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ABSTRACT

Rock phoesghate, dicalcium phosphate, fused tricalcium
phosphste, potasslium metsphosphate, calcium mstaghosphzste,
and superphosphate were added to ilami sandy loam in green-
house pots. ALpplicetions were made at two levels on limed
and unlimed scll. Alfalfa, white pea beans, and wheat were
used as the test crcps.

For alfalfa, these treatments, ranked from the highest
to the lowest according to ylelds and total phosphorus removed
in forage, were superphosphate, pctassium metaphosyhate,
dicalcium phosphate, calclum metaphosphate, fused tricalcium
phosghate, rock pnosphate, and no treatment. IZxcept where
the alfalfa was trested with potassium metaphosphate and rock
phosghate, lime (pH 7.2-7.5) caused lower yields for the
first cutting and higher ylelds for the third cutting.

Bean and wheat ylelds on the 1limed soil ranked as
follows: potassium metaphosphaﬁe, superphosphate, calclum
metaphosphate, dicalcium phosphate, fused tricelcium phos=
phate, rock phosphate, and no treetment. The treetments
which were unlimed gave more favorable results for fused tri-
calcium phosphate and calcium metsphosphate.

For all crops the concentration of phosphorus, in the
part of the plant teken for yleld, had no ccrreletion vith
yield. This mipht not have been true for potescium metephos=-
phate which consistently produced the highest concentraztion
of phosphorus in alfglfa and bean tlissue but those data were

not correlated separately with ylelds.
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In the fisld, white pea beans were grown with 80 lbs,
per acre totsl P205 supplied by each of the aforementioned
carriers plus concentrated superphosphate. There were no
significant dirferences in yleld as affected by the differ-
ences In source of phosghate. The effects of the 0, 1.5,
and 3 tons of lime per acre were more consistent but still
were not statistically significant though the 1.5 ton rate
appeared to be the best,

Both greccnhouse and field soll samples were extracted
with Bray's Available extracting resgent as well as with
Bray's Adsorbed extracting reagent at two dilutions (1:10
and 1:50). %ith alfalfa and beans the latter method seemed
to glve nearly equal results for both dilutions when the
amounts of phosphorus extracted were correlated with ylelds
(0.5 or higher). No significance vas obtalned for a similar
correlation of test results with the yield of wheat grain.

4 signiflicant negatlive correlation was obtained be-
tween the pH cf field plot scil snc the concentration of soll
phosphorus using sSray's sdsorbed method with the 1:50 dilu-
tion.

The acid in the Eray's aveilzable extracting reagent
extracted large amounts of ghosphorus from the soil fertili-
zed with rock phosphate thus being the cesuse of a poor corre-

lation with crop yields.
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THE EFFECT OF DIFFLRENT PHOSFHATZ CARRIERS AND
LIME ON THE YIELD AND rHOSPHORUS CONTENT OF
ALFALFA, BSAKS, AND WHIAT

INTRODUCTION

The repid increese in the smount of fertilizer distri-
buted after World VWer II brought into sharp focus the limita-
tions in the production of superphosphate. It wes felt by
many egronomists that the limited production of superphos=-
phate might sericusly affect fertilizer production and usage.
This stimulated a re-examination of the efficiencies, pro-
perties, and possible supplies of all phosphate carriers.

Increased production of superphosphete wes hempered by
an increasingly short supply of sulphuric acid. Depletion
of the sulphur stockplles plus expension of the chemical
industries were the chief csuses of the short supply of sul=-
phuric acid for fertilizer production.

411 industries using sulphuric acld examined the possi-
bility of substituting other acids in their processes or of
accomplishing either the elimination of the acid or the in-
creasing of its efficiency. Thes alternstives asvaileble to
the phosphate fertilizer industry for additional phosphate
fertilizer production beyond that possible with the present
supply of sulphuric scid mey be listed as: (1) partisl or
complete substitution of nitric or phosphoric acid for sul-
phuric acid in the acidulation of phosphate rock; (2) pro=-
duction of metaphosphefes; (3) production of defluorinated

rhosphates; (4) direct use of pulverized rsw phosphate rock.
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While some of these materials are not new to the
agronomists, 1t seemed wise to test both the old and the new
materiels quite thoroughly with different crops, st various
rates of application, and with different retes of lime
application.

Present soil tests have been calibrated with field
tests in which superphosphate has been ths scurce of added
phosphorus. It may be necessary to recalibrate these tests
when other sources of phosphate fertilizer ars used. For
this reason it was felt that several different extrascting
procedures should be used on the soil semples tsken in this
study.

Wihen the proper ccnditions for mexinum response from
the application of the materials used in this study eare
known, 1t may be possible to utilize them profitably to

alleviate the phosphsate fertilizer shortzge.
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REVITW OF LITETATURE

Fried end ilecKenzie (10) found that vith rock phos-
phate, the higher the scil pH, the lower the relative smcunts
of fertilizer ghosphorus to soil phosyhcrus 1s absorbed by
plents. 7ith sugerpnosghate, so0il pH did not influence this
relative upteke. At pH 5.8, plant removal of phosphorus from
superphosphate egualled or exceeded removal from rock phos-
fhate even when the letter matsrlel was gpplied at rates
which added four times as much P205.

In a greenhouse study of four lichigan soil tyypes,
Kipley (2%3) obteined nigher ylelds of crops and higher phos-
phorus content of sap whsre superphosphste vias epplied at 100
pounds per acre then where treatments of finsly ground rock
phosph=te as high as 1600 pounds per acre were spplied.

mven when rock phosphate wes applied at two to flive
times the P265 rats of supsrphosphate on vsrious Indiana
solls %iancko and Conner (35) found that the returns were
much greater from the superphosphate applications,

Vhittaker, et al (24) found in the greenhouse that, for
suden grass and wheat, rock phesphate 1n general geve much
lower crop response than the other phospghates and that res-
ponse w=s lsss affected by varying placement. They also
showed that tricelcium phospghate and especlelly dicalcium
pnosphate gave greatly reduced yields in a locslized place-
ment. Loczlization of the phoszphate in a band placement or

mixing with a limited proportion of the soll 1n the pot were

v o = .—_1
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optimum placements for monocalcium phosphate, the principel
Fhosphetic component of superphosphats,

In general, Jacob and Ross (15) found thet fused rock
phosphate and calclum metaphosphate were approximately equal
to superpnosphate as sources of pnosghorus for the growth of
plants on aclid and neutral soils, out the results of a sin-
gle series of experiments indiceted that these materizls, as
well as the other types of water-insoluble phosphates, are
not so effective es water-soluble phosghztes (monocelcium
phosphate and superphosphaté) on alkeline soils.

Rich and Lutz (22) showed that in comparison to super-
phosphate at 100, rock phosphete applied in equivalent rates
of Po0g gave a relative yleld of 92 for alfealfa end 84 for
wheat. They glso used corn, wheat, red clover-timothy, al-
felfa, and pasture to test dicelcium phosphate and trical-
cium phosphate agalnst concentrated superphosphate. Thelr
results showed that dicslcium phosphste wes inferior to the
concentrated superphosphate though superior to tricelcium
phosphats for both the wheat and alfslfa. The wheat gave the
lowest response of all crops tested with cdicalcium and tri-
caléium phosphates.

On the celcareous soils of Idsho, Toevs and caker (31)
found rock phosphate unsatisfectory as & scurce of phosphorus
for alfalfa and several other crops. They also showed fused
tricalcium ghosphate to be an unsetisfactory source of phos-
phorus on slkeline solls. For calcium metaphosphate they had

inconsistent results, but in general found it to be inferilor
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to superphosphate and better than fused tricslecium phosphate.

According to Volk (32) superphosphete and calcium meta-
phosphete were the best phosphate fertilizers for osts and
sorghum, fused rock phosphate wes almost as good as the for-
mer two, and ordinary rock was decidedly inferior.

Bremmel (Z) growing oats in the field on Erookston silt
loam in Michigan found that of the non-nitrogen bearing phos-
phates, superphosphate was highest in availability followed
by dicelcium phosphate which was nearly egualled by fused tri-
calcium phosphate and calcium metephosphate. He aslso found
that differences in availability tec the plent of phosphorus
from the various phosphate carriers became progressively less
pronounced during the growing seasson.

Stenford and Nelson (29) used dicaleium phosphate, alpha
tricalcium phosphate, superphosphate, and celcium metephos=-
phate on three soils in Iowa for oats and elfalfa, and con-
cluded that ylelds of dry matter =t various stages of growth
and grain yields at harvest gave no indicaticn of & differen-
tial response to phosphate sources.

Working with the same phosphete materials in Coloreado,
Olsen end Gardner (20) obteined incresscs in yleld from the
application of superphosphste and calcium metaphosphate for
sugar beets snd wheat.

Alway and Nesom (1) stated thst for alfalfe both cal-
cium metephosphate and fused tricalcium phosphate would be as

effective as superphosphate when well incorporeted with the
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so0ll in advance or at the time cf planting the crop, at least
on all but calcareous solls. They also showed that the bene-
fit from top-dressing alfalfa with calcium metspnosphate weas
slight during the first season and much greater during the
second season, in fact, nearly eqgual tc superphospghate.

Sherwood, et al (25) used fused tricalcium phcsphate,
calcium metaphosphate, end concentreted superphosghate at
equal total PgCg rates on pasture and falled to obtaln signi-
ficant differences in ylelds. The phosghorus content of the
herbage was virtually indsependent of yield.

On the alkellne or calcareous solls of Nontana, Green
(12) found both fused tricalcium phosphste and calcium meta-
phosphate to be much inferior to superphospghate for alfelfa,
oats, and wheat.

Mooers (19) in Tennesses reported celcium metesphos-
phate as equal and fused tricalcium phosphate as somewhat
inferior to superphosphate in field tests with potatoes, corn,
wheat, millet, soybeans, and cowpeas.

For a wheat, corn, lespedeza rotetion in Kentucky,
Roberts, et al (24) reported fused tricalcium phospghate, cal-
clum metaphosphate, and superphosphate as practically alike
in thelir influence on ylelds.

Termen (30) in & greenhouse study with different parti-
cle sizes of fused tricalcium phosphete found that 1liming the
soil decreased the effectiveness of its lerger perticles. In
field tests, there were no significant differences 1n ylelds

of corn end wheat from plots receiving triple superphosgphate
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or 6-mesh, 40-mesh, and 80-mesh fused tricalcium rhos;hate.

In a greenhouse experlment with snnual yellow clover
on & calcareous soil, Hinkle (14) reported that treble super-
phosphate produced ylelds significantly better thnan those
produced with calclium metaphosphate. Using alfalfa on the
same s0il in the field he obtained no significant difference
in yields as a result of using superphocsphate, treble super-
phosphate, or calcium metaphosphate.

In field tests with variocus crcps using superphosphate,
calcium metephosphate, and potassium metzphosphate, Chsndler
end Musgrave (7) found the yields resulting from the potas-
sium metaepnosphate treatments to be equsl or slightly higher
than those from the superphosphate treatments while celcium
metephosphate treatments gave ecqusl or slichtly lower yilelds
than did superphosphete. The concentretion of phosphorus in
suden grass tissue grown on plots treated with potassium
metephosphate was also equal or slightly higher then in thet
grown on plots treated with superphosghate.

Volkerding and Eradfield (2%) studied the solubility of
potassium and calcium metapnospnates iIn water and weak salt
solutions. They reportec that the presence of calcium carbon-
ate greatly decreased the solubility of celcium metephos-
phete but increased that of potassium metsphosphate.

Ensminger and Cope (8) working sixteen yezars with cotton
on a Norfolk fine sandy loam report that dilute scid-solublse

phosphorus was highest in the soil on the limed plcts (pH 6.5)
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end lowest in that on the unlired plots (pH 6.0). Soils
fertilized with tricelclium pnosphate contained more dilute
acid-scluble phosphorus than did =solls fertilized with super-
rhosghate. The neutral 0.5 N NH4F solution extrected more
phosphorus from soll which haed recelived superphosphete than
it did from scll treated with triczlcium phosphste.

Bowers (£) found the best correlations between alfelfa

yields and soil phosphorus tests when he used the Eray and

Kurtz method (8) for the totsl adsorbed plus acid soluble

W Ty

ffaction.

when plotting 3aule percentage ylelds agalnst soll test
results as advocated by Bray (4, 5), Zmith and Cook (26) ob-
tsined thelr best results with a 1:50 extraction rstio of
Bray and Kurtz's (6) adsorbed pnosphorus methced for wheat
grown on various solls in the greenhouse. (Correlation coef-
ficient r = -0.6603).

Long and Seatz (17) correlsted the results of several
different phosphorus extractants agsinst the ylelds of un-
phosphated plots and expressed them as percentage ylelds of
the phosphated plots. They obtained low and nonsigniflicant

r values.,
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EXPERI TAL

Materisls

The phosphete carriers used in this study were raw rock
phosphate, dicalcium phosphate, fused tricalcium phosphate,
potassium metaphosphate, calclum metaphosphate, superphos=-
phate, and concentrated superphosphate.

The rock phosphate used in the gresnhouse experiments
was pulverized raw rock. For the experiments carried on in
the field, the finely ground Florida phosphate rock sold as
Aero-Phos was obtained from the American Cyanemid Compsny.
The Aero-Phos has a guaranteed aveilable phosphoric acid con-
tent of three per cent and a gusranteed total phosphoric acid
content of thirty-three per cent.

The twenty per cent superphosphate used in both the
greenhouse end field studies was obteined from the Lansing
plant of the Davison Chemical Ceorporation. This product was
not granuleted. Pulverized raw rock phosphate, dicalcium
phosphate, potassium metaphosphate, and calcium metaphosphate
were provided in five pound lots and the dicalcium phosphste,
fused tricalcium phosphate, potassium metaphosphste, calcium
metephosphate, and concentrated superphosphete was provided
in two hundred pound lots by the Tennessee Valley Authority.

The characteristics of the various phosphate materisls
supplied by the Tennessee Valley Authority are listed in
Table I.
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In the case of the rock phosphate, fused tricalcium
phosphate and potassium metaphosphste, the percentage of
total Pp0g was used in determining the amount of materiasl to
add for the different application levels. However, with
the other phosphate materials, application ratecs were based
on available P205.

The rates of ons applied in the greenhouse were sug-
geeted 1n the following way. The ten-year rotation studies
being conducted at the Ferden farm by the Soil Science De-
partment included two retes of fertilization with 4-16-8
fertilizer--400 pounds and 1000 pounds respectively per five
year rotation. It was decided that the tsst crops (elfslfa,
beans, and wheat) chosen from these rotations would show more
distinct differences in the greenhouse 1f the 1000 pound rate
of 4-16-8 or 160 pound rate of P_O. were to be used. However,

275

the 160 pound rate of P20 required only 500 pounds per acre

5
of rock phosphete which is sbout one-third the amount recom-
mended in some states. On this basis and the scmewhat low
solubility of some of the other phosphate carriers it was
decided that the higher P205 rate should be 480 pounds per
acre.

Due to the proportion of KEO in potassium metsphosphate,
it was necessary to think in terms of a 4-16-11 rather than
in terma of a 4-16-8 for these experlments.

The nitrogen end K, O portions of the 4-16-11 were sup=

2
plisd on bezns and wheat in the greenhouse as a liguid mixture

of potessium nitrate end potassium chloride except in the
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case of the potassium metaphosphzte treatment where the nit-
rogen was applied as an aqueous solution of ammonium nitrats.
The alfalfa seed was inoculated with an approved inoculant
and recelved no added nitrogen. However, ths KZO for the
@lfalfa was supplled in a similar manner by esn aqueous solu-
tion of potassium chloride. The nitrogen and K20 for the
beans in the field were supplied by so0lid smmonium nitrate
eand solld muriate of potash respectively.

In the greenhouse cultures, precipltated calclum car-
bonate was used 1n place of llimestone at the rate of two tons

per acre. In the field experiment limestone meal wes applied

at one and one-half, and three tons per acre.

Methods

The fertilization and plenting technigues willl be dis-
cussed for each crop sepsrately.

The molisture equivalent was determined on ths soil used
in the greenhouse so that the soil could be watered to or
near that point with distilled water.

All plant materiel grown 1in the greannouse was harves-
ted with tinsnlps, oven dried from twelve to twenty-four hours,
and ground with a VW1lsy mill. Zefore the wheat was ground it
vas carefully threshed so that the grdin could be kept separ-
ate from the straw and chaff. One gram of the dry, ground
plant material wes weiched out of each sawmple for wet ashing

with a mixturs of nitric, perchloric, and sulfuric acias.

?ﬁ:' - TTwR
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The ash was teken up in warm epproxirately tenth normsl
hydrochloric acid, filtered and washed with the same warm
acid, and brought up to @& volume of 1C0 milliliters when
cool. A ten milliliter aliquot was in turn teken for the
determination of phosphorus as the ghosphovsnado-molybdivan-
ado-molybdate phosphoric acld complex according to the
adaptation for biologlicel materizls proposed by Koenig and
Johnson (16). Tne color was measured st one hour with a
Lumetron colorimeter whose blue fllter has its meximum
transmittancy at 420 mu. The dilution factor ves 250.

After the final hsrvest of crops in the greenhouse a
200 to 300 grem sample of soil wes composited from seven or
elght different places in the upper one-third of the pot
where the lime and fertllizer had originally been mixed
with the soll. After belng alr dried each soll sample was
gently crushed with a rolling pin and then passed through a
two millimeter sieve to remove rocks and roots.

The pH of the so0ill ssmple was messursd with e line
operated Macbeth pH mster. These ssmples were also used
for the soll tests.

Ssmith (26) working with tomatoes and wheat in the
greenhouse found the followlng extracting solutions and soil
solution retios of Sray and Kurtz (6) to be quite promising
when the amcunt of phosphorus removed was ccmpared to the
plant growth response: (1) adsorbed phosphorus extracting

reagent used at a ratio of ten milliliters to one grem of
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soil; (2) acid-soluble and adsorbed phosphorus extracting
reagent used at a ratio of ten milliliters to one gram of
soll; and (3) adsorbed phosphorus extracting reagent used at
a ratio of fifty milliliters to one gram of soll.

The three extracting methods listed above were used on
samples of soll from each pot in the greenhouse and on dup- —
licate samples from each sub-plot iIn the fleld. The cne to
ten extracting retio was achieved by using three gr:zms of (

soll and thirty milliliters of extracting solution, snd the

one to fifty ratio was obtained with three grams of soil
and 150 milliliters of extracting reesgent.

A ten milliliter sliquot or when necessary a 5 or a 2
milliliter aliquot of the extractant was taken for phosphorus
determination as molybdenum blue using 1, 2, 4 aminonapgthol
sulfonlc acid for a reducing agent as suggested by Fiske and
Subbarow (9).

The difference between the smount of ghosphorus removed
by the adsorbed phosphorus extractent and the amocunt removed
by the acld-soluble and adsorbed rhosphorus extrazctant wes
determined for each £0il sample and was described as the
acld-soluble fraction. This value vas desired because of
its similarity to thet determined by the Spurwsy (£8) re-
serve extraction.

Plant yleld and composition data as well as the soil
test data for phosphorus were subjected to anslysis of veri-

ance. The analysis of varlance outline apzliceble to the
alfalfa, beans, and wheat experi:.ents performed in the green-

house is shown in Teble 2.







Table 2. Lnalysis of Verlance, greenhouse data

Source df Sum of Mesn F
Squares Sguare

Total 1
Replications 2
Treatments 12

Cks vs P 1

Rate of P205 1

Carriers 5

Carriers x rats 5
Zrror A 24
Lime {subplots) 1

Lime x Treatments 12

Lime x Carriers 5

kate x Lime 1

Cks vs P x Lime 1

Carriers x Rate x

lime 5
srror B 26

The analysis of varliance outline epplicable to the bean
experiment performed in the field is shown in Table 3.

Table 3. Analysis of Varience, field data

Source daf Sum of Mean F
squares cquare
Total 71
Replications P
Treatments 7
Cks vs P 1
Within P 6
Error A 14
Lime (subplots) 2
Lime vs no lime 1
Rates of lime 1
Lime x Treatments 14
Error B 32







Solls

Mlaml sandy losm used in the greznhouse for this study
was obtzined in Clinton County, ifichigan, from the east half
of the northwest one fourth of the southeast cusrter of
Section 21, Range 2 7est, Township 6 North.

The bean plots were located on the same farm but in
the southeast aqusrter of the northeasst quarter of the south-
west quarter of Section 21, Renge £ West, Township 6 worth.
The solls mspped in the area of the plots by Dr. %. P.
“hiteslde were ilami sandy loam, Z slope, also Miaml sanay
loam, C slope, Ccnover sandy losm, 3 slope, and Erookston
silt loam, A slopse.

The Miami sandy loam had an AP layer of 0-8 1inches of
sandy loam; an A2 layer of 8-10 inches of light sandy loam;
a B1 layer of 10-15 inches of heavy sandy loam; a Bo layer
of 15=-30 inches of clay loam; and a C layer of loam at 30
inches.

The Conover silt loam had en AP layer of 0-8 inches of
sandy loam; an A2 layer of 8-19 inches of medium sandy loam;
a B layer of 19-28 inches of clay loam; and & C layer of
heavy loam.

The Brookston silt loam had an AP lsyer of 0-9 inches

of silt loem; & G, layer of 9-15 inches of silty clay lcam;

1
8 Gy, laysr of 15-26 inches of clay loam; a G;_7> layer of £6-44
inches of silty clay loam; end a G4 layer of clay loam be-

yond 44 inches.
The areas involve¢ for easch cen readily be seen 1n

Figure 1.
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EXPSRIMENTAL RESULTS

Greenhouse

Alfalfa

In this experiment with alfelfa there were two rates of
phosphorus used with zero and two tons of lime. The pots —
were filled two-thirds full of soil end then phosphate ferti- 1
lizer was mixed into the remeining soil before placing in

the upper third of the pot. ihen lime was required, preci-

pitated czlcium carbonaste was thoroughly stirred into the
upper three-inch layer of the scll. Nitrogen and potscssium
were added in solution after the pot was fillled with soil.
The pots were brought to moisture ecuivalent and allowed to
stand one month before they were agalin molstened and tplanted.
The inoculsted alfalfz seed was scattered in a 1/2-inch deep
depression formed by pressing the rim of a flower pot into
the soil. The soll was then firmed over the seed with the
hands.

Three harvests were made, each tsken at ths full bloom
stage. All tréatments were run in triplicate end the yiz=lds

are reported in Table 4.

Yields
All phosphate carriers applied st the rate of 160
pounds of P205 produced 2n increase where no lime was applied.
Superphosphate gave the highest ylelds, almost doutle those

of the check. The cultures treated with rock ghoecsphste,
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Tzble 4. Alfalfa ylelds as affected by several phosphorus
carriers arplied at two rat=s of P 05 to lired
and unlimed soil. (ifizsmi sandy loém in pot
cultures) (Grams per pot#)

Rock Dical- Fused Tri Potassium Celcium SuperL

Cutting Check phos=- cium calcium sta- feta- phos-

phate phos=- phosphate phcesphstz phoghate phate
phate
160 Pounds Po0g per icre: Yo Lime
1 6.2 13.4 17.3 18.3 17.2 16.6 18.8
2 12,9 18.9 16.4 16.0 12.3 15.1 18.7
3 12.1 15.6 15.1 14.3 11.9 13.8 2l.17
Totel 31l.2 47.9 48.8 48.6 41.4 45.5 59.2
160 Pounds Ezcﬁrper Acre: 2 Tons Lime
1 4,9 7.8 14.3 15.4 19.8 17.2 17.9
2 13.8 16.3 17.7 14.1 17.6 15.5 18.3
3 14.9 12.3 18.1 17.8 15.1 16.1 23.2
Total 33.6 37.4 50.1 47.3 52.5 48 .8 £3.4
480 rFounds PoOp per Acre: No Lime
1 6.2 15.17 19.2 19.8 21.8 23.2 22.1
2 12.9 16.17 17.1 15.7 16.8 18.2 19.8
3 12.1 16.6 16.3 15.17 14.1 14.8 23.6
Total 31.2 49.0 52.6 5l.2 021 56.2 66.1
480 Pounds Pzps per Acre: 2 Tons Lime
1 4,9 10.5 16.9 15.1 22.0 17.9 20.8
2 13.8 15.2 17.1 16.2 17.6 15.9 19.2
3 14.9 13.0 16.0 18.2 16.4 16.0 25.5
Total 33. 38.17 50.0 49.5 56.0 49,8 6545

*yeen of 3 replications,
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dicalcium phosphate, end fused tricelcium phosphate yilelded
about the seme smount, approximately 1-1/2 timcs the yleld
of the check: The calclum metaphosphate trestment resulted
in ylelds slightly less then did the three previously men-
tioned treatments. The wheet tre:zted with potassium meta-
phosphete yielded about 1-1/3 times as much as did thzt which
wes unfertilized. The results shcw, that on this unlimed
Miemi socill, there was little difference between rock phos-
phete, dicalcilum phosphate, and fused tricalclum phosphate
as a source of phosphorus for alfelfe at 160 pounas of PEOS
per ecre.

nen the scil was liued at the rate of two tens ger
acre, whest ylelds were slightly increesed. The yleld as
affected by rock phosphate was consicderably reduced by the
applications of lime. Licalcium phosphate, fused tricslcium
phosphate, potassium metephosphate, snd celcium metaphos-
phete all resulted in essentially the same yields, smaller
than those which resulted from the applicetion of super-
phiosphete.

Lime did not change the response which whest mzde to
superphosphete, dicalcium, or fused tricalcium rhosphate.
The phosphate source should not be rock phosphate when this
soll has been limed, sccording to the indicesticns of this
experiment. The meteghosghetes, hovever, showed much im-

provement vwhere the soil wss limed.
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When the P205 rate of application was incressed to 480
pounds per acre in an unlimed soil, the wheat trested with
rock phosphate, dicelecium phosphate, and fused tricelcium
phosphate ylelded four to eight per cent more than where the
lower rate was applied. The higher rates of potessium meta-
phosphate, calcium metaphosphete and superphosphate caused
much greater increases in ylelds. It is interesting to note
that 480 pounds of potessium metaphosphate resulted in the
seme Increase in yleld as the 160 pound rate with two tons of
lime. These results would seem to indicate that incressing
the phosphate rate per acre would only be advisable for potes-
sium metaphosphate, celcium metephosghate, and superphos-
phate. Comparing the two retes of phosphete when limed, rock
phosphate, dicelcium phosphate, fused tricalcium phosphate,
and calcium metaphosphate gave no significsnt incresse in
yield. Only potessium metaphosphate and superphosphate gave
a significant incresse in yield for an increasse in the reate
of phosphate applied.

It hes long been recognized thet superphosphate 1is
adapted to soils with a wide pH range. The results of this
experiment tend to indicete that potzssium metaphosphete and
calcium metaphosphate may also be used in soils where there
is & liberal supply of calcium or at least a feirly high re-
action. Potassium metaphosphate was the only material
studied which incressed the yield at the higher rste of
phosphate applicetion when the soil was limed. This experi-

ment does not give a complete plcture of the lime rete and
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phosphorus rate for potessium metaphosphate. Further
studies with this msterisl ere necessary.

In genersl, for the lower rate of phospghete the
yilelds of the unlimed cultures were higher at the begin-
ning and gradueslly decreased with the later cuttings. O©On
the limed cultures the first cutting ylelds were lowest
with yields tending to 1lncresse with successlve cuttings,
except for those treated with the potessium metsphesphete
and calcium metaphosphate where there wes & slight decrease
from the first to last cuttings.

Plate 1 shows the genersl appeerance of the plants

Just before the third cutting.
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Composition

For a more couplete definition of the plant response
characteristics of these phosphate materisls it wass decided
to analyse the plant material. The concentration of phos-
phorus in the plent tissue is reported in Table 5. At the
160 pound rate of PEOS’ where no lime was spplied, the
highest concentrstion of phosphorus in the tissue was found
in the plants trested with potassium metaynos;heté. The
next highest was found in those treated with tricalcium phos-
phate. Then in decreasing order so fer as phosphorus com=-
pesition wes concerned ceme the plants trested with calcium
metaphosphaée, superphosphate, dicalcium phosphate, and rock
phosphate. The untreated plants contained the least phos-
phorus; when lime was esdded, the phosphorus concentration
was lowered in plants grown in untrezted soil and those
treeted with dicalcium end fused tricalcium. 7ith ell other
materials at the lower rate of epplication, lime additions
resulted in an increase 1in concentration of phosphorus in
the plants. The increesse was slight in the casse of rock phos-
phate. The most marked increase occurred with potassium
metaphosphate.

ihen the phosphate rate was increased to 480 pounds
per acre, the phosphorus concentration in the plent tissue
was merkedly increased. Rock phosphate application resulted
in the smallest increase in concentrastion of the phospherus

in the tissue. 7hen lime was espplied with the 480 pound
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treatment, the concentretion of ghoschorus fcund in the
tissues was decreassd in all cases except where (otassium
metaphosphate was epplied. Lime st the high retes of cal=-
cium pnosphate application consistently decreased the con-
centration of phosghorus in the tlissue, while at lower restes
of phosphate, lime increased the concentration of pnosphorus
in the tissue in several 1instences. Pctasslum metaphosghate
in tnis study cczused a direct increase in concentration of
phosphorus in the plent tissue where lime vwas gpglied and
where phospnate was increesed. It behaved so differently
from the other carriers thet more study on this materiel
will be necessary.

The weighted mean figures in Table 5 were obtained by
dividing the total prnosvhorus in all tissue removed from tne
culture by the vieight of ell tissue removed, thus giving the
everage ccncentraticn of pnosghorus.

To get the amount of phosphorus supplied by the soil
gnd the fertilizer, 1t 1s necessery to multiply one fector by
the other. This has been done in Table 6 where the totel
amount of phosphorus removed in alfelfa tope is reported.
The phosphorus reuwoved by these plents came from elther the
soill or the phosphste matsrisl applied to the soil. In this
case the same soil was used for 81l treatments. It if 1is
assumed that the soil has s relstively uniform phosphorus
supplying power, then the verietion in esmcunts removed will

be strongly influenced by the kind of carrier applied since
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Table 5. Phosphorus content of elfalfa as affected by
several phosphorus carriers epplied at two rates
of Pg0 to limed end unlimed soil. (lilami sandy
loam 1g pot cultures) (Milligrams P per grem of
oven dry tissuesx)

Rock Dical=- Fused Tri- Potessium Calcium Super-

Cutting Check phos- cium calcium lleta~- Meta- phos-
phate phos- phosphate phosphate phos- phate
phate phate

16C Pounds PgOs5 per Lcre: No Lime

i 1.23 1.20 1.43 1.51 1.39 1.68 1.47

2 l.21 1.49 1.49 2.21 2.65 1.56 2.49

3 0.74 0.69 1.08 1.28 1.72 1.17 0.58
lieighted T
mean 1.03 1.15 1.34 1.68 1.86 1.49 1.47

160 Pounds PgOg per Acre: 2 Tons Lime

1 1434 1.39 1.15 1.01 1.72 1.26 1.65

2 1.16 1.71 1.71 1.7% 3.28 1.93 2.59

3 0.62 0.47 0.88 1.32 2.09 2.08 0.83
Welghted

mean 0.95 1.20 1.25 1.34 2.35 1.74 1l.62

480 Pounds k205 per Acre: No Lime

1 1.23 1.37 1.60 1.93 1.98 1.43 2,71
2 1.21 1.23 2.16 3.15 3.83 2.34 3.56
3 0.74 1.16 1.91 1.85 2.32 3.57 1.30
ie1ghted
mean  1.03 1.25 1.88 2.28 2.66 2.29 2.46

480 Pounds P2C5 per Acre: 2 Tons Lime

1 1.34 1.23 1.54 1.84 1.80 1.52 1.73

2 1.16 1.43 1.78 1.90 3.58 2.40 =.83

3 0.62 0.51 0.98 1.13 4.25 2.65 1.72
ieighted

mean 0.95 1.07 1l.44 1.60 3.08 2.16 2.34

*Mean of 3 replicates.
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Totel phosphorus removed in alfslfa tops as

affected by several phosghorus carriers spplied
at two rates of P205 to limed and unlimed soil.

(silemi sandy losm in pot culturss)

P per pot+)

(¥illigrams

Rock UTLCical- Fused Tril Potassium Calcium Super

Cuttirng Check phos- cium celcium Meta~- Meta- rfphos-
phate phos- phosghate phosphete phos- phate
phate phate
160 Pounds P205 per Acre: No Lime
1 T.63 16,08 24.74 28.13 23.91 £7.89 27.64
2 15.61 28.16 24.44 35.26 32.60 23.56 46.56
3 8,95 10,76 16.31 18.30 20.417 16,15 12.59
Total 32.19 55.00 65.49 81,79 76.98 67.60 86,79
160 Pounds PgCg per iacre: 2 Tons Lime
1 6.57 10.84 16.45 15.55 34.06 21.67 29.54
2 16.01 27.87 30.&7 24.39 57.73 29.92 47.40
3 9.24 6.25 15.93 23.50 21.56 33.49 19.26
Total 3l.82 44.96 62.65 63.44 122,35 85.08 96.20
480 Pounds FoUgper Lcre: No Lime
1 T.63 21,51 30.72 é8.21 43.16 33.18 61l.52
2 15.61 20.54 36.94 49,46 64 .34 42.59 170.49
3 B.95 19.26 31,13 £29.05 32,71 52.84 30.68
Total 32.19 61.31 98.79 116.72 140.21 128.61 162.69
480 Pounds FgOg per Acre: 2 Tons Lime
1 6.57 12.92 26.03 27.178 39,60 27.21 25.98
2 16.01 21.74 30.44 30.78 63.01 28.16 T3.54
3 9.24 6.65 15.68 20.57 69.70 42.40 43.86
Total 31.82 41.29 172.15 79415 172.8 107.77 153.38
¥Mean of 3 replications

T T S aeaa --1
v
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all were applied to supply the same quantities of P205. The
outstanding velues in Table 6 are for potessium metsphosphate
which had & remarkable sbility to supply the plants with
phosphorus in a limed soil. Table 6 also shows thet rock
phosphate applied to scil which is limed faills to adequately
supply phosphorus for the growing crop as evidenced by the
low velue for phosphorus removed where the 480 pound treat-
ment wes made with lime. The supplying power of fused tri-
calcium phosphate was also reduced when lime was epplied to

the soil.

Soil Tests

Rapid chemical soil tests are used in obteining en in-
dication of fertilizer needs of soil. These scil tests were
calibrated egainst soils where no pnosphorus, rock phosphate,
or superphosphete was applied. It seemed desirable to eva-
luate several extracting methods agalinst the phophate scurces
used in this experiment. The methods of sampling, preper-
ation for extraction, and extracting are described on page
14, The results for these tests on the soils where alfalfe
was grown are shown in Table 7. In all ceses but one the
extracting solutions removed more phosphorus from the soils
which received the hicher rate of phosphorus. An exception
was found for the limed scil with high rate rock phosphete
treatment and tested by the Brsy adsorbed method with the
ratio of one pert soil to ten parts of extracting solution.

In severzl instences the strong acid extracting reagent
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rsmoved more phosyhorus from limed, rock phesihate treated
soll than from that treated with rock but not limed. This
was especlally true where the rock, dicalcium, and fused
tricalcium phospghates were applied. However, the two ad-
sorbed pnosphorus metnods resulted in the removel of less
phosphorus from the limed soil. The hirhest phosghorus
removal by the strong acid wes from the scil treated with
rock phosphate. VYilelds, however, were lower where rock wsas
applied than where the phosphete was of any other form.

A simple correlation was run between the test results
and the grasms of dry tissue obtained per culture. The re-
sults felled to show a correlation between yleld end soil
test for the acid soluble phosphorus by difference extrasc-
tion method. The adsorbed plus acid soluble pncsphorus
showed a correletion coefficient of .248 which is signifil-
cant st the 5% levesl. Higher correlstions viere obtsined for
adsurbed pnosphorus with eitner retio. 7The 1-10U ratio
correlation with ylelds was .639 and the 1-50 ratio correla-

tion was .605, both significant at the 1% level.
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EZiNS

- Pots were filled two-thirds full with Miami sandy

loam. The pnosghate materials and lims, each added separ-

ately to the remaining third, were stirred in thoroughly

before being placed in the pot. Nitrogen and pctash were

T

then edded 1n solution and additionsl mcisturs added to
bring the soil to moisture equivalent. Lfter this hed
dried until the soil was suitable for planting, a flower

pot was used to create a depression in the soil about 1/2

inch deep. Twenty bean sesds wsre ecuslly spgacsd in the
degpression and the soil pressed firmly ageinst ths seed. The
pots were covcred with praper and allowed to stand until the
beans germinated end then were thinned to elgnt per pot.

The cultures were vatered with distilled watzsr, the mezximum
emount added being sufficient to bring the scll molsture
back to the moisture equivalent. The beans were allowed to
grow until the blcssom stage was reached, photogrzpghs were
teken and the plants then cut off about 1/2-inch above the
surface of the soll. The tissue was dried and’ground as
desceribed in the "uethods™ section of tnls study. rhosgnor-
us was determined in the dry plent tissue. The results of

these determinations =leng with the yisld results are shown

in Table 8.
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Yields

zXcept iIn the case of the culturss which were unlimed
and treeted with rock phosphate, increesing the rets of
phosphorus applied increased the yield whether the soil was
limed or not. Liming increzsed the yields of the check
slightly but for all phosghate msterisls, st both rates,
liming resulted in a2 decrezse in yield. The smallest de-
creases as a result of lime however, viere obtained where
potassium mstephosphats and supgerphosphzte fertilizers were
apgplled at the higher rates. On the unlimed soil, the beans
ylelded better with the dicalcium phosghate than did the
alfelfa but ylelded less on the rock sand the fused trical-
clum pnosphate. The relationship betvween yields of beans as
~affected by potassium metspnospghete, celcium metephosphate,
end superphosphete on the unlimed soil was essentlelly the
same as for the alfz1lfa. On the limed solls, however, the
potassium metaphosphzte and superphoschete resulted in by
far the highest bean ylelds. iiost of the other matzrials

were elmost entirely ineffectlve where lime was gpplied.

Ccmposition
The phospghcrus concentration of the been tissue was in-
creased by lire where there wes no phosphate epplizd. Fer
2ll prosphzte carrlers, however, at both rates of Fg0g
epplication, the phosphorus concentretion in the tissue was
decreased by lime. The smallest decreacse was for the high

rate of superphosphate but not significantly so.



4.

The results for the total phos horus content of besn
plants wers parallel to those of the pnoscshorus concentra-
tion in the tissue. The amount of rhosphorus removed by the
plants trezted with potassium metaphospn=te wss greatsr tnan
for any of the other materials including superpnhosshcste.
This was more a result of the high phosphorus concentration
In the tissue thsn it was of the high yisld.

The general appearence and growth of the bean plants
under the various conditions of this experiment can be seen

in Flste 2,

Soil Tests

The results of soll tests sfter beans were very simi-
lar to those efter alfalfa as indiczated in Table 9. The
correlation cocefficients obtained between the soll test re-
sults and yleld of beans for the various extracting solu-
tions are as foilows: adsorbed plus scid soluble was a posi-
tive .231, significant at the 5% level; acid soluble by
difference wes & negetive .05 which 1is not significent;
adsorbed 1:10 was a positive .788, significant at the 1%
level; and adsorbed using the extracting ratio of 1:50 was a
positive .732, significant at the 1. levsl, As was the case
viith the alfalfa, the results from the two adsorbsd metnods

were not significantly different.



Rererii-pes v o

Tk

2 e3erg




35.

*9gsydsoydaedns-, ‘ejzudsoudejsm umid120-0 ‘sjzBudsoydejsm wnissezol-g ¢e3s3yd
-soyd WN}OIBOTJIL Pesng-% ‘e3sudsoud wnioreoid-g ‘ejeydsouyd yooy-z “NooyUn-1

BI0E/SU0T =/ ians s — euTT ON

*suseg JO UjmodH 8yj U0 ewyT 3NOy3[N pue
U3TH €S638Y OM] 38 SISTJI8) 03BUISOUJ 3USISIITA JO 306JJT OUL  °Z 038d

[o]:34
punod

saoe aod S0%a s






*$0980TTdad eeJU) JO UBHH

L 4
e°89 2°8%y  ¥°L9 L°3TT 9°6% S°9¢ 3°09 L°96 08¥%
9°ve vre3 v°L2 8°0¢ v°92 9°6T ¥°G3 0°s¥ 09T s3eudsoydaadng
2°0T 3°q1 L*LT 6°3¢ L°PT 2°91 ¢°92 g°2v (o134
Ly L°8 21T, 10%028 8L S°L LT 9°v3 091 o3 eyd
-soydejey umioT8))
9°35 9°3% 2°¥L 8°9TT 2°8% ¥°G2 8°3L 3°80T  08%
213 L°LT  0°%3 L°T¥ ¥°ga 6°01 6°'%3 8°sg 091 eg8ud
-soude3sy uMTssSB304]|
9°6T L'%8 0°'e0T G°3% 7°ey 8°Lg 2°18 08¥
0°0T g°a3 1°Le 381 0°0T 0°02 0°0¢g 091 egsudsoys
UNTOTBOTI], PesSnl
g*3e  o0°'Ls 2°'12 1°ey 6°38. 9°62 G*36 08%
9°61 ¥ 18 1°91 223 L°PTT 8°81 3°e21T 09T 933udsoyd um{o1891d
LS 8°21ll 6°6 L°23T 0°'8 2°LOT T°T1T g°81l  08%
e°'s gLy 3°6 g*9g gL 9°6% L°TT 2°19 091 e38udsoyd ¥90y
3°9 2L 2°0T G°LT 8 9°9 8°8 St - ¥28ud
eTqnios eTqnTos
(06:1) *311P (OT:1) PIOY (0S:1) *1Jip (OT:T) P9V ed98
pequos Aq 81q pequos # Dd paquos Aq e1q pequos 7 pe aed
-p -n10S  -pY ~-qIosSpY  -pY  -nyog -py¥ =-quaospy 9034
s Aead  PTOY s,Aeag s;Asag s,Lsag PIoV_s,Aeag s,4B8J5 spunog
BW{T ON saetaJde) ajeydsoyd
(*wdd up pesssadxe J) °sueeq Yjim peddodo ueeq
BUTABY J83J8 STTOS 09386I3 ATSNOTJIBA 89U} JO UOT3OBJI3Xe TedTwWeyd JoO
spoyjew jusJde TP Aq peulwisjep $3us3uU0D snIoudsouyd oTqBTTBAB UBEN *g o1a8]



tar e
fiH';nT

The pots for wheat were hancled simllarly to those for
beans., Twenty five wheat seeds were placed in each pot and
the so0il firmed over them, and then covered with psper until
the seeds had germinszted., ALfter the plents were pacst the
dznger of damping-off, they were thinned to 12 plants per
culture. The wheat was Kkept watered with distilled weter so
the so0ll molsture was never :reater than the moisture equiva-
lent. The wheet plants were allower to mature and harvested
by cutting the heeds off and keeplng them separate and then
cutting tne straw 1/2-inch atove the s=oil so es not to con-
taminate the semples with soll containing phosphopus. These

materials were drled--tne straw kept for grinding and thse
s eed threshed and weighed and kept for enslysis. The chaff
wa s gdded to the straw and both were ground for esnzlysis by

th © methods outlined in the "Methods" section of this study.

Yields

The yields of grain and straw are shown in Table 10,
Th e ylelds of grain for ell carriers at the 160 pounds per
8 x~¢g rate end not limed were essentially the seme except for
'O <=k phosphats. The rock phosphate and check ylelds were
8 ©yt half those of other treatments. Thers was more varia-
ti-CDId in the straw and cheff weil hts. A4idded lims caused a
deaczlﬁease in all grein ylslds excevt vhere supervhospnate was

8PP A jed at the heavy rate. In the cases of the fused tricel

clum phosphate, dicalcium phosphate, rock phosphete, end the



Table 10. wheat ylelds es affected by several phosghorus
carrlers applied at two rates of FoCg to limed

and unlimed so

1l. (¥iami ssndy loam in pot

cultures) (Grems per potx)

Phosphate Carriers No Lime 2 Tons Lime
Grain Straw Tctal Grzin Straw Totel
and and
Chaff Cheff
Check 2.7 5.3 8.0 1.4 2.9 5.3
160 Founds FgOg per Acre
Rock IFhosphate 2.3 5.4 T.7 1.5 4.1 6.2
picalcium Jhosgphszte 5.0 S.4 1l4.4 2.7 6.8 9.5
Fused tricalcium phosphate 5.5 1C.7 16.2 2.2 5.7 7.9
[Potassium lletapnosphate 5.5 9.9 15.4 4,6 13.1
calcium ketapnosphete 5.1 9.6 14.7 3.6 7.8 11.4
.>uperpnosohete 2.0 11.7 16.7 4.2 9.5 13.17
480 rounds FPgCgpsr icre
O CK l‘hosphate 308 9.2 13.0 1.6 405 601
D 1 calciam Phosphate 5.3 1l1l.9 17.2 4,3 8.7 12.0
Fwased tricalcium phosvhate 5.3 10.9 16.2 2.8 6.7 9.5
+ © tassium ietapnosphate 6.0 14.3 20.3 5.2 10.7 15.9
C = 1ciun iletephosphete 5.5 15.1 £0.6 4.8 9.9 14,7
S\ perphosphate 4.7 12.0 16.7 5.1 10.0 15.1

*~IvIegn of 3 rcplicates







check, ylelds were greatly recuced by the lime. Relatively

small cdecreaszs as a result of lime occurred where the potas-
sium metzghosrhate and the low rete of superphosphate were
applied. The descreaze was intermedleate where the ghosphate
carrier was celcium metaphosphate. 7The weight of straw and
chaff did not vary with treatment es much as did the weight
of grain.

Increasing the rate of Polyg applicetion to 480 pounds
per acre did not eppreclilably affect the yield for any mater-
1a1 except potassium metaphosphate and rock ghosphate.
Liming the soill at the nigher rete of phosphate applicstion
decreased the grein yield in ell cases except vhere super-
Phosphate vas applied. The only difference brougzht about by

the different rates of phosphate and added lime occurred
where dicalcium phosphate was used, the depression in yizld
D e ing less where the phosphate rate was greatcer. The yilelds
W e re not significantly increased by the rock phosphete. At
the higher rate of phosphete, straw and chaff yiszlds were
M O xe varlable where lime was apglied than elsewhere in the
©>X eriment.,
The genersl appearance in growth of the wheet plsnts

at avbout heading time cen be observed from Flzte 3.

Compocsition
A conparison of the yield of wheat grein with the con-
ten ¢ of pnosghcrus in the grain and the strsw is shown in

Tal:3'1e 11. The concentration of g¢rnosphorus in the vheat grain



—— e ——
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Table 11l. A comparison of the yield of wheat with the
concentration of ghosphorus in the grain and
straw as affected by sever=z1l phosphorus car-
riers appllied at two rates of PEC to limned
and unlimed soil, (:iilami sandy lgam in pot
cultures=)

No Lime 2 Tons Lime

Yield lgms P/gm of Yield Mgms P/gm of
(grams dry tissue S;ams dry tiscsue
/pot) Grain Straw /pot) Grain Straw

Phosphate Carrlers

Check 2.7 3.28 0.20 1.4 3.43 0,30

160 Pounds Py0g per acre

Rock Fhosphate 2.3 4.85 0.43 1.5 5.96 0.38
 Dicalclum Phosphate 5.0 4,68 0.03 2.7 5.7 0.14
- Fused Tricalcium Phos-
| phete . 5.5 4,49 0.45 2.2 5.58 0.32
| Fotassium Metsphosphate 5.5 5.53 0.47 4.6 3.85 0.48
) Calcium letaphosphate S.1 5.28 0.41 3.6 5.87T 0.77
| Superphosphate 5.0 5,83 0.41 4.2 5,13 0.14
/
/<1 80 Pounds PgQ per scre
Rock Phosphate 3.8 4,76 0.24 1.6 5.37 0.417
i Iicalcium Phosphate 5.3 6.53 0.60 4.3 4,49 0.58
Xusged Tricalcium Fhos-
phate 5.3 6.80 0.92 2.8 6.15 0.68

P otassiun Metaphosphate 6.0 T.12 1.87 5.2 6.79 0.58
Calecium ketapghosphate 5.5 8.38 1.78 4.8 5.16 1.29

Superphosphate 4.7 T.47 1.68 5.1 6.,80 0.82

e
™% axiean of three reglicztes
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was not significantly different as a result of the varicus
phosphate materisls at the rete of 160 pounds of PgOs and
unlimed. ‘here the soil was limed, 2ll materials resulted
in essentizlly the same content c¢f phosphorus 1n the seed
except for the potessium metaphosphate treatment which
caused a decldedly lower concentration. Tne concentrstion
of phosphorus in the straw wss essentlially the same for all
meterials except the dicalecium rhosghate which czused a de-
crease 1in phcesphorus in both limed and unlimed soil. The
superphosphate treatment also resulted 1in a8 low concentrs-
tion of phosphorus in the straw when applied st the 16C
pound rete with lime. ‘/here lime vias added, the calcium
metaphosphate caused @ high phosphorus ccntent in the straw
and also in the seed. The bshavior cf potassium metaphos-
Pohste was different that it was in the elfalfa snd the beans.
On the other hand the celcium metephosphate ssemed to be g
b etter source of phosphate for wheat than it wss for slfalfa
O X~ Dbeans.,
The phosphorus concentration in ths strew and chaff
S s sentially paralleled that of the grzin at the 480 pound
"= t¢ of PoC5 on unlimed soil. Furtnermecre, the phosphorus
< O ncentration in the grain, for all msterials except the rock
P I osphate, wes higher than where the msaterizls were aepplied
& T the lower rate. .nere the soil received rock phosphzte
the phosphorus concentretion in the grein was increased by
the applicetion of lime. For other phosyhzte treztments the

ph-Osphorus content of the grein wes decrescsed vwhere the soill
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was limed.
The totel amount of phosphorus removed in wheat tops

was calculzted and recorded in Table 12. The highest amounts

removed at both retes and at both levels of lime occurred

osphates were applied.

with but one exception where the mete
For 81l other materisls liming csused & decrease in the

amount of phosphorus removed from the soil.

Soil Tests
The soil tests fecllowing the growth of the wheat egain
point to the inadvisability of using the adsorbed plus acid
soluble and the escid soluble by difference methcds on treated
soils with rock phosphate.
The amounts of pnospnorus extracted by these various

tests (Table 17) were intermediate between the emounts ex-

T reacted following elfalfa and beans. The correleticn coef=-

L~ icients between these tests snd the yields of wheat grezin

O btegined were not significent. They did, however, fall in

TlIae same relative order as those for the tests cn the other

< x~opped soils. Tne velue for adsorbsd plus acid soluble was

a positive .041. That for the scid soluble by difference

WZ=a s a negative .026 and those for the adsorbed at both ex-

T xrsection retios were = positive .l2.
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Teble 1Z2. Tctel phosphorus re.oved in whest tops es
arfected by severzl posunorus carrisrs gspplied

at tvo ratss of PZO

(kiaml sandy loam in pot cultures)
grams r per pots)

(1111-

to 1limed and unlim=d soil.

——

2 Tons Lime <7

Phosphatg Carriers No Lime
‘ Grgin Straw Total Grain Ctrew Total
and i and |
Chaff Chaff

Check 8.86 1.06 9.92 4,80 1l.17 5.97
160 Pounds PgCg per Acre |
Rock Fhospheste 11.16 2.32 13.48 8.94 1.719 10.7J
Dicalcium rFhosphate £3.40 0.28 23.68 15.39 0.95 16.34
Fused Tricelcium Phos- ?
phete 24,70 4.82 £29.52 12.28 1.82 14.10
;Potassium Metsphosphaete 30.42 4.65 &5.07 17.71 4.08 21.79
Calcium lMetaphosghzte 26.92 3.94 20.87 21.13 6.01 27.14
Superphosphate 29.15 4.80 33.95 21.55 1.33 22.88
480 Founds P,Cg per Acre |
é?(bck Fhosphate 18.09 2.21 £0.30 8.29 2.12 10.71
153 cglcium Fhosphste 34.61 T7.14 41.75 19.31 5.05 24.36

EF'iased Tricalcium Phos-
I>hate 36.04 10,14 46.18 17.16 4.26 £1.72
£ © tgssium Metephosphate 42.72 26.74 69.46 25.31 6.21 41.52
C=3ciun Metephosphate 46.09 26.88 72.97 24.77 12,77 &T7.54
S \a perphosphate 25.11 20.16 55.27 34.68 5.20 Z9.88

e ————

“I.Isan of three replicstions
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PHOSPHATE CARRIIRS VHRSUS LIMZ RATE

Eeans

After sesing the results from the three crops (alfslfs,
besns, and wheat) in the greenhocuse, it was decided to try
these various carriers in the field and coupare them with O,
1.5, and 3 tons of lime per acre with beans selected as the
first crop. Three replicates were set up for the eight phos-
phate treatments and the lime treatments were put in es sub-
plots. - The soil was plowed, disked, end hzrrowed and after
the plots were staked out nitrogen and potassium fertilizers
were applied with a grein drill. The soil was then harrowed
thoroughly and the separste phosghorus cerriers were drilled
in. Lime was then applied on the surface with an E-Z-Flow
lime spreader and the soil wes harrowed agsin before the
beans were planted. The beans were plented in 28 inch rows,
four rows per sub-plot. Harvests were taken from the two
center rows. Precipitation seemed to be properly spaced pro-
viding adequate moisture for a good yield. The site selected
was not as uniform as wes desired, there being three soil
types, Miami sandy lcem (both B and C slcpes), Conover sandy
loem, end Brookston silt loam. The site selected hed been
used for a wheat-clover rotstion, and clover was plowed down

for this experiment.

Yields
The ylelds of beens in bushels per scre are given in

Table 1l4. The ylelds from block to block varied e great deal,



|
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Table 14. Been ylelds as affected by three rates of lime
applied to soils fertilized with several phos-
phorus carriers. (Field experiment in Miemi
sandy loam, Conover sandy loem, end Zrookston
s1lt loam soils)

Phosphate Carriers at Lime Block Sum Mean|
BO pounds FgOg per acre (Tons
per 3 2 3
acrg)
Check 34.8 25.5 17.2 77.5 25.8

(0]

1} 26.5 29.1 25.9 79.5 26.5
3 3.3 18.2 17.7 69.2 22.]
Rock Phosphate 32.2 26.5 20.8 T79.5 2645
33.8 24.4 21.3 79.5 £26.5
28.6 22.4 20.3 T1.3 23.8

el

25.0 28.1 13.5 66.6 22.2
25.5 18.2 T2.8 24.3
27.0 22.4 20.8 70.2 23.4

Dicelcium FPhosphate

ol
N
©
-

22.9 3.9 19.8 66.6 22.2
23.4 26.5 75.9 25.3
30.2 27.6 21.8 79.6 2€.5

Fused Tricalcium Phosphete

wi-
1N
[
o

28.1 19.8 23.9 71.8 23.9
22.4 21.8 75.4 25.1
25.0 23.9 24.4 73.3 24.4

Potassium lietephosphete

£5.9 22.9 18.2 65.0 21.7
25.0 19.8 71.3 3.8
32.2 19.2 16.1 67.5 22.5

Celcium Metaphosphate

ol
)
o
o

25,5 21.8 15.6 62.9 21.0
27.0 19.2 72.2 24.1

Fuperphosphate
22.4 24.4 18.2 65.0 2147

ol
0
(=]
o

Concentrated Superphosphate 22.9 28.6 17.2 68.7 22.9

KO ®WHO WGHO Cﬂ!‘-‘o »WHO YO WO
i
[&
—
n

$ 30.2 26.0 27.0 83.2 2T.7
21.8 25.0 25,0 71.8 2&.9
Bum 665.1 583.0 488.2 1736.3
23,3%
\lean 25.4 27.7 24.3 20.3 24.1
23.%

#Meen yields for O, 17, snd 3 ton lime trestments respectively
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and as a result the significance for reglications was at the
lz level., Ditferences in yleld caused by phosphete treet-
ments snowec no significance and only slight significance
occurred for the lime tre:ztmesnts. In general, the hizhest
yilelds were in block one, followed in order by btloc«ks 2 and 3.

The data regorted in Teble 14 shcw that the ylelds
which resulted from the 1.5 ton rate of lime were highest ex-
cept in the cese of rock phosphate and fused tricalcium phos-
rhate. Keeplng the variant ylelds of rock ghosghate and
fused tricalcium phosphste in mind, an examination of Table
15 shows that in blocks 2 and 3, where rock phosphate wes
applied, the unlimed snd limed (1.5 tons) sub-plots had sbout
the same pH. Thils parallels the sixzilarity in ylelds. An
exemlnation of the pH values for blocks 1 and 3 for fused tri-
calcium phosphets and the 1.5 and & ton lims levels reveals a
similer situstion. Thils would tend to indicete thzt there 1is
a streng relationship betveen the pH and the ebllity of the
soll to supply phosphorus to the plsnts from the sources
gpplied as well as from native soill pnosphorus.

The solls of each sub-plot were sampled by taking ten
semples and ccmpositing them from each sub-plot and then re-
peating the procedure so that there were dupliczte composite
samples for each of the 72 sub-plots. According to Reed end
Rigney (21) this should give an eccuracy of 6 pim. for the
phosphorus determinztions. These sezmples were trestec by
analytical methods described esrlier end the results of the

different ghosphorus extrsctions are shown on Teble 16. The



i
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Table 15. pH valuss where three rates of lime were applied
to soils fertilized with several phosphorus
carriers. (Field experiment in ilami sandy
loam, Conover sandy loex, end crookston silt

lozm soils.)

Phosphate Carriers Lime Block Mean

applied at 80 pounds (Tons besed
P205per acre. per 1 2 3 on H ion

ecre) conc.

Check 0.0 6.5 5.7 5.2 5.5

1.5 6.6 6.0 5.4 5.8

3.0 6.7 6.1 5.1 6.0

Rock Phosphate 0.0 6.2 6.1 5.7 5.9

1.5 6.5 5.9 5.8 6.0

3.0 6.7 6.1 6.2 6.3

Dicalcium Phosphate 0.0 6.2 6.1 6.0 6.1

1.5 6.5 6.0 5.8 6.0

3.0 6.5 6.3 6.0 6.2

Fused Tricalcium Phosphate 0.0 6.1 5.7 5.5 5.7

1.5 6.4 6.0 5.9 6.0

3.0 6.3 6.4 5.9 6.1

Potassium Metephosphate 0.0 6.2 6.1 6.1 6.1

1.5 6.1 6.1 5.7 5.9

3.0 6.4 6.2 6.0 6.2

Calcium Metephosphate 0.0 6.0 6.0 5.3 5.6

1.5 6.2 6.2 5.3 5.7

3.0 6.2 6.0 5.7 5.9

Superphosphate 0.0 5.8 5.8 5.7 5.8

1.5 6.1 5.9 5.6 5.8

2.0 6.3 6.3 6.6 6.4

Concentrated Superphosphate 0.0 5.9 5.8 5.9 5.9

1.5 6.0 6.0 5.9 6.0

3.0 6.0 6.2 6.2 6.1
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Tsble 16. Mean% avallsble phosphorus contents determined
by different methccs of cnemical extraction of
the variously treated soils after they hed been
cropped with beans. (P expressed in ppm.)

Phosphate Carriers Lime ZBray's Eray's Aclid Eray's
bt 80 poun:s P205 (Tons Adsorb- Ad- Solu- Ad-
per acre per ed F£ scrbed ble by scrbved
acre) Acid (1:10) diff. (1:50)
Soluble
Check 0 28.6 14.4 14.2 20.9
1% £5.4 14.0 11.4 24.5
3 34.8 14.3 20.5 23.17
Rock rhosphate 0 30.5 10.1 20.4 16.0
1% 35.17 11.6 24.1 19.2
3 35.17 11.0 24.17 17.5
Dicalcium Fhosrhate 0] 27.0 12.7 14.3 0.6
13 29.17 12.4 17.3 21l.7
3 £6.6 11.7 14.9 19.8
Fused Tricalcium Fhosphete 0 30.4 13.0 Z22.4 20.6
3 26 .4 11.4 15.0 0.6
Potassium Metaphosphsate 0 £2.6 12.5 10.1 19.0
13 15.5 11.4 8.1 16.0
3 £3.2 11.6 11.6 17.0
Calcium lMetspnhosphete 0 £5.1 14.0 11.1 0.2
13 £7 .4 2.1 14.3 19.6
3 24.7 12.9 11.8 18.5
Superphosphate 0 45.4 15.9 29.5 £4.4
1% 41.5 16.5 25.0 £9.0
3 36.2 17.3 18.9 27.1
Concentrated Superphosphate O 31.3 14.8 16.5 £6.5
1% 20.1 12.6 18.1 22.1
3 40.5 18.2 22.3 30.0

%Mean of three feplications
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results do not show any distinct pattern or offer any
significant trends due to phosphorus treatment or to lime

trestment.

Correlations

With so little varistion in these date it was deci-
ded they should be correlated with both yield of beans and
PH values obtained for each of the plots. "here the amount
of phosphorus extracted by the various methods was correla-
ted with the bean ylelds in the field, it was found that the
Breay adsorbed plus acid soluble method gave a negative cor-
relation of .109, which is not significent. The acid soluble
by difference technique gave a positive correlation of .134,
also not significant. For the adsorbed methods, howsver,
there wes a negative correlation of .583 which is signifi-
cant at the 1% level for the 1-10 extracting ratio. The 1-50
extracting ratio gave 8 negetive correlation of .502, sig-
nificant at the 1% level. ihen the a2mount of phosphorus ex-
tracted from the soil was correlated with the pH of the
samples involved, 1t was found thet there wes not 2 signifi-
cant correlation for the acid soluble plus adsorbed method or
the acid soluble by difference method. The adsorbed at the
1-10 extracting ratio and the 1-50 extracting ratio gave
negative correlations wnich were significent at the 1% level.

See Table 17.)
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Table 17. Correletion coefficients of correlations
between yleld and soil tests or between pH

and soil tests.

Crop daf | Bray's Bray's Acid Eray's
Adsorbed Ad- Solu- Ad-

# Acid sorbed ble by sorbed

Soluble (1:10) diff. (1:50)

lAlfalfa yields (pots) | 77 0.248% 0,639 0,000 0.605%:4
theat ylelds (pots) (4 0.041 0.128 =-0.026 0.12

Bean yields (pots) bl 0.231% 0,788« =0,205 0,732

Bean yields (field) 71 [-0.109 -0.553#% 0.134 =0.,502%3

#Significant &t the 5 per cent level.
#%3ignificant at the 1 per cent level.
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DISCUSSION AND SULMARY

Rock phosphate supplied for alfezlfa in the grcenhouse
resulted in asbout the sames yleld of dry plant materizl as
did most cerriers other thsn superphosphate. The concentra-
tlon of phosphorus in the alfalfa plant tissue was somewhat
lower and the total smount of phosphorus removed per acre wes T
lower tnan where other forms of phosphate were appliesd at
the rate of 160 pouncs of P205 per acre without lime. Lime

reduced the yleld and slizhtly incressed the concentration

of phosphete iIn the plant tissue. The same was true for both k4
beans end wheat. 4t the hizher rate of sgplication, plants
trezted with rock phosphate and witnhout lime, ylelded slichtly
more than where the low rate vwas used obut the spplication of
lime reduced the yleld for all crops. The values for both the
concentration of pnosphorus In the plant tlssue and the total
amocunt of phosphorus remcved by plents were reduced by the
application of lime.

Under the conditions of this ex_eriment, the yizlds of
alfalfa treated with dicalcium phosphate at the 480 pound
rate were lncreasced sligntly by lime. The higher rate of
phosphorus was not perticularly beneficisl to alfslfa. 7/ith
beans the yieslds were depressed et both ratzss of phosphate
applicetion when the soil wes limed, but there wes a positive
responss to the higher rate of pnhosphate appllicsticn. The
yield increase with wheat for additional pnosphate wes more

pronounced on the limed than on the unlinred soil. The

7
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concentration of pnosphorus in alfalf'a tissue, as affectad
by the dicalcium ghosphate, decreas:d when lime was applied

but there wes a gre ter concentretion of phosvhorus in the

tissue grown on the soll treated with heavisr phosphate appli-

cations. 7nile the concentration of phosphorus in the bean
plents was greetly increased by lncreasing the rats of phcs-
phate application on unlined soil, 1t wes markedly reduced

by the epplication of 1limre. On whezt, however, lims appli-
cation increzsad the concentration of phosphorus in the straw
with dicslcium pnosphate and slso increased the concentration
In the grain =2t the 160 pound level. Line decreased both the
concentration of pnospnorus 1n the grsin and in the strew st
the 480 pound lesvel of phosvhatse.

Increasing the rate of application of fused tricaslcium
phosphate had 1little effect on alfalfe ylelds while the addi-
tion of limse scsemed to reduce ylelds slightly. However, in-
creesing the rate of pnosghete applicetion was beneficial to
tecan yields.on both the limed end unlimed cultures but lime
did severely reduce the ylelds where fused tricalcium phos-

phate was used. Thls scesvere reduction in yield due to liming

wes also epperent in wheat trested with this fcrm of phosphate.

4l1falfa ylelds were markedly Increesed by lime when
fertilized with potassium metaphosphate, at both rates of
phosphate application. There wes a response to both rate of
phosphste and limes with the bean crop, but the lims slightly
reduced the yield. For wheat the situation ves sizllsr to

that for beans.

e
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Alfelfa fertillized with calcium metzphosphate gave a
positive yield response at the 160 pocund rate of Folg and to
lime, but at the higher rats of phosphete agplicaticn yield
was reduced by liming. Line inhibited thes yield of beans at
both levels of calcium metzphosyhate. There wes some in-
crease 1n yleld due to increase in rate of prospghate appli=-
ceticn.

Superphosghete with alfalfe groduced positive vield re=-
sponses fer both rates of phosyphorus and only a slight rzduc-
tion in yisld, if any, from the sgpplication of lime. There
was a very slicht reduction in yield of besns, at either level
of pnosphats application, when lime was applied and an in-
creass for additional phoszhorus sgglied.e Cn whest there was
no incresse in ylield for additionsl vhosphorus on the unliwmed
solls but some 1increase when lixed.

For alialfa there wecs generelly a favoravls response to
phioschate rate and lime for potassium metaphospnste, calcium
metaghoschate, and su,erphosphete. The twe outstanding
materlals for beans vere pctassium metapnosphste and super-
rhosyhate, while for wheat potasslum metephosphate, calcium
metaphospnate, and superprniosphate were tne leadlng materials,
with fused tricalcium phospthate showing up favecrebly under
certain conditicns. The leeding mzterisel for 21l crops wes
superphosphate. The potassium metaphosphete was of particu-
lar interest in encoureging high yilelds and producing plent

materiael with a high pnosphats content et the higher pH
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levels with alfalfa, beans, and wheat. This vas not found
to be consistently true with the other phosph=te carriers
which agrees with Xiplsy (£3).

In general, the adsorbed extraction method of Zray (8)
gave the best results under the conditions of this experi-
ment and phosphorus extractions correlated gquite readily with
yislds, with a high correlation coefficient. 4 similar
check of the field results gave a high coefficient vhen the
adsorbed method was correlated with pH. The corrslations
obtained were somewhat different than tiose obtained by
cowers (2) in his study, but he used total adsorbed and total
adsoroed plus acid soluole which are slightly dii'fersent pro-
cedures for extracting.

There was not a significant differsnce between the re-
sults from the two extrscting ratios. (See Table 17.) How-
ever, :mith and Ccok (28) found the adsorbed 1-50 extracting
ratio superior to the adscrbed 1-10 extracting rstio. Thelir
method of correlating yleld response with test results was
somewhat different than that used here. They also used
several soils in the greenhouse, while hcre only cne soil

was used in the greenhouse and thres in the field.
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