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Comparative Value of Rock Phosphate 
and Superphosphate as Fertilizers 

Roy 0 . Bridgford and C. 0 . Rost1 

W
HAT IS THE MOST efficient phosphorus fertilizer? The 
question is not as simply answered as it could have been 

8 
few years ago. Modern technology has produced many different 

fertilizers containing phosphorus, but superphosphate is still the 
backbone of the fertilizer industry. 

All fertilizer phosphorus comes from phosphate rock-trical
cium phosphate. The phosphorus in the rock is not readily avail
able to crop plants because the natural rock contains 1 to 3 
percent of fluorine, and this makes the phosphorus soluble with 
difficulty. Nevertheless, it has been and still is the practice to 
grind the rock very finely and use it for fertilizer, since some 
of the phosphorus becomes available with time. In the fertilizer 
trade, this finely ground rock is called by various names such 
as "rock phosphate," "ground rock phosphate," and "raw rock 
phosphate." 

It was found by treating the phos
pbate rock with an acid, that the phos
pborus could be changed to a soluble 
form and thus be readily available to 
die growing crop. The acid-treated 
product is designated as a "superphos
pbate." The amount or percentage of 
phosphorus in superphosphate is de
pendent on the amount of phosphorus 

the original rock and the kind of 
tiCid used in acidulation. 

By treating a high grade of rock with 
IUlfuric acid, a 20 percent P.o. material 

produced. In the trade this is present-
known as single-superphosphate. 

When the rock is treated with phos
pbaric acid, a fertilizer containing 45 to 
tl percent phosphate (P.O.) is obtained. 
ftla Is called double-superphosphate or 
triple-superphosphate. The latter comes 
flam the fact that the original super
piloaphate contained only 16 percent 
PA 

While early practice was to use rock 
phosphate as a fertilizer because of its 
low cost and the scarcity of acidulating 
facilities, the superiority of superphos
phate was soon recognized. This gave 
rise to one school of thought which felt 
that the extra cost for acidulation was 
well worth-while. A second school held 
that even though rock phosphate was a 
somewhat slower acting material it was 
more economical to use, applying it at 
a heavier rate. 

The merits of rock phosphate and 
superphosphate have been studied over 
a long period of years. Experiments 
conducted at the Ohio, Indiana, and 
Illinois Agricultural Experiment Sta
tions are noteworthy. In these states, 
superphosphate was found to give some
what greater increases in crop yields 
than rock phosphate. This was especial
ly true in Ohio and Indiana. Because 
of the price differential between the two 

0. Bridgford, associate professor emeritus, was agronomist at the West Central 
~--:··d Experiment Station, Morris, from 1918 until his retirement in 1956. C. 0. Rost, 

ementus, was head of the Department of Soils until his retirement in 1954. 
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tertilizers at that time, Illinois investi
gators considered the use of rock phos
phate more economical. Those at the 
Ohio Experiment Station felt that su
perphosphate was enough superior to 
recommend its use over rock phosphate. 
The history of the experiments in east
ern states along with those obtained 
in Ohio and Illinois has been reviewed 
and discussed by Hopkins.' Lang' re
viewed the results obtained in Illinois 
since Hopkins' time. Recently Collings' 
(p. 225) discussed the comparative value 
of the two fertilizers. 

A pound of P.O. in rock phosphate is 
lower in cost than a pound in the form 
of superphosphate. However, since the 
phosphorus in rock phosphate is not 
readily soluble it is usually applied at 
a much heavier rate than superphos
phate. This tends to equalize or increase 
costs. The question then arises as to 
which form gives the better returns in 
the form of increased crop yields. This 
bulletin is concerned with the yield in
creases obtained in a 40-year experi
ment comparing the two forms as they 
affect crops grown in a 4-year and a 
3-year rotation. 

PLAN OF THE EXPERIMENT 

In the spring of 1914 four series (or 
sets) of plots numbered I to IV were 
laid out at the West Central Experiment 
Station at Morris, Minnesota, each set 
consisting of 18 plots of 6 treatments 
in triplicate. (See figure 1.) 

The treatments and plot numbers on 
each series were as follows: 

Plots 1, 
Plots 2, 
Plots 3, 

6, 13-No treatment (checks) 
7, 14-Rock phosphate 
8, 15-Rock phosphate and 

manure 
Plots 4, 9, 16-Manure 
Plots 5, 10, 17-Superphosphate and 

manure 
Plots 6, 11, IS-Superphosphate 

Each series was planted to 
corn, wheat, oats (with 
hay, and this sequence was 
from 1915 to 1936, inclusive. Thus 
crop appeared each year on one ot 
four series of plots. Five rotations 
have normally been completed in 
Because of severe drouth, no crops 
harvested in 1933 and 1934 so the 
was extended to include 1936. 

Finely ground Tennessee rock 
phate, 33 percent P.O., was 
the rate of 1 ton per acre. The 
application was made in 1914 and 
peated at the same rate in 1926 
1943, and 1953. Thus plots on whi'ch 
rock phosphate was applied 
tons per acre during the 40-year 
This was equivalent to 3,300 
P.O.. The rock phosphate was 
cast in the spring on all series 
worked into the soil. 

When the experiment was initia•-..i 
1914, superphosphate was applied 
percent -material at the rate of 
pounds of fertilizer (76.8 pounds 
P.O.) per acre every 4 years. As 
experiment progressed, 20 percent 
then 45 percent superphosphate 
used-but the rate of application of 
pounds of P .o . every 4 years was 
tained. The total amount of P.O. 
plied in the 40-year period 
pounds per acre. The superpL---L 
was broadcast in the spring 
and was worked in when the 
was prepared. 

Manure was applied at 8 tons 
acre preceding the corn crop. This 
is equivalent to 2 tons per acre per 
When the experiments were 
1914, proportional amounts of 
were applied on the plots to 
manure on each of the series. 

One year was required to seed 
hay crop and for seeding of a 
manure crop to serve as a 
for the hay crop which preceded 

2 Hopkins, Cyril G . 1910. Soit Ferti li ty and Permanent Agriculture. Ginn and 
• Lang, A. L. 1950. "The use of rock phosphate in Dlino!s during and since the 

Hopkins." Proc. Soil Science of Florida. 10, 47, 1950. 
• Collings, Gilbreath H . 1955. Commercial Fertilizers. McGraw-Hill, New York. 
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1 18 1 1 18 1 [u - 18 I 
I 171 I 171 I 171 
I 16 I I 16 I I 161 
I 151 I 151 I 15 I 
I 14 1 1 14 1 I 14 I 
I 13 I I 13 I I 13 I 

I 12 I 1 12 1 1 12 1 I 121 
I 11 I I 11 I I 11 I I 11 I 
.---I 10 I I 10 I .---1__,0 I w I 
I 9 1 I 9 1 9 I 91 

I s I I sl 8 I sl 
1 71 I 71 7 71 

[ 181 I 6 I 6 1 I 6 61 

[ 171 1 5 1 51 1 5 1 51 
I 16 I I 4 I 4 I I 4 I 41 
[ 151 I 3 I 

3
1 I 

3 
I 3 1 

I 14 I I 2 I 2l I 2l I 2l 
I 13 I I 1 I 1 I I 1 I I 1 I 

IV IV III II I 

Fig. 1. Diagram of the plots used in the experimental work, 1914 through 1954, at 
tile WHt Central Experiment Station, Morris, Minn. Six treatments were carried out in 
trlpllcate on each series of 18 plots, Series I to IV. The pl"an of the experiment is de
ICIUied in detail in the text (pages 6 and 8). 
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For these reasons the first crops of the 
rotation were harvested in 1915. 
. In 1937 after the growing of twenty 
crops, six plots of Series IV were need
ed for other purposes, leaving only 
three of the series of plots intact. The 
cropping system was then reduced to 
a 3-year rotation of corn, wheat, and 
hay, and cropping was confined to 
Series I , II, and III. The treatments, 
however, remained the same except 
that the rate of application of manure 
was reduced to 6 tons per acre and 
superphosphate to 57.6 pounds of P ,O. 
per acre. The rate of application of rock 
phosphate continued the same. 

In the first period of twenty years 
(1915-36) there were some interruptions. 
In 1918, during World War I, all series 
were seeded to wheat and in 1933 and 
1934, years of severe drought, all crops 
failed compl.,etely. The 3-year rotation 
(1937-1954) was uninterrupted. 

SOIL CONDITIONS 

The soil upon which the plots were 
located is Barnes silt loam. The Barnes 
soils were developed on calcareous gla
cial till and are neutral to slightly acid 
in reaction. Moderately low precipita
tion (22-23 inches), an abundance of 
tall-grass vegetation, and good drainage 
combined to furnish ideal conditions for 
the development of the dark color of 
these soils. Accordingly, the organic 

matter content is high and the 
tive capacity under adequate 
equally high . 

These prairie soils usually carry 
amounts of available potash, but 
supply of available phosphate is 
inadequate for maximum crop 
They were originally well supplied 
nitrogen, but in many instances thia 
been reduced by heavy cropping to 
and wheat. 

WEATHER CONDITIONS 

At the end of 1915, the normal 
rainfall at the West Central 
Station was 23.31 inches and 
mean temperature was 41.3• F . 
records had been kept since 
for a 30-year period prior to 1915. 
normal mean precipitation and 
mean temperature were 
averaging the annual pre"i"'a~ •:-

annual temperatures of 
period. 

By the end of 1954, the normal 
precipitation was 23.49 inches 
normal mean temperature 42.2• F. 
means that on the average 0.18 
more water, in the form of rain 
snow, fell annually in the 40-year 
riod ending in 1954 than fell 
1885 and 1915. The annual mean 
perature had increased by 0.9 
degree, indicating a slightly 
tendency for the period as a 

Table 1. Varia tion in precipitation and tempera ture at West Central 

Experiment S tation. Morris, 1915-54 

Period Above 
normal 

1915-18 ................................................ 2 

1919-22 ·-··--·········-··---··-·--···- I 
1923-26 ............... _ ....... __ ........... -
1927-30 .......... _ ......... -·--·--··· 

1931-36 -··----·--···---·---·-- 1 
1937-39 ···--··-·--·-·--·--··-·---- 1 
1940-4.2 ··-----.. ··-··-·-·- 2 
1943-45 ··-··-----···-·· 1 
1946-48 -·-------·- 1 
1949-51 ........................... -................. 1 
1952-54 ,,,,.,,,.,.,,,,,,_ .... _.,.,............. 1 

Precipitation 

Number of years 

Normal 

0 
2 
0 
1 
1 
1 
0 
0 

8 

Below 
normal 

2 
3 

5 

0 

2 
2 

Above 
normal 

1 
2 
1 
2 
3 
2 
1 

0 

Temperature 

Number of years 

Normal 

2 

2 

periods of years may show 
wide variations in annual precipi
and average annual temperature. 

.,.._ther records for the 40-year period 
examined and the number of 

JflllfS in which the annual precipitation 
~ed 1.0 inch from normal, and an
_.al temperature by 2.0 degrees F. 
.-n normal, were recorded for each 
croP rotation. These data are shown in 

ilble 1-
J»reeipitation was below normal in 19 

16 
nearly half of the 40 years; it was 

....,mal in 8 years and above normal in 
11 years. The tendency, therefore, was 
.... precipitation to be close to normaL 

Temperatures were normal in 21 
,....,. above normal in 15 years, and 
IJe)ow normal in only 4 years. Thus, 
tbl period tended to be warmer than 
JIOI'IIlSI as well as slightly more moist. 

A severe drought occurred during the 
1111-36 period. During these 6 years, 
,ncipitation was below normal in 5 
,.us and temperatures above normal 
In 3 years (table 1). Drought conditions 
were so severe that crops failed· com
pletely in 1933 and 1934. Because of 
Ibis, the rotation period which would 
lllve normally ended in 1934 was ex
tlndcd to 1936. 

EXPERIMENTAL RESULTS 

A large amount of data was accumu
la&ed during the 40-year period. For 
tiM present purpose these data are pre
•ted on the basis of complete rota
doos. Thus between 1915 and 1936 
:amitting 1933 and 1934, when crops 
tilled> there were five 4-year rotation 
periods. From 1937 to 1954, inclusive, 
when a 3-year rotation was employed, 
tlaere were six rotation periods. This 
-.de a total of eleven rotation periods. 

In each period, each crop was grown 
Glee on each series of plots. The yield 
.... for each period were subjected to 
Matiatical analysis. Average yields and 
~ases required for significance are 
RJorted in subsequent tables. This pro

was followed for all crops. In 
manner the effectiveness of the 
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different treatments for each rotation 
period and for the entire 40-year period 
may be observed. Increases in yield 
which are significant at the 5 percent 
level are marked with an asterisk (*) 
and those significant at the 1 percent 
level with a double asterisk (**). 

(If significant at the 5 percent level, 
the chances are 19 to 1 that the increase 
is a real or a valid one. For those sig
nificant at the 1 percent level, the 
chances are 99 to 1 that the increase is 
real or valid. When the analysis showed 
that yields were too variable to obtain 
a measure of significance, they are indi
cated by N. S.-"not significant.") 

Corn 
The effect of the six treatments on the 

yield of corn during the eleven rotation 
periods is shown in table 2. When com
pared with the check or untreated plots, 
rock ·phosphate failed to produce a sig
nificant increase in the yield of corn in 
any of the eleven rotation periods. But 
since there was some increase in most 
rotation periods, the accumulative ef
fect on 36 crops over the 40-year period 
was enough to make the average in
crease of 2.9 bushels per acre signifi
cant, when the entire period is con
sidered. 

In no period did rock phosphate and 
manure produce a significant increase 
in the yield of corn over that obtained 
with manure alone. The average yield 
over the entire period was only 0.1 
bushel greater for rock phosphate and 
manure combined than for manure 
alone. 

Superphosphate used alone gave sig
nificant increases in the yield of corn 
over the untreated plots in four of the 
eleven periods. The average increase for 
the entire 40-year period was 4.7 bush
els. Thus the overall effect was con
siderably greater than for rock phos
phate. 

When superphosphate was combined 
with manure, it was not significantly 
more effective than manure alone. The 
effectiveness of manure on the yield of 
corn is worthy of note. 
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Wheat 

Tbe data for wheat are shown 1n table 
BoCk phosphate alone did not pro

a significant increase in the yield 
fll wheat in any of the eleven rotation 

·oc1s. Moreover, the average increase :;r:.l bushels for the 40-year period (38 
croPS) was not great enough to be sig
JI)ftcant-although it closely approached 
_,.uJicance. _Where rock pho~phate was 
CIIIJlbined w1th manure, the mcrease in 
,teld of wheat was generally no greater 
tJia."l that from manure-and the 40-
,..-r average was less. 

Superphosphate when used alone in
creased the yield of wheat significantly 
ill eight of the eleven rotation periods. 
111e average increase for the 40-year 
period was 5.3 bushels per acre. When 
.uperphosphate was combined with 
JDIDUre, the yields were generally high-

than those secured with manure 
alone-but were significantly higher in 
Cll1ly the 1946-48 rotation period. The 
average increase of 8.0 bushels for the 
entire period was significantly higher 
than for manure alone. 

Oats 
Oats were included in five rotation 

periods between 1915 and 1936, inclu
sive. Nineteen crops were grown. Rock 
phosphate alone was not effecive in 
producing a significant increase in any 
one of the five rotation periods or for 
the entire period in which oats were 
pown (table 4). When rock phosphate 
wu accompanied by an application of 
IDIIlure, it was less effective than ma
aure alone. 

Superphosphate used alone gave 
hilhly significant increases in the yield 
ol oats in three of five rotation periods, 
IDd thl' overall increase of 8.6 bushels 
wu highly significant. 

When superphosphate and manure 
were combined, the increases were 
lllmewhat greater than with manure 
llane-but were significantly higher in 
11117 the 1923-26 period. 

'nle oat crop appears to be little bene
tt.d by rock phosphate but definitely 
llaproved by superphosphate. 
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Red Clover-Timothy 
During the first 20 years of the ex

periment, red clover and timothy were 
seeded with oats; in the second 20, with 
wheat. A seeding mixture of 8 pounds 
of medium red clover and 6 pounds of 
timothy was sown for the hay crop . 

In only two of the eleven rotations 
did rock phosphate used alone signifi
cantly increase the yield of hay (table 
5). An average increase for the 40-year 
period of 0.24 tons per acre was highly 
significant. When used with manure it 
was little better than manure alone, the 
40-year average increases being 0.63 
and 0.59 tons per acre, respectively. 

Superphosphate used alone signifi
cantly increased the yields of hay in 
eight of the eleven rotation periods, and 
the average increase for the entire pe
riod was 0.54 tons per acre. This in
crease was slightly more than double 
that obtained from the use of rock phos
phate alone. 

Yields obtained when superphosphate 
and manure were combined were not 
significantly higher than those obtained 
with manure alone. The average for the 
eleven rotation periods, however, was 
significantly higher than the average 
for manure alone. 

Residual Effect of Rock Phosphate 
and Superphosphate 

Beginning in 1937, Series IV was dis
continued and a 3-year rotation es
tablished on Series I , II, and III. From 
1937 to 1944 inclusive, plots 1 to 12 
inclusive of Series IV (see figure 1) were 
used for growing bulk crops of alfalfa 
hay, corn, and grain. During that period 
no fertilizer or manure was applied. 

In 1945, these 12 plots were divided 
into three strips or sub-series and a 3-
year rotation of corn, wheat, and hay 
established and continued for 9 suc
cessive years. No fertilizer or manure 
was applied during the 9-year period. 
Since the original plots were 2 rods 
wide and 8 rods long, the divided plots 
were 2 rods wide by 2% rods long. 

The residual effects of phosphate fer
tilizers may be m easured in several 
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Table 6. Residual effect of rock phosphate. 
manure. and superphosphate on the available 
phosphorus in the soil . as indicated by "A" 

values and Bray's adsorbed test • 

Treatment 

Bray's 
" A" values adsorbed 
red clover phosphorus 

None ___ ....... ------.. ·-·· _ ...... -.... 69 
Rock phosphate ___ ·----.. 70 
Rock phosphate and manure 73 
Manure ........ .... ......... ................. ...... 112 
Superphosphate and manure 135 
Superphosphate __ .. . 160 

6 
7 

12 
12 
19 
12 

increase was no greater than obtained 
with manure alone. 

Superphosphate on the other hand 
greatly increased the uptake by red 
clover, but the amount in the soil was 
no greater than where manure only was 
applied. When combined with manure, 
superphosphate produced a greater up
take by clover than the manure treat
ment alone and greatly increased the 
soil phosphorus . 

DISCUSSION 

The results obtained with the four 
crops over the 40-year period are sum
marized in table 8. The average yield 
increases from superphosphate used 
alone were much higher than those ob
tained by the use of rock phosphate 
only. Combining rock phosphate with 
manure did not significantly increase 
its effectiveness since the increases were 
no greater than obtained with manure 
alone. 

When superphosphate was combined 
with manure, the average increases in 
all cases were greater than .were ob
tained with manure alone. These in
creases were significantly higher for 
wheat and clover-timothy hay but not 
for corn and oats. 

The value of manure in a crop rota
tion system is fully demonstrated in this 

Frl('(!, Maurice and Dean, L . A . " A concept concerning the measurement of available 
nutrients." Soil Science, 73 :263, 1952. 

. ~~rav. R. H . and Krutz. L . T. " Determination of total, organic and available fo rms of 
,,_.orus in soils." Soil Sci ence, 59:39-45. 1945. 

-.,'Caldwell, A . C. Studies on Phosphate Ferti lizers i n M innesota . Soil Series No. 44. Uruver
Mlnnesota, Institute of Agriculture, Department of Soils. 
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experiment. When manure was 
alone, substantial yield increases 

ttl tbe four crops were obtained, as 
1JPWD by the data in tables 2 to 7 

)Ddusive. 
1'be nutrient lowest in supply in ma-

aare ill phosphorus and supplementing 
It witb a supply of readily available 
pbOIPhatc is generally considered to be 

8 
JOOd practice. In the case of these 

~ments, the addition of superphos
p~a~te to manured land significantly in
Cnue.:J the yields of wheat and clover
IIIIIOthY hay but not of oats and corn. 

One advantage claimed for rock phos
pbate has been its residual effect. Re
.ults obtained in this study show that 
IIIPlications of superphosphate were far 
-..perior to rock phosphate in carry
fill« or residual effect. 

StJMMARY AND CONCLUSIONS 

The experiment reported here tested 
&be effect of rock phosphate and super
phosphate as fertilizers on the yield of 
crops in a 3-year and 4-year rotation 
over a 40-year period, 1915-1954. The 
materials were used singly and in com
bination with barnyard manure. The 
).year rotation was corn, wheat, and 
bay; the 4-year rotation, corn, wheat, 
oats and hay. 

The following conclusions may be 
drawn: 

phosphate used singly did not 
ugnificantly increase the yields of 
com or wheat in any of the eleven 
rotation periods, although the aver
age increase of 2.9 bushels in the 
yield of corn over the eleven periods 
was significant. 

I. Rock phosphate produced no signifi
eant increase in the yield of oats over 
lve rotation periods. 

.t. Rock phosphate increased the yield 
of hay significantly in two of the 

15 

eleven rotation periods. The average 
increase over the 40-year period was 
0.24 tons, which was highly signifi
cant. 

4. Combining rock phosphate with ma
nure did not significantly increase 
the yield of any of the four crops 
over yields obtained with manure 
alone. In a number of cases the yields 
were slightly higher than obtained 
with manure but not significantly so . 
Yields with manure alone frequently 
exceeded those obtained with the 
combination. 

5. Superphosphate used alone signifi
cantly increased the yield of corn in 
four, wheat in eight, and hay in 
seven of the eleven rotation periods. 
Oats were significantly increased in 
yield in three of the five periods. 
It was much more effective than rock 
phosphate. 

6. In two instances, superphosphate and 
manure produced significantly higher 
yields than manure alone. In all 
other cases, however, the combina
tion was no better than manure 
alone. 

7. Average increases in yields of all 
crops for the 40-year period were 
much greater from superphosphate 
than from rock phosphate. 

8. Manure used alone increased yields 
of all crops. It significantly increased 
the yield of corn in six, wheat in 
nine, and hay in eight of the eleven 
rotation periods. Oats yields were in
creased in two of the five periods in 
which oats were grown. 

9. A study of the residual effects of the 
fertilizers-begining 9 years after the 
application of the phosphates and 
manure had ceased- showed that 
superphosphate was much superior 
to rock phosphate in its ability to 
supply residual phosphate. 




