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COVER PHOTO: The availability of the phosphorus is important. The tall
corn on the left was fertilized with superphosphate; the short corn on the
right was fertilized with rock phosphate.



Summary and Conclusions

ields of corn, wheat, and red clover in a 3-year rotation are

summarized on three major soil series at three locations for
periods ranging from 10 to 13 years.

e Phosphorus was the fertilizer element under study through-
out the entire course of these experiments. In the beginning
three different sources of phosphorus—concentrated superphos-
phate (CSP), fused tricalcium phosphate (FTP), and rock phos-
phate (ROCK) —were compared, usually at two rates. Later
some phosphorus treatments were dropped, at which time the
experiment was changed to a study of rates of phosphorus (CSP)
and potassium. One ROCK treatment was continued through-
out.

e Significant yield responscs to applied phosphorus were ob-
tained with all three crops on all three soils. The performance
of FTP in most cases compared favorably with that of CSP, but
the performance of ROCK was greatly inferior, even where
ROCK was applied at a rate three times that of the “available”
phosphates. Assigning a value of 100 for the yields obtained
with GSP, the average relative yield obtained with FTP on all
crops at all locations was 95, while the relative yield obtained
with ROCK at the higher rate was 76. ROCK was least satis-
factory on wheat of the three crops studied. Of the three soils
ROCK’s poorest performance was on a virgin Hartsells loam, a
soil derived from sandstone on the Cumberland Plateau.

e In the rates studies of phosphorus and potassium, which
were conducted in the latter half of these experiments, 40
pounds of P,O; appeared to be ample for corn, except an in-
crease of about 5 bushels was obtained with an 80-pound P,O,
application on Cumberland loam at Knoxville. Wheat continued
to respond to phosphorus up to the last increment (80 pounds
of P,O, per acre), although the greatest response was to the first
increment (40 pounds of P,O,) .

¢ Applications of potassium had little effect on yields on the
Cumberland soil, but became of major importance on corn and
red clover on a Dickson silt loam at Springfield. On this soil corn
and wheat responded to applications as high as 90 pounds of K,O
per acre. Potassium was not under study on the Hartsells soil.

¢ Red clover was not fertilized directly. Difficulty was expe-
rienced in getting stands at Knoxville and Springfield; in some
years the crop was a failure.
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Phosphorus and Potassium
Fertilization in
Crop Rotations
by

O. H. Long, J. A. Odom, and L. M. Safley’

INTRODUCTION

A 3-year rotation of corn, wheat and red clover was conducted at
: each of three locations—Knoxville, Crossville and Springfield—
beginning in the fall of 1948 and extending over periods ranging
from 10 to 13 years. When the experiments were started the fertilizer
_ element under study was phosphorus and different phosphate ma-
. terials were applied, most of them at more than one rate. About
. midway in the course of the experiments some of the phosphates
were discontinued, at which time potassium was introduced as a
fertilizer variable.

The experiments were so arranged that all three crops of the rota-
tion grew every year. This was accomplished by providing three
blocks or ranges of land. Corn would be on one block, wheat on
another, and red clover on still another, with the crops following
each other in the order: corn-wheat-red clover. This order was re-
peated until the experiments were concluded.

EXPERIMENT AT KNOXVILLE—FIRST PHASE

The rotation on the University (Blount County) Farm at Knox-
ville was located on a Gumberland soil, the surface of which is largely
loam in texture but includes some clay loam (about 209, of the
area) . The experiment originally contained seven phosphorus treat-
ments, each replicated six times. Soil samples taken before the ex-
periment was started indicated a pH in the range of 6.5 to 6.9, low
to very low in phosphorus and medium in potassium (155 pounds
K per acre).

Concentrated superphosphate (CSP), rock phosphate (ROCK),
and fused tricalcium phosphate (FTP) were the three phosphorus

1Professor of Agronomy, Knoxville, and Supcrintendents of Plateau Experiment Station, Crossville,
and Highland Rim Experiment Station, Springficld, respectively, DL . Latham was in charge of
the rotation at Springfield during (he period 1948-1951,
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sources under test, each applied at two rates. CSP and FTP were
applied at rates of 60 and 120 pounds of P:O; (26 and 53 pounds
of P) per acre while ROCK was applied at rates of 120 and 360
pounds P2O5 (53 and 158 pounds of P) for the 3-year period.”? Where
CSP and FTP were used the application was divided, one-third be-
ing applied to the corn crop and two-thirds to the wheat crop. Red
clover, which was usually over-seeded on the wheat in late winter,
was not fertilized directly. ROCK was applied broadcast once in the
rotation cycle, before wheat was seeded.

Nitrogen and potassium were applied at uniform rates—65 pounds
of N per acre on corn, 35 pounds of N on wheat; and 50 pounds of
K-O (42 pounds of K) per acre to both the corn and wheat crops.?
These materials were applied in the row for corn and broadcast for
wheat.

The yields obtained with CSP and ROCK are shown in Table 1;
the yields obtained with F'TP will be discussed later.

Table 1.—Yields of corn, wheat, and red clover obtained with concen-
trated superphosphate (CSP) and rock phosphate (ROCK) in a 3-year
rotation on Cumberland loam. (First phase, 1949-1955)

(Average of 6 replications)

” A6- or

Source of phosphorus i
and pounds per acre Year __| T-year
of P.0s for 3-year 1949 1950 1951 1952 1953 1954 1955 | average
period (
. CORN (bushels per acre)
CSP, 60 77.7 94.5 78.7 28.2 66.0 52.3 A 66.2
CSP, 120 820 108.0 88.6 341 686 54.5 726
ROCK, 120 704 93.1 68.5 24.6 66.4 425 . 609
ROCK, 360 76.9 1019 79.2 33.8 688 49.1 68.3
L.S.D. (5%) 10.7 88 16.9 8.1 N.S. N.S.
WHEAT (bushels per acre)
Csp, 60 31.8 39.1 30.7 35.2 448 325 S 35.7
CSP, 120 302 438 351 39.8 482 40.2 . 396
ROCK, 120 29.6 29.8 21.6 22.1 30.6 24.0 . 26.3
ROCK, 360 30.5 308 23.6 279 384 28.6 . 300
L.S.D. (5%) N.S. 33 52 27 33 39
RED CLOVER HAY (tons per acre)
CSP, 60 0.98 3.76 1.96 0.35 043 0.50 0.28 118
CSP, 120 1.11 3.83 2.04 0.39 0.61 1.06 050 136
ROCK, 120 1.13 295 1.48 0.38 0.24 0.45 063 104
ROCK, 360 1.08 3.11 1.85 0.51 0.33 1.19 0.64 124
L.S.D. (5%) NS. N.D.* ND.* 0.13 N.S. 040 N.S.

*N.D. = Not determined. Red clover yields include one cutting on the area wherc wheat was
harvested earlier that same year.
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Corn yields for the 6-year period, 1949-1954, averaged the lowest
(60.9 bushels) where ROCK was applied at the 120-pound P05
rate and the highest (72.6 bushels) where CSP was applied at the
120-pound P.O; rate. ROCK at the 360-pound P2Oj rate produced
yields averaging slightly higher than those produced with CSP at
~the 60-pound P.O; rate. With both phosphorus sources there was
an increase in yicld with the higher rate of application; CSP pro-
duced 6.4 bushels and ROCK 7.4 bushels more corn at the higher
" qate than at the lower rate. Corn yiclds were highest in 1950 and
~lowest in 1952; the average yield of almost 100 bushels in 1950 was
more than three times the average yield in 1952, a very dry year.

- As with corn, wheat yields werce also lowest with the ROCK treat-
ment at the 120-pound P.O; rate; this treatment averaged 26.3
bushels per acre. In fact, the higher rate of ROCK was inferior to
- the lower rate of CSP. The highest yield (39.6 bushels) was obtained

with CSP at the 120-pound P.,Oj5 rate. Wheat yields did not fluctuate
_as widely as those of corn. The highest yield (averaging 40.5 bushels)
~was obtained in 1953 and the lowest (averaging 27.8 bushels) in
" 1951—a spread of less than-13 bushels.

Red clover yicelds were fairly satisfactory in the early years of the
rotation, but declined in later years. This decline may be attributed
~in part to a build-up in the disease-causing organisms that attack red
clover, but the more likely explanation was the competition by the
wheat in which the red clover was seeded. In later years, in an at-
tempt to avoid this competition and to get better stands of red clover,
seedings were made on seedbeds prepared after the wheat was har-
-~ vested, but stands and growth continued to be unsatisfactory. As a
7-year average the maximuim yield of red clover hay (1.36 tons) was
obtained with GSP at the higher rate. The yield obtained with
ROCK at the higher rate (1.24 tons) was a close second. ROCK
at the lower rate produced the lowest yield (1.04 tons).

FUSED TRICALCIUM PHOSPHATE.—As mentioned earlier,
fused tricalcium phosphate (FTP) was used in the first phase of this
experiment. Two particle sizes were tested: one was rather coarse
(ground to pass through a 10-mesh screen) while the other was finer
(ground to pass through a 40-mesh screen). The coarser material
was applied at two rates. The yields obtained with the FTP treat-
ments were as follows:

2 The customary practice is to express phosphorus fertilization in terms of P,0; and potassium
fertilization in terms of K,0. For those who prefer to express these two plant nutrients in terms of
the elements phosphorus (P) and potassium (K), any rate of P,O; can be converted to P by multi-
plying that rate by 0.44; any rate of K,O can be converted to K by multiplying that rate by 0.83.
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G- or 7-year average

Particle size and pounds of Corn Wheat Red clover hay

P,O; applicd per 3-yr. period Bu./A Bu./A Tons/A
FTP, -10 mesh, 60 66.8 31.9 1.31
FTP, —-10 mesh, 120 71.0 34.5 1.49
FTP, —40 mesh, 60 69.3 32.0 1.10

Comparing these yields with those obtained with CSP (Table 1), it
will be seen that FTP compared favorably with CSP on corn but was
slightly inferior on wheat and red clover.

EXPERIMENT AT KNOXVILLE—SECOND PHASE

Beginning with the wheat crop in 1954, a change was made in the
fertilizer treatments on the rotation at Knoxville. The three fused
tricalcium phosphate treatments and rock phosphate at the lower
rate (120 pounds of P.O;) were discontinued. Their discontinuance
provided space which permitted a study of CSP at more than two
rates as well as potassium at more than one rate. At the same time
the number of replications of cach treatment was reduced from 6
to 3.

CORN.—In Table 2 the yields of corn with the various fertilizer
treatments for the 7-year period, 1955-1961, are presented. This table
also shows the former fertilizer treatments.

Summarizing treatments 1 to 12, corn yields for the various rates
of phosphorus fertilization across all rates of potassium are as follows:

Phosphorus rate " Bushels of corn per acre
(Pounds of P.O; per acre) (7-year average, 1955-1961)
57.1
40 : 70.1
60 70.8
80 75.0

The vyields for the various rates of potassium fertilization across all
rates of phosphorus are as follows:

Potassium rate Bushels of corn per acre
(Pounds of K,O per acre) (7-ycar average, 1955-1961)
0 65.9
30 69.1
60 69.7

From these data it can be concluded that on this soil phosphorus
fertilization was of much more importance than potassium fertiliza-
tion. Where no phosphorus was applied corn yields averaged 57.1
bushels, but they averaged 70.1 bushels where phosphorus was ap-
plied at the 40-pound P»Oj; rate—an increase of 13 bushels. A further
increase of about 5 bushels was obtained at the 80-pound P»Oj rate.
The increase from potassium was only 3 or 4 bushels.
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Table 2.—Yields of corn obtained with various phosphorus-potassium treatments in a 3-year rotation on Cumberland
loam (Second phase, 1955-1961)

(Average 3 replications)

Tmt. Former treatment Fertilization®
No.  (Period 1948-1954) (Ib./acre) Year 7-year av.
P.0s K.0 1955 1956 1957 1958 1959 1960 1961
Bushels per acre

1 Rock 120 0 0 712 63.3 314 57.9 708 50.8 58.1 57.6
2 Rock, 120 0 30 64.4 619 298 54.7 68.1 53.2 50.1 54.6
3 FTP, -10 mesh, 60 1] 60 706 420 44.6 60.9 63.5 715 59.8 59.0
4 FTP, -10 mesh, 60 40 0 78.7 782 473 714 795 76.6 69.4 716
5 CSP, 120 40 30 77.2 62.1 40.2 80.4 745 68.3 86.5 69.9
§  CSP, 60 40 60 766 63.6 418 748 69.3 80.9 745 68.8
7 FTP, -40 mesh, 60 60 0 83.3 63.1 386 674 69.0 59.1 74.2 65.0
8  CSP, 120 60 30 875 65.1 56.7 86.7 776 8.1 770 762
9 CSP, 60 60 60 80.3 67.0 41.1 80.2 73.7 729 83.6 713
10 FTP, -40 mesh, 60 80 0 84.7 72.1 162 7138 733 709 67.6 69.5
11 FTP, -10 mesh, 120 80 30 86.8 58.9 4938 94.0 66.3 86.7 87.9 758
12 FIP, -10 mesh, 120 80 60 83.9 81.2 58.1 80.6 81.1 90.1 83.4 79.8
13 Rock, 360 360° 60 80.6 60.4 55.0 81.7 69.5 £33 91.0 745
14 Rock 360 #53601 60 81.2 744 35.7 89.9 827 66.4 9.1 749

* All treatments fertilized with neutralized ammonium nitrate at rate 65 pounds N per acre.
#*ROCK supplemented with CSP at rate 20 pounds P,O; per acre.
1ROCK was applied only once in the rotation—before seeding wheat.



Rock phosphate (treatment 13) compared very favorably with
concentrated superphosphate in this the second phase of this experi-
ment. Its performance was not improved by supplementing it with
small amounts of CSP (treatment 14). ROCK with or without CSP
averaged about 75 bushels of corn per acre, which was about the yield
obtained with CSP at the 80-pound P.,O; rate. The ROCK treat-
ments could not have been affected by a different phosphate in the
first phase, as these treatments remained unchanged throughout the
entire course (13 years) of this experiment.

WHEAT —Yields of wheat are presented in Table 3 in a manner
similar to that for corn. Summarizing treatments 1 to 12, wheat yields
for the various rates of phosphorus fertilization across all rates of
potassium are as follows:

Phosphorus rate Bushcls of wheat per acre
(Pounds of P,O; per acre) (7-ycar average, 1955-1961)
0 22.3
40 36.1
60 37.4
80 39.2

The yields for the various rates of potassium fertilization across
all rates of phosphorus are as follows:

Potassium rate Bushcels of wheat per acre
(Pounds of K.O per acre) (7-year average, 1955-1961)
0 32.8
30 34.4
60 34.1

Wheat, like corn, responded markedly to phosphorus fertilization.
Where no phosphorus was applied the average yield was 22.3 bushels
per acre. At the 80-pound P.Oj; rate the yield was 39.2 bushels—al-
most double the yield of the no-phosphorus treatment. Most of this
increase occurred with the first increment of phosphorus. Potassium
fertilization was of little effect on wheat yields; the increase from
applied potassium was about 114 bushels.

RED CLOVER.—Yields of red clover hay are presented in Table
4. The disease problem, which has already been mentioned, became
more severe in the second phase. In 1959 and 1960 the stand was so
poor that yields were not measured. Most of the red clover seedings
in the second phase were made on prepared seedbeds. Summarizing
treatments 1 to 12, hay yields for the various rates of phosphorus
fertilization across all rates of potassium are as follows:

Phosphorus rate Tons of red clover hay
(Pounds of P,O; per acre) (6-year average, 1956-1961)
0 0.57
40 0.84
60 0.85
80 1.08
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Table 3.—Yields of wheat obtained with various phosphorus-potassium treatments in a 3-year rotation on Cumberland
loam (Second phase, 1955-1961)

(Average 3 replications)

Tmt. Former treatment Fertilization® '
No. (Period 1948-1954) | (Ib./acre) ! Year 7-yr. av.
[ P:0s K.0 | 1955 1956 1957 1958 1959 1960 1961

T Bushels per acre

1 Rock, 120 0 0 17.8 47.6 18.6 239 156 144 28.1 23.7
2 Rock, 120 0 30 18.1 40.3 15.8 209 11.0 154 23.7 20.7
3 FIP, -10 mesh, 60 0 60 247 405 126 249 144 122 28.7 226
4 FIP, -10 mesh, 60 40 0 206 55.0 235 333 32.1 22.2 402 35.3
5 €SP, 120 40 30 393 533 310 36.2 44.1 19.1 445 38.2
6 CSP, 60 40 60 413 493 270 328 375 183 379 34.9
7 FTP, -40 mesh, 60 60 0 41.6 47.8 26.0 35.8 374 209 40.1 35.7
g CSP, 120 60 30 388 52.2 289 314 153 256 36.4 36.9
s 0SP. 60 60 60 136 53.0 292 334 133 254 494 396
10 FIP, -40 mesh, 60 80 0 52 54.0 286 33.1 385 235 36.6 36.5
1 FTP. -10 mesh, 120 80 30 479 54.0 303 371 495 2.4 50.0 419
12 FIP, -10 mesh, 120 80 60 1156 53.0 3L1 3538 429 279 120 39.2
13 Rock, 360 360° 60 419 50.0 269 3256 36.8 19.4 434 35.9
14 Rock, 360 ##360" 60 282 476 257 313 39.0 28.8 42.1 34.7

« All treatments fertilized with neutralized ammonium nitrate at rate 35 pounds of N per acre.

** ROCK supplemented with CSP at rate 20 pounds P,O; per acre.
1 ROCK was applied only once in the rotation—before seeding wheat.
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Table 4.—Yields of red clover obtained with various phosphorus-potassium rates applied to corn and wheat in a

3-year rotation on Cumberland loam (Second phase, 1956-1961)
(Average 3 replications)

Tmt. Former treatment Fertilization* Year
No. (Period 1948-1955) {Ib./acre) 6-year av.
P:0s K:0 1956 1957 1958 1959 1960 1961
Tons hay per acre
1 Rock, 120 0 0 1.05 0.89 0.85 0.73 0.59
2 Rock, 120 0 30 0.91 0.82 0.90 0.46 0.52
3 FTP, -10 mesh, 60 0 60 1.98 1.04 0.32 0.25 0.60
4 FTP, -10 mesh, 60 40 0 2.03 1.64 1.36 0.78 0.97
5 CSP, 120 40 30 1.79 1.80 0.93 0.34 0.81
6 CSP, 60 40 60 2.09 1.25 0.56 Crop Crop 0.52 0.74
failed failed

7 FTP, -40 mesh, 60 60 0 1.72 1.56 0.78 due due 0.71 0.80
8 CSP, 120 60 30 2.03 1.98 1.50 to to 0.36 0.98
9 CSP, 60 60 60 144 1.56 1.07 disease disease 0.49 0.76
10 FTP, -40 mesh, 60 80 0 1.88 1.40 1.50 0.51 0.88
11 FTP, -10 mesh, 120 80 30 2.72 2.42 0.81 0.55 1.08
12 FTP, -10 mesh, 120 80 60 2.78 2.28 1.77 0.86 1.28
13 Rock, 360 360" 60 351 2.23 0.87 0.57 1.20
14 Rock, 360 #3601 60 1.14 1.87 147 0.70 0.86

* Applied to the previous corn crop and repeated on the wheat.
**ROCK supplemented with CSP at rate 20 pounds of P,O; to the corn crop and 20 pounds to the wheat crop.
*ROCK was applied only once in the rotation—before seeding wheat.



The yields for the various rates of potassium fertilization across
all rates of phosphorus are as follows:

Potassium rate Tons of red clover hay
(Pounds of K,O per acre) (6-ycar average, 1956-1961)
0 0.81
30 0.85
60 0.85

As was the case with corn and wheat, red clover responded mainly
to phosphorus fertilization. Average yields were 0.57 ton of hay on
the no-phosphorus treatment and 1.08 tons at the highest rate of
phosphorus fertilization. The 2 years of failure are included in these
averages. There was little or no response to potassium fertilization at
these low yield levels.

EXPERIMENT AT PLATEAU EXPERIMENT STATION,
CROSSVILLE

The rotation at the Plateau Experiment Station, Crossville, was
located on a virgin Hartsells loam soil, the area having been cleared
of trees the winter before the experiment was started in the spring
of 1948. As far as is known it had never been limed or fertilized. The
Hartsells soil is derived from sandstone.

The area was limed in early spring 1948 using two sources of agri-
cultural lime—Crab Orchard (calcitic) and Mascot (dolomitic)
limestone. The calcitic limestone was applied at two rates—1% ton
and 2 tons per acre; the dolomitic limestone was applied only at the
2-ton rate.

The experimental design was similar to that at Knoxville in that
three blocks of land were used—one for each crop. In the first 5 years
of the rotation winter oats was the small grain crop. (Spring oats was
seeded for hay in 1948.) Wheat was substituted for winter oats be-
ginning in the fall of 1952 because the latter frequently froze out,
due in part to late seedings (after corn harvest).

- GSP, FTP and ROCK were the three sources of phosphorus used
_ in this rotation. CSP was applied at two rates: 60 pounds and 120
pounds of PO per acre per 3-year cycle. FTP was applied at one
rate: 120 pounds of P.O;. ROCK was applied at two rates: 120
pounds and 360 pounds of P.O;. Some increases in rate of applica-
tion were made in 1954, which will be indicated later. With CSP
and FTP the application was divided, one-third of the total amount
being applied in the row for corn and two-thirds broadcast for wheat.
ROCK was applied broadcast only once in the 3-year cycle which,
-~ after the initial application, was just ahead of the small grain seeding.

:
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A split-plot experimental design was used with the phosphorus
treatments as the main plots and the limestone treatments as the

sub-plots.

In all phosphorus treatments nitrogen and potassium were applied.
to the corn and wheat crops—in the row for corn and broadcast for
wheat. The rates were 65 pounds of N and 50 pounds of K.O per
acre for corn, and 35 pounds of N and 50 pounds of K.O for wheat,
Beginning with the 1955 seeding of wheat, the nitrogen fertilization
was Increased to 60 pounds of N on this crop (35 pounds at seeding
and 25 pounds as a spring topdressing).

Soil tests made before the experiment was started were lost but
samples taken in the summer of 1949, about 15 months after the
experiment was started, tested as follows: pH = 5.3 to 5.4 where
limed at the 2-ton rate and pH = 4.9 where limed at the V45-ton rate.
Phosphorus was low (6 pounds P per acre) where CSP was applied
at the lower rate, and potassium was medium (175 pounds K per
acre) . Tests run on a complete sct of soil samples collected from one
range in 1955 (6 years later) indicated no material change in soil
reaction, the pH ranging from 5.1 to $.3 for the three lime treat-

«

ments.

Yields of corn, wheati, and red clover for the period 1948-1957 are
shown in Table 5.

Before discussing the performance of the various crops it should
be pointed out that these yields do not represent the maximum po-
tential of this soil. Phosphorus fertilization in particular was con-
siderably less than optimum. On numerous occasions phosphorus
deficiency symptoms were observed in the growing crops—corn, for
example—particularly at the lower rates of phosphorus fertilization.
Therefore, crop performance should be viewed from the standpoint
of what the experiment was designed to do, namely, to evaluate dif-
ferent sources of phosphorus at moderate rates of application.

CORN.—As a 9-year average corn yields ranged from a high of
50.6 bushels per acre where CSP was applied at the 120-pound-P,0s
rate to a low of 28.6 bushels where ROCK was applied at the same
rate. The difference in corn growth on these two treatments is illus-
trated on the front cover. Note that the performance with ROCK at
the lower rate (Table 5) was consistently inferior to that at the higher
rate until 1954, when the former treatment was supplemented with
CSP. From then on the ROCK-CSP trcatment outyielded the ROCK
treatment. The yield increased about eight bushels where the rate
of CGSP was doubled. FTP compared favorably with CSP at equal
rates. These yields are averages of all lime treatments and their rank-
ing as shown here remained unchanged from one lime treatment to

14



, wheat and red clover obtained with various pﬁbsphoma treatments in a 3-year rotation on
Hartsells Ioam, 1948-1957

(Yields are averages of 3 lime treatments—3 replications of each lime treatment)

Source of phosphorus

and pounds per acre Year
of P,0s applied ! av.
for 3-year period* } 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957
CORN (bushels per acre)
CSP, 60 36.7 36.5 384 479 199 60.2 20.0 60.0 63.0 425
CSP, 120 47.1 429 49.2 56.2 26.9 70.7 22.2 70.6 69.7 50.6
ROCK, 120 9.1 16.9 174 26.2 12.0 393 193 54.7 62.7 e 28.6
ROCK, 360 12.0 26.6 26.5 29.3 174 524 16.4 53.7 58.7 326
FTP, -10 mesh, 120 30.8 438 44.2 56.0 209 , 617 226 639 60.7 A 449
L.S.D. (5%) 7.2 6.0 38 7.1 3.8 145 2.6 4.6 2.7
— WHEAT (bushels per acre)
ot 1 2 2 8 2
CSP, 60 044 18.8 17.7 0.48 139 18.4 12.7 13.1 14.1 17.2 15.1
CSP, 120 0.52 273 18.7 0.61 18.1 26.9 18.1 179 20.1 221 21.0
ROCK, 120 0.00 1.7 7.0 037 0.08 58 3.0 12.1 153 17.8 10.8
ROCK, 360 0.00 105 9.2 0.42 1.3 9.7 6.7 51 9.5 10.3 82
FTP, -10 mesh, 120 0.20 27.3 19.7 0.57 149 26.6 14.6 14.0 220 19.1 193
L.S.D. (5%) 0.07 54 35 0.16 5.1 24 21 40 5.6 1.9
RED CLOVER HAY (tons per acre)
CSP, 60 0.30 2.08 248 0.80 0.80 201 0.79 157 1.02 1.07 1.29
CSP, 120 043 2.68 3.69 0.99 1.12 297 1.18 1.98 1.37 145 1.80
ROCK, 120 0.16 1.79 1.79 0.76 0.55 1.50 0.62 1.70 1.09 1.25 1.12
ROCK, 360 028 1.99 2.57 0.99 0.89 2.25 1.21 2.20 1.38 143 1.52
FTP, -10 mesh, 120 041 2.73 3.68 1.07 1.07 3.05 1.26 2.06 1.28 1.59 .1.82
L.S.D. (5%) 0.10 N.D. N.D. N.D. 0.26 048 0.16 0.27 N.S. 0.22

* Beginning with corn crop in 1954 rate of application of P,O; was increased 509 in all treatments; in addition ROCK at the lower rate was supplemented with
CSP at the rate of 30 pounds of P,0O; on both the corn and wheat crops.
1Spring oat hay (tons per acre). 2 Winter oats (bushels per acre). 8 Winter oat hay (tons per acre).



another. All phosphorus treatments averaged 41.2 bushels with cal-
citic limestone at the 2-ton rate, 39.8 bushels with dolomitic lime-
stone at the 2-ton rate, and 38.5 bushels with calcitic limestone at
the 14-ton rate.

WHEAT —As a b-year average, wheat yields ranged from a high
of 21.0 bushels per acre with CSP at the 120-pound P.Oj; rate to a
low of 8.2 bushels with ROCK at the same rate. As with corn, where
ROCK was supplemented with CSP beginning with the 1955 crop,
the ROCK-CSP treatment was superior to ROCK alone. There was
about a 6-bushel increase in yield as a result of doubling the rate of
CSP. FTP was slightly inferior to CSP.

Average yields for all phosphorus treatments was 15.4 bushels for
both liming materials at the 2-ton rate and 13.9 bushels at the %4-ton
rate of calcitic limestone. As was the case with corn, wheat yields
maintained their same relative position with the different phos-
phorus treatments on the three lime treatments.

Yields of oats, grown in the first 5 years of the experiment, are
shown as a matter of record but are not included in the average.
Spring oats failed to produce a harvestable yield of hay on the two
ROCK treatments in the first year of the experiment.

RED CLOVER.—As a 10-year average red clover hay yields ranged
from a high of 1.80 tons of hay per acre for the 120-pound P,Oj; rate
of CSP to a low of 1.12 tons for ROCK at the same rate. Yields were
increased approximately 14-ton by doubling the rate of CSP. The
performance of ROCK was relatively the best on the red clover crop
of the three crops under test, but even here CSP at only one-third
the total P.Oj rate produced 0.28 ton (189,) more hay.

Average yields for all phosphorus treatments was 1.61 tons for
dolomitic limestone at the 2-ton rate and 1.53 and 1.39 tons for cal-
citic limestone at the 2- and 14-ton rates, respectively. The relative
performance of the different phosphorus treatments was essentially
the same on the three lime treatments.

In some years a cutting of red clover was obtained in the fall from
the area where the small grain had been harvested earlier that year.
This occurred in 1949, 1950, 1953, and 1955. This cutting, repre-
senting 20% to 35% of the total production, was added to the
cuttings of red clover made on the area that had produced a small
grain crop the previous year. This combined production from the
two areas partly explains the higher yields obtained in these four
years.

MAGNESIUM DEFICIENCY IN CORN.—Magnesium deficiency
symptoms were observed on corn in the calcitic limestone treatments
in 1948, the first year of the experiment. These symptoms—a distinct
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Figure 1. Influence of rate of liming on corn growth. Corn at left limed at
rate of 2 tons per acre; at right, limed at 14-ton rate. Calcitic limestone
used in both treatments.

here was no evidence of this deficiency where dolomitic limestone
d been applied. A photograph of the corn, made on July 13, is
shown in Figure 1. Despite the difference in growth at this time, grain
yi lds at harvest were about the same on all three lime treatments.
j_':. this deficiency been more pronounced at the 2-ton rate of cal-
citic limestone, it could be explained as an imbalance of calcium
with magnesium; but since such was not the case, the observation
srecorded without explanation. Magnesium deficiency with dolomit-
ic limestone would not be expected since this liming material con-
a considerable amount of magnesium.

No magnesium deficiencies were observed in later years.

PERIMENT AT HIGHLAND RIM EXPERIMENT STATION,
SPRINGFIELD—FIRST PHASE

The rotation at Springfield, like that at Knoxville, was started in
1948 as a phosphorus comparison study. It originally contained 8

ce times. In late summer of 1951 the entire area was limed, re-
pplying ground limestone at the rate of 2 tons per acre on the
part that had previously been limed and applying 3 tons per acre on
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seeding of wheat in 1954, when some of the phosphorus treatments
were discontinued. This change was made in order to study the
effect of concentrated superphosphate and muriate of potash at more
rates of application.

i

the unlimed part. A second change was made beginning with the ]
|

J

The soil is a Dickson silt loam which occupies a considerable
acreage in the Highland Rim section of Tennessece. One characteris-
tic of this soil is a compact layer or fragipan at a depth of about 2
feet; it hinders water movement, making for a wet soil in the spring
and a “droughty” soil in summer.

The area selected for the experiment had been in crop production
for a number of years. Soil tests indicated a pH of about 5.6, a
medium to high phosphorous level, but a very low to low level of
potassium.

Yields of corn, wheat, and red clover obtained with CSP and
ROCK in the first phase of the experiment are shown in Table 6.
The performance of fused tricalcium phosphate, dropped from the
experiment in 1955, will be discussed later. Since there was little or
no consistent difference in the yields on the limed and unlimed
sections, they have been combined and averaged.

CORN.—Corn yields fluctuated widely not only among phos-
phorus treatments in certain years but from year to year with a
particular phosphorus treatment. For example, in 1950 the CSP
treatments averaged over 100 bushels per acre, yet the yield was only
about 65 bushels with ROCK. In the dry summer of 1952 the
average yield for all phosphorus sources was only about 15 bushels,
CSP was greatly superior to ROCK, yields averaging for the 6-year
period about 52 bushels for CSP compared with about 39 bushels
for ROCK. The higher rate of both sources resulted in only a
slight improvement in yield over that obtained with the lower rate,

WHEAT.—Wheat yields also fluctuated, but less so than corn,
The year 1951 produced the lowest yields (5 to 14 bushels), but
yields approached 40 bushels with CSP in 1953 and 1954. As with
corn, CSP was superior to ROCK throughout the period, yields
averaging about 28 bushels for CSP compared to about 19 bushels
for ROCK. The higher rate of both sources showed some improve-
ment in yield over the lower rate.

RED CLOVER.—The performance of red clover was disappoint-
ing. Yields varied from fair to poor to crop failures. Growth was
insufficient for harvest in $ of the 7 years. Average vyields for the
7-year period ranged from about %4 to 1 ton of hay per acre. The
crop failures are included in these averages.
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Table 6.—Yields of corn, wheat, and red clover obtained with concen-
trated superphosphate (CSP) and rock phosphate (ROCK) in a 3-year
rotation on Dickson silt loam (First phase, 1949-1955)

(Average of 6 replications)
Source of phosphorus .
and pounds of P:0; } Year
applied per acre for | e [
3-year period ¢ 1949 1950 1951 1952 1953 1954 1955 Av.

‘ CORN (bushels per acre)

. (SP, 60 753 1013 56.1 17.1 37.6 23.0 51.7
CsP, 120 727 1018 60.5 155 39.7 25.6 52.6
ROCK, 120 533 63.8 376 135 34.1 22.7 375
ROCK, 360 536 664 430 132 446 268 413
L.8.D. (5%) 73 159 6.1 NS. N.S. N.S.

: WHEAT (bushels per acre)

CSP, 60 186 120 307 371 390 275

- (SP, 120 215 : 13.6 31.2 39.9 40.9 29.4

- ROCK, 120 13.1 53 185 264 236 174

- ROCK, 360 173 8.7 20.8 26.7 27.2 20.1

- L.S.D.(5%) 56 17 5.2 25 5.1

s RED CLOVER HAY (tons per acre)

- (SP, 60 212 058 2.00 171 092
GSP, 120 Crop 224 0.64 Crop 2.12 Crop 1.96 0.99
ROCK, 120 fail- 2.06 0.40 fail- 1.52 fail- 1.31 0.76

- ROCK, 360 ure 2:%“ 0.44 ure 1.75 ure 1.79 0.86

L.S.D. (59%) N.D. 0.18 0.31 N.S.

. 1Harvested blxmﬂ-;(TmVﬂ;é?llock due to a prolonged rainy period.

FUSED TRICALCIUM PHOSPHATE.—The yields obtained

- with fused tricalcium phosphate in the first phase of this experiment
were as follows:

Particle size and pounds of

5-, 6-, and 7-ycar averages
P,0; applied per 3-ycar period

Corn Wheat  Red clover hay

Bu./A. Bu./A. Tons/A.
FTP, -10 mesh, 60 48.0 27.0 0.90
FTP, -10 mesh, 120 48.1 28.6 0.93
FTP, -40 mesh, 60 45.5 25.8 0.84

Comparing these yields with those shown in Table 6 it will be
seen that the performance of FTP was slightly inferior to that of
CSP but decidedly superior to that of ROCK. The poorer showing
of the finer particle size (—40 mesh) of FTP is not understood. It
would be expected that any difference in performance would be in
favor of the finer particle size.

SPRINGFIELD—SECOND PHASE

As stated earlier, certain changes were made in the fertilizer
reatments beginning with the wheat crop seeded in the fall of 1954,
At this time ROCK at the 120-pound P.Oj; rate and all FTP treat-
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ments were discontinued. This change was made to permit a study
of CSP at more than two rates and of potassium at more than one
rate.

The new fertilizer treatments applied to the corn and wheat crops,
along with the former treatments, are shown in tables 7, 8, and 9,
together with the yields of the three crops by years through the
year 1960.

Corn yields for the 6-year period, 1955-1960, are presented in
Table 7, it will be observed that average yields were much higher in
this second phase than they were in the first phase (Table 6).3
Moreover, corn production, which fluctuated so widely from one
year to another during the first phase, was much more uniform dur-
ing the second phase. How to explain this improvement in yield—
whether to credit it as being due largely to better soil moisture
relations, or to soil improvement or increased fertility—is difficult.
However, the fact that the no-phosphorus treatments (treatments 1
and 2) produced much more corn in the second phase than did the
rock phosphate treatment in the first phase would indicate that
better moisture conditions is the more likely explanation. The soil
moisture explanation also is supported by the better yields of red
clover in the second phase (see Table 9).

CORN.—Summarizing treatments 1 to 12, corn yields for the
various rates of phosphorus across all rates of potassium fertilization
are as follows:

Phosphorus rate Bushels of corn per acre
(Pounds of P.O; per acrc) (6-year average, 1955-1960)
0 62.7
40 . 74.6
60 72.0
80 72.8

In like manner the yiclds for the various rates of potassium across
all rates of phosphorus fertilization are:

Potassium rate Bushels of corn per acre
(Pounds of K,O per acre) (G-year average, 1955-1960)
0 62.6
30 71.9
60 77.0
90 85.1%

* Not exactly comparable with the other rates of potassium.

It will be observed that an increase of about 12 bushels of corn
was obtained from an application of 40 pounds of P;O; but no

8 Corn yields in both periods of this experiment were considerably higher than those obtained in
a similar rotation experiment on the same soil type in Lawrence County, which was being conducted
concurrently, The fertilizer treatment that produced an average of 66 bushels in this experiment
produced only 41 bushels in the Lawrence County experiment (See Bulletin 328, “Phosphates in
Crop Rotations in Lawrence County,” published in 1961).
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Table 7.—Yields of corn obtained with various phosphorus-potassium treatments in a 3-year rotation on Dickson
silt loam (Second phase, 1955-1960)

(Average of 3 replications)

Fertilization*® Year 6-year
Tmt. Former treatment (Ib./acre) av.
No. (Period 1949-1955) P-05 K0 1955 1956 1957 1958 1959 1960

Bushels per acre

1 Rock, 120 0 0 54.9 53.5 71.0 53.6 61.9 61.1 59.3
2 Rock, 120 0 30 46.9 457 66.3 52.1 66.7 55.3 55.5
3 FTP, -10 mesh, 60 0 60 62.7 59.3 100.9 63.9 73.7 78.8 732
4 FTP, -10 mesh, 60 40 0 614 535 - 918 51.7 727 66.9 67.3
5 CSP, 120 40 30 69.0 61.8 877 78.7 76.2 88.8 77.0
6 CSP, 60 40 60 704 61.4 93.0 84.7 76.0 90.9 794
7 FTP, -40 mesh, 60 60 0 64.5 54.1 80.1 58.8 64.5 61.4 63.9
8 CSP, 120 60 30 68.1 54.8 93.5 754 716 88.9 75.4
9 CSP, 60 60 60 66.9 61.0 89.5 79.4 79.7 834 76.7
10 FTP, -40 mesh, 60 80 0 61.3 51.6 76.6 444 65.3 60.2 59.9
11 FTP, -10 mesh, 120 80 30 66.0 60.4 92.6 78.8 83.1 97.2 79.7
12 FTP, -10 mesh, 120 80 60 64.9 58.3 95.7 78.1 775 98.6 789
13 Rock, 360 360" 60 57.3 60.8 89.0 61.8 715 98.3 74.1
14 Rock, 360 **360" 60 58.6 624 79.0 70.5 85.9 91.0 746
15 CSP, 1207 60 90 714 63.3 107.8 92.4 80.7 105.8 86.9
16 CSP, 120° 80 90 69.4 62.6 101.6 92.2 799 94.6 834

* All treatments fertilized with neutralized ammonium nitrate. 65 pounds N per acre.

** Supplemented with CSP at rate 20 pounds of P,O, per acre.
1 ROCK applied only once in the rotation—before seeding wheat.
2 These former treatments were the dolomitic limestone-unlimed pair in the first phase of this experiment.
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Table 8.—Yields of wheat obtained with various phosphorus-potassium treatments in a 3-year rotation on Dickson
silt loam (Second phase, 1955-1960)

(Average of 3 replications)

Fertilization® Year 6-year
Tmt. Former treatment (Ib./acre) av.
No. (Period 1948-1954) P.0s K-0 1955 1956 1957 1958 1959 1960

Bushels per acre

1 Rock, 120 0 0 14.0 314 5.9 15.0 13.1 13.6 155
2 Rock, 120 0 30 9.0 282 85 13.7 16.3 15.9 153
3 FTP, -10 mesh, 60 0 60 250 39.8 11.9 27.3 19.2 14.7 23.0
4 FTP, -10 mesh, 60 40 0 28.2 485 28.0 30.8 36.7 318 34.0
5 CSP, 120 40 30 328 51.1 29.2 345 36.4 316 359
6 CSP, 60 40 60 326 52.8 299 321 42.0 315 36.8
7 FTP, -40 mesh, 60 60 0 32.7 48.0 28.6 313 39.5 30.1 35.0
8 CsP, 120 60 30 36.0 60.6 35.5 420 43.0 359 42.2
9 CSP, 60 60 60 29.9 60.1 356 36.1 45.7 36.8 40.7
10 FTP, -40 mesh, 60 80 o 338 56.4 333 36.2 40.0 341 39.0
11 FTP, -10 mesh, 120 80 30 36.1 594 318 415 14.1 370 41.7
12 FTP, -10 mesh, 120 80 60 375 62.0 381 447 45.8 376 44.3
13 Rock, 360 360" 60 203 31.7 11.0 29.0 18.8 23.8 224
14 Rock, 360 **360" 60 25.8 47.0 245 33.1 333 31.0 325
15 CsP, 120° 60 90 36.0 55.0 349 40.0 446 349 40.9
16 CsP, 120° 80 90 346 58.7 40.9 40.3 434 393 429

* All treatments fertilized with neutralized ammonium nitrate at rate 60 pounds of N per acre, split 35 pounds at sceding and 25 pounds as topdressing in the

spring.

** Supplemented with CSP at rate 20 pounds of P,O; per acre.
1 ROCK applied only once in the rotation—before seeding wheat,
2 These former treatments were the dolomitic limestone-unlimed pair in the first phase of this experiment.
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Table 9.—Yields of red clover obtained with various phosphorus-potassium rates applied to corn and wheat in a

£6

,,,,,,,,,,,,,,,,,,,,,,

3-year rotation on Dickson silt loam (Second phase, 1956-1959)
(Average of 3 replications)

Fertilization*

Year

‘, i 4-year
Tmt. Former treatment i (Ib./acre) i_ ) av.
No. (Period 1948-1955) | PO; K0 | 1956 1957 1958 1959
Tons hay per acre
1 Rock, 120 ] 0 1.60 1.68 2.05 0.84 154
2 Rock, 120 0 30 1.09 1.36 2.04 0.50 1.25
3 FTP, -10 mesh, 60 0 60 1.66 2.50 2.75 2.30 230
4 FTP, -10 mesh, 60 40 0 218 217 307 1.97 235
5 CsP, 120 40 30 218 3.24 3.11 1.69 2.56
6 CSP, 60 40 60 2.52 2.75 3.09 232 2,67
7 FTP, -40 mesh, 60 60 0 207 2.88 2.90 1.56 235
8 CSP, 120 60 30 219 2,67 347 1.63 249
9 CSP, 60 60 60 2.26 242 3.58 234 2.65
10 FTP, -40 mesh, 60 80 0 1.93 2.36 313 1.27 2.17
11 FTP, -10 mesh, 120 80 30 2.29 339 3.60 236 291
12 FTP, -10 mesh, 120 80 60 247 297 37 245 2.90
13 Rock, 360 360" 60 2,67 2.14 365 235 2.70
14 Rock, 360 **360* 60 2.38 1.99 3.64 1.72 243
15 CSP, 120° 60 90 271 3.96 381 3.16 341
16 CSP, 120° 80 90 2.77 34 3.76 2.96 3.23

* Applied to the corn and repeated on the wheat, the two crops that preceded red clover.

** Supplemented with CSP at rate 20 pounds of P,O; to the corn crop and 20 pounds to the wheat crop.
*ROCK applied only once in the rotation—before seeding wheat.
2 These former treatments were the dolomitic limestone-unlimed pair in the first phase of this experiment.



further increase in yield was obtained from rates higher than this,

The situation was quite different with potassium. An increase of
about 9 bushels of corn was obtained from an application of 30
pounds of K.O, but yields continued to improve with each increase
in the rate of potassium. The average yield was 85.1 bushels at the
90-pound K.O rate, and while this yield is not exactly comparable
with the other rates, it indicates that 60 pounds of K.O on this
site was not enough for maximum yields of corn.

OF particular interest in this experiment is the increasing im-
portance of potassium on corn over time. In the first phase potas-
sium was not under study, it being applied at a rate of 50 pounds
of KO per acre on all treatments. No potassium deficiency symp-
toms were noted during this period. However, when different rates
of potassium were instituted in the second phase, the corn crop in
several years showed pronounced potassium deficiency symptoms
where potassium was discontinued. At the 30-pound K.O rate de-
ficiency symptoms were observable but they were not so pronounced.
Thus, on this soil and with this cropping system, a change occurred
from a situation in which phosphorus was the chief limiting factor
in the first phase to one where potassium became the chief limiting
factor in the second phase. Improved yields of red clover in the
sccond phase undoubtedly contributed to the depletion of the
soil’s potassium reserves.

ROCK alone at the 360-pound P.Oj rate or ROCK supplemented
with a small amount of CSP (treatments 18 and 14) produced yields
comparable with those obtained with CSP.

WHEAT.—The wheat crop’s response to fertilization was some-
what different [rom that of corn. Again, summarizing treatments 1
to 12 (Table 8), wheat yields for the various rates of phosphorus
across all rates of potassium fertilization are as follows:

Phosphorus rate Bushels of wheat per acre
(Pounds of P,O; per acrc) (6-ycar average, 1955-1960)
0 17.9
40 35.6
60 39.3
30 41.6

In like manner the yiclds for the various rates of potassium across
all rates of phosphorus lertilization are:

Potassium ratc Bushels of wheat per acre
(Pounds of K.O per acre) (6-ycar average, 1955-1960)
30.9
30 33.8
60 36.2
90 41.9*

* Not exactly comparable with the other rates of potassium.
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Wheat, like corn, responded to both phosphorus and potassium.
But wheat, unlike corn, continued to respond to phosphorus beyond
the 40-pound P.O; rate, although the responses to the second and
third increments were not as pronounced as the response to the first
increment.,

Wheat also responded to potassium but the yield where no potas-
sium was applied (30.9 bushels) was much higher than it was where
no phosphorus was applied (17.9 bushels). The second and third
increments of potassium resulted in about as much increase in yield
as occurred with the first increment.

Rock phosphate (treatment 13) was decidedly inferior to con-
centrated superphosphate on wheat; in fact, the yield with ROCK
alone was only about 5 bushels greater than the yield on the un-
phosphated treatments (treatments 1, 2, and 3). ROCK supple-
mented with a small amount of CSP ( treatment 14) gave a much

better performance. This improvement was probably due to the
CSP.

Attention is called to the fact that wheat yields declined sharply
beginning about 2 years after the phosphorus applications were
discontinued, as illustrated in treatment 3. This treatment formerly
had been fertilized with fused tricalcium phosphate but became a
no-phosphorus treatment in the second phase. It declined to 11.9
bushels in 1957 and the yields thereafter were considerably lower
than they were where phosphorus fertilization was continued. Tt
is of interest to note that treatment 3 produced on the average about
as much wheat as did the ROCK treatment (treatment 13), even
though the rock applications were continued.

The difference in response of corn and wheat to fertilization il-
lustrates two facts that have been observed in this and other ex-
periments. The first one is that wheat requires a higher level of
available soil phosphorus than does corn. Second, wheat will tolerate
amuch lower level of soil potassium than will corn.

RED CLOVER.—The red clover hay yields for the various ferti-
lizer treatments during the second phase are shown in Table 9. It
should be borne in mind that red clover was not fertilized directly;
the fertilization as shown refers to what the corn and wheat crops
received.

Summarizing treatments 1 to 12, the average yields of red clover
hay for the various rates of phosphorus across all rates of potassium
fertilization are as follows:
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Phosphorus rate Tons of hay per acre

(Pounds of P,O; per acre) (4-year average, 1956-1959)
0 1.70
40 2.52
60 2.50
80 2.66

The yields for the various rates of potassium across all rates of
phosphorus fertilization are as follows:

Potassium rate T'ons of hay per acre
(Pounds of K.O per acre) (t-year average, 1956-1959)
0 2.10
30 2.30
60 2.63
90 3.32%

* Not exactly comparable with the other rates of potassium.

There were no crop failures in the second phase as was the case
in the first phase. Moreover, the hay yields were much better in the
second phase, indicating better soil moisture conditions.

The response to phosphorus was quite pronounced (slightly over
Y-ton of hay), but the response to potassium was even more pro-
nounced. There was little or no increase in yield at rates higher
than 40 pounds of P.O; per acre, but yields continued to respond to
the last increment of potassium (90 pounds of K;0). At this 90-
pound KO rate the yield was 3.32 tons of hay, an increase of 1.92
tons of hay (about 609,) over the no-potassium treatment.
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