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INTROJUCTION

One of the problems of paramount importance to the successful
farmer of today, as was also true a half century ago, is cost of
operation. The ratio of machinery cost to other investments now is
about the same as it was at the turn of the century. Seed and labor
costs are relative, and prices on most crops have been adjusted to
parity through govermmental agencies. One major change in this en-
tire structure that has developed within the past fifteen years and
one which may prove to be the difference between comfortable margins
and below average incéme to the farmer is the general use of commer-
clal fertilizers.

A substantial portion of the farmer's fertilizer dollar must be
used to buy phosphate. The deficiency of phosphate in Oklahoma soils
is continually emphasized. In a recent report, it was shown that of
60,000 soil samples tested, over 30 percent were deficient in phos=-
phorus (6)1. This is dramatic evidence of the need for large quanti-~
ties of phosphate fertilizer on QOklahoma farms.

Curtis (9) states that the cost per unit of available P205 in
concentrated superphosphate is less than the cost per unit of avail-
able P2OS in ordinary superphosphate, f.o.b. the farmer. Many farmers
and agricultural workers, on recelving information regarding the pro-

- duction of this fertilizer, have asked guestions pertinent to its

1Figure in parenthesis refer to literature cited.



merits as compared to ordinary superphosphate when used under varied
climatic and soil conditions.

There are no published data on the relative value of calcium meta-
phosphate as compared with other phosphatic fertilizers under rield
conditions in Oklahoma. Information is also lacking on the response
of certain crops to this material under varying conditions of climate
and soil found in the fertilizer consuming area of the state. Calcium
metaphosphate looks promising as a phosphatic fertilizer for Oklahoma
farmers since its high concentration could result in a lower cost per
pound of PQOS delivered to the farm. Considering that the processes
for the manufacture of calcium metaphosphate have been perfected, and
large scale production is now possible, it is important that the value
of this material be definitely established so that appropriate recom=-
mendations can be made concerning its use. The objective of this
study was to evaluate crop response on phosphorus deficient soils to

calcium metaphosphate and other phosphorus carriers.



REVIEW OF LITERATURE

Many experiments have been conducted to determine the relative
value of calcium metaphosphate under both greenhouse and field condi-
tions. In all but one of the tests reviewed, the fertilizer was sup-
plied by the Tennessee Valley Authority (36). Calcium metaphosphate
was developed at the Sheffield, Alabama, plant on a scale approach-
ing commercial proportion in the late 1930's (10). The first large
scale field testing of calcium metaphosphate was done on the basis
of cooperative agreements between the Tennessee Valley Authority and
several land-grant colleges. The tests were conducted to obtain in-
formation concerning the value of calcium metaphosphate under full
scale farming operations. This was referred to as the Unit test-
demonstration program.

In an agreement between the Oklahoma Agricultural and Mechani-
cal College and the Tennessee Valley Authority, 150 tons of calcium
metaphosphate was released through the Oklahoma Unit test-demonstra-
tion program to 66 farmers during 1947 for testing under field condi-
tions (7). Working agreements were signed with selected farmers and
the use of this material was limited to soil conserving and soil im-
proving crops. A representative part of each field was left untreated
for comparison. Response was very promising, and it appeared that
calcium metaphosphate could occupy an important place in Oklahoma
agriculture.

The original field tests of calcium metaphosphate in Oklahoma

were established with standard fertilizer drills and distributors as



found on the farms. While every effort was made to get the ferti-
lizer applied at prescribed rates, it was realized that variations
occurred on many farms. Only a limited number of yield determin-

ations was made and reports contained such meaningless phrases as

"quite an increase", "half again as much", "LO percent more", and

na lot better" (L5). It is obvious that proper evaluation of cal-
cium metaphosphate cannot be made unless rates of application are

controlled and yields are accurately determined.

Conditions under which the tests were conducted, in states other
than Oklahoma, varied rather widely. Extremes ranged from low fertil~-
ity soils of Southeastern United States to the very high fertility
soils of Oregon, Idaho and New Mexico. The experiments were designed
to compare calcium metaphosphate with other phosphatic fertilizers
of known value. The crops were selected on the basis of their feed-
ing habits, ranging from crops with low phosphate requirements such
as oats, to sweet clover and alfalfa, which have high phosphate
requirements. In all of the reports; response under field conditions
was commensurate with that obtained in the greenhouse tests.

McGeorge (29) found that the phosphorug in calcium metaphosphate
was nearly as available as that of tripie superphosphate. Olsen et
al (33), reported that calcium metaphosphate was not as effective as
superphosphate on wheat, barley and sugar beets. In another report
from Colorado (3L), where radioactive phosphorus was used, alfalfa
absorbed about equal amounts of phosphorus from calcium metaphosphate
and superphosphate at all stages of growth; but wheat and barley ob-

tained less phosphorus from calcium metaphosphate than from superphos-



phate when fertilizers were applied at planting time. Toeus et al
(41), reported that calcium metaphosphate increased alfalfa pro-
duction 16 percent over the check plot, but it was only 71 percent

as effective as triple superphosphate. In a second test, they found
calcium metaphosphate and fused tricalcium phosphate did not give an
incfease over the check plot while triple superphosphate increased
alfalfa production 3.16 tons per acre. Idaho 'tests conducted.

during 1939, showed that triple superphospliate increased alfalfa
production an average of 1.1 tons per acre, while calciuﬁ netaphos=-
phate increased the yield only 0.59 ton. per acré. Ina study with
radioactive phosphorus Bn calcareous soils, it was concluded that the
uptake from calcium metaphbsphété was consisﬁantly below SupérphosQ.
phate (22). Baker (2), reported that unpublished data with green-
house work gave similar results as those>given by Poeus (hl) where
calcium.metaphosphéte was only 71 percent;;s effective as triﬁle super=-
phosphate.

| Staﬁford (39) and others in;Iowa, working with rédiééctivé phos=

phates, found calcium'metaphosphate less efficient than SUperphosphate
as é source of phosphorus for oats, bub there was no significaﬁt dif-
ference when the two materials were used on alfalfa. On all of the
soils uséd in these experiments, the greatest recovery of phdépﬂorus
-was from Superphosphéte, while the loweS£ recovery was from calcium
metaphosphate., Célcium metaphosphate tended to supply less ﬁhosphdruﬁ
on soils of pH 5.6 and 6.0 than did other carriers, while it was some-
what superior to other carriers on 50ils of pH So?n Cheney ét,al (8),

found on three-fourths of their experiments superphosphate and calcium



metaphosphate gave equally good results, while on the other one=-
fourth the crop yields were significantly higher where superphos-
phate was used. -

Karraker (26), and others in Kentucky, reported that calcium
metaphosphate was practically equivalent to superphosphate as a
source of phosphorus for alfalfa, corn; and white clover. In Maine,
Brown (3) conducted experiméents to determine the efficiency of cal-
cium metaphosphate on soils with a pH range of L.6 to 6.5. He'réw
ported that calcium metaphosphate was nearly 7%.superior to:either
supefphosphate or triple superphésphate as a source of phosphorus
for German millet. In seven of twelve tests with oats, wheat,
Hungarian millet and German millet, Brown et,al.(l), reported tbgt
calcium metaphosphate gave higher yields than superphosphate. Alway
et al.(l), in Minnesota, found that calcium métaphosphate was as
effective as superphosphate:on all exdept calcareous soils when inm
corporated into.the soil prior to seeding the crop.

Hinkle (21) reported that in experiments conducted in New Mexico,
énnual sweet clover fgiled to prqdﬁce as much dry weight or ébsdrb és
much phosphorus from calcium metaphosphate:as from triplé Superphos-
phate. In another test (20), célcium metaphosphate'ﬁas less effective
than 5uperphgsphate fof alfalfa. Dregne (lé) states that in oﬁher
New Mexico tests on calcareous soiis, calciﬁm meta?hoéphéte‘ipcréésed
alfalfa yields about 50 percent over the unfértilizedvﬁlof Whiie in-
creases from superphosphaﬁe were c&hsiderébly nore th;h 50 befcénto
Blaser et al.(5), found orchard graés and ladino clover &id_nﬁt aBm

sorb as much PQOS from calcium metéphosphaté as from superphosphate



under several conditions, including varied rates and methods of
application,

In greenhouse experiments, Jacob et al (2L) in Oregon found
that calcium metaphosphate was not as effective as super@hosphate on
soils possessing an alkaline reaction. Gilbert et al (16) in Rhode
Island, studied a number of phosphate carriers with several types of
plants during 1936 gnd reported calcium metaphosphate gave very poor
results. The phosphorus in calcium metaphosphate was determined to
be less available than that in several other phosphates. Neilson
(31) in Utah reports, "It appears from these tests that while calcium
metaphosphate has value in this area, it is not as effective as super-
ohosphate®. In Virginia, O'Brien (32) reports the following percent-
age increases in alfalfa yields over the check: superphosphate, 35%;
calcium metaphosphate, 29%; and fused rock phosphate, 23%. From this
it was conecluded that calcium metaphosphate was an effective ferti-.
lizer for a wide variety of crops grown in rotation.

Peterson et al (36), studied the results of fertilizer experi-
ments on calcareous soils in the Western states and reperted ordinary
superphosphate was equal to concentrated superphosphate, ammonium
phosphate and phosphoric acid but was superior to calcium metaphosphate,
tricalcium phosphate and rock phosphate. In this same report, Oregon
data indicated calcium metaphosphate was equal to superphosphate
only on acid soils. In Colorado, calcium metaphosphate was equal
to superphosphate under certain conditions and for some stages of
crop growbth. In Montana, calcium metaphosphate was not as effective

as the superphosphates. In New Mexico, ammonium phosphate and



superphosphate were superior to calcium metaphosphate. He indicated

that on Western soils, while calcium metaphosphate occasionally shows
a fair response, generally there is a marked advantage of superphos-

phate over calcium metaphosphate.,

Jones et al (25), in a summary of several hundred field exper=
iments using calcium metaphosphate on iegumes, corn, cotton, and wheat
in seven states East of the Mississippi River reports that the average
relative crop yileld was 99% as compared with a value of 100% for super-
phosphate. In this same report, it was indicated that results from
field experiments on alkaline soills in the Western étates are con=
flicting. Placement of fertilizer, soil moisture, and rate of
hydrolysis of metaphosphate to orthophosphate may be factors which
affect the efficiency of calcium metaphosphate as a source of phos-

phorus,



MATERIALS AND METHODS

It was considered desirable to secure information concerning the
relative value of calcium metaphosphate from several sections in
Oklahoma where variations in soil and rainfall conditions occur. It
was assumed that by wide distribution of experimental plots, a possi-
ble loss in one area from hail or insects would not necessarily re—
sult in a complete loss of the season's efforts. Barly in 1948, an
experiment was designed for four locations of varying soil and rain-
fall conditions to test the response of sweet clover, lespedeza, oats
and irrigated alfalfa to calcium metaphosphate as a fertilizer wunder
field conditions, as is shown in figure 23, Appendix "A¥. The ob-
jective of the study was to evaluate crop response to calcium meta-
phosphate and other phosphorus carriers on phosphorus deficient soils.

Locations were selected that would be comparable to several con-
ditions in Oklahoma in which appreciable quantities of fertilizer would
be used. Plots were established on soil of low fertility in a high
rainfall area (LO inches per year); soil of low fertility in an area
of medium rainfall (36 inches per year); soil of medium fertility in
an area of medium rainfall (32 to 36 inches per year); and, under ir-
rigated conditions. The three legumes and one non-legume were chosen
as they represent not only the extremes in feeding habits, but also
the crops of rather great importance in their respective areas. Three
fertilizers of known value were chosen to provide an index with which
to measure any yield differences that might be found. The three ferti-

lizer materials used as an index were also used by many of the authors



cited in the review of literature; conseguently, a closer corre-
lation could be drawn between this study and other work on calcium
metaphosphate.

Location of Plots

The following locations were selected for the study:
Muskogee County; L. W. Osborn farm, 1 1/2 miles north of
Muskogee, Oklahoma. (Sée Table II, Appendix "A")
Pawnee County; Omy Price farm, 1 1/2 miles north and 3 miles
east of Glencoe, Oklahoma. (See Table III, Ap-
pendix "AM)
Noble County; LeRoy Hardyvfarm, 7 miles south and 2 miles east
of Perry, Oklahoma. (See Table IV, Appendix "AM)
Jackson County; W. B. Edwards farm, one mile east of Martha,
Oklahoma. (See Table V, Appendix "AM)

Table I. Soil Type, Soil Reaction and Available Phosphorus Level
Found at the Four Locations.

Location Soil Type (1L) Soil Available
Reactioni Phosphorusitt

Muskogee Parsons very Strongly Acid Very Low

County fine sandy pH 4.9 Less than 12 1bs.
loam DEr acre.

Pawnee Renfrow silt Strongly Acid Very Low

County loam pH 4.9 Less than 12 1bs.

per acre.
Noble Renfrow clay Slightly Acid Low
County loam pH 6.3 16-20 1bs. per

acre.



Table I. (continued)

Jackson Foard silt Neutral High
County Lloam pH 7.8 ,0-50 1bs. per
acre

sDetermined by the Modified Comber Test for Soil Acidity (13).
mtDetermined by the 1/50th Normal Sulphuric Acid Test for
Phospherus (13).

Fertilizers Used

The four different kinds of phosphate fertilizers used in this
experiment together with the method of manufacturing of each material
is given below.

1, Commercial superphosphate CaHh(POh)2+ GaSOue made by mixing
finely ground rock phosphate with an equal weight of sulphuric acid.

2. TVA triple superphosphate GaHh(POu)Qg made by mixing phos-
phoric acid and powdered rock phosphate. The phosphoric acid required
in preparing this product is made by smelting rock phosphate with coke
and silica in an .electric furnaceo The evolved gaseé are burned and
the phosphorus pentoxide fumes are passed into water, thereby pro=-
ducing phosphoric acid. This acid is mixed with finely powdered rock
phosphate in proper proportions. The-mixture is permitted to curé‘and
is then reground to the desired fineness.

3. Fused tricalcium phosphate Cas(POh)2? made by passing dry
steam for a period of 5 to 15 minutes through a molten mass of rock
phosphate, which has been heated to at least 2732 degrees Fahrenheit.

i, TVA calcium metaphosphate Ca(P03)22 made by passing gaseous
phosphorus pentoxide prepared as for TVA triple superphosphate into

a stream of dry air which then passes upward through a vertical column



of finely ground rock phosphate which has been heated from 2012 to
222); degrees Fszhrenheit. A liguid is produced which, upon cooling,
becomes a semitransparent, glassy material, It is reground before
marketing.

Chemical Analysis of Materials

Quantitative analysés were made on samples from the above mate-

rials with the following values obtained:

Fertilizer Total PO (percent)
Commercial Superphosnhate 20.27
Triple Superphosnhate L9.06
Fused Tricalcium 2hosphate 29.09
Calcium Metaphosphate 62.71

The fused tricalcium phosnhate was sifted through a 20-mesh seive
to facilitate evaluation due to particle size. The pertion passing
through the seive is referred to as 20 minus and that remaining on the
seive is referred to as 20 plus.

Establishing Plots and Measuring Effect of Fertilizer

The farmers' equipment and machinery was used for the preparation
of the secedbed and other field operations necessary in connection
with the project. flots were measured off with a steel tape, laid out
with a small garden plow, and stakes were se£ to identify each plot.
Broadcast applications were made by hand and plots disced three times
parallel to the length before seeding. Row applications were made by
hand in a three-inch furrow, and one inch of soill was placed between
the fertilizer and seed. OSweet clover, lespedeza, and oats were seeded

with a Planet Junior number 3 hill and drill seeder.
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Work Wasvstarted in'Muskogeé and Pawnee Counties in 1948, and
locations in Noble and Jackson Counties were established in 1949.
Heavy rains in the Muskogee area destroyed the lespedeza plots and
new plantings were made in 1949. Poor inoculation and dry weather
in Pawnee Coﬁnty caused abandonment of the lespedeza plots.i;n‘l9h8o
New plantings of lespedeza at Pawnee in 1949 were not harvested
bécause of poor stands and adverse weather. Complete descripticns::
of these experiments are shown in Tables II, III and IV, Appendix
AN,

After the plots were established in Muskogee, Pawnee and Noﬁle
Counties, three visitations were made at two-week intervals for ob-
servation and study. Subsequent visits were made as neceded, but nst
in excess of six-week intervals at any time. Two réndomiZed samples
were cut from each plot for yield determinations. The,swegt clover
was harvested at approximately 2/10 bloom, and lespedeia wés ﬁarvested
at an estimated maximum growth. Theloats:were fipe when cut,

The Jackson County pths were visited regularly for observation
and study. Two saﬁples wefe taken at random from each of the blocks
at each cutting. The time of sampling was governed by the farﬁerﬂs
plan for haying, and clippings were genérally made within two dayslof
harvest. A complete description of this experiment is shown in Table

V, Appendix "“A"Y,



EXPERIMENTAL DESIGN

The Muskogee, Pawnee and Noble Couﬁty plots consisted of three
randomized replicgtions of each series of treatments. Kach series in-
cluded four different phosphate fértilizer treatments and a check, or
a total of five plots. Plot treatments included both roﬁ and broad=-
cast appiications. In order to compensate for any sdil variations
that might occur within the plot area, the row and broadcast appli-
cation series wefe alternated. The experiment was essenﬁially a ran-
domized block split plot design.

Plot treatments within each series were as follows:  calcium meta-
phosphate; fused tricalcium phdsphate;Jless“thanLEOrmesh;afﬁsed: ;.
tricalcium phosphate, more than 20-mésh; commercial sﬁperphosﬁhate;
gﬁd a non-treated check plot. Applications of feftilizer ﬁere made
;t the rate of 4O pounds Py0g:per acre. Lach piot was 10 feet wide
;nd 36 feet long with rows running parallei to the length of the plot
on 1l6-inch intervals. | |

The Jackson County exper%ment was a latin équare which‘included
four replications on an established sténd of irrigated alfalfa. Water
borders on 30-foot iﬁtervalS‘were used as boundaries, funﬁing east and
west. Three~foot élleyways on 50-foot intervals were used as boundaries
running north and south. Broadéast applications of calcium ﬂetiphog»
phate, triple superphosphaté, and commercial sdﬁérphbsphaté were maée

at the rate of 120 pounds P20g per acre on each series.

1l



RESULTS AND DISCUSSION
In each of the locations commercial superphosphate was used as
a measure of crop response to other types of phosphate fertilizers.
The relative value of each phosphate source was detsrmined by com-
paring the average crop yield on plots where it was applied with the
yield on plots where superphosphate was applied, using a value of 1003
for the latter.

Sweet Clover Response to Row Fertilization

In Muskogee County, the plots treated with calcium metaphosphate

outyielded those btreated with superphosphate an average of 36 pounds

Figure 1. Yield of sweet clover and relative value of several
sources of phosphorus applied to the row in Muskogee

County, 19L49.
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per acré, as shown in figure 1 and Table VI,.Appendix ', This is
approximately 101% on the basis of 100% for superphosphate. Fine
mesh fused phosphate was inferior to superphosphate by 18, pounds per
acre and coarse mesh fused phosphate was inferior by 285 pounds per
acre. These two materials rated 93% and 90% respectively., The check
plot yielded 1,591 pounds per acre or 54% of the superphosphate yield.

The difference of only 36 pounds per acre in the production of
sweet clover, between calcium metaphosphate and superphosphate should
hardly be considered in evaluating these materials as this could easily
result from variations in plant population, harvesting methods, or
from other causes. In the statistical analysis of the variation in
yield between treatments, the ISD value of 33.lL pounds per acre was
obtained at the 5% point for Ui degrees of freedom, as shown in Table
XVII, Appendix "C", Therefore, at Muskogee, the increase in the yield
of sweet clover on the plots treated with superphosphate, calciun meta-
phosphate, and fused phosphate over the check plot is statistically
significant.

In Pawnee County, the plots treated with calcium metaphosphate
outyielded those treated with superphosphate an average of 505 pounds
per acre as shown in figure 2 and Table VII, Appendix "B", This is
equivalent to 115% on the basis of 100% for superphosphate. Fine mesh
fused phosphate was [j07 pounds per acre superior to superphosﬁhateg
and rated 112%. Coarse fused phosphate was 56 pounds per acre in-
ferior to superphosphate and rated 98%. Superphosphate was superior

to the check plot by 1,898 pounds or 55 percent.
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Statistical‘analysis of the:data on row application of the
various phosphates on sweet clover in Pawnee County showed the LSD
value to be 305.6 pounds per acre at the 5% point for L degrees of
freedom, as shown in Table XVII, Appendix "C". Therefore, the in-
crease in préduction due to the three sources of phosphafe was

significant at this location,

Figure 2;"Yield of sweet clover and relative value of several
sources of phosphorus applied to the row in Pawnee
County, 1949.
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CK - Check. SP = Superphosphate. FTP - Fused tricalcium phosphate.
CMP - Calcium metaphosphate

In Noble County, the plots treated with superphosphate outyielded
those treated with coarse mesh fused phosphate an average of 29 pounds

per acre, as shown in figure 3 and Table VIII, Appendix "B". This is



18

equivalent to 98% on the basis of 100% for superphosphate, Calecium
metaphosphate was inferior to superphosphate by 38 pounds per acre,
fine mesh fused phosphate was inferior by 101 pounds per acre, and

the check plot was inferior by 1203 pounds per acre. On the basis

of 100% for superphosphate these materials would rate 98%, 96% and

57% respectively. The LSD value of 168.6 pounds per acre was obtained
at the 5% point with L degrees of freedom, as shown in Table XVII,
Appendix "C", therefore, the increase in yield due to the source of

phosphate is statistically significant at this location.

Figure 3. Yield of sweet clover and relative value of several
sources of phosphorus applied to the row in Noble
County, 19L9.
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Lespedeza Response to Row Fertilization

At Muskogee, calcium metaphosphate was superior to superphosphate

as a fertilizer for lespedeza by an average of 16 pounds per acre.

The ratio is

101%, as shown in figure 4 and Table IX, Appendix "BY,

Fine mesh fused phosphate and coarse mesh fused phosphate were both

inferior to superphosphate by 26 pounds per acre and 201 pounds per

acre, or 99% and 91%, respectively. Superphosphate was superior to

the check plot by 1694 pounds per acre.

‘The computed LSD value of 102 pounds of hay per acre at the 5%

point for L degrees of freedom is shown in Table XIX, Appendix "C",

The increase

in yield per acre of lespedeza over the check plot is

statistically significant at this location.

Figure L. Yield of lespedeza and.relative value of several
' sources of phosphorus applied to the row in Muskogee
County, 1949.
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In the Noble Coﬁnty experiment in 1949, superphosphate was
superior to calcium metaphosphate, fine mesh and coarse mesh fused
phosphate, and the check plot by 17 pounds, 63 pounds, 130 pounds,
and 1279 pounds per acre respectively, as shown in figure 5 and Table
X, Appendix "B", On the basis of 100% for superphosphate this would
rate each 99%, 96%, 93%, and 28%.

The computed LSD value of 70 pounds per acre at the 5% point for
Ly degrees of freedom shows the increase in production due to the phos-

phate fertiligers to be significant at this location.

Figure 5. Yield of lespedeza and relative value of several
sources of phosphorus applied to the row in Noble
County, 1949,
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Oats Response t? Row Fertilization

At the Muskogee County location in 1948, on oats, superphosphate
was superior to fine mesh fused phosphate, coarse mesh fused phos-
phate, calcium metaphosphate and the check plot by 5.4 bushels, 13.9
bushels 1L.,1 bushels and 15.L bushels per acre respectively, as shown
in figure 6 and Table XI, Appendix "B", On the basis of 100% for
superphosphate the yields rate 85%, 59%, 58% and 25% for each of the
treatments.

Figure 6. Yield of oats and relative value of several sources
of phosphorus applied to the row in Muskogee County,

1948,
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The camputed LSD value of 1.9 bushels per acre at the 5% point for
L degrees of freedom, as shown in Table XXIII, Appendix "C", indicates
the increase in production due to the phosphate fertilizers to be

significant at this location.



Data on oats collected at Muskogee in 1949, figure 7 and Table
XII, Appendix "B", indicates that superphosphate was superior to
fine mesh fused phosphate by 8.7 bushels per acre; coarse mesh fused
phosphate by 15.4 bushels per acre; calcium metaphosphate, 26.9 bushels
per acre; and 28,6 bushels per acre over the check plot. On the basis
of 100% for superphosphate, the other fertilizers would rate 80%, 653%,
L,0% and 36% respectively. |

The computed LSD value of 1.l bushels per acre at the 5% point for
l; degrees of freedom, as shown in Table XXVII, Appendix "C", indicates
the increase in production due tc the phosphate fertilizers to be sig-
nificant at this location.

Figure 7. Yield of oats and relative value of several sources
of phosphorus %88 ied to the row in Muskogee County, 19L9.
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The data collected at the Pawnee County location in 1948, indi-
cated that superphosphate was superior to the other three types of phog=

phate fertilizer by 3.7, 12.6, 20,0 and 2.8 bushels per acre, as shown
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in figure 8 and Table XIII, Appendix "B", On the basis of 100% for
superphosphate, the yields would rate 89%, 63%, L1%, and 27% respec~
tively,

The computed LSD value of 0.6 bushels per acre at the. 5% point
for li degrees of freedom as shown in Table XXIII, Appendix "C",
indicates the increase in production due to the phosphate fertilizers

to be significant at this location,

Figure 8. Yield of oats and relative value of several sources
of phosphorus applied to the row in Pawnee County,
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Oat yields in 1949 at the Pawnee County location again indicated
that superphosphate was superior to other forms of phosphate, as shown
in figure 9 and Table XIV, Appendix "B"., The increases in yields due
to superphosphate over the octher phosphates were as follows: fine mesh
fused phosphate, 11.2 bushels; coarse mesh fused phosphate, 19.8 bushels:

calcium metaphosphate, 25.5 bushels; and the check plot, 29.6 bushels
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per acre. The relative value of all phosphates on the basis of 100%
for superphosphate was Th%, 53%, LO% and 30% respectively,

The computed LSD value of 1.2 bushels per acre at the 5% point
with li degrees of freedom as given in Table XXVII, Appendix "C",
indicates the increase in production due to the phosphate fertilizer to
be significant at this location.

Figure 9. Yield of oats and relative value of several sources
of phosphorus applied to the row in Pawnee County,
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In Noble County, superphosphate was superior to the other phos-
phate fertilizers on oats, as shown in figure 10 and Table XV, Appendix
"B", The superphosphate treated plot outyielded the other tireatments
as follows¢ fine mesh fused phosphate, 0.7 bushels per acre; coarse
mesh fused phosphate, li.5 bushels per acre; calcium metaphosphate, 5.0
bushels per acre; and the check plot; 7.6 bushels per acre. The relative

value as indicated by this data, on the basis of 100% for superphosphate
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would be 98%, 91%, 90%, and 8L% respectively.

The computed LSD value of 1.9 bushels per acre at the 5% level
and L, degrees of freedom as given in Table XXVII, Appendix "C" indi-
cates the increase in production due to the phosphate fertilizers to

be significant at this location.

Figure 10. Yield of oats and relative value of several sources
of phosphorus applied to the row in Noble County,

1949
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Sweet Clover Response to Broadcast Application

In Muskogee County, the response of sweet clover to the broad-
cast application of the four phosphate fertilizers was significantly
greater than the check plot as shown in figure 11 and Table VI, Appendix
"B, Calcium metaphosphate was 116 pounds per acre superior to super-
phosphate, 3L7 pounds per acre superior to coarse mesh fused phosphate,
;00 pounds per acre superior to fine mesh fused phosphate and 1610
pounds per acre superior to the check plot. The computed LSD value of
149 pounds per acre at the 5% point with L degrees of freedom, as given
in Table XVIII, Appendix "C", indicates the increase in production due

to the phosphate fertilizers to be significant at this location.

Figure 11, 7Yield of sweet clover and relative value of several
sources of phosphate, broadcast application, in
Muskogee County, 1949.
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Sweet clover yields in Pawnee County showed broadcast applications

of calcium metaphosphate to be significantly superior to the other three
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forms of phosphate fertilizers, as shown in figure 12 and Table VII,
Appendix "B", The plots treated with calcium metaphosphate yielded
310 pounds per acre more than fine mesh fused phosphate, Lh6 pounds
per acre more than coarse mesh fused phosphate, 500 pounds per acre
more than superphosphate and 2056 pounds per acre more than the check
plot. The computed ISD value of 13L4.2 pounds per acre at the 5% point
and 4 degrees of freedom, as given in Table XVIII, Appendix "C", indi-
cates the increase in production due to the phosvhate fertiligers to
be significant at this location.

Figure 12. Yield of sweet clover and relative value of several

sources of phosphate, broadcast application, in
Pawnee County, 1949.
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In Noble County, the difference in the yield of sweet clover on
all of the phosphate fertilizer plots was of no significance when the
application was broadcast as shown in figure 13 and Table VIII§ Appendix
"B, The increase of approximately 1200 pounds per acre of all treat-

ed plots over the check plot was highly significant with a computed 1SD
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value of 161 pounds per acre at the 5% point for L degrees of free-

dom, as shown in Table XVIII, Appendix MC%",

Pigure 13, TYield of sweet clover and relative value of several
sources of phosphate, broadcast application, in
Noble County, 1950,
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Lespedeza Response to Broadcast Application

Lespedeza responded very favorably to broadcast applications of
superphosphate; calcium metaphosphate and fine mesh fused phosphate
in Muskogee County, as shown in figure 1l and Table IX, Appendix "B,
The response to coarse mesh fused phosphate was approximately 250
pounds per acre less than 0-20-0, however, it was 1183 pounds per acre
superior to the check plot. The computed LSD value of 186 pounds per
acre at the 5% point for L degrees of freedom, as given in Table XX,
Appendix "CW, indicates the increase in production due to the phosphate

fertilizers to be significant at this location.
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Figure 1. Yield of lespedeza and relative value of several
sources of phosphate, broadcast application, in
Muskogee County, 1949.
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At the Noble County location, lespedeza responded favorably to
broadcast applications of the four phosphate fertilizers, as shown in
figure 15 and Table X, Appendix "B", The computed LSD value of Th.2
pounds per acre at the 5% point for L degrees of freedom, as shown in
Table XX, Appendix ®CW, indicates the increase in productioﬁ due to the

phosphate fertilizers to be significant at this location., -

Figure 15, Yield of lespedeza agd relative value of several
sources of phosphate, broadcast application, in
Noble County, 1949. ' ‘
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Oat Response to Broadcast Application

At Muskogee in 1948, the yield of oats on the superphosphate
plot was superior to fine mesh fused phosphate, coarse mesh fused
phosphate and calcium metaphosphate by 3.4, 10.1 and 18.2 bushels
per acre respectively, and outyielded the check plot 22.7 bushels
per acre, as shown in figure 16 and Table XI, Appendix "B". The com-
puted LSD value of 2.2 bushels per acre at the 5% point for L degrees
of freedom, as shown in Table XXIV, Appendix "C", indicates the increase
in production due to the phosphate fertilizers to be statistically

significant at this location.

Figure 16. Yield of oats and relative value of several sources
of phosphate, broadcast application, in Muskogee
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In Muskogee County the 1949 response on oats was in the same order
as the 1948 response on oats; the broadcast application of superphos-
phate was superior to the other phosphate fertilizers, figure 17 and

Table XIT, Appendix "B". Superphosphate outyielded fine mesh fused
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phosphate, calcium metaphosphate and the check plot by 8.8, 15,5;
26,9, and 28.6 bushels per acre respectively. The computed LSD
value of 1.4 bushels per acre at the 5% point with L degrees of
freedom, as shown in Table XXVIII, Appendix %C", indicates the in-
crease in production due to the phosphate fertilizers to be statis-
tically significant at this location. |

Figure 17. 7Yield of oats and relative value of several sources

of phosphate, broadcast application, in Muskogee
County, 1949,
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Calcium metaphosphate plots averaged 4.9 buspels per acre more

oats than the check plot in Pawnee County in 19485 however, it was 20,0
bushels per acre inferior to thé superphosphate treated plot, as shown
in figure 18 and Table XIII, Appendix "BY. Superphdsphate produced

3.8 bushels per acre more than fine mesh fused phosphate. The computed
ISD value of 1.8 bushels per acre at the 5% point and L degfees of free-
dom, as shown in Table XXIV, Appendix YCW, iﬁdicates the increase in
production due to the phosphate fertilizers to be statistically sig-

nificant at this location.



Fizure 18. Yield of oats and relative value of several sources
of phosphate, broadecast application, in Pawnee
County, 19L8.
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In Pawnee County in 1949, significant increases in oat pro-
duction due to the broadcast application of the various phosphates

are shown in figure 19 and Table XIV, Appendix "BH, Superphbsphate

Figure 19, Yield of oats and relative value of several sources
of phosphate, broadecast application, in Pawmee
County, 1949.
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was again superior to fine mesh fused phosphate by 11.1 bushels,
coarse mesh fused phosphate 19,7 bushels, calcium metaphosphate 25.4
bushels, and the check plot 29.5 bushels per acre. The computed LSD
value of 1.1 bushels per acre at the 5% point and | degrees of freedom
as shown in Table XXVITTI, Appendix "C%, indicates the increase in
production due to the phosphate fertiligers to be statistically sig=
nificant at this location.

In the Noble County experiment in 1949, superphosphate was supe-
rior to the other phosphate fertilizers by only a small difference as
is shown in figure 20 and Table XV, Appendix "B", Superphosphate was
superior to fine mesh fused phosphate by 0.6 bushels per acre; coarse
mesh fused phosphate, L.l bushels per acre; calcium metaphosphate,

5.0 bushels per acre; and the check plot, 7.5 bushels per acre,

Figure 20. TYield of oats and relative value of several sources
of phosphate, broadcast application, Neble County,
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The computed 1SD value of 1.9 bushels per acre at the 5% point and

li degrees of freedom, as shown in Table XXVIII, Appendix "C", indi-
dates the increase in production due to the phosphate fertilizers to
be statistically significant at this location.

In all three locations during 1948 and 1949 the average of each
treatment shows superphosphate superior to fine mesh fused phosphate,
coarse mesh fused phosphate, calcium metaphosphate and the check plot
by Lol bushels; 10.2 bushels; 15.7 bushels and 20.3 bushels per acre,
respectively, as is shown in figure 21. On the basis of 100% for
Figure 21, Combined average yield of oats and relative value of

several sources of phosphate; broadcast application, in
Muskogee, Pawnee and Noble Counties during 1948 and 1949,

[0
[
€
<} 50
8
: Lo 100%
rﬂ_; 30 33:-7 87%
2 o
;'3 ’ 29,3 st 70%
“ WA 5.0 237
= 10 13.4
a3
>
\
"CK SP FIP- " CVP FTP+

Fertilizer Material

CK = Check. SP = Superphosphate., FTP - Fused tricalcium phosphate,
CMP - Calgium metaphosphate

superphosphate the respective values are 87%, 70%, 53% and LOZ.

The computed LSD value at the 5% point for 29 degrees of freedom in
1948, Table XXVI, Appendix "C", and Ll degrees of freedom in 1949,
Table XXX, Appendix "C", is 1.2 bushels per acre; therefore, the in=
crease in production due ‘to the phosphate fertilizers is statistically

significant at Muskogee, Pawnee and Noble Counties in 1948 and 1949.
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Alfalfa Response

The growth of irrigated alfalfa at the Jackson County location
showed calcium metaphosphate to be inferior to 0-20-0 and 0-45-0 but
superior to the check plot through the season as shown in figure 22
and Table XVI, Appendix "B". In this test, the difference in yield
between 0-20-0 and 0=45-0 was considered insignificant. The calcium
metaphosphate plots averaged 1.0 ton per acre more than the check plot
for the season; however, they averaged 1.4 tons less than the super=
phosphate plots. On the basis of 100% for superphosphate the relation=

ship for triple superphosphate, calcium metaphosphate, and the check plot

would be 101%, 75% and 66% respectively.

Figure 22. 7Yield of alfalfa and relative value of several
sources of phosphate in Jackson County, 1949.
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CMP - Calcium metaphosphate
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The difference between superphosphate and calciwn metaphosphate
was siznificant at the 5% point with 3 degrees of freedom as shown in
Tables XXXI tlrough XXiVI, Appendix "C%, The increase over the check
plot due to the calcium metaphosphate treatment was significaunt at

the 5% point.



SUMMARY

Studies were begun in 1948 in Muskogee and Pawnee Counties and
the additional two locations in Jackson and Noble Counties were added
the following year. This report is a compilation of the data compar-
ing calcium metaphosphate with other phosphatic fertilizers by crops,
location, and method of application. Significant increases in crop
production due to the source of phosphate were found, and a slight
difference in yield was noted with certain crops between locations.

The use of calcium metaphosphate as a phosphate fertilizer may
be summed up in condensed review of the data. The yield of lespedeza
on the plots treated with calecium metaphosphate in Muskogee County
was 16 pounds per acre higher than it was on plots treated with 0-20-0,
and 1710 pounds better than on the check plot. The yield of sweet
clover was 36 pounds per acre higher than 0-20-C and 1627 pounds per
acre better than that obtained on the untreated area. It was inferior
to the other materials tested on oats in 1948 and 1949. In Pawnee
County, calcium metaphosphate was superior to the other phosphabes
tested on sweet clover. It ranked fourth on oats, yet showed a sig-
nificant increase in production over the check plot. In Noble County,
under lespedeza, calcium metaphosphate was inferior to 0-20-0 by 17
pounds per acre, but it was superior to the check plot by 11L8 pounds
per acre. Under swset clover, calcium metaphosphate ranked third,
the yield being nine pounds per acre less than the yield on plots

treated with 0-20-03 however, it outyielded the check plot by 1165

-
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pounds per acre. Under oats, calcium metaphosphate ranked lower
than the other phosphates in the test, yet it outyielded the check
plot by 2.5 bushels per acre which is significant.

These data indicate that calcium metaphosphate was not inferior
to the other phosphorus carriers except on ocats in Muskogee, Pawnee
and Noble Countiessj; and on alfalfa in Jackson County. The main con-~
clusion that can be drawn from this work is that calcium metaphos-
phate was found to be a relliable phosphorus fertilizer for legumes

at the Muskogee, Pawnee and Noble County locations.



FPERTILIZER ECONOMICS

During the period 1936-1$L0, the total sales of all fertilizers
in Oklahoma amounted to 4,302 tons. During the period January 1,
1952, to December 31, 1952, over 172,000 tons of varying grades and
materials were sold throughout the state (L7). Calculated estimates
of the quantities of fertilizers that could profitably be uvsed in
Oklahoma under conditions of proper soll management approximates
745,642 tons (6).

During 1952, more than 21 different grades of fertilizer materials
were registered for sale with the Oklahoma State Department of Agri-
culture (L47). The quantities of nutrient elements in these ferti-
lizers ranged from 20 units to more than 60 units per 100 pounds.
Superphosphate and rock phosphate constituted 86,609 tons or 50.2%
of the total fertilizer consumption in the state (L6), and 270 tons
of calcium metaphosphate was used by'éo test~demonstration farmers in
fourteen counties (45). Thus the use of commercial fertilizers in the
farming operation creates another cost item to the farmer and one of
‘his major concerns will be to obtain the most economical type of mate-
rial to use.

Calcium metaphosphate could be the answer to this problem in many
localities. Curtis (10) et al, reports calcium metaphosphate as 73.05
percent the cost of 16 2/3 percent superphosphate f.c.b., the farmer.
Curtis reasons as follows:

Consider three plants located equally distant from a farmer who

pays a freight charge of $L.50 per net ton on fertilizer purchased.
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At one of the plants, bulk superphosphate averaging 16 2/3 percent
available P2OS is offered at $9.00 per ton in the stock pile; at
another of the plants, bulk superphosphate averaging 50 percent avail-
able Py0g is offered at $40.00 per ton in the stock pile. Assume that

the following costs apply to all three:

Recovery from storage, crushing, screening,

and bagging. $1.00 per ton
Bags ; 1.75 per ton
State tax .50 per ton
Freight L.50 per ton
Dealer's profit 10 percent,

The cost per ton of available P205 to the farmer iée

Triple Calcium
Superphosphate Superphosphate Metaphosphate

16 2/3% Po0c 50% Py0 623 Po0

Material Materia Materia

In stock pile . $ 54.00 $66 .00 $61.50
Recovery, crushing,

ete. 6.00 2.00 1.5L

Bags 10.50 3,50 2,69

State tax 3,00 © 1,00 ‘ o717

Freight 27000 ’ 9.00 6092

Dealer's profit 10,05 8,15 7.34

Cost to farmer $110.55 %89 .65 $30. 16

Due to Oklahoma’s location in respect to phosphate deposits; cal-
cium metaphosphate would be an economical source of phosphatic ferti-
lizer according to Curtis! theory. Two apparent obstacles, howéverg
jeopardize acceptance and"maximum use of this material: reliable tests
of calecium metaphosphate have not proven it to be sufficiently effec-
tive to offset the savings in initial.costyrand,’ 1t is.hot.yet avail-
able on the market. |

With continued investigation by the Tennessee Vailey Authority,

the process of manufacturing might become commercialiy feasible, and
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calcium metaphosphate could become a regular material on the ferti-
lizer market. Sufficient information should be assembled to indi-
cate its valus under the various climatic, soil and crop condibions
found in Oklahoma. In this study of several phosphates under field
conditions, the writer attempted to assemble data that could be used
in evaluating calcium metaphosphate when compared to commercial super-

phosphate and other phosphorus fertilizer materials.
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Table II. Location, Ownership, Soil Conditions and log of activities
on the Muskogee County Experiment with several Phosphate
Fertilizers on Oabs, Sweet Clover and Korean Lespedeza.

Location:

Farmer:

Soll Type:

Soil Reaction:
Available Phosphorus:

Crops:

Activity during 1948:

Activity during 1949

1 1/2 miles north of Muskogee, Oklahoma.

L. W. Osborn, P. 0. Box 72l, Muskogee,‘Oklahoma.
Parsons very fine sandy loam.

Strongly acid (pHiy.9).

Very low - less than 12 pounds per acre.

New Nortex oats, Madrid Sweet clover, Korean
lespedeza.

Plots marked off, fertilized and seeded March
9, and March 10.

0-20-0 200 pounds per acre.
0-29=0 140 pounds per acre.
0-60-0 | 66 pounds per acre.

Qats harvested June 17.

Korean Lespedeza abandoned due to poor stand
caused by washing on April 6.

Plots marked off and seeded March 1.
Oats harvested June 23.
Sweet Clover harvested June 23.

Korean Lespedeza harvested August 18.
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Table III. Location, Ownership, Soil Conditions and Log of activities
on the Pawnee County Experiment with several Phosphate Ferti-
lizers on Oats, Sweet Clover and Korean Lespedeza.

Location:

Farmer:

Soil Type:

Soll Reaction:
Available Phosphorus:

Crops:

Activities during 1948:

Activities during 1949:

1 1/2 miles north, 3 miles east of Glencoe,
Oklahoma.

Omy Price, Glencoe, Oklahoma.

Renfrow silt loam.

Strongly acid (pH L.9)

Very low = less than 12 pounds per acre.

New Nortex oats, Madrid Sweet clover, Korean
lespedeza,

Plots marked off and seeded March 27 and March
30.

0=20~0 200 pounds per acre.
0-29-0 140 pounds per acre,
0-60-0 66 pounds per acre.

Oats harvested June 19.

Korean Lespedezé abandoned due to poor stand
and poor inoculation.

Plots marked off, fertilized and seeded March
22,

Sweet Clover harvested June 15.
Oats harvested June 21.

Korean Lespedeza abandoned due to poor stand.



Table IV. Location, Ouwnership, Soil Conditions and Log of activities
on the Noble County Experiment with several Phosphate

Fertilizers on Cats, Sweet Clover and Korean Lespedeza.

Location:

Farmer:

Soil Type:

Soll Reaction:
Available Phosphorus:

Crops:

Activity during 19L9:

Activity during 1950:

7 miles south, 2 miles east of Perry, Oklahoma.

LeRoy Hardy, Marshall, Oklahoma.
Renfrow clay loam.
Slightly acid (pH 6.3)

Low - 16-20 pounds per acre.

New Nortex oats, Madrid Sweet clover, Korean

Lespedeza.

Plots marked off, fertilized and seeded March

1.
0-20~0 200 pounds per acre.
0-29-0 1L0 pounds per acre.
0-560-0 - 66 pounds per acre.

Qats harvested June 23.

Lespedeza harvested August 23.

Sweet Clover harvested June 2 2.
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Table V. Location, Ownership, Soil Condition and Log of activities
on the Jackson County bxperiment with several Phosphate
Fertilizers on Irrigated Alfalfa.

Location:

Farmer:

Soil Types

Soil Reaction:
Available Phosphorus:
Crop:

Activity during 19L9:

1l mile east of Martha, Oklahoma, or 10 miles
north and 2 miles west of Altus, Oklahoma.

We Bo Edwards, Martha, Oklahoma

Foard silt loam.
Neutral (pH 7.8).
High - L0-50 pounds per acre.

Irrigated alfalfa.

Plots marked off and fertilizer applied January
2l ‘

0~20~0 600 pounds per acre.
0-45=0 266 pounds per acre.
0-60~-0 200 pounds per acre.

First cutting April 3,
Field was cut for hay April 13.

Second cutting June 6,
Field was cut for hay June 9.

Third cutting July 26,
Field was cut for hay July 26.

Fourth cutting September 5,
Field was cut for hay September 5.

Fifth cutting September 26, ‘
Field was cut for hay September 26, (Crop
was not watered between fourth and fifth
cutting in an attempt to get a seed crop).

Sixth cutting October 30,
Field was cut for hay October 3C.



APPENDIX B



Treatmend
Check
0-20-0
ZOm<l>
20p(2)

cup(3)

Treatment
Check
0-20-0
EOm(l)
20p(2)
oup(3)

Individual Sample Weights

Sweet Clover, Pounds Per Acre

Sﬁg%es
1795 1932
3402 3538
3318 3234
3265 3087
3507 3L75

TABLE VI

Muskogee County

Row Application

Series
g

18L3 1896

3390 3471

3243 3304

3240 3114

3487 3493

Broadcast Application

Series
1
1843 1911
3297 3433
3118 3066
2961 3328
3318 3591

Series
g
1871 1896
3401 3382
3112 3071
3197 3137
3576 355hL

51)20 minus fused phosphate
(2)20 plus fused phosphate
3)calcium metaphosphate

51

Sﬁgies
1902 1824
3481 3L63
3276 3267
3171 3156
3476 3514

Series

ngn
1902 1824
3381 3324
306L 3082
3082 3124
3421 3453



Treatment
Check
0-20-0
2Op<2)

omp(3)

Treatment
Check
0-20-0
20m(1)
2Op<2)

cup(3)

Individual Sample Weights

Sweet Clover, Pounds Per Acre

Sﬁzies
L0 1286
215 L305
2835  LB30
2205  L226
2730 1861

TABLE VII

Pawnee County

Row Application

Ssgies
1671 1691
2962 360l
2971 Lbl1
3504 3012
3972 3741

Broadcast Application

Sﬁzies
1680 1286
3202 2835
3045 3391
3255 2898
3307 3675

(1)

Series
upn
1293 1585
3011 3047
3247 3176
3147 3062
3L76 3579

20 minus fused phosphate

(2)20 plus fused phosphate

(B)Galcium metaphosphate

52

Sﬁgies
1737 1802
3397  31h2
3174 L4320
3942 2609
326 L3ok

Siﬁies
1476 1L67
3037 2982
3187 3214
302L 3061
3582 3504



Individual Sample Weights

TABLE VIII

Noble Cownty

Sweet Clover, Pounds Per Acre

Row Application

Sﬁgies
1600 1642
282 2791
271 2681
2767 2740
2787  28L2

Broadcast épplication

Series
Treatment npw
Check 1617 1577
0=20=0 2778 2817
20m(1) 2695 2812
20p(2) 2793 2866
cip(3) 270, 2606

Series
Treatment HAM
Check 1492 14kS
0~20-~0 2597 2682
20m(L) 2548 2695
20p(2) 2704 2631
cup(3) 2755 2606

Sﬁg%es
1497 1Lk
2602 2679
2742 2643
25L2 2631
2593 2701

(1)20 minus fused phosphate
(2)20 plus fused phosphate

Calcium metaphosphate

53

Sigies
1576 1617
2762 2853
2676 2654

2692 . 2789
2821 2856

Sﬁgies
1432 1510
2587 2690
2692 2667
260l 2662
2706 2610



Individual Sample Weights

Lespedeza, 1949, Pounds Per Acre

TABLE IX

Muskogee County

Row Application

Series

607
21410
2276
2h21
2176

521
2267
2212
2196
1943

Broadcast 4pplication

Series

672
2036
2013
1967
1627

Series
Treatment mAM
Check 565 535
0~20-0 2305 2210
20m(1) 2280 2200
oup(2) 2260 2325
20p(3) © 2200 2015

Series
Treatment nAN
Check 655 545
0-20~0 2065 1950
20m(1) 2005 1865
cmp(2) 1770 2150
20p(3) 1590 1900

gé% 20 minus fused phosphate

(3)

Calcium metaphosphate
20 plus fused phosphate

62l
1982
190U

1992

1976

Series

2017 1602

5k

el
Loz 676
2307 2102

2321 211k
2343 211?
1991 2032
Sﬁg%es‘
526 593
1962 2192
1923 1962
1921 1943



Lespedeza, 1949, Pounds Per Acre

Individual Sample Weights

TABLE X

Noble County

Row Application

Series Series
Treatment Hp ugn
Check hss 550 572 51k
0~20-0 1860 171k 1763 181k
20m(1) 1720 1805 1821 1604
i l2) 1630 1500 1743 1794
2003 1650 1635 1697 1702
Broadcast Application
Series Series
Treatment HAM g
Check LS5 420 516 L27
0-20-0 1715 1600 1673 1689
20m(1) 1700 1570 1697 1628
amp(2) 1535 1705 162 1630
20p(3) 1460 1560 1500 1547
(1>20 minus fused phosphate
€§§Calcium.metaphosphate

20 plus fused phosphate

55

Sﬁg%es
Lé3  Lyv
1792 1767
1596 1794
1767 1782
162 1631
Sﬁg%es
us7 L2l
1570 1643
1595 1649
1631 1611
1490 150L
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TABLE XTI
Individual Samples

Muskogee County
Qats 1948, Bushels Per Acre

Row Application

Series Series Series
Treatment U HpH ugn
20p(1) 23.97 18.36 22.0L 19.L6 18.92 21.1k
20m(2) 30.07 28.05 30,21 28.59 29.3L 28,79
0-20-0 37.74 32,13 36.52 34.14 31.71  3L.93
cup(3) 19.38 21.17 19.72 2091 20,75 20469
Check 7.65 10.71 8.1 9.63 947 9,02

Broadcast Application

Series Series Series
Treatment ngn np ne
20p( 1) 20.91 22.68 21.27 21.92 22,12 21.0L
o0m' 2) 27.52 29.8L 28.42 28,17 27.87 28.90
0=20-0 30.60 32.39 33.0L 32.14 31.71 30.96
cap(3) 12.75 15.04 12,97 13.8L 13.19 13.72
Check 8.16 10.L5 8.72  B8.97 9.1 9.32

(1)20 plus fused phosphate
(2)20 minus fused phosphate
(B)Calcium metaphosphate



Treatment
20p(1)
ZOm(2>
0-20-0

omp(3)

Check

Treatment
ZOp(l)
2Cm1(2>
0-20-0
ap(3)

Check

TABLE XII

Individual Samples

Muskogee County

Oats 1949, Bushels Per Acre

Series

HA it
32.39
38.00
50.2
2L, 48

18‘-87

Row Application

Series
an

32.61 33.47
37.82 36.01
L9.17 51.01
211,06 2Ll

18.72 18.36

Broadcast Application

Series

e
29.58
38.00
Lél2
17.8L
15.55

29.8l
35.19
L3.61
18.36
17.59

Series
"B"

29.43 29.81
37.8L 36.04
43.91 U5.87
18,42 17.86

15,62 15.87

(1)20 plus fused phosphate
(2)20 minus fused phosphate
(3)calecium metaphosphate

Series
llC 1

33.92 33.60
36,71 37.L2
50,16 Lg.52
23.87 2L.62

18.24 18.61

Series
"C 44

28.96 29.91
35.23 35.41
Lho62 L5074
18.01 18.36

16.92 16.73



TABLE XIIT

Individual Samples

Oats 1948, Bushels Per Acre

Pawnee County

Row Application

Series
HgH

28.91 28.24
30.68 30,09
L2.ol LO.71
v20.89 22.43

8.90 .70

Broadcast Application

Series
Treatment A
20p(1) 28,56 28.82
20m(2) 29.58 30,60
0=20-0 h1.57 L0.30
cp(3) 21.42 21.68
Check 9.18  9.69

Series
Treatment AT
20p(1) 22.19 20.66
20m(2) 29.8L  31.37
0=20-0 33.41 3L.ok
cup(3) 13,00 15.04
Check B.67 9.94

Series
IIBH

22.0L 21,09
25,71 30.0L
3L.86 3L.11
1h.73 1h.24

9.47  9.03

(1)20 plus fused phosphate
2)20 minus fused phosphate

(3)caleimm metbaphosphate

Series
I!C fH

27.93 28.98
29.43  29.96
39.96 L1.72
21.37 21.79

9.3L  9.86

Series
iiell

21.93 21.L7
3L.76  29.Lk
33.43 3L.19
14.31 13.64
2.16 8.96



TABLE XTIV

Individual Samples

Oats 1949, Bushels Per Acre

Pawmee County

Row Application

Series
UBH

35.16  33.72
32.97 33.89
L7.89 LL.50
26.16 25.62

11.6L 11.97

Broadecast Application

Series
Treatment g
20p(1) 32.90 35.96
20mt2) 34.68 32.64
0-20-0 48.20 L2.59
cip(3) 25.25 26.27
Check 11.98 11.22

Series
Treatment nAn
20p(L) 25,25 20.91
20m(2) 29,07 3L.58
0-20-0 U1.83 143.87
cup(3) 16.06 18.10
Check 12.L49 13.51

Series
HE Ll

22.2 23.8L
30.06 31.19
he2.1h L2.76
17.36 16.L2

13.1L 12.79

(1)20 plus fused phosphate

(3)

2)20 minus fused phosphate
Calcium metaphosphate

Series
XICH

3hol7 3h.72
33.0L 33.82
L3.6L hs.21
211,97 27.00

12,01 11.h2

Series
"C u

21.76 23.0L
31.76  31.92
L1.92 L3.0u
17.1L 17.61

12,91 13.42



Treatment
20p(1>
2Gm(2>
0=20-0
cp(3)

Check

Treatment
20p(1)
20m(2)
0-20-0

onp(3)

Check

TABLE XV

Individual Samples

Noble County
Dats 1949, Bushels Per Acre

Row Application

Series
HRh
LU.B1  Lh.67
L6.02 L7.1h
55.87 52,00
L9.86 L9.92
39.90 41.06

Broadcast Application

Series
nan
L2.8L  L6.57
51.25 55.04
L6.28 L7.62
560.01 L4.85
h1.12 L0.83
Series
wp
LL.85 L6.57
45.86 50.30
50,30 Lg.hh
L5.13  Li.85
L42.33 U43.99

Series
ugh
L5.1h L5.82
L5.78 L49.86
51.42 §0.04
L5.00 L5.3k
41.00 43.18

(1)20 plus fused phosphate
(2)20 minus fused phosphate
(3)calcium metaphosphate

N
(@)

Series
e
Ls.2h 43,00
Lé.by  L5.98
54,73 52.91
L8.24 L8.16
39.87 Lo.92
Series
ugu
Lh6.26 L5.72
48.96 L9.L2
Lg.89 50.17
Lh.81 L6.0L
L2.7h L2.38
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TABLE XVI

Individval Samples
Alfalfa 1949, Pounds Per hcre - Dry Weight

Commerclal Triple Calcium
Date Check  Superphosphate  Superphosphate Metaphosphate
April 3 543 725 730 58l
500 761 733 617
572 717 721 636
1o 713 785 593
June 6 1173 1215 1265 1155
1175 1207 1230 1131
1133 1250 1327 1127
1133 1219 1295 1161
July 26 1475 2270 2125 1541
1502 2315 2160 1501
1370 2035 2143 1555
1425 2241 2367 1645
September 5 1088 1393 1336 1046
1030 1390 1327 1107
104k 1416 1347 1134
1071 1322 1199 1118
September 26(1) 280 542 577 276
26l 553 580 386
278 533 557 103
253 540 565 393
October 30 1071 2033 2166 1473
907 2016 2150 1307
927 2021 2097 1346
917 2033 2119 1327
Tons Per Acre 2.7 I .1 3.7
Relative Yield 66% 100% 101% 75%

l\l)&'im.a.ll samples due bo the farmer not applying water in an attempt
to get a seed crop. After realizing the lateness of date he cut a
short crop in order to get an additional full cutting before frost.



APPENDIX C

For brevity in the following tables two degrees of freedom of
replications were not included,
Each replication represents the mean of two samples.



TABLE XVII

Analysis of Variance
Sweet Clover, Row Application

lMuskogee County

IMeans

3,730.67
6,915.00
6,5L7.33
6,3h0.33
6,98L.00

Source
Total

Treatment

Error
SE

Pawnee County

Means

3,209.00
%,608.33
75590.33
6,199.33
7,618.00

Source
Total

Treatment

Error
SE

Treatment A B C
Check 3727 3739 3726 11192
0-20-0 6940 6861 694l 20745
20m 6552 6547 6543 19642
20p 6352 635L 6327 19033
CIP 6982 6980 6990 20952
30553 30481 30530 9156l
df s F PrlL
1l
L 2,189,352 9769462 .00055(2)
8 561,88
13.69 1SD @ 5% 66.9(1)
Treatment A B C
Check 2726 3362 3539 9627
0~20-0 6720 6566 6539 16825
20m 7665 7612 7LoL 22771
20p 6L31 6516 6551 19458
CMP 7591 7713 7550 2285Y
31133 31769 31673 SL575
df Ms F PrL
1L
L 9,818,283 20947 .000533(2)
8 46,871
125.00 15D @ 5% 611.2(1)



Table XVII (Continued)

Woble County

Means Treatment A B C
3,209.67 Check 3194 3242 3193 9629
5,614.33 0=20~0 5595 5633 5615 16843
5,0410.67 20m 5507 5395 5330 16232
5,519.00 20p 5659 2207 S8l 16647
5,538.67 CMP 5310 5629 5677 16616
25265 25406 25296 75967
Source af s F PrlL
Total 1l
Treatment L 3,241,597 227,08 *OOOS%%(2)
Error 8 14,275 (1)
SH 68.98 LSD @ 5% 337.3
(1),

For significance, yield difference between treatments must be
66,9, 611.2 or 337.3 pounds per acre. See Table V, VI and VIII.

\¢/Results significant 9,995 times per 10,000 times.



TABLE XVIII

Analysis of Variance

Sweet Clover, Broadcast Application

Muskogee County

Means

3,750.67
5,739.33
6,171.00
6,276.33
6,971.00

Source
Total
Varieties
Error
o

1

&

Pawnee County

Means

2,929.00
6,04,0.00
6,420.00
6,149.00
7,041.00

Source
Total
Varieties
Lrror
SE

Treatment A B c
Check 3759 3767 3726 11252
0-20-0 6730 6783 6705 20218
20m 618l 6183 6146 18513
20p 6289 6334 6206 18829
CMP 6909 7130 6874 20913
29871 30197 29657 89725
daf Ms F PrL
1L
L 1,989,657 1778.53 .0005##(2)
8 2,305.50
30.58° LD @ 5% 1h9.8(1)
Treatment A B C
Check 2966 2878 2913 8787
0=20-0 6037 5058 6025 18120
20m 61136 6,23 6401 19260
20p 6153 6209 6085 18447
CMP 6982 7055 7086 21123
28574 28623 - 28540 85737
af s F PrL
1L
L 757335306425 3h2k.27 .0005::(2)
8
27.1° 15D @ 5% 134.2(1)



Table XVIII (Continued)

oble County

Means Treatment A B G
2,939.33 Check 2937 2939 29L2 8818
L,279.00 0-20-0 5279 5281 5277 15837
5,256.00 20p 5335 5173 5266 15774
5,323.67 CMP 5361 5290 5316 15971
2155 21,072 2160 72387

Source at Ms B PrL

Total 1L

Varieties N 3,339,018.75  1026.32 .0005xx(2)

Error 8 3,253.38

SE 32,939 15D @ 5% 161,0(1)

(l)For significance, yield difference between treatments must
be 149.8, 13L.2 or 161.0 pounds per acre. See Table VI, VII and VIII.

Results significant $,995 times per 10,000 times.



TABLE XIX

Analysis of Variance
Lespedeza 1949, Row Application

Muskogee County

Treatment A
Check 1100
0-20-0 1,515
20m 11180
CMP 585
20p L215:
18895
Source 4af
Total 1
Treatment I
Error 8
SE 41.70

Noble County

Treatment A
Check 1005
0~20-0 3575
20m 3525
CHP 3530
20p 3285
14920
Source daf
Total 1L
Treatment L
Irror 8
SE 28474
(1)

B

1128
LaT77
14,88
L4617
1119
15026

s

657378k
2216,

B

1086
3577
3425
3537
3399
15024

Ms

363,19
2.148

1168
L1409
L35
L1160
4023
181,95

F
1260.31

3396
13601
13403
13662
12357
56L19

Prl,
.0005:%(2)

1D @ 5% 102.0(1)

960
3559
3390
. 3549
3255
14713

F

1L462.7

3051
10711
10340
10616

9939
Ll657

PrL

.OOOS%%(Q)

1sD @ 54 70.0(%)

102 or ;O pounds per acre, see Table IX and X.

2)Results significant 9995 times per 10,000 times.

For significance, yield difference between treatments must be



TABLE XX

Analysis of Variance
Lespedeza 1549, Broadcast Application

Muskogee County

Treatment A B C
Check 1200 1296 1119 3615
0-20-~0 L,015 1,018 Lisl 12187
20m 3870 3917 3885 11672
CHP 3920 3959 3864 11743
20p 3490 3603 3619 10712
16495 16793 16641
Source af Ms F PrL
Total 1k .
Treatment Ly 1729.69 987.72 .OOOB%*\2)
Error 8 L1.378
SE 38,20 LSD @ 5% 186.8

Noble County

Treatment A B C
Check 875 oL3 878 2696
0=20-0 3315 3362 3213 9890
20m 3270 3325 32LL 9829
CMP 3240 3272 3242 915
20p 3020 3047 299, 9061
13720 13949 13571 o hazho

Source af Ms F PrL

Total 1

Treatment Ly 32448.71 L707.86 .OOOS%%(z)

Frror 8 690,00

SE 15,17 15D @ 5% 7h.2(1)

(1)

For significance, yield difference between treatments must be
186.8 or Th.2 pounds per acre. See Table IX and J.
<2)Results significant 9,995 times per 10,000 times.



TABLE XXI

Combined Analysis of Variance
Lespedeza 1949, Row Application

Source
Total
Blocks w/Locations
Treatment w/Locations
Treatment
Treatment X Locations

Locations

Error (Within)

SE Treatment

SE Locations

25.33
16,02

36

O E oo

Ms F
998L522.75  2593.55
221208,50 57°ﬁ6
4611488.00 1197.87
38L49.75
ISD @ 5% 109.9
ISD @ 5% L8.1
TABLE XXII

~ Combined Analysis of Variance
Lespedeza 15949, Broadcast Application

Source
Total
Blocks w/Locations
Treatment w/Locations
Treatment
Treatment X Locations

Locations

Error (Within)

SE Treatment

SE Locations

20.55
13.00

(1)

S B

-

(00 o gl maf oo § =al 0]

‘Ms F

722837L.75 2970.21

11,1285 ,00 17.47

251662100 992,90
2534.63

ISh @ 5% 89,2

18D @ 5% 39.0

Results significant $995 times per 10,000 times.

68

PrL

QOOOS**(l)
000053
«0005¢

PrL

.0005:(1)
-00053#¢
» 000533



69

TABLE XXIII

Analysis of Variance
Oats 1948, Row Application

Muskogee County

Means Treatment A B C
41.26 20p i2.33 L1.50 1,0.06 123.89
58.29 20m 58.12 58.80 58.13 175.05
68.99 0=20-0 69.87 70.66 56,64 207.17
140.83 CMP L0.55 40.63 L1k 122.62
18.19 Check 18.36 17.77 18.49 54462
229.23 229.36 221476 683.35

Source af Ms I3 PrL

Total 1l

Preatment L 1,128.01 898.00 .0005:( 2)

Error 8 1.256

SE LTL 1D @ 5% 1.9(1)

Pawmee County

Means Treatment ‘A B c
57,09 20p L7.38 57.15 56.91 171.4L4
60,05 20m 60,18 60.77 59439 180.34
L3.15 CMP 43.10 43.32 L3.16 129,58
18.87 Check 18.87 18.60 19.20 56,67
261,40 262459 260.3L 784,33

Source df Ms F Pri,

Total 1l

Treatment L 1,628.80 9171.2 .0005:5¢(2)

Error 8 1776

SE .24i33 15D @ 5% 0.6(1)

(1)

For significance, yield difference belween treatments must be
1.9 Of 9.6 bushels per acre. See Table XI and XII.
2/Results gignificant 9,995 times per 10,000 times.
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TABLE XXIV

Analysis of Variance
Oats 1948, Broadcast Application

Muskogee County

Means Treatment A B C
L3.37 20p 1i3.59 L3.19 43.4h6 130.2l
56.85 20m 57.36 5.59 56.77 170.72
63.55 0~20-0 62.99 65.18 £2.67 190.8l
27.1h CMP 27.79 26,81 26.91 81.51
18,2k Check 18.61 17.69 1816 5L.87
210.34 209 .16 208.27 - 628.07
Source at Ms F PrL
Total 1l
Treatment ly 1,106.32 1851.58 .OOOS%%(Z)
Error 8 .5975 (L)
SE JLi63 LSh @ 5% 2.18

Pawnee County

Means Treatment A B C
143.08 20p L2.85 43.13 43.40 129.38
£50.66 20m 61421 59.75 61.20 182.16
68.25 0~20-0 58435 68.97 67.62 20L.9h
28.29 CMP 28,00 28.97 27.95 8L.96
18.39 Check 18.61 18,50 18.12 55.23
219,06 219.32 218.29 656.67

Source df Ms F PrL

Tobtal 1L

Treatment L 1,328.9L 3385.83 .OOOS%*(2>

Error 8 .3925 .

SE \3617 15D @ 55-1.77(1)

(1>For significance, yield difference between treatments must be
2.18 and 1.77 bushels per acre. See Table XI and XIII.

2 Results significant 9995 times per 10,000 times.
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TABLE XXV

Combined Analysis of Variance
Qats 1948, Row Application

Source df Ms F PrL

Total 29

Block w/Locations N

Treatment w/Locations 8

Treatment L 2680.43  3738.92  .0005x(1)

Treatment X Locations L 76.39 106,56 000533
Locations 1 339.90 L7k.12 - 00053
Error (Within) 16 0.7169
SE Treatment 3457 I1SD @ 5% 1.50
SE Location 2186 18D @ 5% 0.66

TABLE XXVI
Combined Analysis of Variance
Qats 1948, Broadcast Application

Source af Ms F PrlL

Total 29

Block w/Locations L

Treatment w/Locations 8 _ S

Treatment _ N 2h27.80 k906 .6l °0005**(1)

Treatment X Locations N 7.L6 115.07 0005
Locations 1 27,26 15.10 - 000533
Error (Within) 16 L9L8 .
SE Treatment 2872 18D @ 5% 1.25
SE Location 1817 1SD @ 5% 0,55

Means
In Rows Broadcast

20p Lo.32 L3.36
20m 59.23 58.93
0=20=0 75,73 . 66,10
CMP L2.12 27.80
Check 18,58 18.37

(l)Results significant 9,995 times per 10,000 times.
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TABLE XXVIT

Analysis of Variance
Oats 1949, Row Application

Muskogee County

Means Treatment A B C
65,90 20p 67.30 66,08 67.52 200.90
73.90 20m 73.96 73.83 71,13 221.92
98.65 0=20-0 96.40 100.18 99.68 296 426
18.3L CHMP 48.20 L8.47 48.L9 145.16
36.93 Check 36.97 37.08 36.85 110.90
322.83 325,64 326.67 975.1L

Source ar Ms F PrL

Total 1k

Treatment L 1,714.16 1676, .00053:(2)

Error 8 1.0225

SE .5338 5D @ 5% 2.8(1)

Pawmee County

Means Treatment A B C
68.2l 20p 68.86 68.88 67.19 204.93
66.95 20m 67432 66,86 66,86 201.04
90.59 0-20-0 90,79 92.39 88.85 272.03
51.70 CHP 51.52 51.78 51.97 155,27
23.39 Check 23.20 23.61 23.43 70424
301.69 303.52 298.30 903,51

Source at Ms F PrlL

Total 1k

Treatment L 1,8L9.17 2600.1Ls L0005 2)

Error 8 5,6885

SE L1868 1sp @ 55 1.2
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Table XXVII (Continued)

Noble County

Means Treatment A B ‘ C
89.29 20p 89.L1 89 o148 89.2L 268.13
97.88 20m 107.29 93.16 93.47 293.92
103.03 0-20-0 93.90 107.87 107.64 309.41
$6.92 CMP 5l .86 99.78 96,10 291.0L
81.15 Check 81.95 80.96 80.79 2113.70

LAT.L1 L71.25 L67.54 1106.20

Source df Ms F PrlL
Total 1l
Treatment L 219.29 6.50 L025s(3)
Brror 8 33.7288
SE 3.3531 15D @ 5% 1.9(1)

(Lror significance, yield difference between treatments must be
2.8, l.§,or 1.9 bushels per acre. See Table XII, XIV and XV.

2)pesults significant 9,995 times per 10,000 times.

3)Results significant 975 times per 10,000 times.



TABLE XXVIIT

Analysis of Variance
Qats 19L9, Broadcast Application

Muskogee County

Means Treatment : A B C
59.12 20p 59.42 55,2l 58.87 177.53
72.50 20m 73.19 73.88 70,6l 217.71
89.97 0m20-0 $0.03 89.78 90.36 270.17
36.25 CMP 36.20 36.28 36.37 108.85
32.73 Check 33.14 31.49 33.65 98.28
251.98 290.67 289.89 872.5Y

Source af Ms F PrL

Total 1l

Treatment L 1,762.37 170L.91 0005 2)

Error 3 1.0337 .

SE .5870 1SD @ 5% 1.43'1)

Pawnee County

Means Treatment A B C
45.63 20p 56.16 56.08 k.80 137.04
62.83 20nm 63.75 61.25 63.68 188.68
85.10 0-20-0 85.70 8l.50 . 8L.96 255456
34420 CMP 3L.16 33.78 34.75 102.69
26.06 Check 26.00 25.93 26433 78.26
255,77 251.94 254,52 762.23

Source df Ms I PrL

Total . 1

Treatment L 1,680.16 2885.39 .00053:(2)

Error 8 .5823

SE , L1106 1SD @ 5% 1.1(1)
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Table XXVIII (Continued)

Noble County

-

Means Treatment A B C
91.36 20p 91.L2 90.96 91.98 274h.36
98.96 20m 99.16 99.6L 98.38 297.18
100.32 0-20~C 99 /h 101.46 100,06 301.26
50,30 CMP 89 90,34 90.89 271.17
85.12 Check 86.32 8l;.18 85.12 255,62

1166 .62 L166.58 L,66.39 1399.59

Source af Ms F PrL
Total 1l
Treatment L 120.94 170.29 .0005:(2)
Error 3 L7102
ST 1865 I1SD @ 5% 1.9(1)

(1 ) or significance, yield difference between treatments must be
% % or 1.9 bushels per acre. Oee Table XIIL, XIV and XV.
Results significant 9,995 times.per 10,000 times.



TABLE XXIX

Combined Analysis of Variance
Oats 1949, Row Application

Source
Total
Block w/Location
Treatment w/Locations
Treatment
Treatment X Locations
Locations
Error (Within)
SE Treatment
SE Location

df Ms
Lk
6
12
L 3077.2431
8 352.7815
2 4929 .342)
2l 11.8208
1.1460 1SD @ 5%
.8878 18D @ 5%
TABLE XXX

260.3090
29,8401
,17.00

L.78
3013

"Combined Analysis of Variance
0ats.18L9; Broadoast Application

Source
Total
Block w/Location
Treatment w/Locations
Treatment
Treatment ¥ Locations
Locations
Error (Within)
SE Treatment
SE Location

df
L
1

=N oE DO

L) 2936
2274

Ms

2890.6899
3363917
7735.3086

1SD @ 5%
15D @ 5%

3727.9983
1,33.8299
9975.8945

L.22
0.80

(l)Results significant 9995 times per 10,000 times.

7%

PrL

00005**(1)
.0005%%
-0005%:¢

PrL

0005 (1)
<0005
. 00053
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TABLE XXXI

Analysis of Variance
Alfalfa, April 3, 1949

Sample Plot Sample Plot Sample Plot Sample Plot

1630 1(3) 1853 L 2162 3 2150 2
2187 2 1500 1 1910 L 2357 3
2190 3 2285 2 1717 1 1780 L
1752 L 2200 3 2152 2 1230 1
7759 7838 79l0 {517
Source af Ms r PrL
Total 15
Rows 3 22,102
Columns 3 8,153
Treatment 3 Ihly,75L..6 28.3 .0012:(2)
lrror 6 15,874.9
SE treatment 63.00 1ISD @ 5% 308.7(1>

Means; (1) 1519.2, (2) 2193.5, (3) 2227.2, (L) 1823.7

(l)For significance, yleld difference between treatments must
be 303.7 pounds per acre. See Table XVI, Appendix "3,
Results significant 9299 times per 1000 times. .
(3>Plot 1 - Check. Plot 2 =~ Superphosphate. Plot 3 - Triple
superphosphate. Plot L ~ Calcium metaphosphate.



Analysis of Variance
Alfalls, June 6, 1949

Sarple Plot Sample Plot Sample Plot Sample  Plot
3520 1(3) L, 3 3657 2
3617 2 L i 3707 3
70H 3 ‘ 1 3l I
3L65 N 3 2 1

1h427

Source ar Ms b rrL
Tobal 15
Lous 3 1,102.7
Columns 3 11,632.2
Treatments 3 118,186.2 12.64 0L 2)
Error 6 9,352.3

SE treatment L45.35 ILSD @ 5% 236.92(1)

Means; (1) 3,L61, (2) 3,660, (3) 3,791, (L) 3,430

(l)Fo
236,9 pounds per acre. OSee Table XVI, Appendix u3n,
Results significant 99 times.per 100 times.

r significance, yield difference between treatments must be

3)Plot 1 - Check. Plot 2 - Superphosphate. Plot 3 - Triple

superphosphate. Plot L - Calcium metaphosphate.



Sample

25
45810
6375
1625
22235

Source
Total
Row

Column

Plot
1(3)

Treatmnent

frror

SE treatment

Mearmns ;

(1) L329.75

Sample

L5oT
Lso7
69L9
6780
22703

(2) 66L6.50

TABLE XXXTIT

Analysis of Variance
Alfalfa, July 26

Plot Sample

6430
U667
4112
6105
2151

W N

Ms

77,562.42
1L2,2838.08
6,251,526.08
h8,32h-67

19

Plot Sample  Flot

6722
7102
4935
4275
23030

N H W
H P w o

F Prl

129.57 .OOOS**(z)

109.92 15D @ 5% 538.61(%)

(3) 6671.75 (L) 5683.50

N P . . P ) '
(l)For significance, yield difference between treatments must be

538.6 pounds per acre.
Results significant 9,995
3)Plot 1 - Check.

superphosphate.

See Table

Plot 2 -
Plot L - Calcium

AVI, Appendix "B,

times per 10,000 times.
Superphosphate. Plot 3 - Triple
metaphosphate.



Sample Plot
388 1(3)
L9T77 2
L772 3
3737 L

17371

Source

Total
Rows
Columns
Treatments
Error

SE treatment

TABLE XXXIV

Analysis of Variance
Alfalfa, September 5

Sample Plot Sample Flot

3955
3580
h967
L7L0
T7342

C\www\'ﬁ&:

Means; (1) 3,780.50

b 4810 3
1 LO50 L
2 3732 1
3 5057 2
I78L5
Ms F
11,07h.41
29,59L. L1 )
1,229,829.08 35.69

92.81 I1SD @ 5% Lsh.

(2) L,930.75 (3) L,651.00

30

Sample  Plot

11722
1,282
3995
3825
15820

H o o

PrL

.0005%x(2)

(L) 3,93L.25

(1>For significance, yield difference between treatments must be
L54.8 pounds per acre.
(2)Results significant 9,995 times per 10,000 times.

(3)Plot 1 - Check.

superphosphate.

See Table XVI, Appendix “BY.

Plot 2 -~ Superphosphate. Plot 3 ~ Triple

Plot L - Calcium metaphosphate.
!



Sample Plot

1000 1(3)
1937 2
2062 3

987 L
ToBG

Source
Total
Rows
Columns
Treatment
Error

SE treatment

81

TABLE XXXV

Analysis of Variaice
Alfalfa, September 26

Sample Plot Sample Plot Sample  Plot
1380 L 1590 3 1530 2
oL5 1 1hl2 L 2017 3
1977 2 992 1 14,05 L
2072 3 1907 2 905 1
6370 8331 625 |

ar Ms F PrL

15 ,

3 15,695.17

3 7,583.83

3 1,058.330.50 80.85 .0005:%(2)

6 13,089.75

57.21 18D @ 5% 280.33(L)

Years 3 (1) 960.50 (2) 1837.75 (3) 2035.25 (L) 1303.50

(l)For significance, yleld differences between treatments must be
280.3 pounds per acre. See Table LVI, Appendix "B".
Results significant 9,999 times per 10,000 times.
(B)Plot 1l -~ Check. Plot 2 - Superphosphate. Plot 3 ~ Triple

superphosphate.

Plot li - Calcium metaphosphate.



Sample Plot Samp
3828 103)  Lse7
7262 2 3240
7737 3 7202
5260 L 7680

21087 27789

Source daf

Total 15
Rows 3
Columns 3
Treatments 3
Error 6

SE treatment

Means; (1) 3413.2L4

(1)

369,14 pounds per acre.
2)Results significant 9,959 times per 10,000 times.

(3)Plot 1 - Check.

TABLE XXUVI

Analysis of Varlance
Alfalfa, October 30

le Plot Sample Plot Sample

L 7L90 3 7260

1 11807 L 7567

2 3310 1 L740

3 7217 2 3275

72820 228L2

Ms F PrL
15,725.42

100,715.75 ]
15,906,816.75 £99.67 0005

22,734.71

75.39 1SD @ 5% 369.&1(1)

(2) 7235.25 (3) 7618.50

See Table VI, Appendix "Bv.

(L) 14,868.50

Plot 2 - Superphosphate. Plot 3 - Triple
superphosphate. Plot L - Calcium metaphosphate.

Plot

H = w o

e 2)

YA

or significance, yield difference between treatments must be
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