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INTRODUCTION

Phosphorus is an elament that is becoming increasingly important
in South [mkots =oils. Although there seams to be & large supply of
inorganic phosphorus in these soils, its avallability to crops is
definitely restricted.

It was thought that & knowledge of the distribution of the dif-
ferent forms of phosphorus over & range of South Dekota solls is a
necessary background for further understanding of phosphorus problams
in the state, This knowledge should prove valuabls in answering the
quastion, are the low values of avallable phosphorus, as indicated by
soil analyses, dus to an absoluta shortage, or to low avallability of
that already present?

Interpretation of phosphorus behavior in soils involves some of
the most interesting and baffling problems in the realm of soil science.
This ig generally attributed to tha diversity of the type of aggregate
in which phosphate ions ocecur and the variety of associated complexas
which affect the solubility of thes phosphorus carrier.

Soils have besen characterized by determining many parameters such
as the pH, the clay content, the cation exchange capacity, and exchangea=
ble bases., Chemical snalyses of soils have led to the determination of
organic matter, acid, alkali and water socluble phesphorus, iron and
aluminum content and & host of ather propertias. Various forms of soll
phosphoruz have also been estimated by amion @xchange rflsins and by p32

equilibration, zs well as othar methods. The ultimats value of chare-
acterizing the phosphorus of soll depsends on its usefulness in swaluating



the phosphorus fertility status and interpreting weathering and other

processes.
It waa the purpose of this research to characterize the South

Dakota soils studied as to the amount of phosphorus prasent as aluminum,

iron and calcium phosphate respectively, and to detemmine the phosphate

release patterns of thess soils, as indicated by successive leachings.



LITERATURE REVIEW

Becasuse of the dual nature of this investigation, seil phasphorus
fractionation and investigation into the available pheaphorus content,
tha sithor has chosen to preasent ths litarature review in three partsa
first, a ganeral review; secondly, a review of fractionation from early
work to the prasent; and thimi, a review of techniquas for determining
aveilable phosphorus from Trueg's {irst available phosphorus test to the

p"a'.nto

General Review

It has bean a little over a century since adsorption of phosphates
by solls was first postulated. Likewlse, chenmical mathods of determiming
available phosphorus in soils were first studied &bout & century &ago.
(25) Since tha advent of chemistry in the field of soil sciemca the
phosphorus chemistry has besn studied extansively and nearly continuously.

Way, as cited by Kurtz and Wlliams (25, 40), in 1850 observed
that phosphates were taken from solution by soils., Wild, as also cited
by furtz and Willisms (25, 40), reported that prior to Way's postulation
Lisbig was aware of phosphate retentlon by sodls and 4in his later writ-
ing 18 mupposad to have discussed this, Apparently he finally agreed
that phosphorus &s a plant nutrient was ilmportant in crop production.

As early as 1845, Daubnay, as citad by Eurtz (25), studied methods af
extracting availasble phosphorus. Owar a century later the task of find=

ing the ideal extractant for plant available phosphorus still remains.
As cited by Kurtz (25), Van Bremmelen studied adsorption of available



phogghorus in 1888 and Dyer studied extracting avallable phosphorus in
1894,

Volcker, ae citad by W4ld (39), in 1863 showed that a sample of
clay containing small percentages of calcium carbonate was active in
phogphoris sorption, He concluded that this was due to formation of
involuble compounds with hydrous oxides of iron and aluminum that were
known to be present, A faw years later Warington, as cited by Wild
(%), reported that the soll with the greatest iron and alumirum content
retained the greatest amount of phosphatea.

The early 1900's marked the advemt of soll phosphorus investiga-
tions in the United States. ZSchredner and Failyer, as cited by Kurtz
(25), renorted on phosphorus and potasgium fixation in soils, Fraps,
Stoddart and Hind, as also cited by Furtz (25), observed certain phos=
phorus reactions in rolls by 1914. Fraps was among early workers to
study ths soluldility of differsmt phosphate minerals in nitric and
sulphuric acide (25).

Burd and Martin in 1923 and Plerre and Parker, as cited by Kurtz
(25), in 1927 showed that the soncentration of phosphorus in water
extract and in the s0il solution were of the same relative magnituds and
were of the order of less than one ppm (part per million).

In 1916 Alway and Rost (2), working with Nebraska scils, deterw
miined there was a steady decrease in total phosphorus from the surface
downward, This decrease was independent of the aridity of the climate
under which these solils were formed., These samples were taken from
across the entire state.

Dean in 1937 (11) studied the distritmtion of the forms of sodl

phosphorus and soncludad that phosphorus added to asid seils tends to



accumulate in alkali soluble formise 4cld conditions give rise_ to iron
and aluminum phogphates; these are the alkali soluble foms., He also
concluded that phosphorus added to neutral or calcareous soils temds to
aceumulate in acid soluble but alkali insoluble forms. Davia (9) in
1943 sttributed the retention of phosphate by soils largely to iron and
aluminum contained in the soll, He also treated soil with iron and
aluminum and found that phosphorus retainad by aluminum treated soll was
more easlly soluble than that retained by the iron treated soil.

IApps and Chesnin (28) peported that in the Hrunizem and Cherno-
gem solls the maximum amount of phosphorus was in the parent material.
Above the parent materlal the phoasphorus contents varied with different
goills. They attributed the acsumulation of acld soluble phosphorus in
the surface horizon to redistribution by plants of the rhizogphare.

The iron and alumimus phosphatas occurred in small quantities, They
further stated that the process of soil formation affects the distribue
tion of acid soluble phosphorus and that profile develcopment is accom=
panied by a decrsass in acid soluble phosphorus. (The author presumes
an increase in alkali solublea phosphorus sines profile development is
usually accempanied by increasimgly asidic conditions.,) lipps and
Chesnin al&o obsarvid that Brunigam solls are more developed than the
Chernozem or Chestmut soils, &s indicated by the profile distribution
of axtractible phosphorus.

Allaway and Rhoades, (1) working on lebraska sojls, found that
the percentage of phosphorus soluble in acid was greater in the surface

layer of relativelly unweathered solls than in surface layers of most



highly devaloped soils, They found that only & mmall parcentage of tha
phosphorus in the surface of a Kelth s50il could bs dissclved by amoml.
un flouride. This seems loglcal., Sincs the Keith soll is not a highly
weathered soil, the alkali soluble forms of phosphorus, which are more
highly weathered forma, would be present in only mmall amounts as com=
pared with tha caleium phosphata content or the same foms in more
highly weathered solls.

Godfrey and RMlecken (17) showed the acid-soluble phosphorus,
phosphorus soluble in nearly neutral solutions and alkali~soluble phos-
phorus to be a function of tha position in thes profile and to be further
related to the degres of profila development. The phosphorus in the A
horizon was low in content but approximately equal in acid and alkali
media. The B horizon had a preponderance of alkall solubl# phosphorus
while the C horizon was very high in acid extractable phosphorus. All
horizons were low in phosphorua extractable with nesutral solutions.

This study of Godfrey and flacken showed that soil weathering tends to
change inorganic calcium forms of phosphorus to iron and aluminum forms.
Bhangoo and 3mith (4) working on Kansas soils, attempted to

relata phosphorus fractions to available phosphorua. Thay found that
the iron and alumimum phosphates were especially significant. Sub-solls
where these two types of phosphorus represented two-thirds of the

total presant had much lower phosphorus availability than did ths sur-
face soils where only one=half of the phosphorus exlisted in thess formms.
On the other hand a surface soil with only one=third of its phosphorus

combined with iron and alumirmm had comparatively high avallability of



its native phosphorus. The quentity of adsorbed phosphorus displacei-
btle by cold .1 HC1l did not seem especially important in relation to
plant availability,

Chang and Jzckson (7), uging thelr own fractionation procedure,
determined the inorganic phosghorus smounts in several soils. Hesults
showed the podzolic soils relatively high in iron and alumiaum phoss
phate and low in caleium phosphate, while the reverse was true of soils
formed under calecification, Johanessen (23) determined that there was
nora sell sclution phosphate under trees than under grass when the
other soil forming factors were kept constant., He explained that this
is camsed by the #ifference in phosphate turmover by the two plants.
Deeper root penetration and longer growing season snable trees to bring
up more phosghate and consequently produce more organic mattar,

Cho and Caldwell (8) characterized the inorganlc phosphates and
found that iron and aluminum predominate in acid solls and tha calcium
phosphates in calearesous soils. WHeutral soils have nesarly sgqual quanti-
tiee of the three main foms ef inorganic phosphats, They used smmonium
flourlde to extract phosphorus from acid solls becmuse the flourdide ion
seemed to replace adsorbed phosphorus. Sodium bicarbonate was used to
extract phosphorus from the calcareous soils, the theory being that the
bicarbonate ion reduces the activity of the calcium ion and thereby ine

creases the solubility of phosphorus. These investigators further
stated that the reaction of a soil was not necessarily a good indication
of the forms of phosphorus present. Of three soils that had nearly the
same pH, the inorganic phosphorus content was quite different.

Nye and Bertheux (30), working on forest seils of the Gold Coast



region, found the total phosphorus greatest in the surface horizon and
decreaszing with depth. The scid soluble phomphorus was found to fall
rapidly to a trace in one foot, These results wer® in contrast to those
obtained Ly Pearson (cited by liye and Foster (31)) who, working on twelve
Iowa soils, determined the acid soluble phosphorus to be low in the lower
A and upper B hordlzons with a marked increass with depth to a maximum in
the C horizon. This was explained by greatly reduced weathering in

temperate soils.

Fractionation of Soil Phosphorus

For mora than a century there have bean attempts to fractionate .
or determine the discrete formas of soil phosphorus and the mmounts of
these forms. In 1935, Fisher and Thomas (13) developsd a rapid method
ol eatimating four forms of inorganic phosphorus: rhosphates of calcium,
magnesium and manganes# were on& form; phosphates of iron amd aluminum
were another fomm; those adsorbed by hydrous oxides and prassent in the
form of apatite were a third form; by cdifference they determined the
phosphorus present in crystalline forms of iron and aluminum, this Leing
tha fourth form. By placing propar valuss on the phosphorus containsd
in sach group thay were able to pluce twenty-two Marylami solls, repre-
senting three provinces, seven series and twelve typeas in practically
identical order of phosphorus requirements ms that disclosed by pot
tests.

According to Dean (10), Fussell groupsd phosphorus campounds

occurring in poils into: inorganic phosphiorus in neutral soils, hydroxy



epatite, a calcium phosphats, inorgaric phosphorus in acid solle, which
Were presumably comblnations with iron amd aluminum oxides and organic
phosphorus ecompoundis. Desan, using his own fractionation procedure,
showed that, by extracting with sodium hydroxide prior to extrasting
with an acid, it is possible to divide the phosphorus eompounds inte
threa broad groups: organic compoumds soluble in sodium hydroxide,
inorganie campounds dissolwed by extraction with the sodium hydroxida
followed by an mecid, and insoluble compounds. Dean suggested that
-sodium hydroxide ramoved iron and alunimm phosphate, mono- and di-
calcium phosphate, and organic phosphats, and that sulphuric acid re-
moved trlecalcium phosphate and spatite. [e concluded that the &cid
soluble phosphorus remaining irn the soil after extraction with sodium
hydroxide occurred in the apatits form., [e also concludaed that the
largest fraction of the total soil phosphorus was not dissolwed by
sodium hydroxide or acid extraction. l& noted that this fraction was
not increased with long continued use of phosphatic fertilizer at
Rothmusted.

Ghani, as cited by Wright and Peech (41), modified Dean's pro-
cadure by using acetic acid to extract principally mono, di, and tri-
calcium phosphates and those combined with iron and aluminum, and sule
phuric acid to extragt the apatites. dcetic ascld was used in order to
eliminate interference of soluble axchangeable caleium or magnesium. It
was also shown that some phosphate brought into solution is readsorbed
by the soil and then extracted with sodium hydroxide. lowevar, this was

congidered a procadurs that gave a good fractionation of the phosphorus
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compounds prasent,

liye and Bertheux (30), working on solls of the Gold Coast, used
Williams® fractionstion, which is a rapid method and divides the phos-
phorus into three fractions, Total phosphorus was sxtracted with acetic
acid; the alkali-soluble, inorganic and organic fractions were extracted
with sodium hydroxide. The organic fraction was determined by subtract-
ing the inorganic from the total. Using this method they determined
that tha total phosphorus was greatest in the surface and desreased with
depth, The acid soluble phosphorus declined sharply to a mere tracs in
the surface foot, while the inorganic alkali soluble phosphorus declined
more slowly than the acid solublas, Generally spesaking, all horizons of
all soils were higher in inorganic alkali soluble than in inorganic acid
solubla phosphorus.

At the present time the generally accepted method of fractiona=
tion proceduras is that devised by Chang and Jackson (6). This method
is based on the solubllity of the discrete forms of inorganic phosphorus
in the soil, These forms include alumimwm, iron and calciam phosphates
a8 well as the reductant soluble forms, the occluded phosphates., This
procedure was tha first to differentiate between iren &md alusinum
phosphate, It amployed nesutral ammonium flouride to dissolve alusdnum
phosph&te, Sodium hydroxide completely dissolves iron phosphats as
well &# aluminum phosphats but does not dissolve apatite. Sulphuriec
acid dissolves apatite completely amnd aluminum and iron phogphate to
a considerable degree; therefore the alkall extractions must precede

the acid extractions.
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Glen et al. (21) modified the fractionation procedure of Chang
and Jackson and used ammonium flouride at a pH of 8.5 rather than 7.0.
This was the experiméntally determined pH where the solubility of iron
phosphate was least. This procedure has made possible a falrly accurate

account of the inorganic phosphorus constituents of the soil.

Lvailable Soil Fhosphorug

Investigators in the field of available soll phosphorus have yet
to devise a perfect system to determine plant-available fractions. The
rasearch here has followed two main paths: first to find the ideal
extracting solution, one that would remove what the plant removes;
sécond, to develop a leaching procedure that would extract the readily
avatlable phosphorus, thereby duplicating the pattern of phosphorus
release.

Shepiro and Fried (35) reported that soil phosphorus may occur in
organic form and as an anion adsorbed to a clay surface. It also may
occur adsorbed on the surface of iron and aluminum hydroxidss. It
may occur as an anion adsorbed by means of a cation bridge to clay, and
as precipitates of iron and aluwminum. Phosphorus release from precipi-
tated material is governed by solubility product relationships. Adsorbed
phosphates are hydrolytically displaced (OH) or displaced by another
anione.

Fried and Dean (14) reported that calcium in a system always
effected greater retention of phosphate than did sodium. This is an

argument in favor of tha cation bridge theory. They also raported that
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surface coatings of iron and aluminum retained large proportions of
added phosphorus and that the amount increased with phosphorus concen=
tration.

pH of soils is probably the most widely operating factor in-
fluencing the fom, abundance and movement of different nmutrient ela-
ments in soils. Karim and Khan (2%4), working on East Pakistan soils,
reported that sssquioxide~bound phosphorus ross steadily to a pH of 5.6
but that the rate of rise above 5.3 was greater than below 5.3 With
an increase in pH to 6.2 the sesquioxide bound phosphorus decrasased.

In 1954 Olsen et al. (33) reported that sodium bicarbonate was
adaptable to rapid routine soil testing procedures. Four criteria of &
ugeful extractant of plant-available phosphorus were postulated: (a)
measure all or a definmite proportion of the various formas of phosphorus
in the same relative amounts as they are adsorbed by plants during the
growing season; (b) correlate to a high dagree with plant uptake of
phosphorus and yield regponss to added phosphorus over a wide range of
soil types; (c) minimize the secondary precipitation and adsorption re-
actions that may occur during extraction; and (d) be adaptable to rapid
routine test measurmes.

This sodium bicarbonate mathod consistently gave a high correla-
tion with 'A' values of Fried and Dean, as cited by Olsen gt al. (33),
for 211 groups of soils whare other methods gave lower correlation
values, It was compared with earlier msthods, including the COp
technique and thosa of EBray and Truog.

The bBray No. 1 method glves low walues for extractable phosphorus
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on highly calcareous soils bacause secondary precipitation reactions

may occur with extractantas that incresase the hydrogén ion activity be-

cause concomitant increase in the calcium ion activity occurs. In-

creased calcium ion activity usually means more phosphorus fixed as

insoluble calcium phosphate. Also the concentration of the acid is

insufficient to extract all of the available phosphorus. The firay Ho.

2 method incrasases the acid concentration to campensate for this.
rarlier, Truog (37) in 1930 used .002H sulphuric acid at a pH of

'3 as an extracting solusdon. This concentration was supposed to approxi-

mate that in the root zone.

The CO, method is affected by two smecondary reactions with
opposite sffacts on phosphate solubility when used on caleareous soils.
First, there is an increase in solubility caused by a decrease in pH,
and secondly, a decrease in solubility when precipitation of calcium
phosphate occurs as a result of thes increase in calcium ion activity.

The sodium bicarbonats was found to be essentially free from
@econdary reactions because the bicarbonate ion decreases calcium ion
activity by combining with it, thus increasing the solubility of phos=
phorus that was originally calcium phosphate. This is the common ion
effect.

In neutral or acid soils sodium bicarbonate represses calcium
ion activity also, but the main affect here 1z through ionic competition
of the HCO4, CO4 and OH dons for the phosphate adsorption sltem on the
surface of the soil particles. According to Kurtz and others, cited by

Olsen gt al. (33), the replacing ability of the bicarbonate ion for

154561
SOUTH DAKOTA STATE COLLEGE LIBRARY.
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phosphate on the poil colloid was greater than the raplacimg ability of
the acetate and sulphate ions.

Mller and Axley (29) determinsd that extracting two prsms of
goil with an ammonium flouride~sulphuric acid solution gave the closest
correlations with crop responses, The Bray and Kurtz mumber one and
the sodium bicarbonate methods were mext in order. They also found that
the soil series dotermined to a large degree the correlation between
chenically available phosphorus amd crop response.

Saunders (%), working in Southern Rhodesia, used hot .1 sodium
hydroxide for extracting availlable phosphorus from tropical goils., Good
correlations were obtained between analytical data and field responses
for a variety of soils. Correlations were also obtained between sodium
hydroxide soluble phosphiates and thé optimum application of fertilizer
and phosphate required for malze, tobacco and potatoes. This provided
the basis for fertilizer recommendations in Southern Rhodesia.

Welch gt al. (38) compared & hydrochloric acid-sulphuric acid
mixture with sodium blcarbonate and with an mmmonium flouride-hydrochloric
acid mixture and obtained satisfactory results for making fertilizer phos-
phorus recormencations. Stelly and Recaud (36) reported that an extract-
ing solution of smmonium ehloride and hydrochloric acid proved a superior
correlation with greenhouse response.

Aslyng as cited in lLeMare (27), has shown the chemicazl potential
of monocaleium phosphate in soil or “"phosphste potential™ expressed by
(§# p Ca + pHoPOy) holds promise for temperate soils. LeMare (27) claims

this is also an appropriate means of estimating aveilable phosphorus in
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tropical soils. Iiiye and Foster (31) reported that a frastion of soil
phosphorus sxists in a labile pool which will maintain z defimite
equilibrium potential in the soil smolution and that this lablle pool
is equivalent to the rapidlly exchangeable phospheorus.

In an effort to learn more of tha awailshle phosphorus supply,
a few investigators have attempted siccessive lsaechin; procedurss,
Lathwell et al. (26) moddified a s0il percolator devised by Lees to
measure the relesse of phosphorus by sollz. This method employed .005N
calcium chlorids as a leaching solution. This concentration approximates
the electrolytic concentrstion of the =0il solution in most humid re-
glons. This method recycled a mmall volume of solution through the soil
&nd then through a chloride saturated anion exchange resin., Thus the
phosphorus released by the soll was adsorbed by the resin. The resin
was then leached with sodium chloride solution and the phosphorus deter-
mined. This method was used to compare fertilized and unfertilized
solls, This technique reflected the influence of fertilizer trsatments
on the phoaphorus status of these soils. An anion equilibration method
was also tried where distilled water and the ceélcium chloride solution
ware compared, The water extrasted mors phosphorus than the solution.
Lehr and Van Wesemsel as cited by Lathwell et agi. (26), showed that
the solubility of phoaphorus is depressed in the presence of & neutral
palt because salts of monovalent catlions depress phosrhate availabdlity
in calcarecus soils through an incrsase in the solubility of calcium.

It may, of course, be argued that water glves a more valid phos=

phorus measure since the electrolytic concemtration of the soil solution



16

¥lll probably be approximated by the time the water has leached through
the soil sample. The solution that is approximately equal to the seil
solution in elactrolytic concentration prior to leachirg will we of
higher concentration &s the leaching proceeds; hence the added electro-
lyte could increase the depression affect.

Lathwell as cited by LeMare (27), comparsd his method with the
results from Bray, Peech, English, and Fried and Dean. Lathwell's
parcolation method was highly correlated with 'A' values of Fried and
Dean and was also correlated highly with the other methods. Thus the
percolation method should provide a reliable techrique for swaluating
the phosphorus fertility status ol widely different soils.

Fried and Shapiro (15) obtained identical results from & continue
ous leaching procadiur® and an hourly equilibration with distilled water,
'hey thus were able to plot ths phosphorus release pattern of various
soils.

In mora recent works Friend and Blrch (16), working on seils in
Bast Africa, found that out of tem different methods of extracting
available phosphorus only hot .1l sodium hydroxide was sigmiiicantly
related to phogspherus response of whaat. Rost, am eited by Hamilton and
Lessard (18), found that the lower A and upper B horizons were mors
deficient in phosphorus than the surface soll. Halstead, as also cited
by Hamilton and Lessard (18), found that for most soils tha phosphorus
supplying power of the surface was considerasbly grsater than the core
responding subegurface,
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MATERTALS AND METHODS

Description of Soils

The four soils used in this study were Moody, Kranzburg, MHorton
and Kelth. These solls were chosen beagause they represent major erop-
lands frem widely separated areas of the stata; hence phosphorus content
was of utmost impertancs,
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MOODY STLT LOAM

Date: HNovember 21, 1960

Field Nmme: lMoody 5ilt Lomsm

Fleld Classification: Chernogzem

Ilocation: Umion County

Parent Material: Post-Jowan Loess

Physiography: Near crest of a long slope in gently undulating topography

Relief: Gently undulating

Slope: Convex, approximately 3%

Drainage: Well drained.

Ay, horizon 0-6" Dark grayish brown (10¥i4/2 dry) to very dark brown
(10YR2/2, moist) noncalcarecus silt loam, wesk to
moderitely developed fine gramlar structure,
frisble when noist,

P

B horizon 6-36" Yellowish brown (10YR5/4 dry) te brown to dark brown
(10YR4/3, molst) noncalecarecus silt loam, moderately
developed primmatic structura, friable when moiszt.

KRANZBURG SILT LOAM

Date: HNovamber 23, 1960

Fleld Mame: Kranzburg Silt Loam

Field Classification: Charnozem

Location: Codington County

Parent Material: Post Tazewell loess

Physlography: Itldway between the crest and valley of & long slope in
gently undulating topography.

Relief: Gently undulating

Slops: Conwex, approximately 3%

Drainage: Well drained

Ay, horizon 0-7" Very dark gray (10YR3/1 dry) to Wlack (10YR2/1,
moist) noncalecareous silt loam, weak fine gramles,
friable when moist.

p

i, horizon ?-18" Very dark gray (10YR3/1 dry) to black (10¥YR2/1,
moist) noncaleareous silty clay loam, weak to
moderately developed prisms, friable when moist.
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MORTON SILT LOAM

Date: November 22, 1960

Feld Name: Morton Silt Loam

Meld Clagsification: Chestmut

Location: Ziebach County

Parent Material: Ludlow-Cannonball silts

Physiography: Midway between the crest and valley of a long slope on
a very gently undulating landsecape,

Relief: Gently undulating

Slope: Convex, epproximately 3%

Drainage: Well drained.

A4, horizon O=4" [ark grayish brown (10YR4/2, dry) to (10YR2/2, moist)
noncalcarsous, silt loam, wesk [ine plates, hard when
dry.

8, horizon 4-20" Brown to dark brown (10¥R4/3, dry) to dark brown
(10¥13/3, moist), noncalcarsous silty clay loams, mod-
erately developed prisms, hard when dry,

KEITH SILT LOAM

Date: November 22, 1960

Field Name: Keith Silt Loam

Field Classification: Chestmut

Location: Shannon County

Parent Material: Calcareous loess

Physiography: Along the crest of & small ridge in a gently unfulating
landscape.

Relief: Undulating to rolling

Slope: Convex, nearly level

Drainage: Well drained

Mp horizon O=4* Grayish brown (10YRS/2, dry) to very dark brown
(10YR2/2, moist) noncalcareous silt loem, weak fine
granules, friable when dry.

B, horizon 420"  Brown }wms/z,. dry) to very dark graylsh brown
(10YR3/2, moist), calcareous silty clay loam, mod-
erate prisms, breaking to fine prisms and blocks,
friable when dry.
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Sampling Procedure

The soil samples were taken the third week in Novesber of 1960.
The soll sampling procedure was uniform for all four sites. Thres holes
ware dug in each series sampled; holes ranged from fifty fest to one
hundred yards apart and were dug at random. A hole was dug, & slice
removed and care taken to have the entire horizon sampled. The samples
were placed in palyethylene bags which were placed in paper sacks, sealed
~and markad, The A and 3 horizons ware sampled, the differentiation bie-
twean the two bLsingz based on color amd stracture.

The identity of the individual polyethylene bag wis maintained
right into the laboratory. Chemical studies of each of the forty-eight
major samples involved duplicate amalysis of each of the three componemt
fiald samples., Thus each phosphate value in the figures and in Table II
is an average of sixX individual determinations.

The virgin samples were talkken as close to tha cropland sasples
as possible and were taken from &8 nearly similar topographic positions
as possible. The profile descriptions campared very favorably. In
the case of the Moody the ddstance was epproximately one=~fourth mile,
while in the case of the Kranzburg the distanece was one-half mile. It
is not sbsolutely certsin that the Eranzburg viegin ssmple was a virgin
sample, Local inquiry atated that ths Kranzburg site had not been
plowed or cropped since 19500, if ever; the flora inddeatsd the latter
to be the case, The Morton was sampled on opposite d;.del of a road, and
the fields from which the Kelth was sampled were separated by a fence,
The soil samplas were air dried, ground to pass a 35 mm sieve and were
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storad 4An the laboratory in ice eream containers.

Figure 1 on tha following page shows the location of the sampling

sites,
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Fragtionation Studies

Inorganie phosphates in soil can be classified into four main
groups: aluminum phosphate, iron phosphate, calcium phosphates and
reductant soluble phosphates or occluded phosphates. The occluded
prhouphates are highly weathered forms &nd were not considered in this
study.

The Chang and Jackson (6) method of phosphorus fractionation as
nodified by (len et al. (21) was used in this study. Tris procedure
exploys ammonium chloride, ammonium flouride, sodfium hydroxide and
sulphuric acid to premove available phosphorus, aluminum phoq-:hato. iron
phosphate and caleium phosphate respectively. The original paper suge
gests a3 ten percent correction factor to be gubtractaed from the alumimm
phosphate and added to the iron phosphate. The author is not certaln
whether this correction is still applicable after the pi adjustment of
the smmomium flouride solution as suggested by Glen gt al. (21); conse-
quently the ten percent correction factor was not applied in this study.

Ereliminary Experiments

Eince the amount of various formz of phosphorus is a function
of the soil reaction, Table I im included to denote the pil of the soils
used.



Table I. The pH by liorizons of aach Soil Sample
e —

Soil A horizon A horizon B horizon B horizon
cropped virgin cropped virgin
roody 5.4 6.2 6.3 7.0
Kranzburg 5.6 6.3 6.2 6.2
Morton 6;0 6.0 6.0 6.3
Keith 7.0 6.4 7.1 6.9

Before proceeding with the fractionation on 2ll scil samples it
seemed desirable to run the complete procedure on the same soil sample
as directed and to compare the results with those obtained when each
extrastant was usel on a different soil sample. The A horizon of the
croppad Kransburg soeil was usad, The results of this experiment are
presented in Figure 2 on the following page.

Eash discrete form of phosphorus was slightly higher in the
sample where only the one form was determined as compared with the cone
secutive fractionation on the same one gram sample. In the case of the
aluminum phosphate, equal msounts were obtalned from both gamples., This
is the first measured extraction of the procedure. The ironm phosphate
axtractions varied 1 ppm, from 40 ppm to 39 ppm for the single extrace
tions respectively. The calcium phosphate varied from 176 ppm to 145
prm, or a difference of 31 ppm in the same manner,

In the directions for the frastionation procedurs the initial
extracting solution of mantral ammonium chloride was discarded. This
step was designed to remove the plant-avallable phosphorus. It was
thought desirable to test lor pliomphorus in this solution, floth the
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hydrochloric acid and sulphuric acid systems of color development were
used on extract from several solls. it best only a trace of phos-
phorup was detscted; therefore no measurement of phosphorus in this
solution ig presented in this study.

Anothar question that arose was the pH of the ammenium flourids
extracting solution at the time of phosphorus determination in the
extrastant., The text, "Soil Chemical Analysis®™ (22), and the directions
for the fractionation procedure, both by Jackson, differed on this
point., Again the Eranzburg soil was used and six samples were extracted.
On three of the samples the pH was adjusted to 3 with 2N sto,‘ prior to
phosphorus determination, In the remaining three the phosphorus was
determined without prior pH adjustment. The colorimeter readings were

practically identical =0 pH adjustment was demmad unnacessary.

Leaching Studies

To aid in characterization of the phosphoru# content of a soil
it 42 necessary to know btoth the available phosphorus and the time
distribution of 1ts releass. The method used was a modification of &
successive leaohing procedure davised by Fried and Shapiro (15). The
mathod consisted of leaching a fiwve gram sample of soll with a constant
hesad of distilled water, removing successive aliquots and determining

the phosphorus in sath aliquot,

Preliminary Experiments
Organic matter 4n the leachate interferred with colorimetric
phosphorus determination. Clarification by scid flocoulation and
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centrifugation proved unguccessful, but filtering the solution with
charcoal was affective. However, leaching the soil and filltering the
solution proved to be a very time-consuming procedure and so a soil
leaching tube was designed that did both in one operation. This tube
congisted of a carbon filter tuba in which were placed three wads of
cotton, one layer of chareoal and one layer of soil in the following
sequence: first, a wad of cotton pressed into the bottom of the tube
followad by & layer of charcoal, not to exceed one-fourth gram and spread
uniformly over the wad of cotton; the charcoal filter was followed by
another wad of cotton on which the fiwve gram ssmple of soll wap uniform-
1y spread; this was covered by a third wad of cotten. FMgure 3 illus-
trates the device, slong with the mpparatus that was bullt to accomodate
six soll leaching tubes operated simultaneously,

There may be some question about using charcoal as a filter
because Beston and Peterson (3) in 1960 reported that charcoal adsorbed
phogphorus, To determine the effact of adsorption by charcoal a stande
ard phosphorus solution was leached through a filter after which aliquots
of the orlginal golution were compared with aliquots of ths leachate.
With the instrument that was used no difference in phosphorus concen-
tration was detectable, Fhangoo and Smith (%) al#o used activated char-
eoal to remowve organic matter coloring when determining available phos-
phorus.

Fried and Shapiro (15) leach&d the soil with a oonstant hasad of
water at the rate of elghty ml per hour and removed forty ml at a time

from which an aliquot was téken and the phosphorus detemined. This
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Flgure 3. 5Soil leaching tube and apparatus used
in leaching experiments,
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was repeated as many as fourtesn times and the results plotted on a
graph, thus detemining the phosphate releasa patterm of the soil. Once
they had complated the initial set of leachings they concluded the ex=
periment.

In the experiment described here an attempt was made to detere
mine the phosphate release pattern of these soils by leaching, incuba-
tion, lemaching, incubation stc. till the soil had been leached twenty-
five times. To determine length and temperature of incubation periods,
a set of soil leaching tubesm was set up, using the samme soil in all
tubes. The soils were then leached until 10 forty=-ml increments had
baen leached through the soil. Duplicate tubes were then incubated at
room tmuperature and at 43° C. for periods of six, twelve, eighteen,
twenty-four, forty-eight and seventy-two hours. One set of twe was al-
lowed to stand at room temperature for several days. It was found that
the maxirum amount of phosphorus was released after only six hours of
incubation &t 43° C. Since longer periods of incubation failed to
produce any mors phosphorus, it was assumed that the equilibrium was
reachad in this length of time. At room temperaturs several days ware
required to reach the same equilibrium,

The s0il leaching procmiure which was carried out consisted of
leaching tha soils with a constant head of water at the rate of one drop
every two seconds. Forty ml were allowad to pass through, out of which
a twenty-five ml aliquot was takem and the rast discarded, In the
initial lesaching, prior to the first incubation, this was done ten

times. The soil wam lmached five times between incubation periods.
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Frequently & complete set of ten or five leachings was not done because
in many cases before this point was reached ths phosphorus concentration
of the leachate was insignificant. Whem the light tranmdssion in the
colorimeter was sbove 95 percent, it was considered unnecessary to

lsach the sodl any further. Hemee ,ten times and five times were the
maximum mumber of times the s0ils were leasched,

The salphuric acld system was used to develop the color in tha
phosphorug solution. Chang and Jackson (6) used this method in both tha
acid and alkaline pH ranges. Adjustment of the aliquot to & pH of 3 was
found to be unnecessary, Readings were made on a BEansch and Lemb Colori-

meter at 660 m,
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EXPERIMENTAL RESULTS

Results of the Fractionation Studtes

In this experiment four variables were involved: first, the soil
series; second, the cropped versus virgin soil; third, the soil horizon,
A varmus B; and fourth, the form of phosphorus.

Mgure 4 illustrites the mmount of phosphorus of each formm in the
A horizon of sach of the cropped soil seriss. Thus for the Moody, the
aluminmm phosphate equals 1€ ppm, the iron phosphate 47 ppm and the
caleium phosphate 102 ppm., The spame relationship applies for the
Kranzburg, Morton and Eelth series, In all soils except tha Kelth the
aluminun phosphate content was the lowest, and in all scils the calcium
phosphate far exceeded the other two forms. In the Keith the iron phos-
phate was the least. These results agree with Allaway and Rhocades (1),
who found the acld soluble phosphorus was greater in abundance in thas
surface horizons of the relatively unweathered soils as compared with
the weathered folls. They also concluded that only a small percentage
of phosphorus in the surface of the Keith soil series was soluble in
agsonium flouride., This was true on all soils in this study, tut the
Keith had a greater abundance of ammonium flouride soluble phosphorus
than did the other three,

Flgure 5 compares the forms of phosphorus in the B horizons of
these same solls, Here the aluminum phosphaté was the fomm Ain least
supply in all cases uhile the calclum phosphats was greatest, excesding
that in ths A horigon in avery casa except ths Keith. In the extrmme
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case, the Moody series had three times more calcium phosphate content in
the B horivon than in the A.

These results are in disagreement with Godfrey and Reicken (17),
vho determined that there was a preponderance of alkali soluble phos-
phorus 4n the B horizon in soils of Iowa and Missourd. Chang and Jackson
(?) found the calcareous soils to be high in calcium phosphate. In
this study the noncalcarecus E horizon of the Moody series was the highe
est in calcium phosphate of all soll samples measured.

In Figure 6 the A horlizon results are grouped by compound rather
than soil type for the four cropped soils. The Kranzburg was lowest in
aluz=imim phosphate with 13 ppm, while the Keith was high with 25 ppa.

In the case of iron phosphate the Moody series was high while the Keith
was low. With regpect to calcium phosphate, the amount incrsased in the
oxrder of Moody, Kransturg, Morton and Keith,

Flgure 7 compares the various forms of phosphorus in the B horie-
gong of these seme cropped soils. The Kranzturg and Kelth were equal
and highest in aluminum phosphate, while the MHorton had the least amount,
The eastern soils were both high and low in iron phosphate, the Moody
being highest and the Kranzburg lowest in this foym. The western South
Dakota soils were very nearly squal. Caleium phosphate was highest in
the Moody.

Figure 8 compares the A and B horizon for each fomm of phosphomi
of a11 soils. In every case the alumirum and iron phosphate content
was higher 4n the A horizon than in the E.

Included in this investigation were parallel vﬂ.:;dn samples of
the soils already discussed. The Moody and Keith samples were taken
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as those jJust reviewed gave for the cropped samples. :

Mgure 9 compares the various forms of phosphorus in the A horie
son of each soil. On these virgin soils the aluminum and iron phuphm
Sintents wors quite unifern Doth with sech weil snd-enemg seils. W% |
éa.lci.un phosphates, of course, far exceeded the other forms.

Figure 10 shows the same relationships for the B horizons of the
virgin soils. The aluminum phosphate was again the form least in ahua-s §
dancg, the iron phosphate content was a little higher, and the calcium ‘
phosphate again far exceeded the other fomms. The Moody sample was
again extramely high in calcium phosphate. ‘

Figure 11 depicts the supply of each form of phosphorus for th.,‘f, i
virgin samples of the A horizons of all four soils. There is no con-
sistent pattern exhibited., The Moody is lowest in aluminum phosphate, 4
the Kransburg 1s highest; the Moody is low in iron phosphate, the Norton
iy highest; the Krensburg is lowest in calcium phosphate while the Kelth
is highest. |

Figure 12 illustrates the same relationships for the B horizons
of the virgin samples. Aluminum phosphate was low in the Moody series
and high in the Kelth, iron phosphate was lowest in the Moody and high-
est in the Morton series, and calcium phosphate was highest in the
Moody serias and nearly equal in the remsining three representatives.
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The phosphate content of the A and B horizons is compared in

Flgure 13. The aluminum phosphate was low in all cases; the iron phope
phate was 1little higher; the A horlizon of the virgin Km:,fmrg was equal 5
in eluminum and iron phosphate. The calcium phosphate content of the s
sastern s0ils was greater in the B horlzons, tut the situation was re- b

versed in the soile of western South Dakota.

Figure 14 comparss the cropped and virgin samples with respect
to all foms of phosphorua in the A horizons of all soils. In twe
soils, the Moody and Xeilth, the alumimm phosphate was Migher in the
cropped samples than in the virpin samples. In the remaiming two
samples the opposita was true, Inm the case of the iron phosphate the
cropped samples were higher &n three of the four soils, while the ope
posite was true in the Morton although the difference was slight. In PR
three out of four cases the virgin samples had the higher calcium phose :
phate oontent; the situation was reversed in the Kranzburg.

In the B horizons the esstern South Dakota sodls that have been |
cropped have a greater amount of aluminum phogphate as compared with the -
virgin samples; in the western South Dekota soils the virgin soils have |
a greator amount. The cropped sample of Moody has considerably more
iron phosphate than its virgin counterpart: the eropped and virgin ;
samples of franzburg are nearly equal in this respect; tim virgin aangh
of Marton has a small smount more than the eropped sample while the

Keith samples were equal in this respect. Turning to the caleium phose
phate, the Moody samples were very nearly equal, the cropped samples =
~ were a little more abundant in the Kranzburg and Morton, and the virgin
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semple was slightly higher in the Keith. Thess are 1llustreted in

Table II. muarmmsmmafm«mm
. mmmam&m& v

Soil Tdentification mofwm.mmm
RS 3 d 2 FOOSPNALE & ‘4. 4 C
'W, eropped, A horizon 18 by
franzburg, cropped, A horizon 13 27
Horton, cropped, A horizon 15 Ea
‘Kelth, cropped, A horizon 25 22
toody, cropped, B horizon 9 b2
Kranzburg, cropped, 5 hordzon 10 13
Morton, eropped, B horizon 6 17
Kdﬁh’ Gm»’. B horizon 10 16
Moody, virgin, A horizon 13 16
urmhtmg. virgin, A horizon b/ 2h
Morton, virgin, A horizon 18 3
keith, virgin, A horizon 17 20
¥oody, virgin, B horizon 5 ‘ 1"
Kranzburg, virgin, B horizon 9 %
¥orton, virgin, B horizon o - b
Keith, virgin, B Mﬁm iz 16
Resilte of the Lesshing Stadle

The results orthomxngpmmpwm
on the following pages. Figure 16 illustrates the release pattern M

the release pattern changed at a slower rate. umidbu mma,' ";A
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sumed that the ability of the soil to regain phosphorus equilibriwm
was diminished. Figure 17 presents the saeme information flor the A and
B horizons of the cropped Kranzburg soil., fere the A and B horizons ‘

poesessed the same initial capacity to provide the plant with ym
phorus, but the renewal capacity of the B horizon was much lower ull
did not persist as long. Figure 18 illustrates the same Maumuh”
for the two horizons of the Morton soils that have been cropped. “The

"two horisons had a similar capacity to provide the plant with phosphoru:
initially, but the second leaching on the B horizon produced no me
‘ble amount of phosphorus 4in the leachate. Some renewal was evidenced
after incubation but the capacity again dropped to a trace. nam;.‘
the phogphorus release pettern for the A and B horizons of the !(I!.f? :
gseries under crop 4s 1llustrated in Flgers 19. Here the amount of pho
phorus avallable to the plant far exceeds that of the other solls, tut
dropped off rapidly to besose comparable to the other representatives:
The B horizon exhibited good available phosphorus supply in the indtial
leaching ut was unable to renew 1-ts rhosphorus supply. Figure 20 W
pares the A horizon of all of the cropped soil samples. The mct stm
ing feature is, of course, the apparent available pheosphorus in the .
Keith soil, exceeding the others by more than twice, These results

agree with Bhangoo and Smith (4) who found that mg.muum
is accompanied by high phomblto avallability, Tt should be recalled
that the Keith soil that was cropped contained the greatest amount of
calcium phosphate of the A horizons in that category. The A horizon
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T Figure 187 Phosphate release patterns for t.he A and B horizcms of the cropped Morton soil




'plll of phosphorus, air dry soil

A horizon

— —==-- B horizon

12 5 4 ,,5'--57,7:-‘3 9 m RISt 15 1617 13' 19 021 22 2324 25
; -~ Sampling number ‘
Figure 19. .Phosphate release patterns for the A and B horizons of the cnopped Kelth soil
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of the Keith sample under grass also had the highest caleium phosphate
content in this category, but the available phosphorus was less f»hm
for the sample under crop, The renewal power of the Keith was superior
to others after the first ineubation, but after that it was first
equalled and finally surpassed by the Noody after the second and third
incubations., i

The release pattams of the P horizons are exhibited in Flgure 7
21. All were comparatively egmal eméupt the Moody which was matdarabla'
below the others, It should also be noted that the Morton was com- &
pletely leached of its phosphorus by the indtial leaching prior to
iﬁcubation. S

The studies on the phosphorus supplylng capacity of the virgin ‘:f;i
samples can be illustrated on two graphs. Flgure 22 will compare the o
release patterns for the A hovizons of all four soils, All were of
approxinately the same magnitude initially except the Moody which had 8
mach less initial phosphorus mpplm power, After the successive X
incubations the Kranzburg had the greatest power to supply water aolnhh
phosphorus. Flgure 23 illustrates the phosphorus supplying power of
the B horizons. ALl ware of the sife magnitude except the loody which
agein was low. It ghould be poimted out that the B horizon of the
Voody far exceeded the others in calcium phosphate, yet the leaching
procedure has shown this same horizon to be the poorest provider of
plant available phosphorus in every case,

A comparison of the phosphorus release patterns of the same
 horizon in the cropped and virgin samples is seen in Figures 24 through
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Figure 20, Phosphate release patterns for the A horizons of four cropped soils,
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Figure 21, Phosphate release patterns for the B horizons of four cropped soils.
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27. The phosphorus supplying power of the cropped m is wu’hr :
than 1ts virgin coanterpart, as illustrated in Figure 24, Mgure 25

shows the same relationship for the Kranzburg soils, but g b
tion is reversed. The virgin sample has the greater supplying W' Cf
available phosphorus, The virgin uuple of the Morton series

nearly equal, The Keith unumdnmwmmmwmf
again the cropped sample had the mmrmmmwnzm
The virgin samples in the B horizons had greater phosp
nupplying powar than the cropped samples after the ineubation M
 although initially there was little difference between eropped and vth
¢gin samples, This is 1llustrated in Figure 28,
xmcpmaammamm:mmmamm
gituation in eamch soidl series is shown in Figures 29 through 32.
Cropped and virgin soil resultllnnaehurtn mpmmum
independently, and as a comparison, the phosphorus status of these
soils, ' i

To illustrate the Wma release patterns only the M&d
leaching after each incubation is reported in the m; m B hori~
zons were incubated after five consecutive leachings m ﬂ!ﬂ M ;
ten as in the A horizons. The concentration in ppm :«wzwnu 1.“:
procedure is on the left hand side of the page, and the scale for the
fractionation 1s on the right kand side, Figure 29 Allustrates the
‘inorganic phosphate content and phosphorus m m-m mﬁl
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virgin and cropped Moody. This graph shows the amount of each fomm of
phosphorus in each horizon and permits comparison of the eropped and |
virgin samples in this respect., It also illustrates the differences in
the phogphate release patterns of both horizons and the cropped and
virgin counterperts. M gures 30, 31 and 32 indicate the same for the
other three soil representatives of this study,

To .corroborate the idea that the leaching procedure is a true

measurmment of gvailable phosphorus the total phosphorus removed by the
initial ten leachings prior to the first incubation and by the total 4
leaching procedure were correlated with the results of the available -:é%? ‘
phosphorua test from the soil testing latoratory. The correlation

coefficient was used for this purpose with r = Zxy/ VE=2 552 , with
x = the available phosphorus in ppm from the soil testing laboratory
and y = the phosphorus in ppm from the leaching procedure, Although
the ppm of phosphorus reamoved by the hgching pmoﬁun both in the
initial ten leachings and the total leaching procedure were far in
excess of that removed by the soil testing laboratory, the complete
leaching procedure was more highly correlated than the initial ten
lsechings. The r value for the somplete procedure was 0.788; that for
the initial set of leachings was 0.661. Both values were significant

at tha 1 percent level.
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DISCISSION

This work has largely concerned itself with the aiffdmccs.m‘ G
four soils relatiwe to phosphorus. These differences, while very real, 4
should not obscure the sesential similarity of all four soils, ALl
were formed under caleiffcation, under conditions of limited preeipitas
tion. Variation in their phosphorus status appears to be a matter of
degree,

Rainfall decreases from east to west in Sout: Dekota and so dmu
the soil leaching associated with it. Under westhering it is expected
that aluminum and iron will replase calcium in the phosphorus exchange
system. To the extent that ecroppimg is itself a form of weathering it
would accelerate this trend of replacing calcium with the sesquioxides.
This process would be affeoted by duration snd intensity of cropping. |
Generally Moody moils are eropped more intensiwely than the Kransburg,
and both of these sastern South Dekota soils more heavily than the two
western soils. . ;

With the data avallaile an attempt was made to devise a simple o
expression for the present inorganiec phosphorus status of a soils Such ;

an epression could involve the amounts in ppm of the varicus fomms o!‘

phosphorus present in the order in which they are determined, ass =

Using this form, the formulas for the cropped and virgin Moody become

18-&;-1 %2 %

cropped virgin



TO

This formula illustrates that the crepped soiles are higher in the
sesquioxide forma of phosphorus thanm are the virein samples. The virgin
soil is higher than the croppad sample in calcium phosphate in the A
horigon, while &n the B horizon this fom is nearly equal. This formla
may be indicative of the fate of phosphorus ovar a perlod of nany yearss
Apparently the calcium phogphate i# involved in maintaining the equilibe
riur 4in the soil system and is probably ths source of phosphorus for
the increased iron and aluminum forms in the cropped sample.

An attempt was madle to include in the expression the svallable
phosphorus as determined by the leaching procedurs., It is generally
assumed that the virgin soil repressnts the optimum phosphorus situation
for crop production when first tilled, barring the application of phos=
phate fertiligers. However, thls was not the case, for two of the four
soils released more water soluble phosphorus from the cropped samples
than from the virgin samples. Haas, Grunes and Reichman (19) also found
this varisbility to exist. Practically speaking, this water soluble
for= of phosphorus is the most important form because it is the fom
the plants use.

The questlon naturilly arises as to the chemical form of phos-
phorus ramoved by the laboratory leaching process, In a preliminary
study after the successive leaching procedure was completed the frace
tionation procedure was used on the leached samples. Yo consistent
depvesiation of any form of phosphorus including ealeium Phosphgts
resulted. It is presumed that the phosphorus removed by leaching was
originally st least partly organic phosphorus transformed to the
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inorganic form during incubation to maintain the phosphorus equilibrium,

Net included in this investigation were determinations of total
and organic phosphorus. These determinations should be includad if the
study 1s to be continusd, Also the iron and alwuninum content of tha
acid soils as well as the calcium content of the baslc soils is impore
tant if the fate of applied phosphorus is to be studied. The calcium
phosphate fraction needs to be separated into its mono, 41 and trie
calcium phogsphate componants, The rate of change of calcium phosphate
to other forms and the fate of the diffsrent foms of applied phosphorus
also need attention,

A different approach that also deserves investigation ig the
phogphate potential formula method of Aslyng (27), which appears in the
literature review of this paper.

Fatare work in this area should involve extreme care in choosing
the sampling date, Olsen (32) showed by four different phosphorus tests
that plant-avatlable phosphorus is at a low level in the fall, 4is highe
est in the marly summer, followed by a low level at harvest time.

Hence, according to these results the sampling time was incorrect. The
mthor used a Morton sample fram the same field separsted by only a fow
feet in the preliminary study and the final inwvestigation. The sample
usad in the preliminery study was taken in May, while the sample used
in the final study was taken in liovember. The sample taken in early
summer was considerably higher in available phosphorus,

The degree of variation in avallable phosphorus has &lso bsen
shown by Dodge (12), who sampled one soil avery week for two years and

another soil every wesk for one year in an affort to determine the
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seasonal changes in availsbility of mitrogen, phosphorms and potasﬂ.u.u.
Initiating the sampling procedure in lovamber, he found that in one
sample the avallable phosphorus was gpproximately thirty-five pounds
Fer acre, after which it dropped to slightly over twenty pounds per
acre in March, The maximum of thirty-seven pounds per acre occurred

in June prior to & sharp drop to eleven pounds per acre at the end of
the first year. The maximum available phosphorus supply the sacond year
was twenty pounds and occurred in February, after which it dropped to
fifteen pounds in May, reached a now low in July at seven pounds, and
leveled off at about might pounds per acre. The sample on which data
are avatlable for one complete year showed a maxdmum of thirteen pouands
in January, a drop followed by & slight rise to mine pounds in April,
and a drop to approximately the five pound level for the remainder of
the year. This is illustrated in Figure 33. It might be said that
these results are the averages of weekly sampling for each month and that
the weekly differences were often greater than the average differences
from month to month.
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CONCLUSIONS

The study of four South Dakota soils, both cropped and virgin,
indicatss considerable gimilaritiesz in phosphate status, Aluminum
and iron content were low, while caleium content was high (ratio
up to 1:10).

Cropping tends to shift calcium phosphate to alumirum and iron
forms. As might be mxpected this shift would be more pronounced
near the surfase, Generally there was a graater change-over in the A
horizon than in the E horizon and also in the cropped samples come
pared to the virgin samples.

Thera was a decrease in the asount of phosphorus {n each succeagive
lsaching, This may bas due to deserption of adsorbed phosphorus
rather than & gradual dminishing removal of chamically combined
phosphorus.

There ssemed t0 be little relation between the phogphorus fractions
and the avallable phogphorus as measured by sither the leaching
procedure Or the availsble phosphorus test from the soil testing
laboritory.

There sesms to be nmo indication of a constant ratio batween inor
ganic and water-extractable phosphorus among the four soils examined,
Ry the modified method of Frisd and Shapiro, tha Moody and Keith
soils released more water soluble phosphorus from the cropped sam=~

ples than they did from the virgin samples. The Xranzburg and
¥Morton soils released more water soluble phosphorus fram the virgin
samples than they did from the cropped samples.
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The B horizon of the virgin samplss of all four soils released more
water-soluble phosphorus than did the B horlzon of the croppsd
samples,

The B horizon of cropped soils has considerably less potemtial to
provide the plant with phosphorus than has the A horizon.

Twe soils with the smme initial amount of water-soluble phosphorus
may have grossly different release patterns with progressive leache
ing.

The araa of "time of sampling® needs further investigation.

Low values of waterwsoluble phosphorus in these solls are due to
low desorption rates rather than to low total inorganic phosphorus

contant.
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