period it has
been low in relation to the wholesale price of organic ammonia, but high
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relation to that of mineral ammonia. It is probable that the normal
iffcrence in retail price of low- and of high-analysis nitrogen {fertilizers
s also the difference in the wholesale cost of the nitrogen which they
ontairl,

The retail price of mixed {fertilizers tends to be the wholesale cost
Lf materials plus a uniform amount per ton to cover the cost of manu-
acture and distribution.  Consequently, the difference in the retail price of
iw- and of high-grade fertilizers tends to be merely the difference in
he wholesale cost of the raw materials. Therefore the retail price tends
; be much less variable than the analysis, and the farmer who uses
mixed fertilizers finds it cheaper to purchase additional plant food by
btaining fertilizers of higher analysis than by getting additional material
n unmixed form. By buying higher-analysis fertilizer the farmer pays
nly wholesale prices for the additional plant foed. If the additional
fant food 1s purchased in unmixed material, the farmer pays the whole-
ale price plus the cost of distribution.

The cost of manufacture and distribution of mixed fertilizers during
he post-war peried has been about 75 per cent greater than the pre-war
ost.  This marked change has increased the difference in the retail price
f plant food per unit in high- and in low-grade {fertilizers. Because of
his difference, there has been a marked increase in the use of high-
nalvsis fertilizers. Increasing the number of units of plant food per
on is a method of economizing on the cost of manufacture and dis-
rbution per unit of plant {ood.

There is a high degree of correlation between the guaranteed and the
ctial analysis of mixed fertilizers. With the improvement in methods
i manufacture and chemical analysis, there has heen a tendency for
he overrun of each plant food to decline. The overrun for phosphoric
cid is the greatest and that for nitrogen is the least. The overrun tends
o be lowest for the most expensive plant food, and highest for the
theapest.

The nitrogen content of the fertilizers was the most important factor
ssociated  with variations in the retail price. Considering separately
ach of the three different forms of mtrogen—organic, nitrate, and
mmonia—did not change the degree of relationship between the retail
rice and  the total nitrogen content. Similarly, the separation of the
shosphoric acid and the potash into their constituents did not increase
he degree of relationship between the analysis and the price.

The total plant-food content of fertilizers, rather than the carrier, is
he important factor affecting the retail price. ) .

For many crops the application of unmixed materials in addition to
he regular applications of complete fertilizers has often been recom-
mended. This is not the cheapest method of buying the additional plant
lood. If the additional plant food is obtained by purchasing higher-
malvsis mixed fertilizers, the added cost would tend to be the wholesale
mst of the additional plant food. If the plant food is purchased in
mmixed form, the added cost is the wholesale price plus the cost of
listribution. If the supplementary application of the unmixed material
5 considerably more efficient than the application of additional food in
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the mixed fertilizers, it might pay to follow this method even though t
cost of plant food per unit is somewhat higher.

With the high cest of distribution, retail prices of plant food in lov
analysis materials and in low-analysis complete fertilizers are unusual
high.

During the post-war period, the retail price of mixed fertilizers p
ton has been high because of the increase in concentration of plant foc
and because of high distribution costs. The high distribution costs ha
reduced the manufacturer’s proportion of the farmer’s dollar spent fi
fertilizers. This increase in distribution costs has affected the fertiliz
industry in much the same way as the high distribution charges ha
affected agriculture,

The decline in the general price level since the war has had a disastro
effect on the fertilizer industry.

SOURCES OF DATA

The fertilizer laws of most States require the collection and analys
of samples of fertilizers sold in the respective States. The fertihx
reports of the various States contain primarily the guaranteed analys
and the actual analysis as determined by the state chemist, of the sampl
of fertilizers collected by the state fertilizer inspectors. The fertiliz
reports for Connecticut, Indiana, New Hampshire, New York, Pennsy
vania, and Texas contained the retail price of the fertilizers which we
sampled, as well as the analysis. The retail prices of fertilizer materia
and of mixed fertilizers used in this study were tabulated from 1l
fertilizer reports {or Connecticut, Indiana, New Hampshire, New Yor.
Pennsylvania, and Texas.

The wholesale prices of fertilizer materials for the period from 18
to 1927 were taken from Prices of Fertilizer Materials, and Factol
Affecting the Fertilizer Tonnage, by E. E. Vial (Cornell Univ. Agr. Ex
Sta., Memoir 119, 1928). Wholesale prices for the years 1928 and 19:
were taken from Fertilizer Lconomics (N. V. Potash Export My, no
1 to 9, October, 1928, to June, 1929), Wholesale prices for the peric
from 1881 to 1897 were tabulated from the Connecticut fertilizer repor
as listed in the following paragraph.

The data for Connecticut for the years 1881 to 1906 and 1911 to 191
were tabulated from the fertilizer sections of the annual reports of tb
Connecticut Agricultural Experiment Station; for the years 1907 to 191
from the fertilizer sections of the biennial reports of the Connectict
Agricultural Experiment Station; for the years 1917 to 1928 from 1
annual fertilizer reports of the Connecticut Agricultural Fxperiment St
tion (Bulletins 204, 209, 217, 223, 233, 241, 250, 261, 270, 282, 20
and 296},

For the years 1881 to 1909 the fertilizer reports contained data ©
“nitrogenons superphosphates” and also on “special fertilizers or spect
manures.”” The fertilizers reported in each of these groups containe
nitrogen, phosphoric acid, and potash. Both groups were used in stul;
ing the analysis and the price of complete fertilizers.

The data for Indiana were tabulated from the bulletins of the Purdu
University Agricultural Experiment Station entitled Comumercial Fo
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icers (Bulleting 112, 121, 125, 133, 148, 151, 156, 166, 174, 180, 186,
10, 215, 229, 241, 253, 262, 269, 280, 292, and 301, and Circulars 146,
i3, and 163).

The data for New Hampshire were tabulated from the bulletins of
e New Hampshire Agricultural Experiment Station entitled Inspection
f Commercial Fertilizers (Bulletins 196, 201, 206, 210, 214, 219, 225, 231,
37, and 248). :

The data for New York were tabulated from the following bulletins
t the New York (Geneva) Agricultural Experiment Station: Bulletins
99, 511, 539, and 548, entitled Composition and Prices of Commercial
rrtilizers in New York; Bulletin 525, entitled Clanges in the Composi-
o and Cost of Fertilizers in New VYork from 1914 to 1924 ; and Bulletin
57, entitled Commercial Fertilizers. 1. L. Van Slyke was the author of
Il of these bulletins.

The data for Pennsylvania were tabulated from the fertilizer reports
i the Pennsylvania Department of Agriculture (Bulletins 51, 54, 72, 83,
9109, 114, 119, 126, 132, 138, 142, 149, 153, 159, 163, 171, 173, 185,
R0, 199, 203, 212, 218, 230, 242, 244, 255, 259, 269, 277, 282, 288, 301,
08, 318, 328, 333, 347, 352, 358, 364, 370, 372, 377, 378, 387, 402, 425,
H4. 463, and 479).

The data for Texas were tabulated from the bulletins of the Texas
pgricultural Experiment Station entitled Commercial Iertilizers (Bulle-
ns 217, 233, 248, 265, 280, 298, 312, 322, 335, 346, 368, 387, and 403).



