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INTRODUCTI ON

From the standpoint of abundance and availability of nutrient
elements, the phosphorus status of the soil is the first limiting factor
in maintaining a permanent and successful agriculture program. The
phosphorus level of a soil may very eag}lz;become»critical since the
amount of naturally occurring.phospﬁi;us in most soils is usually low,.

To emphasize the importance of phosphorus in agriculture, Millar
(9}1 states that the world use of phbsphoric acid in fertiligzer has
increased approximately L7% for the period from 1944-L7 to 1950-51,
Millar also reported that 6ver 80% of the phosphorus applied to American
solls in fertilizer is in the gvailable form at the time of application,
However, oﬁly 5-15% of this phosphorus is removed by the first crop.

Although there is an extensive literature on the forms of phosphorus
in soils, information pertaining to the phosphorus content of the various
meqhanical separates 1s limited. Since the release of phosphorus to both
plants and extracting reagents probably depends on soil particle size as
well as chemical forms of phosphorus, more work should be conducted
pertaining to the total amount and solubility of phosphorus in the
several soil separates.

‘The purpose of this study was to determine the total phosphorus
content of the several soil separates. It was hoped that this information
would help to elucidate the differences in phosphatic fertilizer response

between some similar Heddish Prairie soils.

1Figures in parenthesis refer to Literature Cited.



REVIEW OF IITERATURE

Barly work pertaining to the chemical composition of soil colloids
gave some indication that soil phosphorqs is concentrated in the finer
size soil fractions. In 192li, Robinson and Holmes (11) found that there
was more phosphorus in the colloidal soil fraction than was present in
the whole soil. Byers, et al (5) found much the same trend in their
investigation of soil colloids,

Caldwell and Rost (6) made a study of the chemical composition of
clay fractions separated from representative Black Prairie soils of
Minnesota, from a Chernozem, and from a Gray-Brown Podzolic profile.
They}found”the chemical composition of the clay was fairly uniform
éxcept for phosphorus content. The A horizon of the three soils was
richest in phosphorus in every case and usually declined steadily with
profile depth. However, the phosphorus content of three of the Black
Prairie soil profiles increased in the C horizon. They also found that
the phosphorus content of the cléy varied considerabiy between the
“Great Soil Groups and in a descending order of Gray-brown Podzolic,
Black Prairie, and Chernozem.

Williams and Saunders (15) measured the readily soluble phosphorus
in some soils of Scotland by three different extraction methods. They
found that most of the subsoil phosphorus was derived from acid soluble
phosphorus in the coarser separates, particularly the fine sands. There
was also strong evidence that the.silt and fine sand separates made a

major contribution tc topsoil phosphorus values. The amount of phosphorus



was directly related to parent material, with the highest phosphorus
percentages in solls derived from basic igneous rocks. They concluded
that the dominant process in acid scluble phosphorus extraction was
apparently the dissclution of calcium=-bound phosphates from the coarse
soil particles. They also suggested that the usefullness of correlation
between crop response and readily soluble phosphorus as a criteria of
the phosphorus status in soils of Northeastern Scotland depended on the
nature of the parent material.

Aldrich and Buchanan (1) made a study of the phosphorus content of
soils from southern California and of the parent rocks from which these
soils were derived. They found that the dominant factor affecting the
phosphorus content of these soils was the amount of phosphorus in the
parent rock material from which the soils were derived. With citrus
trees as the indicator crop, it was determined that phosphorus deficiencies
were more generally related to a low supply of total phosphorus than to
any one level of the available phosphorus fractions.

Williams and Saunders (1) studied the phosphorus distribution in
seven soll profiles representiﬁg four main soil associations of north-
eastern Scotland. There were three pairs of soils with corresponding
freely drained and poorly drained members. Total phosphorus was high
throughout the profiles, but in each soil it was highest in the topsoil
with the exception of the granitic soil pair. Low total phosphorus
values were obtained for the first subsoils of the granitic pair, but
in all other profiles the tendency was for total phosphorus to decrease
down the profile to a certain depth and then increase in the lower
horizons. Any decrease in total phosphorus with profile depth was

attributed to a lower organic phosphorus content in the subsoil and any



increase was due to the increase in inorganic phosphorus. With respect
to particle size the variation in phosphorus distribution was great and
was Inconsistent for different soils, Total phosphorus was normally
highest in the clay and lowest in the coarse sand. 4n exception to this
observation was reported for the gleyed subsoils where the fine sands
were higher in total phosphorus than the elays. Total inorganic phos=
phorus, in all topsoils, was normally highest in the clay fraction.
However, the phosphorus in the sands was mostly inorganic and in
approximately one half of the samples studied; including the soils
derived from basic igneous rocks and gleyed subsoilsy, the fine sands
were higher in inorganic phosphorus than the clays. In the topsoils,
the coarse sands accounted for 12-22 percent of the total inorganic
phosphorus, 18-50 percent for the fine sands, and 3L-62 percent for the
combined sands. The tendency was for these proportions to increase with
profile depth, and in gleyed subsoils the phosphorus content for the
combined sands was 70-80 percent of the total inorganic phosphorus. The
main effect of the parent material was that the sands, particularly the
fine sands, accounted for higher proportions of total phosphorus in the
soils derived from basic igneous rocks as compared to those soils derived
from acidic igneous rocks. Soils from basic igneous rocks were also higher
in iron and aduminum,

Allaway and Rhoades (2) found that phosphorus accumulates in soils
as surface adsorbed phosphates, or as combinations of iron and aluminum
phosphates, or both. Their work was conducted on the more highly leached
and acid soils derived from loess parent material of Nebraska. In a
study of some genetically related loess parent material soils of Iowa,

Godfrey and Riecken (7) concluded that loss of soil phosphorus by leaching



had occurred since the phosphorus content in the A horizon was not high
enough to account for the phosphorus lost from the B horizon of any of
the five profiles studiede They reported that vertical distribution of
phosphorus was altered by organic matter accumulations in the surface
horizons and possibly by dowmward movement of phosphorus in suspension or
in true solution. A1l the profiles studied appeared to be changing in
total phosphorus content, but at rates coincidental with the degree of
profile developement. The tendency was for total phosphorus in the A
horizon to decrease in relation to that of the C horizon as profile
development progressed. They also reported that the decrease in total
phosphorus in the A horizon was paralleled with the decrease in total
nitrogen contente. They believed that the decrease in organic matter
content of the Planosol, as compared to solls of the Wiesenboden soil
developement stage, was caused by gradual movement of phosphorus from
the A to the B horizon of the Planosol or complete removal of phosphorus
from the solum. In this way the phosphorus became positionélly as well
as chemically less available ‘o plants, and would cause a subsequent
decrease in plant growth due to phosphorus deficiency as profile develope=-
ment progressed. Therefore, the cycle of phosphorus weathering may be
an important contributing factor to the lower organic matter content of
Planosols as compared to Wiesenboden soills.

Bray and Dickman (3) contend that the adsorption mechanism of
a soil acts to keep the phosphate concentration in water solution at a
low level at any given time. As more phosphorus is removed either by
plant absorption or by leaching, the phosphorus equilibrium is shifted
from the adsorption complex to the solution phase. However, this may

be an over=simplified explanation.
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In comparing the phosphate fixing ability of kaolinite, halloysite,
and bentonite, it was observed that kaolinite and halloysite could fix
considerable amounts of phosphorus when the minerals are finely ground (12).
X-ray patterns of phosphated kaolinite show an émorphous structure, but
are distinctly crystalline for,phosphatedrhalloysiteo When the two minarals
were dephosphated the X-ray patterns of kaolinite showed a restoration of
crystalline structure, but the structure of dephosphated halloysite was
amorphous. The changes in X-ray patterns were probably caused by replace-
ment of hydroxyl ions at the cleavage planes by phosphate tetrahedra,
and X-ray pattern restoration was attributed to replacement of phosphate
tetrahedra by hydroxyl ions. Therefore, phosphate fixation by this
mechanism would be a simple ionic exchange between ions in solution and

the component hydroxyl ions of the clay mineral lattice.



METHODS AND MATERTALS

This study of two similar Reddish Prairie solils was conducted to
detefmine the pheosphorus content of the several soil geparates. It was
postulated that the data obtained should provide some explanation of
why the two soils studied may respond differently to phosphorus fertilizer

treatment.

Description of the soils studied.

The soils were representative of the Reddish Prairie soils of
central Cklahoma. Zaneis No. 1 and Zaneis No. 2 profiles were sampled
in central Payne county. Samples of Kingfisher No. 1 and No. 2 were
taken from central Kingfisher county and south-central Kingfisher
county on the KingfishermOklahoma county line respectively. The A
" horizons of the Zaneis profiles are dark brown slightly acid leams with
dark reddish-brown moderately acid clay loam or silty clay leam B
horizons. .The A horizons of_the Kingfisher profiles are brown or reddish-
brown slightly acid silt loams with reddish-brown very slightly acid
silty clay loam B horizons. All of the samples were taken from virgin
profiles in native grassland meadows. The profiles are described in

~detail in the Appendix.

Iaboratory analysis of the soil samples.

The soils were air dried, crushed with a steel roller to pass a
20=mesh sieve, and stored in one gallon lce cream cartons.
Available phosphorus was determined according to the method of

Bray and Kurtz (4). Total phosphorus removed by perchloric acid’

To
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digestion was determined by a methed outlined by Harper (8)e

Por determination of phosphorus in the residue remaining after
perchloric acid digestion, the residue and filter paper were placed in
a, crucible and ashed at hOOO C for 10-12 hours in a muffle furnace.

After cooling, the residue was transferred to a 100 ml. "Teflon" beaker,
and moistened with 2-3 mls of distilled water. The water was evaporated
on a hot plate at very low heat. After evaporation was complete the
residue was digested with L8% hydrofluoric acid and filtered on #L2
Whatman paper and the extract was set aside for phosphorus analysise

The colorimetric method of Harper (8) was used to determine the amount
of phosphorus in the hydrofluoric acid extract.

Mechanical separates for phosphorus analysis were obtained by the
beaker method for mechanical amalysis as outlined by Piper (10). Soil
samples of 100 grams each were treated with hydrogen peroxide to remcve
organic matter. After organic matter oxidation the samples were brought
to 500 ml. volume with distilled water and treated with 10C ml. of 2N
HC1l to floceculate the clay. After thorough mechanical dispersion the
samples were allowed to stand for one hour,. ‘The samples were then
brbught to one liter volume, mechanically dispersed, and left undisturbed
for aﬁother’ hour. The samples were then washed with 2-2% liters of
distilled water by alternately siphoning the supernatant liquid and
adding distilled water to the one liter mark of the heakers. After
Waéhipgg the samples were transferred to a 150 mesh per lingar inch
sieve and washed thoroughly to remove the very fine sand, silt, and clay.
The coarse-fine sand retained on the sieve was transferred to a beaker
and placed in the oven to dry. As each of the mechanical separates were

obtained they were placed in the oven, dried at 90-100° C for L8-72 hours,



weighed, and stored in small coin envelopes.

The clay was dispersed with 1N NaOH and sufficient distilled water
was added to bring the suspension to the one liter mark on the beakers.
The residue was stirred thoroughly and allowed teo stand for the time
neccessary for silt and very fine sand particles to settle below the
5 cm.mark. The turbid suspension was siphoned to the 5 cm. mark and
stored in four gallon glazed earthemware crocks. The remaining clay was
dispersed with ammonium hydroxide and the containers refilled to the one
liter mark with distilled water. The process of dispersing the clay and
siphoning the turbid suspension was continued until only negligible
amounts of clay remained in suspension. The clay in the crocks was
flocculated with acetic acid and further concentrated by siphoning and
discarding the supernatant liquid.

The very fine sand and silt was separated by méchanically dispersing
the very fine sand=-silt residue in a one liter graduated cylinder and
siphoning the turbid silt suspension to a depth of 10 cm, The necessary
time lapse for very fine sand particles to settle 10 cm. was obtained
from the nomographs by Jackson (13). The silt suspensions were stored
in clean two liter bottles and allowed to stand for 2-3 days. The silt
was concentrated by siphoning and discarding the supernatant liguid.

The silt suspensions were then washed into beakers and driea, weilghed
and stored. The percentages of coarse=fine sand, very fine sand, silt,
and clay were obtained by correcting for loss of organic matter from the
original 100 gram soil sample,

Total phosphorus in each of the separates was determined by
perchloric acid digestion and developement of the molybdate color

complex according to a procedure by Harper (8). Total phosphorus remqved
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from the perchloric acid residue by hydrofluoric acid digestion was

determined colorimetrically according to the procedure outlined aboves.



RESULTS

Zaneis No. 1l

Available phosphorus is low in the surﬁace horizon as indicated by
the dilute fluoride~dilute acid soluble phosphorus extraction method of
Bray and Kurtz (Table 1), and diminishes with profile depth to very low
or immeasurable amounts in the lower horizons. The distribution of
available phosphorus with profile depth follows the same distribution
pattern as total "reserve" phosphorus (Figure 1). NOTE. Hereafter the
term total "reserve! phosphorus will be used for reporting phosphorus
removed by perchloric acid digestion plus that phosphorus removed from

the perchloric acid residue by hydrofluoric acid digestion,
TABIE I-ZANEIS NO. 1

DILUTE FLUORIDE-DILUTE ACID SOLUBLE PHOSPHORUS#*

PPM
Horizon Phosphorus

A1 L0
Bl 1oL
Bo 0.8
B3 -
c ———
D 0.6

2* IExtracted with 0,03N NH,F + 0,025N HC1, 1:7 soil-=solution ratio
for one minute.

11,
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Figure 1 - Zaneis No. 1

COMPARISON OF THE DISTRIBUTION OF TOTAL PHOSPHORUS
AWD DILUTE FLUCRIDE-DILUTE ACID SOLUBLE PHOSPHORUS

¢ 0 ———— Dil. NH,F + Dil. HC1
- HC10), + HF (left margin)
300 4 6
PPM L PPM
Phosphorus Phosphorus
from from
HC10y, 200 1 dilute
+ NH, F
HF +
digestion ] dilute
HC1
extraction
100 i ‘
“+
0 4 0

Total phosbhorus.removed from the ﬁhole‘soil By perchloric acid
digestion is low in the surface horizon and decreases éteadily with
p?ofile depth (Table II, Part II), fhe ambunt ofrphosbhorus removed
from the perchloric acid "soil-residue" by concentrated hydrofluoric
acid digestion also decreases with profile depth with the‘exception of
the lowest horizon (Table II, Part II).

The sharp increase in total phosphorus removed from the lowest
horizon by hydrofluoric acid digestion corresponds to an increase in

coarse=fine sand separates and suggests that the ease with which total
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Mreserve! phosphorus is removed from the Zaneis No. 1 profile may be

very closely associated with particle size (Table III).

TABIE ITI = ZANEIS WNo. 1

PPM OF TOTAL "RESERVE! PHOSPHORUS OBTAINED FROM:

PART T PART IT
Mechanical separates Whole soil
HC1O0 HF . HCLO HF
Horizon Diges)%° Digest. Total¥* , Digest. Digest. Tota 13t
AT BL.7 g 87.1 - 210.% 122.0 337.%
Bl 82‘05‘ 905 92oo o 162400 ZLLoO 188.0
B2 10606 LL59 11105 o 1220& 260h 1)4-838
B3 8L.3 745 91.8 o 73.6 31.0 10L.6
C 92.1 5.8 97.9 o 576 29,0 86.6
D 717 3l 5.1 o 25.6 98,0 123,6

7
N
B3

PPM of total phosphorus from perchloric acid digestion plus the
PPM of total phosphorus from hydrofluoric acild digestion is
reported as total "reserve" phosphorus.

TABIE TIIT

MECHANICAL ANALYSIS = ZANEIS No. 1

Percentage of each size separate#

Coarse =~ Very
fine fine S5ilt Clay
Horizon sand sand (all) (all) Total
Ay 16.37 22,99 110,22 L7.09 96097
By 1,93 21,28 36027 25,2l 9772
By 12,12 1,73 3L.86 3k.20 95.91
BB 18.76 22,39 27.22 28,38 96.75
C 29.62 21,76 23,02 23.08 97.L8
D 71l 13,16 3.82 8.80 99.89
¥* The percentages are corrected to account for weight loss due to

organic matter oxidations.
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The clay separate i1s much richer in total phosphorus éccording to
both the perchloric acid and hydrofluoric acid digestion methods (Tables
IV and V respectively). The differences in total phosphorus content of
the sana and silt separates are inconsistent between horizons by the
perchloric acid digestion method, However; there is a great difference
in the amount of phosphorus removed from the coarse=fine sand, very fine
sand, and silt separates by concentrated hydrofluoric acid digestion.
Generally, minimum phosphorus removal by hydrofluoric acid is coincidental
with an increase in degree of weathering (decrease in particle size)e

The much higher phosphorus content of the silt separate from the lower
horizon is probably caused by clay contamination due to incomplete
mechanical separation when the mechanical analysis was made.

From a comparison of the relationship of phosphorus removed by

vperchloric acid digestion and the phosphorus removed by concentrated
hydrofluoric acid digestion it is evident that total "reserve" phosphorus
held by the sands, particularly the coarse=fine sands, is more difficult

to remove than the phosphorus held by the clay in this soil (Table VI).

TABIE IV = ZANEIS No. 1

PPM OF TOTAL PHOSPHORUS REMOVED FROM THE MECHANICAL
SEPARATES BY PERCHILCRIC ACID DIGESTION

Coarse= Very
fine fine
Horizon sand sand S5ilt Clay
Al 6152 3000 ﬁoo)_]. 28&00
B1 5562 Lh.8 LL.8 192,0
B2 18,8 42,0 5162 22L4,0
» B3 2902 3)40)4' )-L)-th 20800
C 2L.8 37.6 48.0 28L.0

D 31l.2 | 37.6 7763 190,0
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TABLE V - ZANEIS No. 1

PPM OF TOTAL PHOSPEORUS REMOVED FROM THE MECEANICAL
SEPARATES BY HYDROFLUORIC ACID DIGESTION3*

Coarse= Very

: fine fine
Horizon sand sand 5ilt Clay
Al 12.0 ———— e 19,2
B1 11,4 2,8 R 28.6
Bo 362 L,0 o 11.L
B3 3.2 L0 — 21.0
C 2.8 2.8 e 19,0
D L{-oh omemmn s 203 3k

#*  Residue left from the perchloric acid digestion is redigested with
L8% hydrofluoric acid.

#3%  Sample loste.

TABLE VI - ZANEIS No. 1

RETATICONSHIP OF PHOSPHORUS REMOVED BY PERCHLCRIC
ACID AND HYTROFLUCRIC ACID DIGESTION:

Coarse-= Very
fine fine Combined
Horizon sand sand sands S5ilt Clay
A7 .8 e Tol o om e 14,8
B1 1.8 16,0 7.0 — 67
Bo 15.1 10.5 12.6 ——— 19.7
B3 9.1 8.6 8.8 mmme 9.9
C 809 13014- llol TR ]-J-Lo9
D Tol oo 15,6 33.6 il

#  The numbers represent the ratio of PPM of phosphorus removed by
perchloric acid digestion to the PPM of phosphorus removed by
hydrofluoric acid digestion. A narrow ratio indicates minimum
phosphorus removal by perchloric acid digestion. ‘

%
X
&

Sample to be used for hydrofluoric acid digestion was lost.
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“_>Acqording to data reported in Table VII the perchloric acid digestion

~ method is approximately 21-87% efficient in the removal of total "reserve™

phosphorus from the whole soil of the Zaneis No. 1 profile, 'Data in Tables

VIII and IX shows the amounts of phosphorus the mechanical separates

contribute to the whole soil by perchloric acid and hydrofluoric acid

digestions
TABIE VII = ZANEIS No. 1
COMPARATIVE EFFICIENCY OF THE REMOVAL OF TOTAL
PHOSPHORUS BY TWO METHODS OF DIGESTION
Percent of total phosphorus removed
from the whole soil by:
Perchloric Hydrof luoric
Horizon acid acid#
Al 63 03 3607
Bl 8702 1208
B2 8203 170'7
By 70.L, - 29.6
C 6605 .. 3345
~D... 20.7 793

# Digestion of the residue left from the perchloric acid digestion with
L,8% hydrofluoric acid.

TABIE VIII = ZANEIS No. 1

PPM OF TOTAL PHOSPHORUS THE MECHANICAL SEPARATES CONTRIBUTE
TO THE WHOLE SOIL BY PERCHILCRIC ACID DIGESTION

Coarse= Very

fine fine ) Whole

Horizon sand sand S5ilt ‘Clay Total soils
A 10.0 669 16.3 48e5 CLl.7 2104
Bl 802 905 1603 LLBQS 8205 lé,-l-oo
B2 509 602 1799 7696 10606 122 ch
B3 565 ToT 12,1 59.0 8lie3 73.6

C 75LL 802 llol 6506 9,20:]-: 5706

D 23,1 5,0 29.5 1l 71,7 25.6

£

ions were mades

3%  The figures in this column represent total phosphorus in the soil
before removal of the organic matter and before mechanical separat-



17,

TABIE IX - ZANEIS No., 1

PPM OF TOTAL PHOSPHORUS THE MECHANICAL SEPARATES CONTRIBUTE
TO THE WHOLE SOIL BY HYDROFLUORIC ACID DIGESTICN:*

Coarse= Very
fine fine Soil
Horizon sand sand Silt Clay Total residues*

Ay 20l B o 363 5el} 122.0
Bl 107 006 : om do = 702 905 2)400
B2 ooh 006 ee e = 309 )-lr°9 269)4
B3 006 oo9 e 6no 705 3100
¢ 0.8 0.6 ———— L.k 5.8 29,0
D 3.3 ——— 0.1 e3¢ 3.k 98,0

3% Data were obtained by multiplying PFPM of phosphorus from hydrofluoric
acid digestion times the percent of each separate for the correspond=
ing horizon.

##% The residue left from perchloric acid digestion of the whole soil is
redigested with L8% hydrofluoric acid.

6% Sample loste

Zaneils No. 2.-

The amount of available phosphorus is very low in the A and upper B
horizon and in the remainder of the profile it is too low for quantitat-
ive measurement by the method of analysis used (Table X). The general
trend in available phosphorus distribution with profile depth is fairly

consistent with total "reserve" phosphorus distribution (Figure 2).

TABIE X - ZANEIS No., 2

DILUTE FIUORiDE;DILUTE ACID SOLUBLE PHOSPHCRUS*

~PPN

Horizon Phosphorus
A7 Leb
B1 067
Bp-1 0.5
B2=2 -
B3-1 | -
B3-2 e
C ' oo

Yl

#  Extracted with 0.03N NH,F ¢ 0.025N HC1l, 137 soil solution ratio for
one minute., '
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Figure 2 = Zaneis No., 2

COMPARISON CF THE DISTRIBUTION OF TOTAL PHOSPHCRUS
AND DIIUTE FLUCRIDE=DILUTE ACID SOLUBLE PHOSPHORUS

18,

T A oo Dil, NHF + Dil, HC1 |
' HC10), + HF (left margid)

PPM 200 + 4 PPM
Phosphorus Phosphorus
from from
HC10), - -+ dilute
HF +
acid 100 A + 2 dilute

digestion HC1
' extraction
. . i s
e
— * -
0 : ——ap b + 0
A1 B1 Bo-1 Bpep B3og Byp G

Data in Table XI shows the percent of each size separate for the

horizons of the Zaneis No. 2 profile.

Total phosphorus removed from the whole soil by perchloric acid

digestion decreases steadily with profile depth from 168.0 PPM in the

surface horizon to 1j1.6 PPM in the lowest horizon (Table XII, Part II).

§

Total phosphorus content of the mechanical separates is much higher for k\

A
\\
N

the clay than for any of the other separates according to both the
perchloric acid and hydrofluoric acid digestion methods (Tables XIII and
XIV). The influence of weathering (decrease in particle size) on the ease
with which phosphorus is removed by perchloric acid digestion is shown

by the data re?orted in Table XIV and by the ratios reported in Table XV,
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TABIES XTI

MECHANICAL ANAILYSIS = ZANEIS No. 2

Percentage of each size separate

Coarse— Very
fine fine Silt Clay
Horizon sand sand (all) (a1l) Total
%51 30,17 23.59 26655 18,68 96299
By 19.2L 23458 23,88 28,78 95.L8
Bo.l 19.51 21.L6 2l . 6l 31.L45 97.06
Bowp 18,73 25,30 26,09 27429 97.L1
B3l 20637 2L013 27.41 25,72 97,63
B3 .0 23,17 22.18 28,40 23099 970 Tk
C 30,57 22,00 2,67 20,73 97,97

%  The percentages are corrected to account for weight loss due to
organic matter oxidation.

TABIE XIT = ZANEIS No., 2

PPM OF TOTAL "RESERVE" PHOSPHORUS OBTAINED FROM:

PART T PART TT
Mechanical separates Whole soil

o - HC 1O}, HEF HC10 HF

Horizon Digest. Digest. Tota 1 Digest. Digest. Tota 1%
Al 6306 5e1 6597 1606.0 58e6 226.6
Bl 9802 190 9 1189 1 15600 8600 2h2 oo
Bo.1l 12),.2 709 132,1 13706 5542 192.8
Bo-p 80.5 7.0 87.5 88.0 22,0 110,0
B3=,1 8201 So)-l» 8795 6106 Llo)—l» 66:;0
B3.=.2 8397 hol 8708 )-I»Soé Bhah 8000
C 6740 2.8 £9.8 41.6 4.0 L5.6

E

%  PPM of total phosphorus from perchloric acid digestion plus the PPM
of total phosphorus from hydrofluoric acid digestion is reported as
total "reserve" phosphorus.



PPM OF TOTAL PHOSPHORUS REMCVED FROM THE MECHANICAL
SEPARATES BY PERCHLORIC ACID DIGESTION

TABLE XIIT - ZANEIS Noe 2

20,

Coarse= Very
fine fine
Horizon sand sand Silt Clay
Aq 3542 38,8 39.6 200,0
Bl 2800 380L|— L|-2oo 25600
Bo.1 28.L Lé.b 18,0 308,0
Bp.p 260l L1.2 L8.8 192,0
B3.1 33.6 L0l 51,2 200.0
B3 2L.8 38.L 52,0 228,0
C 29,2 L2.8 52.8 172,0
TABIE XTIV - ZANEIS No. 2
PPM OF TOTAL PHOSPHORUS REMCVED FRCM THE MECHANICAL
SEPARATES BY HYDROFLUORIC ACID DIGESTION*
Coarse-= Very
fine fine
Horizon sand sand Silt Clay
Aq 4.8 ——ee ——m 22,2
B] It - - 86.L,
Bo=l 6.8 e <o 21,0
B2-2 5.0 Bsly e 16.6
B3l 3.6 2.8 e 15.5
B3=-2 306 e e Soo 7o8
C L|— 0'8 e mememE= 602

3

Residue left from the perchloric acid digestion is redigeéted with
L,8% hydrofluoric acide
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TABIE XV - ZANEIS No, 2

REIATIONSIIP OF PHOSPHORUS REMOVED BY PERCHLCRIC
ACID AND HYDROFLUCRIC ACID DIGESTION:¢

Coarse= Very
fine fine Combined
Horizon sand sand sands Silt Clay
I 73 === N —= 9.0
Bl 6.l e 15,1 o ane 3,9
B2=1 hoz e 11@0 ki ]_h,?
B2 563 6.L4 5.9 - 11L.6
B3-1 9e3 SV 11.6 S— 12,9
B3===2 609 Rk 17e6 100)4 2902
C 6.1 e 15,0 | meee 277

3t The numbers represent the ratic of PPM of phosphorus removed by
perchloric acid digestion to the PPM of phosphorus removed by
hydrofluoric acid digestion. A narrow ratio indicates minimum
phosphorus removal by perchloric acid digestion.

Although more total phosphorus is removed from the clay by
hydrofluoric acid digestion than is removed from the other soil separates,
the ratio of phosphorus obtained by hydrofluoric acid digestion to the
phosphorus removed by perchloric acid digestion shows that phosphorus in
the clay of this soil is more easily removed by perchloric acid.digestion
than the phosphorus in the combined sand separatese

The data presented in Table XVI shows that the perchloric acid digestion
method removes 57.0-93,0% of the total "resérve" phosphorus from the
whole soil of the Zaneis No. 2 profile.

The amounts of total phosphorus the soil separates contribute to
the whole soil when digested with perchloric acid and hydrofluoric acid

are shownin Tables XVII and XVIII,
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TABIE XVI = ZANEIS No. 2

COMPARATIVE EFFICIENCY OF THE REMOVAL OF TOTAL
PHOSPHCRUS BY TWO METHODS OF DIGESTION

Percent of total phosphorus removed
from the whole soil by:

‘ Perchloric Hydrofluoric
Horizon acid acid*
Al fhel 2509
Bl 6]—1-05 3505
B2=l 7103 28:7
Bop 80,0 20,0
B3.1 93.0 7.0
B3.=,2 5700 hB oO
C 91,2 8.8

% Digestion of the residue left from perchloric acid digestion with
L8% hydrofluoric acids

TABIE XVII -~ ZANEIS No. 2

PPM OF TOTAL PHOSPHORUS THE MECHANICAL SEPARATES CONTRIBUTE
TO THE WHOLE SOIL BY PERCHLORIC ACID DIGESTION

Coarse- Very

fine fine Whole

Horizon sand sand Silt Clay Total soils¢
A7 10.6 G2 10.5 33.4 63.6 L606,0
By S.l 9.1 10,0 737 98,2 156.0
B2-1 55 10,0 11.8 96,9 12,2 137.6
Bo.o L9 10.4 12.7 52,0 80.5 88,0
B3] 6.8 9.8 1.0 51.4 82.1 6L.6
B3=.2 508 8°5 1)-1-08 SLl-e7 8307 Ll-sné

C 8.9 9.4 13.0 35,7 67.0 L1.6

% The figures in this column represent total phosphorus in the soil
before removal of the organic matter and before mechanical separat-
ions were made.
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TABIE XVIIT - ZANEIS No. 2

PPM OF TOTAL PHOSPHCRUS THE MECHANICAL SEPARATES CONTRIBUTE
'TO THE WHOIE SOIL BY HYDROFLUCRIC ACID DIGESTION#

Coarse=~ Very
fine fine Soil
Horizon sand sand Silt Clay Total residue**

Al 15)_]. o o0 s 00 hihadaiad .3&7 501 5806
By 0.8 oo N 19,1 19,9 86.0
B2_,1 lc3 e = meme=e 606 7v9 5502
Boo 0.9 1.6 —ee Lo5 7,0 22,0
B3=,1 007 007 s LLoO Soh hah
B3 m2 Oo8 S@ee 1ah lo9 h.nl BLL nh.
C 1,5 mowme e 1.3 2.8 L.0

% Data were obtained by multiplying PPM of phosphorus from hydrofluoric
acid digestion times the percent of each separate for the correspond-
ing horigon.

#%  The residue left from perchloric acid digestion of the whole soil is
redigested with L8% hydrofluoric acid.

Kingfisher No. 1.

Data reported in Table XIX shows that availlable phosphorus is low
in the surface horizon. However, available phosphorus is uniformly
distributed with profile depth. The general distribution of available
phosphorus with profile depth is fairly consistent with the total

"reserve! phosphorus distribution (Figure 3).

TABIE XIX = KINGFISHER No. 1

DILUTE FLUORIDE=DILUTE ACID SOLUBIE PHOSPHCRUS#*

» PPM
Horizon Phosphorus
Al 5.0
Bl 107
%
2=2 °

By Ly
Cl 309
02 502
Cs 6.6

#  Extracted with 0,03N NH,F 4 0,025N HCl, 1:7 soil solution ratio for
one minute.



2L,

Figure 3 - Ringfisher No. 1

COMPARISON OF THE DISTRIBUTION OF TOTAL PHOSPHORUS
AND DIWUTE FLUORIDE=DILUTE ACID SOLUBLE PHOSPHORUS

T -----Dil, NH,F ¢ Dil, HC1 T
——HC10, 4 HF (left margin)

PPM PPM
Phosphorus Phosphorus
from from
HCth dilute
+ Ng,F
¥ L +
acid dilute

digestion HC1

extraction

100 L Y / 12

2 A

04 } + ; . }
Al Bl B2==l B2c2 B3 Cl 02 03

The percent of each size separate for the horizons of Kingfisher
No. 2 is shown in Table XX.

Total phosphorus removed from the whole soil by perchloric acid
digestion is not high, but is uniformly distributed throughout the
entire profile (Table XXI, Part II). The very low phosphorus content
obtained by digesting the perchloric acid "soil-residue" with hydro-
fluofic acid shows that perchloric acid is very efficient in removing
total "reserve® phosphorus from the Kingfisher No. 1 profile (Table XXI,

Part II). When reported on a percentage basis, perchloric acid is
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from 90.0=100,0% efficient in the removal of total M"reserve' phosphorus

from this soil (Table XXII).

TABIE XX

MECHANICAL ANALYSIS = KINGFISHER No. 1

Percentage of each size separate¥®

Coarse= Very
fine fine Silt Clay
Horizon sand sand (all) (all) Total
A7 2.35 23,07 53022 18,21 96005
Bl 2505 16065 LL3081 33072 96023
B2=,l 2023 130LLO LtloLLS 39058 96,66
Bo.p 1.67 9.8 53011 3239 96.71
B3 0.36 5oLl 61.2) 30,32 97,33
1 0.15 3,50 élo5h 28,01 96420
(32 O.,lh. 3992 65°95 26::38 96039
3 0,68 Lo19 66,82 2247l 9L .43

The pércentéges are corrected to account for welght loss due to
organic matter oxidation.

TABIE XXI - KINGFISHER No. 1

PPM OF TOTAL "RESERVE'" PHOSPHORUS OBTAINED FROM3z

PART 1 PART II )
. Mechanical separates ' Whole soil
HCIO), HE . HCIO), HE
Horizon Digest. Digest. Total¥* . Digest. Digest, Total#*

i 99.9 3.0 10259 3L0,0 pp—— 3L0,0
By 128, 5.9 134.3 2L,0,0 Le2 2hly.2
Bo.1 111.3 L.l 115.4 176.0 8.0 184,0
Boop 103.7 3.1 106.8 200,0 20,0 220,0
B3 9802 361 101.3 270.0 S 270,0
C1 104.6 3.8 108.4 306.0 10,8 316.8
Cop 103.4 1.9 105,3 348.0 6o 35L.8
C3 6762 2,2 694 336.0 4.0 340.0

#*  PPM of total phosphorus from perchloric acid digestion plus the PPM
of total phosphorus from hydrofluoric acid digestion is reported as
total "reserve! phosphoruse.
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TABLE XXIT - KINGFISHER No. 1

COMPARATIVE EFFICIENCY OF THE REMOVAL OF TOTAL
PHOSPHCRUS BY TWO METHODS OF DIGESTION

Percent of total phosphorus removed
from the whole soil byaz

Perchloric Hydrof luoric
Horizon acid v acids#
Al 100.0 e,
Bl 9843 1.7
B2.=1 9507 heB
Booo 90,9 9.1
B3 100,0 ———
c1 9646 3.4
02 9801 le9
C3 98.8 1.2

% Digestion of the residue left from the perchloric acid digestion with
8% hydrofluoric acid.

Digestion of the soil separates with perchloric acid removes
practically all of the total "reserve" phosphorus from the coarse-fine
sand, very fine sand, and silt separates (Table XXIII), but fails to
remove all of the phosphorus from the clay as shown by the total
phosphorus removed from the perchloric acid "soil=-residue" by hydro-
fluorig acid digestion (Table XXIV). The ratios reported in Table XXV
show the relationship of total phosphorus removed by digesting the
s0il separates with perchloric acid as compared to the total phosphorus
removed by digesting the remaining residue with hydrofluoric acid.

The amounts of total phosphorus the soil separates contribute to
the whole soll when digested with perchloric acid and hydrofluoric acid

are shown in Tables XXVI and XXVII.
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TABIE XXIII - KINGFISHER No. 1

PPM OF TOTAL PHOSPHORUS REMCVED FROM THE MECHANICAL
SEPARATES BY PERCHLORIC ACID DIGESTION

Coarse= Very
fine fine
Horizon sand3* sand Silt Clay

Al e Lhi.0 376 37640
B1 e L0k 38.8 308.0
Bp-1 —mee L3.6 3h.L 228.,0
Bp=2 meee 48.0 L6 228.0
B3 - e 18,8 52.8 208,0
C1 ——=e 58.7 5L.2 28,0
co e 53,3 51.2 25640
CB meae 9“-07 LL906 ]-h-)-t-uo

Y

% A1l of the sand separates were analyzed together because of the small
quantity of coarse=fine sand separates,

TABLE XXIV - KINGFISHER No. 1

PPM OF TOTAL PHOSPHORUS REMOVED FRCM THE MECHANICAL
SEPARATES BY HYDROFLUORIC ACID DIGESTION%*

Coarse- Very

fine fine
Horizon sand ' sand Silt Clay
A7 m———— o= e 1662
By e m==o oo 17.4
Bo=1 === === == 10.3
Bo.p =—ee e e 967
3 seaess == e S emem 1003
C1 e 8.3 ——== 13.6
Co ———= el e 7ol
C3 e 363 === 902

3% Resldue left from the perchloric acid digestion is redigested with
1,8% hydrofluoric acid.
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TABLE XXV - KINGFISHER No. 1

REIATIONSHIP OF PHOSPHCRUS REMOVED BY PERCHLORIC
ACID AND HYDROFLUCRIC ACID DIGESTION:*

Coarse- Very
fine fine Combined
Horizon sand sand sands Silt Clay
Al m——— o= amomce === ’ e 2362
Bo-1 e mn e me ———— e 22,1
Bp-p wo—— == = e 23.5
B3 oo e e s 20,2
C1 e 7.1 7.1 e 18.2
Co e == s = 36,1
03 indadatad 280? 280? mee == 1507

%  The numbers represent the ratio of PPM of phosphorus removed by
perchloric acid digestion to the PPM of phosphorus removed by
hydrofluoric acid digestion. A narrow ratio indicates minimum
phosphorus removal by perchloric acild digestion.

TABIE XXVI = KINGFISHER No. 1

PPM OF TOTAL PHOSPHORUS THE MECHANICAL SEPARATES CONTRIBUTE
TO THE WHOLE SOIL BY PERCHLORIC ACID DIGESTION

Coarse— Very
fine ‘ fine Whole
Horizon sand¥  sand Silt Clay Total s0i 1363

Al - D lloLl; 2000 6895 99:1 9 3&000
B = Teb 17.0 103.9 128,L 2L40,0
Boo1 S 68 U3 90,2 1113 ..  176.0
B2_2 S omemem Soll. 2h06 7306 10307 2000
B3 ’ e € 208 3203 6301 9802 2?000
1 — 2.1 33.0 69.5 104.6 306.0
2 ——ae 2.2 33,8 6745 103.L 348.0
03 e e J—‘—eé 3301 3205 6?02 33600

% All of the sand separates were analyzed together because of the small
gquantity of coarse=fine sand separates.

3% . The figures in this column represent total phosphorus in the soil
before removal of organic matter and before mechanical separations
. were mades
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TABLE XXVII = KINGFISHER No., 1

PPM OF TOTAL PHOSPHCORUS THE MECHANICAL SEPARATES CONTRIBUTE
TO THE WHOLE SOIT BY HYDROFLUORIC ACID DIGESTI ONs¢

Coarse= Very
fine fine Soil
Horizon sand sand Silt Clay Total residue

Aq - —— e 360 3.0 == aem
B1 - — — 5.9 5.9 s
2 E— S —_— el Lol 8.0
Bo.p ——m— e e 3.1 3.1 20,0
B3 smiwe ———= e 3.1 3.1 e
Cy1 - o= 3.8 3.8 10.8
Co o = = 1.9 1.9 6.8
C3 e 0.1 e 2.1 2.2 e

# Data were obtained by multiplying PPM of phosphorus from hydrofluoric
acid digestion times the percent of each separate for the correspond=
ing horizon.

#* The residue left from perchloric acid digestion of the whole soil is
redigested with L8% hydrofluoric acid.

Kingfisher No. 2.

Availéble phosphorus content of the different horizons of this soil
is very low, but there 1s almost as much available phosphorus in the

lowest horizon as the Aj_7 horizon (Table XXVIII). Also, the distribution

TABIE XXVITI = KINGFISHER No., 2

DIIUTE FLUORIDE=DITUTE ACID SOLUBLE PHOSPHORUS¥*

PPM
Horizon Phosphorus

Al=1 3.3
A1=2 20)-1-
A3 lo7
Boo1 1.3
Bo.p 1.6
B3 201
cl la;
Co 2.1

%  IExtracted with 0.O3W WH,F 4 0,025N HC1l, 127 soil solution ratio for
one minute,
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of available phosphorus with profile depth is almost parallel with the
total "reserve" phosphorus distribution pattern (Figure L),

The mechanical analysis for Kingfisher No. 2 1s reported in Table XXIX.

Figure !y = Kingfisher No. 2

COMPARISON OF THE DISTRIBUTION OF TOTAL PHOSPHORUS
AYD DIIUTE FLUCRIDE=DILUTE ACID SOLUBLE PHOSPHORUS

‘T' —---- Dil. NHF + Dil., HC1 T(”
, . HC10, + HF (left margin,

PPM 200 -E\\\\\m——_—-m L PPM
Phosphorus Phosphorus
from X ’ ® from
HC lohr u \\ - di lu‘be

+ AN - NH) F
HF ~ ' +
acid = 100 + N PN 42 dilute
digestion AN o e HC1
S~ extraction
0] . | | 2 ) - 0

¥

{ L) T .
A11 A1-2 A3 Bouy Bop B3 G G

TABIE XXIX

MECHANICAL ANALYSIS = KINGFISHER WNo. 2

Percentage of each size separate¥®

Coarse=- Very
fine fine 5ilt Clay
Horizon sand sand _ (all) . (all) Total
AT-1 0.7% 20,19 CZ.26 17,85 98,387
A1-p 0,85 27,148 52,60 17,04 97497
A3 0,96 25.17 52,74 18,88 97.75
Bl 0,80 23.82 45,58 27,59 97.79
B2 0,69 22,40 16,62 28,10 97,81
B3/ 0.L8 22,67 52032 22,87 98,3l
ol 0,52 23,21 57.42 17,93 99,08
Co 0,90 23,90 52,31 19,30 96,41

%  The percentages are corrected to account for weight loss due to
organic matter oxidation.
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Total phosphorus removed from the whole soil by perchloric acid
digestion is uniformly distributed throughout the profile of Kingfisher
No. 2 (Table XXX, Part II), Digestion of the perchloric acid "solil=
residue" with hydrofluoric acid indicates that perchloric acid is very
‘efficient in removing total "reserve! phosphorus (Table XXX, Part IT).
When reported on a percentagé basis the perchloric acid is shown to be
from 90,6=100,0% efficient in removing total "reserve!" phosphorus from

this soil (Table XXXI).

TABLE XXX -~ KINGFISHER No. 2

PPM OF TOTAL "RESERVE" PHOSPHORUS OBTAINED FROMs

PART 1 PART IT
Mechanical separates Whole scil
HC10 HE o HCI HF
Horiwon Digest. Dipest. Total* . Digest,  Digest. Tota Ll#
A1 5763 203 9.6 .« 216.,0 e 246,00
.A'l°'2 6909 206 ?205 ° 17600 oy 17600
Ay 9642 3.1 99.3 . 162.4 8.8 171.2
B,y 121.8 3.9 125.7 . 1560 16.2 172,2
Bs.> 107.8 4.0 111.8 . 154.0 12,2 168.2
B3 112.1 263 1.y« 152.0 11.4 163 .4
c1 72,4 1.0 73,4 o 136.0 e 136.0
Co 75,0 1.2 7602 o 194.0 12,0 208,0

%  PPM of total phosphorus from perchloric acid digestion plus the PPM
of total phosphorus from hydrofluoric acid digestion is reported as
total "reserve" phosphorus.

In the Kingfisher No. 2 profile all of the total "reserve phosphorus
is removed from the combined sands and silt separates by perchloric acid
digestion (Table XXXII), but some phosphorus still remains in the clay
residue (Table XXXIII). The total phosphorus which remains in the clay
after perchloric acid digestion is probably due to the presence of highly
insoluble aluminum phosphate compounds or by the substitution of phosphorqs

for some of the aluminum or hydroxyl ions in the crystal lattice or both.
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The ratios reported in Table XXXIV show the relationship of total
phosphorus removed by digesting the scil separates with perchloric acid
as compared to the total phosphorus removed from the remaining residue
by hydrofluoric acid digestion. The amounts of total phosphorus the soil
separates contribute to the whole soil by perchloric acid and hydro-

fluoric acid digestion are shown in Tables XXXV and XXXV,

TABIE XXXI = KINGFISHER No. 2

COMPARATIVE EFFICIENCY OF THE REMOVAL OF TOTAL
PHOSPHORUS BY TWO METHODS OF DIGESTICN

Percent of total phosphorus removed
from the whole soilbys

Perchloric Bydrofluoric

Horizon acid acig®
A 10U, 0 o0
Aimé 100,0 S
3 NS 5.1
B2ml 9006 9eh
Bo.o L9267 To3
B3 93,0 7.0
c1 100,0 -
02 9&02 508

% Digestion of the residue left from the perchloric acid digestion with
L 8% hydrofluoric acide

TABIE XXXTI- KINGFISHER No. 2

PPM OF TOTAL PHOSPHORUS REMOVED FROM THE MECHANICAL. .
SEPARATES BY PERCHLORIC ACTD DIGESTLON

Coarse— Very
fine fine
Horizon sands sand Silt ; Clay
*iAlul e 3600 3796 200,0
A1 - 42,0 2.8 208,0
A3 e Léaly 12,0 328.0
B2-1 R 118.8 U7.2 320,0
Bp .o — L8,0 L3.6 2720
By e 51,2 L1.2 3440
C1 - 3502 L0.L 228,0
Co e 3906 42.0 22L .0

# All of the sand separates were analyzed together because of the small
quantity of coarse=fine sand separates.



TABIE XXXTII - KINGFISHER No.2

PPM OF TOTAL PHOSPHCORUS REMOVED FROM THE MECHANICAL

SEPARATES BY HYDROFLUCRIC ACID DIGESTION*

33,

Coarse= Very

fine Tfine
Horizon sand sand Silt Clay
Aj-1 = == e 8.1
AYp e e e 15.3
Aq o e e 16.6
.1 - - — 1,0
B3 S mm—— S 969
Co —— — — 602

# Residue left from the perchloric acid digestion is redigested with

8% hydrofluoric acid.

TABLE XXXIV - KINGFISHER No. 2

REIATIONSHIP OF PHOSPHCRUS REMOVED BY PERCHLORIC

ACID AND HYDROFLUCRIC ACID DIGESTION*

Coarse- Very
fine fine Combined
Horizon sand sand sands Silt Clay
Ay1 - J— e [ 11.0
Ayoo e S e o= 13.6
Ag o e oo e 19.8
Boo1 o= c=e= co== comm 2249
Bo.2 o om=e === moeo 19,2
B3 e e e mowe 3L4.7
o - - S ——-- 10,7
Co et it e = 3601
%  The nmumbers represent the ratio of PPM of phosphorus removed by

perchloric acid digestion to the PPM of phosphorus removed by
hydrofluoric acld digestion.

A narrow ratio

phosphorus removal by perchloric acid digestions,

indicates minimum
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TABLE XXXV = KINGFISHER No.2

PPM OF TOTAL PHOSPHORUS THE MECHANICAL SEPARATES CONTRIBUTE
TO THE WHOLE SOIL BY PERCHLORIC ACID DIGESTION

Coarse- Very
fine fine Whole
Horizon sand¥ sand S5ilt Clay Total sol 1
A1 o 10.0 2L.2 2563 57.3 216.0
Al-2 ——ee 11.9 22,5 35.L 6949 176,0
A3 S— 12,1 22,2 61,9 9642 162.L
Bo.1 S 12,0 21.5 88.3 121.8 154,0
Bp .2 ——ee 11,1 20.3 76l 107.8 1560
Bs ———— 11.9 21.6 7807 112.1 152,0
o5 - 8.1 23,2 40.9 7204 1360
Co e 9,8 22,0 43,2 75.0. 196.0

% All the sand separates were analyzed together because of the small
quantity of coarse=fine sand separates.

##% The figures in this column represent total phosphgrﬁslin the soil
before removal of organic matter and before mechanical separations
were made.

TABLE XXXVI - KINGFISHER No. 2

PPM OF TOTAL PHOSPHORUS THE MECHANICAL SEPARATES CCNTRIBUTE
TO THE WHOILE SOIL BY HYDROFLUCRIC ACID DIGESTION#*

Coarse = Very
fine fine Soll
Horizon sand sand Silt Clay Total residueik

T —— = et s oy e
A1-o e e o 2.6 2.6 womamen
A3 e e it 3.1 3.1 8.8
Bo-1 e ——— = 3.9 369 16,2
B2 .=.2 e esem mmesme e heo hno 1202
B3 e = o L 263 23 11.L
C1 - oo S 1,0 1.0 o
Co S oo oo 1.2 1.2 12,0

% Data were obtained by multiplying PPM of phosphorus from hydrofluoric
acid digestion.times the percent of each separate for the correspond-
ing horizons.

%
X
*

The residue from perchloric acid digestion of the whole soil is
redigested with 48% hydrofluoric acide



DISCUSSICN

Available phosphorus is low in the Zaneis and Kingfisher profiles
studied (Tables I, X, XIX, and XXVIII). However, distribution of avail=
able phosphorus with profile depth suggests that there is a greater
phosphorus "reserve® in the lower horigons or the phoéphorus is more
easily available in the Kingfisher profiles as compared to the Zaneis
profileso

Total phosphorus removed from the whole soil by perchloric acid
digestion is about the same order of magnitude for the two Zanels
profiles, but is noct as great as the phosphorus content of the two
Kingfisher profiles ( Part II of Tables II, XII, XXI, and XXX)s There
is considerable variation between the two Kingfisher profiles with respect
to the amounts of total "reserve'! phosphorus removed by perchloric acid
digestion. However, there is very little difference between the two
Kingfisher‘profiles in efficiency of phosphorus removed from the
perchloric acid "soil-residue" by hydrofluoric acid digestion. When the
phosphorus removed from the Zaneis and Kingfisher profiles by perchloric
gcid digestion is reported on a percentage basis it can be shown that
the phosphorus in the Kingfisher is not held as strongly as the phosphorus
in the Zaneis. Perchloric acid is 90,9=100.0% efficient in the removal
of total '"reserve!" phosphorus from the Kingfisher No, 1 and 90.,6-=100,0%
efficient for Kingfisher No., 2 as compared to 20.7=87.2% efficiency for
Zanels No. 1 and 57.0-93.0% efficiency for Zaneis No. 2 (Tables XXII,
XXXI, VII, and XVI).

Total phosphorus removed from the respective soil separates by
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perchloric acid digestion appears to be about the same for the four
profiles studied (Tables IV, XIII, XXIII, and XXXII). However, there is
a noticeable difference in the amount of total phosphorus removed by
hydrofluoric acid digestion of the remaining residues of the Zaneis soil
separates as compared to the Kingfisher soil separates (Tables v, XIV,
XXIV, and XXXIII)s Generally, more phosphorus remains in the respective
sand, silt, and clay residues of the two Zanels profiles after perchloric
acid digestion than in the two Kingfisher profiles. In all four profiles
there is less total "reserve! phosphorus removed by hydrofluoric acid
digestion as the degree of weathering increases, but this decrease in
phosphorus removal is more pronounced in the Kingfisher profiles than in
the Zaneis profiles. Although some phosphorus still remains in the clay
residues of all four soils after perchloric acild digestion, this
phosphorus 1s removed more e€asily from the Kingfisher as compared to the
Zanels clay separates according to the ratios reported f; Tables VI, XV,

XXV, and XXXIV.



SUMMARY AND CONCLUSIONS

Two Zaneis and two Kingfisher solils were selected for this study.
The whole soil was analyzed for available phosphorus by the Bray and
Kurtz method and total phosphorus was determined in the whole soil and
mechanical separates by perchloric acid digestion. Total "reserve®
phosphorus in the residues remaining was removed by hydrofluoric acid
digestion,

Both soils are low in available phosphorus, but distribution of
available phosphorus is. more uniform with profile depth in the Kingfisher
solils as compared to the Zanels soils.

Total "reserve! phosphorus in both soils is relatively low. However,
there is considerable difference in the phosphorus distribution within
the two solls with respect to profile depth. Apparently the total

treserve phosphorus in the lower horigzons of the Zaneis profiles has
already been utilized by plants or else the parent material was inherently
low in phosphorus. The relatively high total "reserve phosphorus content
of the lower horizons of the Kingfisher soll partially accounts for the
greater phosphorus supplying ability and lack of phosphatic fertilizer
response of the Kingfisher soils as compared to the Zaneis. Also, the
phosphorus 1s not held as strongly by the soil in the Kingfisher profiles
as shown by the comparative efficlency of phosphorus removal by perchloric
acid digestion.

Analysis of the mechanical separates shows that the clay is much
richer in total "reserve! phosphorus than any of the other soil separates
and this phosphorus is more easily removed by perchloric acid digestion
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than the phosphorus held in the coarser sand separates. The perchloric.
acld phosphorus removal-particle size relationship probably accounts

for the greater difficulty exhibited in removing total "reserve" phosvphorn}s
from the Zanels profiles since these soils are much higher in coarse sandi

than the Kingfisher profiless
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PROFILE DESCRIPTIONS OF THE SOILS USED FOR THIS STUDY

ZANEIS TOAM No. 1.

The soil sample was collected 2 miles east and 2 miles north of

Stillwater, Oklahoma, 950 feet west of the North Quarter corner or 1782

feet east of the northwest corner of Section 7, Township 19 North,

Range 3 East. The sample was taken from a native hay meadow composed

mostly of tall grasses, with an adjoining cultivated field to the east.

The site is in normal erosional upland with a convex surface and slope

gradient of about 2 percent.

A1 0-9 inches

By 9-15 inches

By 15-2L; inches

B3 2),=36 inches

C 36=48 inches

D L6 inches +

Dark brown (7.5 YR L/2, 3/2, m.) loam or silt loam;
moderate medium granular; friablej; porous; roots
abundant; pH 5.9; grades to horizon below.

Dark reddish=brown (5 YR 3/3) clay loam; weak sub-
angular blocky; friable; permeable; pH 5.6 roots
abundantj grades to horizon below,

Dark reddish-brown (5 YR 3/3, 2/3, m.) heavy clay
loam; weak subangular blocky; more clayey than
horizon above; moderately friable; permeable; pH
5.8 porous; roots abundant; some fine ferruginous
concretions) grades to horizon belows

Reddish=brown (5 YR L/3, 3/3, ms) sandy clay loam;
mottled with yellowish=red (5 YR L/6); weak sub-
angular blocky; friable; porous; moderately permeable;
few ferruginous concretions; roots abundant pH 6.0,

;
Reddish=brown sandy clay loam with seams of weathered
sandstone; weakly stratified with heavier clayey
material; pH 6.1,

Dark reddish=brown (2.5 YR 3/l) well indurated sand-
stone; very slightly friable; pH 6.2,

The parent material developes in thinly bedded sandy rocks of the

Chase group of the Wellington formation which is here composed of

alternating bands of sandstone and clayse



L3.

ZANEIS TOAM No. 2,

The soil sample was taken from a site 1 1/2 miles west of the
Oklahoma State University Dairy<£arn, 1520 feet east of the southwest
corner of Section 8, Township 19 North, Range 2 East. The sample was
from a native tall grass prairie area, weak convex slope with a two
percent gradient.

A7 0=11 inches Very dark reddish=gray (5 YR L/2, 3/2, m.) loam or
silt loam; moderate medium granular; porous;
friable; permeable; roots abundant; pH 6.0; gradesto
horizon below.

By  11-23 inches Yellowish=red (5 YR L/2, 3/L, ms) clay loam;
prismatic to weak subangular blockys; friable;
permeable; porous; roots abundant; pH 5.8,

Bp.] 23=32 inches Yellowish-red (5 YR 5/6, 3/, m.) silty clay loam;
structure same as above; very hard dry; pH 5.8.

Bo.o 3242 inches Dark reddish=brown (5YR 3/L, m., L/6, crushed d.)
silty clay loamj structure same as above; few
ferruginous concretions; pH 5.9

B3] L2-L8 inches Yellowish=red (5 YR 5/6, L/6, m.) sandy clay;

. stratas of soft weathered sandstone; more iron
concretlions than gbovej weak subangular blocky;
pH 6006

B3.p LB-58 inches Dark red (2.5 YR 3/6) weak subangular blocky; iron
concretions increase with depth; some stratified

layers of rather raw shale and weathered sandstone;
PH 6.1

C 58=78 inches Dark reddish=brown (2.5 YR L/L, 3/L, me) definitely
weathered sandstone and shale; pH 6.3.

KINGFISHER No. 1.

A soil sample was taken 2 miles east of the main corners in the city
of Kingfisher, Oklahoma, on state highway 33, 1500 feet east of the
northwest corner of Section 2., Township 16 North, Range 7 West. The
site is in a native grass pasture dominantly of short and mid grasses

including buffalo, blue grama, side oats grama, and scattered clumps of
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little bluestem. The slope is weak convex with 1 1/2=2 percent gradient.

A7 0=10 inches Brown (7.5 YR L/3, 3/3, me) silt loam; moderate
medium granular; friable; a few fine pores;
abundant fine roots; pH 6.3; grades to horizon
belOWo

B1 10-1 inches Reddish=brown (5 YR L/3, 3/3, me.) silty clay loam;
strong medium subangular blocky; firm; a few holes,
worm casts, and pores; pH 6.2; grades to horizon
below.

Bp.1 =21 inches Reddish-brown (2.5 YR L/L, 3/L4, m.) silty clay

. loam; compound moderate medium prismatic and strong
coarse subangular blockys firm; very hard dry;
continuous clay films on peds which are gbout 1
value darker than interiors; roots are well
distributed along the prisms and through the peds;
pH 6.33 grades through a 3-inch transition to the
horizon below,

Bo.p 21-32 inches Reddish=brown (5 YR L/L) silty clay loam with a few
small red spots; compound moderate medium prismatic
and moderate coarse subangular blocky; very firm;
very hard when dry; pH 6.3; sides of peds have
dark reddish-brown clay film coatings which are
1 value darker than the interiors; grades to
horizon belows

By 32-42 inches Yellowish-red (5 YR L/6é, 5/6, crushed) silty clay
loam; with structure like the horizon aboves; sides
of peds are slightly coated with dark reddish-
brown films; a few soft black filmsj; very firm;
very hard dry; pH 6.4 grades indistineily to
horizon belows

C1 L2=52 inches Red (3.5 YR 5/6, L/6, m.) heavy silty clay loam;

o compound weak medium prismatic and weak blocky;
very firm; very hard dry; a few very fine pores;
pH 4.8; grades shortly to horizon below,

Cp 52«65 inches Red (3.5 YR 5/6, L/6, me) heavy silty clay loam;
weak medium blocky; about like the C7 horizon
but has a few white sandy grains in the mass; non=
calcareous; pH 7.0; grades to horizon below.

C3 65=7, inches+ Red (3.5 YR 5/6) silty clay loam with seams of fine
gralned noncalcareous sandstone about 1/8 inch thick;
a thicker band of this flat-bedded sandstone limits
further digging at 7L inches; pH 7.0



L5.

This parent material is formed from the Cedar Hills sandstone member
of the Hennessey formation. Roots are well distributed in all layers
down to and including the Cj. Below this the roots are sparse and occur

only in natural crackse

KINGFISHER No. 2,

The sample was taken % mile west of Okarche, Oklahoma, in the SE SE
NE % of Section 35, Township 13 NWorth, Range 8 West, in a native pasture
mostly of short and mid grasses. The slope is weak convex with a 1%
percent gradient.

A7.7 0<7 inches Reddish=brown (5 YR L/L, 3/L, m.) silt loam;
moderate medium granular; friable; permeable; pH
6.0; grades to.

Aq.o 7-1, inches Same as above: except the structure 1s slightly
stronger; pH 6.2; this grades through a 2-inch
transition to the horizon belows

A3 14-19 inches Reddish=brown (5 YR L/L, 3/L, m.) heavy silt loam;
moderate medium granulars friable; numerous pores
and fine root holes; pH &.L; grades to horizon be low.

Bo_1 19-28 inches Reddish-brown (2.5 YR L/5, 3/5; m.) silty clay
loami moderate medium subangular blocky; firm; weak
clay films on peds which are darker than interiors;
pH 6653 grades to horizon below.

Bo.p 28-36 inches Reddish=brown (2.5 YR L/lU, 3/L, mes) heavy silty
clay loam; compound coarse prismatic and weak
medium blocky; firms slowly permeable; pH 6.6
clay films apparent; surfaces darker than interiors;
grades to horizon below. R

B3  36-lil inches Red (2.5 YR L/6, 3/6;, me) silty clay loam; much

' like the horizon above but without the clay filmsg
a few black spots and partly weathered sandstone
fragments; pH 6.6; grades to horizon below.

Cy LL=56 inches Red (2.5 YR L/8, 3/8, m.) heavy loam between the
seams of slightly hardened fine grained sandstone;
slightly of indistinctly laminated with silty
strataj pH 6.7; changes slightly to the easiepr
digging, less hard layer below,



L6,

Co 5668 inches Heavy silty clay loam which is of slightly
hardened silty rocks; this rests on a thicker,
hardened layer of sandstone at 68 inches which
prohibits further digging:; pH 7.1l.

There is good root distribution through the Bp_p. Below this the
roots are smaller, less gbundant, and occupy only the natural cracks
between peds.

The parent material is weathered from the Cedar Hills sandstone

member of the Hennessey formation.
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