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IKTRQDCCT10B

The mechanism of phosphorus fixation has received much

attention la soil research . Although many studies have

partially revealed the nature of phosphate retention, exact

knowledge of lta node of occurrence In natural soil la

^^ «**^»™i •f^s***^ w ^» ^p ^p^sx jssea^p^s»ae w^^Pim ^p fc^»*^p^p^e^^p^pss ^p^p^bp a ••a^^P' ^fc^*%i^ ^a apwe^^eje^Pfl^ ^p^ps^^^

casionelly preaent to snail crystals of apatite In the sand

fraction of soils and possibly also in the silt, are regular

constituents of the clay fraction. Hera the atode of com-

blnation of the phosphorus is relatively obscure.

agriculturists are familiar with the fact that soluble

phosphate* in fertilisers become relatively insoluble whan

mixed with soils, and that losses by leaching are almost

invariably negligible. This phenomenon abereby soluble

phosphorus is removed from solution by soils is termed

"fixation." Teraa such aa "absorption," "adsorption," and

"reversion* are used to designate epwcifie forma of fixa-

tion. Early workers attributed this fixation to a almpla

chemical reaction. It was believed that whan a soluble

pnoaphetie fertiliser was added to the soil toe phosphate

ion would combine with the baaaa preaent to form relatively

insoluble compounds. Thar* Is evidence that this chemical

combination does account for a variable fraction of
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soils capacity to fix phosphorus. 'fhe renalndor of the

fixation, however, 1* generally attributed to auch more

complicated reaotlons. Since natural eoile contain raany

substances capable of fixing phosphates it ia obvious that

the enount of phoaphorua fixed and the node of fixation by

a particular soil will nary with the proportion of these

substances present aa constituents, and the intensity of the

feetors influencing their activities.

Considerable data are now available both frcaa con-

trolled laboratory studies and plant response studies which

definitely establish the faet that soils vary rathar great-

ly in their capacity to fix phosphates* Also the forsts In

which it is fixed vary in degrees of availability for plant

growth fron easily available to non-available. This

situation, added to the fact that phosphorus is frequently

one of the Halting nutrients in plant growth, iansdietely

brings phosphorus fixation by soils into the realn of

practical significance in soil fertility prograas.

Many aolle are deficient in available phoephorua

even though the total supply of native phoaphorua aay be

relatively high* Seae soils have such high fixing capacity

for phosphorus that plants sssy suffer from phosphorus &#~



floieney even though mo* phosphorus has been supplied In

ths form of rsrtiXissr. The fixing capacity of the soil

Is determined In large part by the nature of the soil,

which in turn Is an expression of the environmental factors

under which it was developed • Other feature* such as

organic natter content and the lime status of the soil

are important factors determining fixing capacity.

In the work reported here an attempt was made to study

the relative fixing capacity of several horlxone of each

of a number of eoil types. A further attempt was made to

determine what relationship, if any, exists between the

easily extractable iron and aluminum and, (a) the easily

extractable phosphorus, and (b) the phosphorus fixing

capacity of the various horlsona of several soil types.

Rllel OF LITERATURE

A review of literature on the subject of

fixation and availability discloses several views which

appear to be conflictlac. It is erroneous, however, to

compare or contrast findings of the various worttorc without

first properly considering and evaluating the conditions

under which the investigations were conducted* The litera-

ture review in this paper has been limited to studies of a



related nature and of recent origin*

The role of soil composition and constituent activity,

particularly of the clay fraction, in phosphorus fixation

is decidedly great. Hester (17) has shown that if the

basic residue of the soil is increased by aluminum tbm

phosphate absorbing power becomes much greater. Heck (14)

found that dark colored soils containing abundant organic

aatter were generally low-fixing soils. Reddish yellow or

yellow soils have the higliest fixing power. This color

arises from t!» presence of monohydrate (and perhaps di-

hydrate) ferric oxide, which is highly reactive, Truog and

Pord (41) state that yellow colored soils fix phosphorus

more readily than do red colored soils because of a dif-

ference in the fom of iron compounds in these soils.

Hance (12) states that subsoils show higher fixing power

then surface soils. He defines a high-fixing soil as one

that allows the soluble phosphates to penetrate 2 or 3

inches, and a mild-fixing soil as one that allows penetra-

tion to a depth of 2 or 3 feet.

Oile (U), Hibbard (18), Soarseth and Tidaore (32),

found that the fixing power of soil colloids varies inverse-

ly as the silica-sesquioxide ratio of the colloid. Giles

(11) also states that the effect of a soil colloid on super-



phosphate mb— to depend en several festers* naraely, the

to which the oolloidal naterial la saturated with

MSAl the StOg/^Oj rtttlo or the colloid; the

effect oT the colloid on the hjdro&on»lon ooooentratlon

of She mtftiEit end the content of or£anlo nafctejs E6&

believe* the relative Importance) of the dlfrepent factors

to be in the order given* the first neotlonod being noet

Important* Sis lnwattfletlon of aubsoile Indicates that a

condition of low pboophorlo eold saturation, end conse-

quently e low phosphate availability Is rather general for

eubeolls where the siiioa~seecuioxids ratio of the oolloid

Is not above 2. it Is not unreasonable to expect that the

potential iron and aluntTHiflB surfaces oaoable of cocibinlnr:

with the phosphate would ahow soma correlation with the

SiO^SgOg ratio.

Bibberd (18) hold* that the "fixation11 of phoapbate in

soil, in order of decreasing importance, ia nost influenced

by pH, 0*T% and allien aaqninxtdo ratio in the aoil

oollolda.

Mattaon (25) nee shown that the aoil oolloid ia

ad of an adrift1A-tmtniA oonolen* Una Rreatar the acMto

residue, the greater the exchange oepeoity of the clay.

e •^P^^K^we^H'^^^ea^B^^P ^^^i^&w™^^*^^^^f^w "f • jpp* e^^we w^^^e^^^^^^t^* *^*^^^wA*^na^p^ai *^^(« a wflF*^»%a*i^^e



Its strength and increase the acidoid atrenrth indicating

that the seat of the phosphate absorbing power of the soil

is in the basoid constituent of the soil colloid. He in-

fers that the shareeterlsstion of the soil colloidal

Materials resides not in the SiCg^o^ ratio, but in the

ratio of the activities of the aoldoid and basoid fractions*

On the basis of a statorasnt by Joffe (19) that Use

hydratod oxides of iron and alustlman occur in soils as

natural products of the leterlsation process, it night be

expected that lateritlc soils with their hl^a content of

hyorated oxides of iron and aluminum, should possess a high

phosphorus fixing capacity* That this is true has been

shown by several invoatigators, notably Craig (5) and Beck

(14). By the sans reasoning, soils of intermediate nature

between laterltea and podsols (laterltlc) should also

possess considerable capacity to fix phosphorus in re-

latively insoluble forms.

Phosphorus availability not only varies with the dif-

ferent forms in which it is fixed in the soil but apparent-

ly there mro varying degrees of availability within the

(39) conducted a weary thorough experiment in

which it was shown that at least a portion of the phosphorus

in precipitated ferric and aluminum phosphates Is available



to plant*. Apparently than, fens* very difficultly avail-

able to plants nuat be fixed in combination lets available

than ordinary precipitated ferric and a)ratram phosphates*

Seek (13) states that ehen active calcium and aluminum are

low, phosphates are fixed largely by iron, and the result-

ing i—pinml is generally leas soluble than the correspond"

ins aluminas compound. Toth (50) indicates that the

retention of phosphates by soil colloids is the result of

a series of re MB* A portion of the adsorbed phosphate

displaces silica, another fraction reacts srith the free

Iron oxide, and the reminder displaces hydroxyl groups

frost the uncocbined baaold* He found that the removal of

free iron oxide from aoil coilcicis lessens the magnitude

Of phosphate adsorption.

•feck and Tmog (15) found that phosphorus vas fixed

quite completely in acid sells as baaio iron and aluminum

phosphai.es and that liming: made it more available*

?ord (10) reports that hematite (i'egOjj) did not appear

to fix phosphates ehereas goethite 0e2°3 * %°* rixod

after phosphate application indloated that a crys ;alline

phosphate of very low solubility was formed by the combine-

tlon. He concludes that phosphates fixed by calcium and

egnealum are relatively the stoat availablei that those
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fixed by goethite and bauxite are of very low solubility*

These tijree foros of fixation svsawariscd by Ford seem to be

the raoet laportant types occurring In soils.

MeCeorce and Breazeale (21) observed that iron end

alualxxsa hydrocele fixed large aoounts of phosphorus which

ems insoluble in water* but eonpletely soluble in dilute

801. The sole were amphoteric* clvlng up the phosphate at

alkaline reactions. CaCOj added to either gel Increased*

while (Ka)2C05 reduced* fixation* This observation helps

explain the greater availability of phosphorus in blaofc

alkali spots* They conclude that iron and aluainwa as well

as ealolua nay be involved in phosphate fixation in these

calcareous soils.

Keyer (87) believes an iron compound to be responsible

for the fixation of phosphates in southern soils. It

exists in concretions and fixes phosphorus as a basic

ferrous phosphate. In later work (27) ho found that soils

low in organic natter but high in sesquloxldes nay fix

large quantities of soluble phosphates in difficultly avail-

able forms.

Many investigators believe that adsorption try soil

colloids plays a major role In phosphorus fixation, riattaon

(24) working with pure colloids of aluaina silicates and

kaolin* has shown that some soil colloids are amphoteric*



titan the sesquioxldcs of iron wad aluminum* 3t>e#e

were able to adsorb phosphorus In acid solutions • In

evaluating this investigation, the fact that pure colloids

were used, oust not be overlooked. Rat tson (25) showed

that the phosphate ion was absorbed to a considerable extent

by a number of soil colloids. Be noted that most absorption

occurred when the silica :sesquioxide ratio ems the scaliest,

these ratios varying from 0.55 to 5*32. Teakle (56) says

that the evidence at hand does not permit the denial of the

existence of colloidal adsorption, but that at beat it can

play only a minor role in most soils.

The role of hjdro.ren-ion concentration in phosphorus

fixation has been investigated quite extensively. In

alkaline solutions iron hydrolyzoa, liberating PO4 ions

which combine with calcium, the hydrolyxed iron remaining

insoluble. Blbbard (18) suggests that this occurs above

pB 8. While eoil colloids of iron and alumtTawa may fix

FO4 at pH values ranging from 5 to 3, there appears to be

no lower limit of acidity in which the fixation takes place

with iron and aluminum. Doughty (0) found iron phosphate

to be least soluble at pH 4*0 and aluminum phosphate at

pH 6*5 and inferred that when both are present a soil should

possess high fixing powers over quite a wide range of
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reaction. Davis (G) found extensive fixation occurring at

pH values aa low as 0.25. Brown (3) found that he could

obtain a far greater amount of available phosphorus at

pH 7.9 than at any other reaction and explains this hj the

low solubility of iron and aluminum and the little free

calcium at this reaction. Heck (14) quotes Oaarder** find-

ing that calcium phosphate is least soluble at pH 6.5. It

waa found further that at pH 6.0 the solubility of calcium,

iron, and aluminum phosphatea waa the same, and that in

consequence each of these bases has an equal chance in

competition for the applied phosphate. In such instances

the nature of the reaction would be determined by the re-

lative amounts of these bases present in an active form.

At lta point of loweat solubility, pH 6.5, calcium phosphate

ia only one third as soluble as either iron phosphate or

aluminum phosphate. Proa pH 6.5 upward, calcium predomi-

nates in combining with soluble phosphates.

Pugh (30) states that calcium phosphate is insoluble

within a pH range from neutral to strongly alkaline.

Bradfield, Scarseth and Steele (2) found that at pH

values from 2.0 - 5.0 the retention of the phosphate is

chiefly due to the gradual dissolution of iron and aluminas

and their reprecipitation as phosphates. At pH 4,5 - 7.5



the phosphate seems to be fixed on the surface of the clay

particles. At pH 6.0 - 10.0, If divalent cations are pre-

sent, the phosphate will be fixed largely by the divalent

eations.

Benne, Perkins, and King (1) show that Ca** ions did

not precipitate phosphorus from B5PO4 solution until the

pH approached 5.5. Maximum precipitation or minimum

solubility was not reached until the pH approached 7,5.

Large excesses of CaCLg precipitated no phosphorus from

solution until the pH was raised by liaOH.

Kaftel (23) shows that calcium had practically no

effect on the sorption of phosphates by coll; ids of low

31O3/R2O5 ratio, but with colloids of high SiOg/l^Os ratio

the phosphates sorbed were greatly increased by calcium.

Tealcle (35) removed calcium from the soil solution by the

addition of ammonium oxalate and found that the amount of

phosphate in solution was increased greatly.

BcGeorge and Breazeale (22) believe that in addition

to the formation of tri-calcium phosphate, the phosphates

exist in calcareous soils in combination with larger amounts

of calcium than exists in Ca^fPO^^ etXi^- suggest that a very

insoluble basic carbonate-apatite nay be formed, and that

it seems quite probable that calcium plays an important



part la fixation of phosphorus into unavailable foma la

oaloareous aoila.

jtaQMMk Bnetirer mid nreaiwitln (20) ocswliirtsfl that

carbonic acid and pB are the key to the availability of

phosphate Sn elaawcm soils*

2hs tyear ant taportanee of TijilHQfcysn Imi oonoautratloa

in sboaofaorus availability has lead to oonsSdsrable io»

vsatogatlon of the effect of lining end addition of various

other baass on the solvability of phosphorus* SaSder (34)

found that the addition of lias to asrteia aoils increased

the solubility of fine native phosphorus fixed. Cook (4)

cites results vaioh support the eonteatian that an inereaae

In base saturation of soils lower* the is&edlate avail-

ability of rook phosphate, but tends to &eep native soil

phosphates and those added as soluble salts In the fores of

ealeluss phoaphate rather than the less available iron

phoapbatea. 7eakle (36) showed that with varying fta&ineo

of soil acidity different cations are responsible far the

laeoval of phosphate froa IlkS soil solution.

Perkins* ICIng %rv* IMmms CSX) found that shea phosphorus

was anolied as Ca2L*(?0*)M t£<e iron and ifTrini'Tfliiff soils are-

oipitatod large aaonafii of pboephorue; the 12, Ks* Ga soils,

inMwisniafo aacottts; and the X and aa^g soils snail anounte*
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Book (16) cites evidence to •how that the removal of

ale bases free sella caused hops fixation In the

difficultly available form than in soils containing ex-

ehengeablft bases and that the Increase was somewhat pro-

portioned to the exchanceable bases removed. Davis (6)

tentatively concluded that phosphate fixation in soils

artificially depleted of replaceable bases whieli can pre-

cipitate phosphate Is due to absorption of the phosphate by

the soil minerals and the fonaetlott of equilibrium

plexee. In many soils not so depleted this process

msieso precuxsxnaceo

.

Booauae of the apparent minor role that or.~a.tlc natter

plays in the fixation of phosphorus in difficultly available

form, literature dealing with the subject Is relatively

United. Doughty (8) concludes that aoil organic natter

ss such has only a minor role, If any, in the fixation of

in difficultly available form when soluble

;e fertilisers are applied to the soil, natural

and synthetic bnane did not fix phosphorus. Odyueky (29)

found organic phosphorus occurred in large amounts in the

surfsee horizon, but below this the quantities of organic

staesnDhejnts diminished to very small smousts in the Bb sad C

horieons. Easily soluble phosphorus was found to be jviont



in much Mailer quantities in the B and C horizons than in

the A. The gray promos showed a s-?all proportion of

difficultly soluble phosphorus in the A , ouch creator

proportion In the Alf % *nd uPP«r % oorizons, and aoall

proportions below the upper B^ horizon.

Anion exchange is considered by *&** inreatigatara to

he a possible factor in phosphorus) fixation. Somraoth (53)

obserred that the attractive force of the phosphate anions

was inversely proportional to the concentration of the

hydroxyl anions, thus the increase of the phosphate lone in

solution with the increase of pii values may be looked upon

as an anion exchange phenomenon, thorns (57) believes that

the clay molecule contains a basic OH group replaceable by

acid radicals such as PO^, and that organic aattcr, es-

pecially soluble organic natter increases the solubility

and penetrating power of soil phosphates.

de Yries and lie tt.erachy (7) found drainage frota cer-

tain siarah soils of Holland contains 5 to 20 p.p*a. *
&
2 s»

indicating that important esounta stay he lost therein. As

the eoil water is acid, pH 4.4, and is brown, the ?2°& i0

probably associated with husaua. Leaching of fertiliser

P2O5 Into lower horizons has been proved to occur with

these soils.



The concensus of i of these m 3 sees-s to he

that In acid soils h^drated oxides of iron and aluainun are

the chief causes of phosphorus fixation, and as a result

of the relative Insolubility of these phosphates the acid

soils are likely to he low in soluble phosphorus though

they may be total phosphorus content. The opinion

eeeas Mftil that In neutral or slightly alkaline sells

the phosphorus will combine with ealcltw and magnesium and

thus be more soluble and more available than In strongly

acid soils, "ost of the investigators believe that pH

value and degree of saturation of the soil with PO, are

important factors in phosphorus fixation in all soils.

©83CRIPTI0K OF SOIL PROFILES STUDIED

Since leached soils are comparatively high fixers of

phosphorus, it was deeded advisable to confine this study

primarily to relatively leached soils. Fifteen soils of

siiailar surface texture comprising fourteen different soil

types and three duplications, were studied. A brief

description of each follows, and the description is con-

fined, primarily, to inherent characteristics which might

be expected to influence phosphorus fixation:



The Cherokee silt loam, locally called "ashy land*

has developed in the more nearly level areas of the

country. The profile characteristic* are very distinct.

The lack of relief, together with the heavy claypan sub-

soil, renders drainage poor. The physical condition is

generally poor. The surface soil, to a depth ranging front

7 to 13 inches, is grayish-brown or dark-gray silt loam

of porous structure. The lower part of the surface layer,

or that part just above the claypan, has been severely

leached of available plant nutrients, and after plowing

gives the field a light-gray appearance. Hatfj soil is

almost wliite when dry and contains nany small rounded

ferruginous concretions. The claypan begins abruptly at a

depth of about 14 inches. It is drab or grayish-brown,

heavy compact clay, mottled with reddish-brown and yellow

stains. '.Vith increasing depth the subsoil becomes lighter

in color and texture and, at a depth of about 40 inches,

changes to ycllowlsh-gray shaly silty clay. The soil is

very acid. The Cherokee silt loam was duplicated in this

study; one sample was taken in Labette County 2 miles

north of Parsons, and a second was taken in Cherokee County

8| ailes north of BalloweU.
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The soila of the Crote series owe their origin to the

weathering of loesslal material. The surface soil consists

of a brownish-gray to dark grayish-brown silt loan con-

taining a very snail amount of very fine sand and a high

content of organic matter. The subsoil is usually made up

of two distinct layers, the upper of which Is a grayish-

brown to reddish-brown compact silty clay loam, becoming

lighter in color and texture with increasing depth. The

soil is usually well supplied with line throughout, while

the deep subsoil frequently contains white line concretions.

The Derby silt loan consists of a grayish-brown to

brownish-gray silt loan, underlain at about 12 inches by a

reddish-yellow to yellowish-red, friable, light silty clay

loan, which becomes lighter colored and more friable with

depth. The organic content of the soil is low. In some

places adjacent to heavier soils the subsoil is not as

friable in the upper section, and is slightly mottled

yellowish brown and reddish brown. From Its almost con-

tinuous occurrence, its position just above the bluffs along

the Kansas Hiver, and its uniform m&torial, It would appear

that this soil Is of wind-blown origin and that the nst-

terlals have been brought from the river bottom soils. It

is subject to erosion on the steeper slopes.
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The Hays silt loam was developed on residual material

from limestone. It bas a I m to very dark brown

surface soil which is characterized "by a rather pronounced

decree of sranulation. The subsoil Is moderately heavy

to heavy, although it is a relatively unleached toll. 7a#

structural development of the subsoil makes it permeable

and allows ready movement of water and penetration of

roots, A lime zone is encountered in the subsoil, usually

below 30 inches depth, although much shallower on slopes.

Free iron does not appear in the profile.

The Idana silt loam is derived from calcareous shales

and limestone, and the surface soils test only slightly

acid. The 9 to 12 inch top-soil is dark grayi3h-brown silt

loam. It is underlain by a 5 inch transitional layer merg-

ing from silty clay loam into silty clay, and this in turn,

is underlain by grayish-brown clay at a depth of 15 or 17

inches. Olive-gray clay is present in most places at a

depth ranging from 32 to 36 inches. A few of the more

nearly level areas are underlain by a somewhat heavier sub*

soil, but not a claypan.

The surface sell of the Jewell silt loam consists of

dark grayish-brown to medium grayish-brown smooth silt

loam carrying a relatively large amount of organic matter



and extending to ft depth of 10 to 12 Inches. The subsoil

is «ade up of two or wore layers, The upper one, extend-

lag from twelve to twenty inches, consists of dark grayish-

brown sllty clay or ailty clay loan. Below this lisa ft

tough, compact layer of sllty clay, varying in color frosi

grey to dftr^c brown. *hea wet this is very etieky and

plastic, and on drying heoouo© brittle and impervious like

hardpan. At ft depth of twenty or thirty Indies the eosspftot

layer grades into light gray or aotiled silt loss or silty

clay loan*

She surface of the Keith silt loam profile Is browa

to dark brown in color. It has developed a granular

structure, but to less extent than the Ilayo soils. The

subsoil is more ooaspaet then the surface soil, but there

is little difference in texture. The darkening of the

surface soil by the accumulation of organic natter extends

to only shallow depth. A lis* sons occurs within about

20-24 inches of the surface. It is derived froa wind do*

posit a. Ko free iron is to be seen in the profile, fteo

different profiles of thl» soil type ere included in this

study but only the phosphorus absorption by the original

soil and pE values were deters.ined.
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slit loan co:iol3ts of a light grayish-brown

or buff-colored, 53100th silt loan grading at about 12 inches

into an open, friable silt loan. The lower subsoil la buff

to light brownish-yellow and in places contains rusty-brown

iron stains. The surface soil is lor* in organic setter.

Hhare la little difference in the isaterial either in color,

texture or structure to a depth of 36 inches. It is de-

rived from loessial material,

Labette silt lose has developed frost parent material

residual frow sypsiferoua stoales and 1' neatone. lbs eur-

face noil, to a depth of cbout inches , is dark grayish-

brow© porous silt •lose, the shade cf color depending cm the

content of organic natter, the lower part of the surface

1 is acoswhat lighter in color, that le, reddish-brown,

and it contains nuoeroua iron pellets, or concretions. In

plowed fields the surface soil la reddish-brown when dry

and alnost black when wet* there is no distinct line of

dennrcation between the surface soil and subsoil, but the

subsoil begins at a depth of about 14 inches. It is dark

reddish-brown, mottled and splotched with gray, yellow,

and rust-brown stains, and with Increasing depth It beeones

lighter in color. The lower part of the subsoil is hi^a

in iron.



The Marshall silt loam is described as a dar'r-colorcd

upland soil with a friable subsoil, ibo surface soil con-

sists of very dark brown porous silt loam which appears

black when wet, to a depth ranging free 12 to 16 inches,

and it is underlain b;/ a lighter brown transitional layer

which extends to a depth of 20 or 24 inches. The color

gradually tecones lighter brown with depth, owing to the

gradual decrease in the organic natter content. Ike sub-

soil is light brown, ranging frosa heavy silt loam to sllty

clay loan, but is rather friable and nowhere approaches a

claypan. The Marshall silt loan is slightly acid, the

surface soil being the most acid.

Xeosho silt loam is si: liar to Cherokee silt loam. It

occurs along the terraces or second bottoms of the main

streams in south-eastern Kansas* As in the Cherokee soil,

the surface soil is low in organic natter. Ike physical

condition of the soil is poor, and the material is strong-

ly acid throughout. It has a lees heavy claypan subsoil

than the Cherokee silt loam.

The Shelby series is derived from glacial till, and

consists of a dark-brown silt loam, 12 inches deep, under-

lain by a yellowish-brown, moderately friable sllty clay

», passing at 24 to 27 inches, into a mottled yellowish-
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brown and grayish-brown silty clay loam. The surface soil

is rsoderately high In organic matter. The subsoil contains

a snail quantity of glacial grit, but not as r.-uch as is

usually found In the associated Shelby loam. The surface

is gently rolling, and the drainage is good.

Summit silt loaia lias developed fron tho weathering of

llnestone and shale. The surface soil is a very dark brown,

moderately heavy silt loa:::, from 12 to 15 incites deep. This

ia underlain by a rather compact, mottled dark-brown or

dark yellowish brown and drab, silty clay loam. At about

20 inches the subsoil changes to a mottled yellow, brown,

and gray, moderately friable silty clay loam. The organic

content of the surface soil is high. The compact nature

and dark color of the subsurface layer is probably due to

a concentration of clay particles and organic matter leach-

ed down from the surface soil* Dark brown to black iron

concretions and stains are numerous in the lower subsoil.

This series was also duplicated, one sample being taken in

Leavenworth County, and a second was taken la Allen County.

The general topography of the region in which this soil

occurs is undulating to gently rolling or rolling.

Woodson silt loam has developed from parent material

residual from gypslferous shales. The surface soil is dark
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Keith silt loam (Thoaaa County).
Colby Experiment Station.

Knox silt loam (Doniphan County).
Baat of learning.

Labette silt loam (Allen County).
West of Moran, west side, S.W.£

Sec. 28, H20E, T24S.

Marahall silt loam (Doniphan-Brown County Line).
W. center of S.W. i

Sec. 30, T2S, RISE.

Neoeho silt loam (Cherokee County).

i mile east of school house
District #90.

Shelby silt loam (Leavenworth County).
Vast of Jarbolo, S. center of S.E.f

Sec. 6, T10S, R21E*

silt loam (Leavenworth County).
lk miles south of east Pairmount.

silt loam (Allen County).
H.E. Carlyle, Just east of 3.W. corner

Sec. 24, H18E, T25S.

Woodson silt loan (Allen County)
East aide and center

Sec. 5, H20E, T24S.

ANALYTICAL METHODS

The horizon samples were obtained from natural pro-

files. After air drying, representative samples were

pulverized to paas a 2a.m. sieve, and stored. Soil thus

prepared was used for pH determinations, but for all phoa-



to very dark to a depth ragging froa t to 12

Inches, 'Ilia m la assaeeiiat finer than the surface

layer and -ray layer la Cherokee silt loasw Call layer

baa a raaxlwun thlckneae of nearly 00 Inches, and It raersea

f^redunlly li roan or yellow clay vblon contains

various qxv JPNs both rarSered and crystal

and 11k© concretion* arc pros* . m& places.

Location of Soil Profiles

Charokaa Jilt icam ;charoke< /).
Si nllaa north of Uallcsnll.

Cherokee silt loon (Labette County).
2 rtliea north of Parsons,

Crete silt lean (Jew-ell County}.
1/B alle R* of S.W» corner

3eo« 8» K74, T5S.

Derby silt looaa (Cloy County)*
4/LO slle E. of 5.K. cosn«r

Sao. 24, 822, r.7o.

Hays silt lean (Saith County).
Hear Reansrille.

Idaxta stlu loan (Clay County).
iS* of 5.8. corner

Sec. 4, HSR, 105

Jewell silt loan (Jewell County)*
4/10 alle W. of ::.::. comas*

:. 27, K7S, T55.

Selth silt Iowa (Deoatnr County).
7 ailn S. of Oberlln.



phorus determine ti one the 8a,m* samples were thoroughly

mixed and smell portloae pulverised with a rubber tipped

pestle until fine enough to pass e 100 mesh sieve.

To determine the absorption of phosphorus by the

original soil, 10 cram samples from each horiaanal sub-

division were placed in a 200 ml. shaker bottle with SOmls.

of phosphoric acid solution containing a known quantity of

phosphorus. They were then placed on a shaker, agitated

for SO misutes and filtered. The phoaphorue concentration

of the filtrate waa determined by the method of Truog (31 )•

The writer assumes that the decrease in phosphorus content

of the solution represents phosphorus fixsd by the soil.

Bo attetr.pt waa made to distinguish between fixation in

easily soluble and In difficultly soluble foreu

In order to prevent an extreme variation in the phos-

phorus concentration of the filtrate, standardised

phosphorio sold solutions of four different concentrations

were used e 19 p.p.ru; 33 p*p*su; 57 p.p.n.; and 95 p»p*m*

The pfi value ranged from 2.7 for the solution containing

OS p.p*m. to 5.1 for that containing 19 p«p«a*

It was believed that If a sufficiently concentrated

solution was used so that the filtrate in each case would

contain an eaaily measurable amount of phosphorus, the



euaniit? of I'MnnlifDHH absorbed would better indicate the

relative fixing power of the different tolli* la practice*

this involved trial end error to rind the concentration

*WlW*Ww S>

^^p™**^^^^^*" ap ^F-*p*^»%^ ^^^*»^^ »**p^w ^»^P^* •ftfl*Wipmpa» ^W s^*> 4V*^ ^**^W^a ^^^^*iafc(*?a ^N^^^HflpaDprWVPSS VMp tv^^Pflr

extraction of •available* xshocstMivus tar the tteusm tMMHMdtara*

For this purpose duplicate a sran eanples of soil were

extracted with 400ola. of Trucks extreeting solution*

It ees fouisl that 4 {pen* of soil were needed for the

absorption determination In order to Maintain the 1 to 5

soil solution ratio used la the original absorption de-

tenslnetion and obtain ^sufficient filtrate for the

color! otrio detettsinetion. Accordingly the duplicates sere

eonbined to sire 4 grans of soil and 900 ale* of solution*

^pw^***wp ^^^^w^w mv ^•^^^p^p^^^p^p?** jMf *^ *»*«P'*i"^ff t^w^^^*» a^p^viflp^Mpv^v www ,^asa*w^we,^^iB0apr ^^Te^^^^iwpe '•w^^p a*

wwas ^wa^^^es^,*e* ^F^e ^»^i^ae'^pwsr^a*a*^wrie ; ^v ;*»^wai £^.^* ^*^sws^p^hBpw tp's^ *#«P(|p*sj«p+ i*^*f^^ e™wfcfca^^i *p*pv

solution* Sfco soil and extract from the Sruog procedure

were seoarated tty osn if f 1fw**"*- Shis seens of seneration

^w**e j^^^^^^PiSfca*'*e^^ wwewe ^p**# vw *>»i**-f^ n#*» vew tp atpeTTBBaw^e w<e* i^^r«p**s#'w »<^^^p^e<niWe>

for the absorption dotarainatlon, with negligible aachani-

oal loss* SO alllUlters ear© vwaovsd from the super-

nataat extract obtsined in this aaaner for available

phosphorus deterwlnetlon* To the 780 als. ivnalnlng*
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dilute NH OH was added to precipitate Iran and aluminum

and other substances precipitated by HH-OH. Since the

Truog extracting reagent is of low concentration, the

amount of substances other than iron and aluminum removed

from the soil should be relatively small. The precipitate

was separated by filtration, Ignited and determined as

RgOj. The amount of RgO- present In the aliquot part taken

for available phosphorus determination was calculated and

accounted for in the final determination*

To the 4 grans of extracted soil wore added 20 mis.

of the standard phosphoric acid solution of the same con-

centration as was added to the corresponding sample In the

original absorption determination. The remaining procedure

was identical with that used for the original determina-

tion.

The pH value In ail cases was determined by the quin-

hydrone electrode, using a 1:1 soil:water ratio.

All samples were duplicated in order to increase the

accuracy of the determination.



lne studies undertaken nay be divided into several

Some of these phases axe interrelated ehile others

are sore or less eoapletc In theaaelverj. ^wr this reason

the various phase* are discussed under separate headiuga

or interrelationships are developed under the

"Discussion.*

On account of the desirability of making easQerlsons

of the data for one profile with those for another and

also the importance of coaparing the data for the /arioua

horiaona within each profile, it appeared logical to croup

all of the data in a body. All data obtained therefore are

presented in table 1.

I. Phosphorus Abaorption by the Original Soil

Abeorption by the original aoil In this atudy de~

elgnates abeorption before the available phosphorus had

been extracted and will be referred to aa original absorp-

tion.

In all soils studied, the 8 horizon showed greater

abaorption than the A horlaon. This was more pronounced



ja the heavily loached soils than in the relatively unleash-

ed soils. The explanation Tor this undoubtedly lies In the

feet that the B horizon is the tone Of aoeucailaticn of iron

and alumlmmi leached fron the A horlson. With but two ex-

ceptions, the C horizon a a orbed lees then the 8 horizon.

In the eeee of the Knox silt loan this difference was

ae^llrible. :n the labotte silt loam* however, the dif-

ferenee wee nar'ecd. The comparatively hi^h absorption

exhibited by tlie C horizon of the Zabette profile, and by

both the B end C horizon of the Summit (Allen County),

Woodson and Shelby profiles is presumsbly due to a relative-

ly large masher of iron eonaretlone in these horizons. In

moot instances, the difference in absorption between the 8

and C horizons was not Marked, In all of the soils studied,

original absorption by the A horizon Increased with depth.

It may be seen from a study of the tabulated data in

table 1, that absorption in ell p**oflies increased with

depth to the 3 horizon where mavlmwm absorption wee exhibit-

ed. The B end horizons of the store -heavily leeched soils

absorbed from 2 to 5 times as much phosphorus as did the

B and C horizons of the relatively unleashed soils.

A striking example of the indirect influence of leach-

ing am phosphorus absorption was revealed in comparing the
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original absorption of the Knox profile with that of the

Rays profile. It isras fottBd . original absorption values

through -r-t the two profiles were nearly equal. ?_ie i'jiox

profile has developed in a region having an average annual

precipitation of about 35 inches, while the Says profile

has developed under approximately 22 inehes of annual rain-

fall. Bqual absorption by the two profiles, therefore,

appears inconsistent with other findings in this study*

namely, that the profiles which had developed under the

heaviest rainfall exhibited the highest absorption. When

it is considered that the Knox profile studied was develop-

ed on a very rolling to very hilly topography, equality in

absorption by the two profiles can be explained. Because

of a hilly topography and consequently a greater run-off,

leaching has not been as extensive and therefore less

effective in developing a zone of iron and alumiman ac-

cumulation than would be true with equal rainfall on nore

level areas in the sane enviramttent . The hilly topography

has apparently offset the difference of 13 inches in rain-

fall so that the Knox and the Hays profiles are comparable

from the standpoint of the development of a zone of iron

and aluminum accumulation. This is further evidenced by

their comparable pE values.



II. "Available" Phosphorus

A study of the data in table 1, reveals tliat in the

leached soils, "available" phosphorus in the first depth of

the A horizon is relatively high as compared to the lower

depths of the saiae horizon. This is explained bj the high

organic matter content in the first depth of the A horizon

which possibly would supply an appreciable amount of avail-

able phosphorus. Hie Igh organic natter oontent would

also tend to maintain a higher degree of base saturation in

the first depth of the A horizon, as shown by the pfl value

in table 1. In all horizons low availability was associat-

ed with low pH values as revealed in figure !• This is

probably due to the lack of strong bases indicated by low

pH values and a consequent increase In the activity of iron

and aluminum in phosphorus fixation.

In the relatively leached soils low availability ex-

tended throughout the lower part of the profile, while In

the relatively unleached soils available phosphorus tended

to increase with depth, reaching a naxlgaai in the C horizon,

Ko well defined relationship appears to exist between

the 32°3 extracted by the Truog extracting solution and the
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Figure X. pH value in relation to avail-

able phosphorus. (A horizon)
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available phosphorus of the various horlsana. Vkmermr, In

the reletiv&ly unleashed profiles {Hat*, 3rete. and Xiusc),

it was feMaa that comparatively *^& "available* phosphorus

was associated -••' -*latively high awo* ... ©*-

traetedU

Ostierally aaeaftlac lowest availability occurred la the

B fcorisona, This la la acrsasient with ttie wall known and

widely recognised lew availability of phospfeorus la sub-

soila aa Indieatad by plant /-rowth. ttW B horlaons show

high sbscarptive capacity and low availability of phosphorus,

ther© la suggested the Ider alne the absorptive ca-

pacity of the soil rather than the aaoont of "available"

phosphorus extracted, aa a neasure of the aolla need for

phosphorus.

XII* Phoaphorus Abaorbed After attraction

In all oaaos the extraction of "available" phoaphorua

reduced the capacity of the soil to abaorb phoaphorus as

ahovn In table 1. The percentage reduction waa hi^heat in

the relatively uoleached sella* la all of the soils

studied the percentage reduction la the A horizon was great-

er than In either tho 3 or S horisons.



Phosphorus Absorbed After Extraction

8 8 S g
o
o

Figure 2, Relat otifeen phosphorus absorbed
before extraction and phosphorus
absorbed after extraction. (A Horizon).



M
2b the B and C horlsons of the relatively leached

sella, the percentage reduction varied inversely as the

original absorption, the B and horizons of the Suranit

(Allen County) , Woodson, Shelby, and Labette profiles ex-

hibited comparatively high absorption after extraction as

shown in figure 3, It is apparent that the relatively hi^jh

absorption in these horlsons is due In larce neasure to

factors other than extractable HgO$» Mrtifpy (26) hs#

shoan that the B and C horisona of these proflias contain

fro* 50 to 05 percent of parttolas of colloidal size. Sola

very high content of collolda aay offer an explanation of

the behavior of these profiles* It say also be true that

the extracting solution, which is .002 I with respect to

HgS04 and contained 3 greats of {KB^)oS04 p&f liter, «ma too

weak to nmov* aore than a portion of the abundant frea

iron frost these horlsons* Senee the absorption after ex-

traction night be greater in proportion to the original

absorption than in soils in which the iron was more com-

pletely removed by the extracting reagent.

It la of interest, however, to note that the reduction

in absorptive capacity in these horlsons compared rather

favorably with other findings In this study. In figure 4,
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Phosphorus Absorbed After Extraction

8 6

Figure 3. Relation be1
traction and phosn.

• - B horison



there is Indicated a general relationship between the

RgOg extracted and reduction in absorptive capacity.

The Crete, iiaya, and Snox profiles, on the other hand,

exhibit relatively loir absorption after extraction indieat*

lag that in these profiles absorption is due primarily to

to the extractable HgO^. ^h3-* •* aoawwhat surprisinc in

riev of the relatively weekly leached character of these

first tvro depths in the Crete profile exhibited

negative absorption after extraction. That is, a greater

amount of phosphorus appeared in the filtrate obtained after

treating the soil with the I%P04 solution then there was

before it oasse in contact with the soil. This is possibly

explained by the weekly acid nature of the phosphoric

solution, since its pH value was practically the sexae as

that of the Truog extracting reagent. Negative absorption,

stay also be a ease of a soil being unable to fix as nach

phosphorus ss is contained in the water that is ta^en out

of the role of a solvent by the soil. In such ease the

excess phosphorus increases the concentration of the re-

saUnlng free solution, staking it seen as if setae of the

phoephorus had actually been dissolved frost the soil. This

explanation is not adequate for the negative absorption



M
exhibited by the first two depttoe of the Crote,

baosuse th» toll was already saturated with water

the Dhestfeorus solution was added*

st. pastes***

In general the redeetlon in apparent absorptive ca-

pacity (available phosphorus plus original absorption)

variod directly aa the tyOg eaetraotod, lila nan true of

•*^fc*a> »s%^a * ^s^ssspv ^w^e ^ajvww a*w yw *ai£jflss> *f ^» w

111 the data for the A horlsons tt»ere was sorao relation-

ship between the HgQj extracted and absorption by the

original aoil aa ehown in fin«re 6. 2hia wae not true of

the B and C horiaona, eepeoially in the heavily leached

eoila.

It wae found that the 4 horison of the Crete profile

eothibitad a oosperatlvaly high apparent absorptive capacity,

while the enount of extraotable HflOfc waa relatively low.

Indicating soma fixation by soluble baeoe. In figure 7.

line CD represents values for the A horison of the Crete

profile; line AB vepraeontt values for A horisone of other

profiles studied*

Is this study tho greatest enount of oxtraotabls sgO§

ess found in the B horison of ths Choroajeo profile (Labotte
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>C>3 Extracted (!,:illisrams)
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a
Ficure 5. Relation between R2O5 extracted and reduction

in absorptive capacity. (A horizon).
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County). The gray layer of the same profile contained

approximately one half as much easily extractable I^Og as

the layer Just below. Likewise the original absorption and

the apparent absorptive capacity of the gray layer were

approximately one-half that of the underlying zone.

The gray layer in the Cherokee profile Is the result

of a perohed water table. During wet seasons, the In-

pervious nature of the claypan subsoil checks the downward

movement of water and causes a temporary or perched water

table in the layer immediately above it. Such a condition

Is conducive to reduction with the result that much of the

ferric iron has been reduced. Being soluble In the ferrous

state, the Iron has moved to Icaer depths. The character-

istic color of the gray layer Is due to low iron content.

This relatively low iron content is presumably the cause

of the lower original absorptive capacity of the gray

layer than the layer immediately below It.

DISCUSSIOK

It was thought that a relationship might exist between

the phosphorus absorbed bj the original soil and the RjjO*

extracted. However, when plotted against each other as
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la figure 6, a correlation was revealed in the A

horizon, but practically no relationship existed in the B

and C horizons. Values for the 3 and C horizons were plot-

ted, but because of no apparent relationship are not pre-

sented in this study. The closer relationship in the A

horizon is possibly due to a comparatively higher degree of

saturation of the extractable R2G3 with phosphorus.

Reasoning: that the amount of available phosphorus

should be a measure of the degree of saturation of the ex-

tractable HgO-, it was believed that by adding the avail-

able phosphorus to that absorbed by the original soil, a

measure of Its absorptive capacity would be obtained. The

values so obtained were designated apparent absorptive

capacity. These values were plotted against the H?

extracted and a scatter diagram is shown in figure 8. It

will be seen that values for the I and C horizons of the

Summit {Allen County), Sfoodson, Shelby, and Labette pro-

files again tend to isolate themselves, as shown by the

plotted points at the right hand side of the figure. As

was previously stated extractable HgO, is obviously not

the dominant factor in phosphorus absorption in the above

mentioned horizons of these profiles,

Tflae apparent absorptive capacity was plotted against
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reduction in absorptive capacity brought about by extrac-

tion, and a relationship was found as shown for the A

horizons in figure 9, and the B and C horizons in figure 10.

In using a larger scale it was necessary to plot the values

for the A horizons separately from those for the B and C

horizons in several of the relationships studied.

The data in table 1, indicate Afli the loser the

"available" phosphorus the higher the original absorption.

This was more noticeable in the B and C horizons than in

the A horizon. Plgure 2 shows the relation in the A

horizons between phosphorus absorbed before extraction and

phosphorus absorbed after extraction. Figure 5 shows the

same relationship for the B and C horizons. A correlation

is revealed in both figures.

In evaluating a study of phosphorus fixation by virgin

profiles it might seem questionable to study the B horizon.

However, due to the loss of a considerable portion of the

A horizon through cultivation and erosion the B horizon

frequently appears at the surface in cultivated areas. Also

deep rooted crops such as alfalfa and sweet clover utilize

nutrients from the B horizons of even non-eroded soils.

Th» low availability of phosphorus in B horizons emphasizes

the importance of erosion control since loss of the topsoil

Involves loss of most of the soils available phosphorus.
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The phosphorus status of the subsoil therefore becomes of

some significance. Thus the properties and behavior of

the B horizon with respect to phosphorus absorption are of

immediate concern * Data here presented reveals that B

horisons of the relatively leached soils arc generally de-

ficient in "available" phosphorus, and that low, avail-

ability is usually associated with a high absorptive

capacity. Therefore from a practical point of view not

only is the amount of "available" phosphorus important, but

also the degree to which the constituents capable of ab-

sorbing phosphorus are saturated by this element.

SUKHABT

A study has been made of the relative fixing capacity

of several horisons of each of a number of soil types. An

attempt has been made to determine what relationship, if

any, exists between the easily extractable iron and

aluminum and, (a) the easily extractable phosphorus, and

(b) the phosphorus fixing capacity. This was done by

determining the absorptive capacity of the soil in its

original condition and again determining the absorptive

capacity after the available phosphorus had been extracted

by the Truog procedure.
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Representative profiles from each of the Prairie,

Chernozem and Chestnut soils areas were studied.

She results of the. study of phosphorus absorption by

the original soil Indicate striking differences between

leached and relatively unleached profiles. The B and C

horizons of the nore heavily leached soils absorbed front

2 to 5 tines as rcuch phosphorus as did the 1 and C horizons

of the relatively unleached soils. In all cases the B

horizon showed greater absorption than the A horizon.

With but two exceptions, the horizon absorbed lees than

a B. Generally speaking the difference in absorption

between the B and C horizons was not marked.

She higher the "available* phosphorus the losrer the

absorption by the original soil. Extraction of "available"

phosphorus reduced tho capacity of the soil to absorb

MNU She porcents>,~o reduction In absorption after

extraction of "available" phosphorus was highest In the

atively unleached soils, The percentage reduction In

the A horizons was greater than in either the B or C

horizons.

In all horizons the reduction In apparent absorptive

oapacity resulting frcaa extraction of the soil by the Truog

reagent varied directly as the H2O3 extracted (substances



: atod by TIH^OH) .

In tfct data for the A horizons there wa3 son* relation-

ship between the fcgQL -acted Ud HH absorption by the

original soil. This was not true of the I and G horizons,

especially In the faaavily leached soil*.

A relationship existed between the apparent absorptive

capacity (available phoc- I plus original absorption)

and th© reduction in absorption resulting froo extraction.

Generally speaking lowest availability occurred in

the B horizons, "n the unleashed profiles, high "available"

phosphorus was associated with relatively high amounts of

extraotable H^O,. In the relatively leached soils low

availability extended throughout the lower part of the

profile while in the relatively unleached soils available

jtoosphoras tended to increase with depth, reaching a

naxloum in the C horizon. Low availability was associated

with low pH values,
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