fl’.

p 12G2.

FRACTIONATION OF SOIL PHOSPHORUS 2]. 03-

S. C. CHANG AND M. L. JACKSON
Univertiiy of WUcontiii*

Initials

Rcomtkl for jMiUiutioa October 35. 1920

Inorganic phosphates in the soil can be classified into four main groups:
calcium phosphate, aluminum phosphate, iron phosphate, and the reductant-
soluble phosphate extractable after removal of the first three forms. Calcium
phosphate exists mainly as apatite, but dicalcium, monocalcium, and octacal-
cium phosphate also exist in small amounts or as transitional forms. Iron, alu-
minum, and calcium phosphates also include adsorbed and surface-precipitated
phosphates associated \vith the respective types of soil particles. The availability
of soil phosphorus to plants depends apparently on the extensity of the phosphate
surface of various chemical species (10, I1); conventional methods for the de-
termination of available phosphorus appear to extract a portion of all chemical
forms having either liigher solubility or high specific surface. In contrast, the
system presented herein for fractionation of iiiorganic soil phosphorus into the
total amount of each discrete chemical form permits determination of the chemi-
cal status of native soil phosphorus and ot the fate of applied phosphate fertilizer
with or without the effect of cropping. The development of a system of fraction-
ation of soil phosphorus sliould thus be helpful in the fields of soil chemistry,
soil genesis, and soil fertility.

LITERATURE REVIEW

Previously no method was available for fractionation of the soil inorganic
phosphate discretely into the total amount of each of the four principal chemical
forms. Fractionation of soil inorganic phosphorus was studied by Fraps in 1906
(8), Fisher and Thomas in 1935 (7), Williams in 1937 (14), Dean in 1938 (6),
Ghani in 1943 (9), and Williams in 1950 (13). In these methods iron and alu-
minum phosphates were combined into the same fraction. Since Turner and Rice
in 1954 (12) found that neutral ammonium fluoride can dissolve aluminum
phosphate but not iron phosphate, the phosphate extracted from soils by neutral
ammonium fluoride by Bray and Kurtz (3) must be largely aluminum phosphate.
In some of these methods (9, 13) the acid extraction which preceded the alkali
extraction was shown to remove not only calcium phosphate but also consider-
able aluminum and iron phosphate. The phosphate insoluble in alkali and acid
has been shown to I>e reductant soluble (2)*, but the nature of this portion of
the phosphorus has been only partly characterized.

' This work, supported in part by a grant of funds from the Alumni Research Foundation
of the University of Wisconsin, wiuj presented at the North Central Branch of the Ameri-
can Society of Agronomy, August 21, 1956, at Lafayette, Indiana. The senior author is now
Professor of Soils, National Taiwan University, Taipei, Taiwan (Formosa).

*  Lancaster, J. D. Forms of inorganic phosphorus and relations to liming. Ph.D. thesis,
University of Wisconsin, 1954.



MATERIALS

For control tests of the new system of soil inorganic phosphate fractionation,
synthetic iron phosphate, synthetic aluminum phosphate, and apatite of known
composition were employed. The methods were then tested with soil samples.
The various materials used in these experiments are briefly described as follows:

Iron phosphate. Precipitated by digestion of 10 ml. of M FeCU with 30 ml. of
M NaH204 in a total volume of 600 ml. of solution on a steam plate for 2
days, having a suggested formula as FeP04'2HjO, and containing 17.2 per
cent P.

Aluminum phosphate. Precipitated by digestion of 30 ml. of M AICU with
90 ml. of M NaHjPO” in a total volume of 600 ml.  solution on a steam plate
overnight, having a su”ested formula as A1P042Hj0, and containing 20.6 per
cent P.

Apatite from Florida. Ground to pass a 100-mesh sieve, and containing 17.2
per cent P.

Caiaiina. Aj horizon, 12-36 inches, a latosol (probably a low humic latosol)
from Puerto Rico, with 18.2 per cent extractable Fe*Oi, 0.045 per cent total P,
and a pH of 6.2

Wahiawa clay loam. Lower A horizon, 10-18 inches, a dark reddish-brown low
humic latosol from Hawaii, with 10.1 per cent extractable FejOa, and a pH
of 6.7.

Miami Ifilt loam. Ap horizon, 0-6 inches, a gray brown podzolic soil from
Kirwin farm near Madison, Wisconsin, with 0.83 per cent extractable FejOj,
0.036 per cent total P, and a pH of 7. Ci horizon, 30-42 inches, a gray-browTi
podzolic soil from Mitchell farm near Madison, Wisconsin, with 1.7 per cent
extractable FejOj, 0.048 per cent total P, and a pH of 4.9.

Bames silt loam. C horiaon, 54-64 inches, the calcareous subsoil ofa Chernozem,
with 0.93 per cent extractable FetOj, 0.02 per cent total P, and a pH of 8.

Reagents

N NHtCI. 53.5 g. solid dissolved in ~ ater and made up to 1 liter.

Neutral 0.5 N NH”F. 18.5 g. solid dissolved in 1 liter of water; pH adjusted to
7.0 by NH"OH added dropwise.
* 0.1 N NaOH. 4.1 g. dissolv” in 1 liter of water and the solution standardized
to 0.1 N by addition of water.

0.5 N HiSOi. 15 ml. concentrated added to 1 liter of water, and the solution
standardized by addition of water.

0.S M sodium citrate (pH 7.3). 75 g. tribasic sodium citrate (NajC*Hj07-2H80)
dissolved in 900 ml. of warm water and made up to 1 liter.

Sodium dithionite. Reagent grade NajSjO” (from Amend Drug and Chemical
Co., New York).

Saturated NaCl solution. 400 g. suspended in 1 liter of water and shaken re-
peatedly. (The solubility of NaCl in water is 36 g. per 100 ml. of water at 20“C.) »

Standard P solutions (50 ppm. and 5 ppm.). 0.2195 g. reagent KHiPO< dissolved/
in sufficient water and made up to 1 (iter. This stock solution contains 50 ppm.



P. Fifty ml. of this solution is diluted to 500 ml. to make a solution of 5 ppm. P
in concentration.

0.8 M boric acid. 50 g. HjBOi dissolved in water with heating and diluted to
1 liter.

Chloromolybdic acid solution. 15.0 g. c.p. (NH4«Mo70m’4H}0 dissolved in
about 300 ml. of distilled water and warmed to about 50**C. (solution filtered if
cloudy). Solution is cooled and 350 ml. of 10 N HCI added slowly with stirring.
Solution isagain cooled, diluted with water to 1liter, and stored in a brown bottle.

Chlorostannotis redtuUanl A. 10 g. SnCl»-2HjO, dissolved in 25 ml. of concen-
trated HCI. This stock solution is stored in a brown bottle. 3 ml. of this stock
solution are freshly diluted to 1 liter not longer than 4 hours before use.

Chlorostannous rednclant B. 25 g. SnCls*2HtO, dissolved in 100 ml. concen-
trated HCI, diluted to 1 hter, and stored in a bro®vn bottle with a siphon under
a 10-mm. layer of white mineral oil.

Sulfomolybdic acid solution. 25 g. (NH4)*Mo-,0j4-4HjO dissolved in 200 ml. of
water heated to 60®C. and filtered. A 275-ml. volume of arsenic-free and
phosphorus-free concentrated HiS04 is diluted to 800 ml. After both solutions
have cooled, the ammonium molybdate solution is added to the sulfuric acid so-
lution slowly with shaking, and the solution is made up to 1 liter when cooled..

50 per cent phosphorus-free HjOj, reagent grade. Superoxol shaken vrith kao-
linite at the ratio of 1 g. to 10 ml. and the suspension filtered and centrifuged.
Three additional treatments in this way decreases the phosphorus concentra-
tion to approximately 0.1 ppm. (7).

0.S M FeCh. 135 g. of FeClj-CHjO dissolved in water and made up to 1 liter.

2 N HiSOi. Approximately 55 ml. of concentrated diluted to 1 liter.

SN NaOH. 80 g. dissolved in water and diluted to 1 liter.

2y6 dinitrophenol indicator. 0.25 per cent in water (2,4 dinitrophenol may be
substituted).

SOIL PHOSPHORUS FRACTIONATION PROCEDURE

The procedure or system for the extraction and determination of the various
discrete chemical forms of inorganic phosphate of soils is described here, and the
experimental tests on which the system is based follow.

Extraction and determination of phosphorus in aluminum phosphate

A 1-g. sample of soil is placed in a 100-ml. centrifuge tube and extracted with 50 ml. of
1N NHZI for 30 minutes oo a shaking machine to remove water soluble and loosely bound
phosphorus and the exchangeable calcium. The suspension is ccntrifuged and the super-
natant solution discarded. The phosphorus in the solution is generally very low. To the
NH<-soil in the centrifuge tube, 50 ml. of neutral 0.5 N NH«F is added and the suspension
extracted on a shaking nlachine for 1 hour. The suspension is centrifuged and the clear
supernatant solution is decanted for determination of phosphorus. The soil sample in the
tube is saved for extraction of iron phosphate.

For determination of aluminum phosphate in the extract, an aliquot (usually #0 ml.) is
placed in a 50-ai1. volumetric Sask. Ten ml. of distilled water, 15 mi. of 0.8 M boric acid and
10 m). of chloromolybdic acid solution are added, the solution being well mixed after each
addition. Then 5 ml of chlorostannous reductaat A is added to develop the color. Water is



added to make up the volume and the solution is well mixed. The color is measured on an
photoelectrocolorimeter at 660 mMwithin 5-20 minutes. The extract may have a light color
due to organic matter, but it does not interfere with reading at 660 m"- If the color is strong,
an aliquot may be prepared without the reductant and used as a blank.

Extraction and determination of ‘phosphorus in iron phosphate

The soil sample saved after the extraction of aluminum phosphate is washed twice with
25'ml. portions of saturated NaCi solution. It is then extracted with 50 ml. of 0.1 ~ NaOH
on a shaking machine for 17 hours. The soil suspension is centrifuged for 15 minutes at 2400
rpm. and recentrifuged, if necessary, to obtain a clear solution which is decanted into an-
other centrifuge tube. The soil sample is saved for extraction of calcium phosphate; For
surface soils the decanted extract is usually highly colored with considerable organic matter,
in which case 2 ml. of 2 HtSOi are added to the solution and then one or a few drops of
concentrated HjSOt until the organic colloids begin to fiocculate. The suspension is then
centrifuged and the clear solution collected.

To determine the phosphorus in the clear solution, an aliquot (usually 2 ml.) is placed
in a 50-ml. volumetric flask. Water is added to give about 20 ml. The solution is adjusted to
about p!l 3 by addition of 2 iNFTNaOH until 2,6 dinitrophenol indicator color turns to yellow
and then is brought back to colorless by addition of 2 .V HjS04. Then 2.0 ml. of
sulfomolybdic acid solution is added and water is added to make 48 ml. and the solution
mixed. Three drops of chlorostannous reductant B are added to develop the color. Water
is added to volume and the solution mixed. The color is measured within 5-10 minutes at

660 nfu.

Extraction and determination of phosphorxis in calcium phosphate

The soil sample saved after extraction of iron phosphate is washed twice with 25-ml.
portions of saturated NaCl solution. It is then extracted with 50 ml. of 0.5 N HtSO” for 1
hour on a shaking machine. The suspension is centrifuged to get the solution and the sample
is saved for extraction of reductant soluble iron phosphate.

The solution thus obtained is generally colorless. A suitable aliquot (usually 1to 5ml.) is
placed in a 50-ml. volumetric flask. Water is then added to about 25 ml. The solution is
adjusted to about pH 3 by addition of 2 A" NaOH until 2,6 dinitrophenol indicator color
turns to yellow and the solution is brought back to colorless by addition of 2 HiSO«. The
color is then developed and measured as for iron phosphate. To teat the noninterference of
ferric ions, two identical aliquots are taken. To one enough standard phosphorus solution is
added to give a final concentration of 0.2 ppm. of the added phosphorus. Then phosphorus is
determined in both aliquots. The complete recovery of the added phosphorus establishes
the noninterference of the ferric ions in the solution. Lower recovery, indicating ferric ion
interference, can be diminished by additional chlorostannous acid or by use of Jones re-
ductor.

Extraction and determination of reductant soluble iron phosphate

The soil sample saved after the extraction of calcium phosphate is washed twice with 25-
ml. portions of saturated NaCl. It is then suspended in 40 ml. of 0.3 M sodium citrate solu-
tion and then 1,0 g. of solid Na®jO* is added. The suspension is heated in a water bath at
80-90*C. with constant stirring for 15 minutes. The supernatant solution after centrifuga-
tion iscollected in a 100-ml. volumetric flask. The soil is washed twice with 25-ml. portions
of saturated NaCl solution, the washings being combined with the extract in the 100-ml.
flask. The sample is s:ivo<l for extraction of occluded aluminum phosphate.

The solution in the fiiisk is made up to volume and aliquots taken for phosphorus (and
Fe, if desired) analysis. Asuitable aliquot (usually 1to 5 ml.) taken for phosphorus deter-
mination is placed in a 150-ml. conical flask. About 10 ml. of distilled water and 5-10 mi. of
the SOper cent P-frce U»0» (5ml. for 1-2 ml. aliquotand 10 ml. for 3-5 ml. aliquot) are added



and the solution gently heated over a burner; vigorous splashing must not occur. The
burner is moved under or away from the flask as needed. One drop of 0.5 M FeClIt (or 10 ml.
of 100 ppm. Fe solution) is added to moderate the oxidation. The cessation of foaming (gas
evolution) and beginning of ordinary boiling indicate the completion of oxidation. Com-
plete drying must be avoided before the oxidation is complete, otherwise the very concen-
trated H}Oi and high temperature will ignite the organic matter, leaving some carbon
particles. Smalt amounts of distilled water are added as necessary. After completion of
oxidation, the solution is boiled for an additional 1or 2 minutes and then dried on a steam
plate. About 10 ml. of 2 NaOH is added. The solution is boiled for 1-2 minutes and di-
gested on a steam plate for 5 minutes. The suspension is poured into a IS-ml. centrifuge
tube and centrifuged to throw down the iron oxide precipitate; the supernatant liquid is
then dccantcd into a 60-ml. volumetric flask. The original 150-ml. flask is washed with 10
ml..of water into the same 15-ml. centrifuge tube and centrifuged. The supernatant solution
is poured into the same 50-ml. volumetric flask. The flask washing is repeated once more and
the supernatant solution is placed in the same volumetric flask. The combined supernatant
solutions are made to volume and the phosphorus determined by the same method as for
iron phosphate.

Extraction and determincUion of phosphorus in occluded aluminum phosphate

For soils high in iron oxide, the residue is extraced with neutral NH«F to remove oc-
cluded aluminum phosphate. Alternatively, the residue is extracted with 0.1 N NaOH to
remove occluded aluminum-iron phosphate (barrandite-like). The phosphorus in the solu-
tion is determined in the same way as aluminum phosphate or iron phosphate, respectively.

In a complete system of fractionation of soil phosphorus, total phosphorus and organic
phosphorus are determined on two separate samples.

SOLUBILITY OF PURE PHOSPHATES

The separate extraction methods, in part adapted from the literature, were
systemalized in proper sequence in a complete system of fractionation (table 1)
to remove the respective discrete chemical form of inorganic phosphate. In con-
trol studies, pure phosphates in amounts indicated (table 2) were treated as
specified in the respective procedures. The percentage of phosphate dissolved in
the fluoride solution (table 2) increased continuously with the decrease of the
solid-solvent ratio. When the ratio decreased to 1 mg. P to 50 ml. solvent (I(XX)
ppm. of P, 1 g. soil), aluminum phosphate was completely dissolved. Since 1 g.
soil ordinarily contains less than 0.1 mg. or 1K) ppm. P as aluminum phosphate
(4), it is evident that its aluminum phosphate is completely soluble in 50 ml. of
extract. This has been tested to be true whether the soil aluminum phosphate is
in the form of synthetic aluminum phosphate or as natural minerals in —50-/i
particle sizes such as variscite, taranakite, or wavellite. The soil aluminum phos-
phate formed largely from weathering processes is assumed, however, to be most
similar to the synthetic form. A small percentage of iron phosphate also was
dissolved in the NH4F, and the amount increased with decrease of solid-solvent
ratio (table 2). For a soil containing 50-200 ppm. iron phosphate or 0.05-0.2 mg.
P per gram of soil, not over 5-10 per cent (7.5 per cent extrapolated for 0 mg.
P) of the iron phosphate would be dissolved during the extraction of aluminum
phosphate. To correct for this, a second extraction with NH*F may be made and
the amount of P thus extracted subtracted from the aluminum phosphate ob-
tained in the first extraction and added to the subsequent iron phosphate ex-



TABLE 1
Photphorus fractionalion into diacrete dumical forvu

thod
Phosj*nu Fnctigi™ EstncUnt Fonn* of Phosphate ExtncUbk Xél?g(t])gd
1. Al'phosphate  W- Neutral 0,5 N NH4&  Al-phosphate completely ?3)
Fe-phosphate slijghtly
t. Fe-phofiphate 0.1 N NaOH Al-pho6phatc (13)
Fe-phosphate
Organic phosphorus
9. Ca-pho8phate M 0.5 HtSO. Ca-phoetphaic completely 6)
AJ- and Fe-phusphate con-
! siderably
4. Reductant soluble Fe- Na,S»0<-citrat« Fe-phosphate completely )
phosphate (iro” ox- Al-phosphate negligibly
ide occluded)”.
6. Occluded Al-pfagt- Neutral 0.5 N NH.F  Al-phosphuie completely —
phate
5. Occluded Al- F«k 0.1 N NaOH (.Mternative or addition to
phosphate S)
Al* and Fe-pliosphate com-
pletely
_____________ k ———-
*Figures io this column represent references at end of thin {ii]>er.
N
r-

tracted by NaOH. For convenience, 10 per cent of the iron phosphate as obtained
by subsequent”aOH extraction may be subtracted from aluminum phosphate
and added to iron phosphate. In this investigation, the latter method was
employed. The iiesuU obtained in this w&y would not differ from the true value
by more than a'few ppm.

As much as~.1 and 3,4 rag. P in the form of aluminum phosphate and iron
phosphate, corresponding to 4100 and 3400 ppm. P in a gram of soil, is com-
pletely dissolved in 50 ml. of 0.1 iV NaOH (table 2), while the solubility of apatite
in the same extractant is negligible. Therefore, on the sample from which alu-
minum phosphate was removed, the separation of iron phosphate is complete.

Apatite in amount of 3.4 mg. or 3400 ppm. P in a gram of soil is completely
dissolved in 50.ml. of 0.5 N HjSO*, but a very large quantity of aluminum phos-
phate and iron phosphate can also be dissolved in it. This shows that the NH4~
and NaOH extractions must be carried out in the prot*edure before the acid

extraction.

EXTRA.CTION OF Al-, Fe-, AND Ca- phosph.~te from soils

. . . . |
Two soil samples, an iron-rich latosol (Catalina) and a gray-brown podzolic
soil (Miami) were used to test the method for fractionation of aluminum, iron,



TABLE 2
Solubility of pKotphaUt

TottlP
Amount of Phosphsto Taken
Tdt«D Dinolved
mg./SO ml. WE. %
Extractant —neutral 0.6 N NHtF
Al-phosphate:
20 ..., S1.2
10........ 88.4
[ T 100.5
Fe'phoepbate
20 ... 2.2
0 PR 2.8
6...cn... 3.1
2.5 4.1
0.5% . 7.5
Apatite:
20... 0.9
10........ 1.0
6... 0.9
Extractant “ O.I N NaOH
4.1 100
3.4 100
3.4 trace
Extractant - 0.6 N H,SOa
4.1 39
3.4 46
3.4 100

* By extrapolation.

and calcium phosphorus. One gram of each sample, after treatment with NH/CI,
was extracted successively with neutral 0.5 N NH4, 0.1 N NaOH, and 0.5 N
HjSOi for one to three times each (table 3).

The Catalina iatosol contains a negligible amount of aluminum phosphate and
also a relatively small amount of iron phosphate. The second and third extrac-
tions with NH«F dissolved, therefore, only a negligible amoimt of phosphate. The
Miami silt loam contains relatively large amounts of aluminum and iroi phos-
phates. The phosphate dissolved in the second and third extractions Avith NH«F,
as shown above, can be attributed to iron phosphate. The next extraction with
NaOH, therefore, gave only 94 ppm. phosphorus in comparison with 128 ppm. in
the second sample (table 3) given only one extraction of NH4F.

Considerable iron phosphate was dissolved in the second and third extractions



TABLE 3

Amount @ 9oil phosphorus extracted by tuceessive extractions viith each extractant

: . Mi«mi Silt Loun Ci Horizon,
OiUUnc Lttotol At HoriMn 36-42 in.
Extractmots

Succ««ive, One. Successive One,
extnctioni extraction extrftctiona extrmction
fpm. ppm. ppm. ppm.
Npiilral 0.5 N NH«F 1st 2.5 0 72 77
2nd 0 12
3rd 0 10
n.l .v\aOH 1st 37 42 9 128
2nd 11 10
3rd 6.2 10
0.5;Vn,so* iBt 7.8 6.3 113
2nd 6.5 3.5

witli NaOH in both Catalina latosol and Miami silt loam. Phosphorus in syn-
thetic iron phosphate (equivalent to 3400 ppm. in 1 g. soil) can be completely
dissolved in one extraction of NaOH (table 2), yet successive NaOH extractions
of soils which contain much less P continuously dissolve a portion of iron phos-
phate in the second and third extractions (table 3). Where does the P in the
sccond and third extractions come from? The Catalina latosol and the Miami
silt loam containabout320ppm. and 150ppm. P, respectively, inreductantsoluble
(occluded) iron phosphate (table 4). 3©portion of iron phosphate dissolved in
the second and third extracts must come from the occluded form, through diffu-
sion or from the freshly exposed iron phosphate surface formed by the breaking
of particles during the 17-hour shaking. The occluded form is only physically
diJTerent from that unoccluded so the distinction between them would not be very
sliarp. The sudden drop from amount of phosphorus dissolved from the first
extraction to that of the second extraction fully justifies placing the iron phos-
phate dissolved in the first extraction in a different category from that of sub-
wKjueiit extractions. One single extraction with NaOH was adopted, therefore, to
separate the iron phosphate from occluded phosphorus. The second extraction
with 11-.504 also dissolved a small amount of phosphorus, attributed also to slow
n”inoval of some occluded phosphate.

REDUCTANT SOLtIBLE IRON PHOSPH.KTE

The portion of phosphorus not extracted by the NH4-, NaOH, and HXS04
trcutmeiiti? (sometimes termed “insoluble” phosphorus, or attributed to “lattice”
phosphorus by various workers) is almost completely dissolved by the dithionite-
eitratc reduction-chelation procedure of Aguilera and Jackson (1) for dissolving
frt'oiron oxide coatings. The reduction-chelation treatment was given separately
to 20 mg. each of synthetic iron phosphate and aluminum phosphate. Within the
analytical error, 100 per cent of the iron phosphate and a negligible amount of the



TABLE 4 J
Reductani toluble phoaphorus, and NaOIll or N1J4 soluble phoaphona af?

Ttduclanl extraction L
- Mami S0t
TrcAtmenU ol Reduction Chelation Vg Gatalin
Ap:0-6in. \Ci;3«" ih.
ppm. ppm. ppm. tPm.
One treament....cceeeveeveiicreeveeinens 504 320 150 158
Total of two treatments - 325 138 I1ISO
KaOH after one treatment......... 119 48 8 0
NU«F after one treatment............ 97 40 6

alunuDum phosphate dissolved. The soil phosphorus dissolved by this tr¥tm ent
may properly be termed, therefore, reductant soluble iron phosphate. An iron
oxide precipitate apparently is formed on the surface of iron phosphate and on
the surface of aluminum-iron phosphate (barrandito-like) in the course of chem-
ical weathering in soils by hydrolysis of iron phosphate and other iron salts. The
relative insolubility of iron oxide in the NH4=, NaOH, or extracti(m must

i IOISO\/EI'CPHOSPHAT&S e
CISOMCTC fAATICLCS - ocauoco PHOSPHA
r<iCCS, INCIUDMB6 CHCMI-
o«oltobl«l SOCKO POa 1&1 (Ilw aﬁ"\m
<«*ijt avoiiabli)

MHCEKAE  CALQUVIPMOSPHATC | omguvm{sﬂm
(OMINt dlecleice 1 _PCIPSTATCD ON _ I000LODIN
>h«tphol« tie) | CALAUM CARBINATE OD(GO\A-|E5K|G°§8TC

>04 |
ALMNMPHEEPHATE NinUMNUM PHOSPHATE - ALUMINUM PHOSPHATE
(vdrlitdl*- (ikt, | PRECIPITATCOON . OOCLUDED IN
vmdlilt-Hia.tk.)  AUMNSMICATEOR | IRON OXIDES
jsieastTE |
!
IRON PHOSPHATE %\IICTA\ITQ%ELB_E
((reAGilttikc” DN IRON OXIDES

Jutr«nifa>lU«,«lc.)
r IRONPHOSPHATE

PRCCIPITATEOON
IRON OXIDES CICH
AUNMNVPHOEPHA
AUMNMIRN FHOPHATE a AUVVUVK
PHOSPHATE mron PHOSPHATE OC-
(borroAdirt*Ilic,aie} | mCLUCED INIRONOXIKS

. I
I-£i

PiQ. 1. Diagrammatic Representation of tub Physical Distribution of thu Dibcrete
CUuEuiCAL Forms of Inoroanic Phosphates Present in Soils ‘4

Isolubilily of each chemical form in SHiF, NaOH, HiSO”, and NatS”i-citraU U ffivin m

text and summarized in table I; solubility of dufrenile in NaOH ho9 been established (ff, 15).]



account for the fact that the phosphate thus covered can only be dissolved after
the removal of the iron oxide ccbting.

The Wahiawa latosol, the Catalina latosol, and a Miami silt loam after re-
moval of aluminum, iron, and calcium phosphate by successive extraction with
NHiF, NaOH, and HiSOi were treated once with sodium dithionite-citrate and
yielded 504, 320, and 150 ppm. of reductant soluble phosphorus, rwpectively,
(table 4). Since two such treatments with dithionite applied to a second sample of
the latter two soils did not extract materially more phosphorus, one treatment
would appear to be suiHcient to complete extraction of the reductant soluble
iron phosphate.

After one dithionite-citrate treatment of the soils, further extraction with
either NaOH or NH4 dissolved appreciable amounts of phosphorus. Since only
aluminum phosphaie is soluble in either NaOH or neutral NH4, most of the
residual phosphate must be aluminum phosphate. The somewhat higher amount
extracted by NaOH than by NH”F (table 4) indicates that there is also some
iron phosphate left after the reduction-chelation, most likely in aluminum-iron
phosphate (barrandite-like) since any pure iron phosphate would have dissolved
in the dithionite-citrate extraction. The physical distribution of the various
discrete chemical forms of soil inoi*anic phosphates is summarized in figure 1.

FRACTIONATION OP PHOSPHORUS

The phosphorus of soils belonging to the latosol, gray-brown podzolic, and
chernozem groups were fractionated (table 5). The results of the replicated
samples are in good agreement. Iron phosphate, particularly the reductant sol-

TABLE 5
FTOCiionalion of toil photphorvi in replicated samples

CkUlina Latosol Ai Horuon  miami silt Loam i pHotuoo ~ Bang Silt Loam
12-36 in. 0-6 in.

Fnctioa 54-65 in.
ax b* (el a b C a b
NH,CI, pH 7.0 0 0 0 1 1 1 0 0
Al-phosphate......cccccceoeunee 0 0 2 17 15 17 6 7
Fe-phosphate......c.cceune. 42 4 42 76 79 7 3 4
Ca-phosphate (apatite).. 6 7 9 55 62 58 185 190
Reductant soluble Fe-

phosphate ......ccoocvunnnee. 320 309 325t 150 125 138t 0 0
Occluded Al-Fe phos-

Phate . 48 52 458 8 8 6 0 0
Organic P** 8 8 8 52 52 52 — —
P in residue.......... 15 15 15 4 4 4 — —
Added total P .... 179 435 U6 set su SS2 m £01
Total e, m k50 JsO 551 564 364 — —

*a, b, and ¢ ™ rcpHcated samples,

t Treated twice.

§ Follows treatment twice with Xa*SiO«'Citrate.

** Orgaoic phosphorus and total phosphorus are determined on two separate samples.



uble form, dominates highly-weathered soils, but these forms are also the most
abundant in the gray-brown podzolic (Miami) soil. Aluminum phosphate and
calcium phosphate occur in signl5cant amounts in the latter soils, while calcium
phosphate is dominant in the calcareous subsoil of the Chernozem (Barnes) soil.
The ratio of aluminum phosphate to iron phosphate varies from 0.2 in Miami
soil to 2 in the little-weathered Bames subsoil, and in this connection fractiona-
tion of phosphorus in several soil profiles (4) was found to vary even more widely
as a function of the degree of chemical weathering.

The fusion analysis of the residual samples of both Catalina latosol and Miami
siltloam after all extractions yielded 15 and 4 ppm. of P respectively. The differ-
ence between the added total and determined total amount of P in the soils is
within the cumulative experimental error.

SUMMARY

A procedure was developed for fractionation of soil phosphorus into the dis-
crete chemical forms, calcium phosphate, aluminum phosphate, iron phosphate,
reductant soluble (iron oxide coated) iron phosphate, and occluded aluminum-
iron phosphate, based on the selective solubility of phosphates in various ex-
tractants. Strengite, variscite, and apatite were used for control study. Neutral
ammonium fluoride in a single extraction dissolves aluminum phosphate com-
pletely, iron phosphate slightly, and apatite negligibly, when the phosphate-
extractant ratio corresponds to that of 1 g. soil to 50 ml. extractant. Sodium
hydroxide completely dissolves both aluminum phosphate and iron phosphate
but apatite not at all. Sulfuric acid dissolves apatite completely and aluminum
phosphate and iron phosphate considerably. The fluoride and alkali extractions,
therefore, must precede the acid extraction to obtain complete separation of
these three chemical forms of phosphate. The reductant soluble iron phosphate
is dissolved by reduction-chelation treatment with sodium dithionite-citrato
after fluoride, alkali, and acid extractions. Soils rich in iron oxides sometimes
contain a significant amount of occluded aluminum-iron phosphate (barrandite-
like) which is not extracted by dithionite-citrate. The occluded aluminum phos-
phate is extracted with neutral fluoride and the total of the barrandite-like
aluminuni-iron phosphate is removed by NaOH. Good reproducibility of results
for the various discrete chemical forms of soil phosphates was obtained among
replicated soil samples.
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Soils differ greatly in ability to supply nutrient cations to a given crop and
because of the complex nature of soil an evaluation of factors influencing avail-
ability of nutrient cations to a given plant species is difficult. For example, soils
are composed of both organic and inorganic cation-exchange colloids, and many
soils have two or more types of these inorganic colloids (clays). Plant uptake of
nutrient cations from a definite clay system offers an approach to the elimination
of complex soil variables.

The tenacity or energy with which a eation as calcium is attracted to clay
colloids is determined by the type of colloid, the per ccnt saturation, and the
nature of complementary cations present. Albrecht (1) reported that Ca avail-
ability to plants increased with an increase in“er cent Ca saturation of Putnam
(montomrillonitic) clay. Allaway (2) reported great differences in Ca availability
from different types of clay colloids as measured by soybean uptake of Ca. The
nature of the colloid influenced Ca uptake more than per cent Ca saturation. At
40 per cent Ca saturation, kaolinite supplied soybeans with more Ca than did
Mississippi bentonite at 80 per cent Ca saturation. Mehlich and Colwell (9)
reported that yield and Ca content of soybeans and cotton, grown on a mont-
morillonitic soil colloid, increased with each increase in per cent Ca saturation,
reaching a maximum at the highest level used, that is, 80per cent Ca saturation.
Equal amounts of Ca were supplied at each per cent saturiation. When a kaolini-
tic clay was used, however, growth and Ca content of cotton increased only
with the increment of 20 to 40 per cent Ca saturation. With soybeans on kaolini-
tic clay, growth increased with t*e 20 to 40 per cent Ca increment, but with the
40 to 60 per cent Ca increase in one case it decreased and in another it increased
slightly. It should be noted that at each per cent Ca saturation both soybeans
and cotton obtained more Ca from the kaolinitic than from the montmorillonitic
colloid (9).

In a related study Mehlich and Colwell (10) reported that Ca uptake by
peanuts from kaolinitio clay was more directly related to total Ca present than
to per cent Ca saturation. For montmorillonitic clay, however, Ca uptake was
more directly related to per cent Ca saturation. These results clearly “ow that
there are important differences in the Ca-supplying power of kaolinitic as com-
pared to montmorillonitic clays.

Mattson (7) and Elgabaly and Wiklaiider (4) de.<oribed the interaction and
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