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COMPARISON OF METHODS FOR ESTIMATING
AVAILABLE PHOSPHORUS IN ALKALINE

CALCAREOUS SOILS

By R. D. IIoCKE:\'~MITH, !{OBERT GARDNER, AND JA!\fES GOOD1;NIN

Numerous methods ha ve been suggested for estimating the avail
able phosphorus in soils. 'I'he methods may be divided into two
groups-chelllical and biological. The chemical methods, which have
been used most widely, are: the Dyer 1 percent citric acid method
(8) ; the 0.2 normal nitric acid method by Fraps (9); the Illinois
"I-li-Lo-Phos" test by Bray (1) ; the Michigan water-soluble method
by Spurway (2:3) ; the Wisconsin method bv Truog (26) using 0.002
normal II~S04; the method of yon Wrangell and collaborators (29) ;
the calcium biearbonate method by Dirks and Scheffer (7); the 1
percent potassium carbonate method by Das (5) ; the Hibbard method
(12) using acetic acid with a pH value of 4.0 in the final ex
tract; the Dahlberg-and-Brown method (4) using sodium acetate;
and a modification of the Truog method by Mitchell (14). The chief
differences in the above methods are in the procedures for obtaining
the soil extract and in the nature of the extracting agent.

1V10st of the chemical methods involve the use of the Deniges rapid
colorimetric method for the determination of phosphorus. A thoro
discussion of this method is given by Truog and Meyer (27), Parker
and Fudge (18). Chapman (2), (:3). and the Iruperial Bureau of Soil
Science (21).
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Among the biological methods may be mentioned the Neubauer
method (16) using rye seedlings; the Mitseherlich plant-culture meth
od (15) ; the Winogradsky method? (4), (10), (11), (13), (19), (22),
(24), (28 ), (30), using azotobacter; the Niklas method (17) using
Aspergillus niger; the Thornton plant test (25) in which portions of
the growing plants are used instead of the soil; and the field-plot
method.

Very f'ew of the above methods have been used in arid and semi
arid regions where calcareous soils are prevalent. Most of the chemi
cal methods apparently have been devised with the idea of attempting
to imitate the power which plants have for securing available phos
phorus. The weak-acid-digestion methods have become the most pop
ular. In humid regions where acid soils are prevalent, these methods
appear to agree in a high percentage of the cases with field results
(1), (6), (20), (~6). When these methods, however, have been used
with calcareous soils, the results obtained in our laboratory have fre
quently been disappointing when they are compared with field data.
'I'he acid extraction methods usually bring into solution a large
amount of soluble phosphorus if the lime content of the soil is small.
If the soil contains a large amount of lime, the amount of phosphorus
dissolved is usually small. This is especially true when the Bray
method (1) is used.

METHODS USED

In a preliminary investigation the following methods were used
to determine the available phosphorus in soils: The Winogradsky
method using azotobacter; the Truog method using 0.002' normal
H 2S04 buffered with (NH4)2S04 to a pH value of 3.0 and using a
I-to-200 ratio of soil to extractant; the Mitchell method which is simi
lar to the Truog method, except that the extractant is KfIS04 buf
fered with K 2S0 4 to a pI-I value of 3.0 ; the Hibbard method in which
acetic acid is used in varying concentrations in order to obtain a pH
of 4.0 in the final 1:5 soil :solution extract; the 1 percent K 2COS

method used by Das in India with calcareous soils (modified by using
a soil :solution ratio of 1 :75, instead of the 1 :10 ratio as used by Das) ;
the Dahlberg-and-Brown method, using 0.25 normal sodium acetate
with a pH of 5.0 and a soil :solution ratio of 1:5 (The original pro
cedure as published was followed in this investigation. Since this
investigation was started, however, the method has been modified and
apparently improved. The modified procedure is yet unpublished) ;
a 1 percent ammonium oxalate solution with a 1 :5 soil :solution ratio;
and a 1 percent oxalic acid solution with a 1 :5 soil .solution ratio.

*This method is called, by some investigators, the soil-plaque method, by oth
ersthe azotobacter method, and by still others, the .~~~~<1ed-plate method.
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SELECTION OF FIELDS

As a preliminary part of the investigation, soil samples were
collected from fields of known response to superphosphate on the
Western Slope, in the Arkansas Valley, South Platte Valley and Pou
dre Valley. Many farmers in the irrigated valleys in Colorado have
applied superphosphate to narrow strips of land in their fields. Some
have doubled the yield of certain crops such as sugar beets and alfalfa.
Others have obtained no increase in yield of crops by applying super
phosphate. In collecting the soil samples from fields which gave no
response to superphosphate, only the high-producing fields were sam
pled.

The selection of fields which did not respond to superphosphate
was a difficult task. There are to be found many fields that do not
respond to superphosphate, but the lack of response in many cases
may be due to some other unfavorable condition for plant growth.
In some fields, along with a deficiency in available phosphorus, is
found an excessive amount of soluble salts, high alkalinity, a lack of
nitrate nitrogen or some other nutrient element, an impermeable soil,
,: .Icareous hardpan layer, high water-table. a lack of sufficient irriga
tion water, or improper use of irrigation water.

Some of the above-mentioned conditions may interfere with the
absorption of phosphorus by plants as well as being limiting factors
themselves. It is evident that if one 01' more of these unfavorable
conditions are present, the application of superphosphate may not
increase crop yields, even tho the soil is deficient in available phos
phorus. Many farms were examined where the farmers maintained
that phosphate had not increased the yield of their crops. In many
cases, however, even after applying superphosphate. the yields of the
crops were 10,Y. These low-producing fields which did not respond
were not considered in this investigation because the lack of response
might have been the result of other adverse factors. In selecting
fields which did not respond to superphosphate, great care was used
to be sure that other conditions for plant growth were favorable. The
fields selected for the sufficient group were, therefore, fertile fields
which were producing excellent yields of crops. The samples were
taken at three depths. namely : 0" to 6", 6" to 12" and 12" to 18".
Each sample was a composite of at least 10 borings in small fields
and the number of borings was increased according to the size of the
field. In every case the samples were taken from the untreated por
tion of the field.

DISCllSSION OF PRELIl\iINARY RESULTS

The data in Table 1 show that the response to superphosphate is
not correlated with the amount of organic matter, lime content, pII
value of the soil, nor total phosphorus. The soils which responded
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averaged .1502+ .0071 percent total P 20 5, and the soils which did not
respond averaged .1584± .0033 percent P 205 , the difference being
.0082± .0078, which is evidently not significant. Definite conclu
sions, however, cannot be drawn from so few data.

Of the several methods which have been proposed for determin
ing the available phosphorus in soils in an effort to advise farmers
as to whether or not they should expect a profitable response to sup
erphosphate, the Winogradsky method has been most extensively used
in Colorado. The data in Table 1 show that all the soils used in this
part of the investigation were deficient by the Winogradsky method
and should have responded to an application of superphosphate. It is
noted, however, that eight of these samples were from four fields
where superphosphate gave no increase in yield.

The results obtained by using the Truog method and the Mitchell
method are similar. The striking point of interest in these data is
that the pH values of the final extract vary considerably for differ
ent soils. Samples lOA and lOB with a low buffer capacity have low
pH values, and consequently an unusually large amount of phos
phorus is brought into solution. These data indicate that it would
be advisable to use a different amount of acid on different soils such
that the pH of the final extract would be the same for all soils. It
seems evident that comparable results cannot be obtained with cal
careous soils by using the same concentration of acid on all soils.
Hibbard (12) has proposed a method in which three different con
centrations of acetic acid are used. One of the three concentrations
is such that the final pH of the extract will be about 4. The other
concentrations are such that one will have a pH slightly below 4 and
one above 4. The results are plotted and from the graph, the phos
phate in solution at pH 4 is obtained. Hibbard found the method
fairly reliable with some California soils, but with Colorado soils,
the results obtained did not correlate very well with field results as
shown in Table 1. A more detailed study is being made of the Hib
bard method and in a subsequent paper the agreement between this
method and field results will be reported for a large number of soils.
The Dirks and Scheffer calcium bicarbonate method is also being stu
died and will be reported in the same paper.

The use of 1 percent ammonium oxalate and 1 percent oxalic acid
proved rather unsatisfactory.

The Dahlberg-and-Brown sodium acetate method agreed with
field results in two-thirds of the cases when the upper limit of avail
able phosphorus of deficient soils was set at 2 p.p.m.

The 1 percent K 2 C0 3 method agreed with field results in one
half of the cases when the soil .extract ratio of 1 :10 was used. When
the ratio was widened to 1 :75, the results agreed in every case, ex
cept one.
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THE PROPERTIES OF THE SOILS USED IN THE

MAIN INVESTIGATION

The data in Table 2 give the pII value, the lime content, the sol
uble salt content, organic matter and textural grade for each of the
soil samples used in comparing the Winogradsky, K 2C03 , 'I'ruog and
Dahlberg-and-Brown methods with field results. The data show that
all of the soils are alkaline and most of them are calcareous. Since
the soil samples 'vere taken from well-drained soils, the soluble salt
contents are not excessive. The mean pH value for the surface 6
inch samples from the 93 fields was 8.23±O.018. The mean pH value
for the 6 to 12-inch samples was 8.25±O.019 while for the 12 to 18
inch samples, the mean pH value was 8.28±O.020. The mean per
centage of lime in the surface 6-inch samples was 4.98±O.33 while
for the samples taken at the depths 6 to 12 inches and 12 to 18 inches,
the lime contents were 6.60±O.45 percent and 8.79±O.53 percent,
respectively. The mean soluble salt content was 931±36.5 p.p.m. for
the samples representing the surface 6 inches.

There appears to be no correlation between phosphate response
and the pH value, Iime content, organic matter content, or soluble
salt content within the Limits of these data. The pH values were
determined electrometrically with the quinhydrone electrode. A
1:2 soil: water suspension was used. The soluble salts were deter
mined by the conductivity soil bridge. Organic matter was estimated
by multiplying the organic carbon by the factor 1.724. The total
carbon was determined by means of the Fleming combustion train in
which the carbon was collected in asearite bulbs and weighed as CO2 •

The inorganic carbon was determined on another sample and then
subtracted from the total carbon. 'I'he difference was assumed to be
organic carbon. The lime contents are calculated as CaC03 • Un
doubtedly, a part of the carbonate exists as MgC03 but for the pur
pose of this investigation all the C03 was calculated as CaC03 •

COMPARISON OF TI-IE VVINOGRADSKY l\lETHOD AND TI-IE

K 2 C 0 3 METIIOD WITH FIELD TRIALS

The results obtained in the preliminary investigation indicated
that the K 2C0 3 method gave promise of indicating with a fair degree
of accuracy the available phosphorus in alkaline calcareous soils. The
agreement with field results was 95.8 percent. The detailed proced
ure adopted is described later in this bulletin. The procedure used
in this investigation for testing the soil samples for phosphate defi
ciencies by the Winogradsky method was the same as described by
Sackett and Stewart (22). The results are expressed in Table 3
herein and are designated in the following manner.
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Table 4.-Sulnmary of Data Showing Rellnb i ll ty of Wi no g ru dsk y and K2COa Methods.

G ron p of Soils
Suff'Iclent in
Available Phosphor
us by F'Ield 'I'rtal

Group of Soils
Deficien t in
Available Phosphor
us by Field Trial

0-6" 6-12" 12-18" 0-6" G-12" 12-18"

Percentage of agreement between field
trial and the Winogradsky method ac
cording to the first method of inter
pretation in which the soils which
tested S. were considered sufficient
and the soils which tested V.D., ~J.D.,

and S.D. were considered deficlen t ; 7.7 5.0 5.0

Percentage of agreement between fit>lt!
trial and the Winogradsky method ac
cording to the second method of inter
pretation in which the soils which
tested S. and S.D. were constdered
sufficient and the soils which tested
V.D. and l\f.D. were cousnlered deficient 44.6 25.0 2'2.5

Percentage of agreement between field
trial and the Winogradsky method ac
cording to the third method of inter
pretation in which the soils which
tested S., S.D., and M.D. were consid
ered sufficient and the soils which
tested V.D. were considered deficient.... 72.7 58.0 62.3

Percentage of agreement between field
trial and the K2C03 Method _ 90.0 86.6 71.6

100.0

79.1

50.0

73.1

95.7

87.5

58.3

73.1

100.0

00.5

38.1

SO.8

soils which fell in the S. class were considered to contain sufficient
available phosphorus, while the soils which tested S. D., M. D. and
V. D. were considered to be lacking in available phosphorus and
should respond to an application of superphosphate in the field. It
is noted, however, that only 7.7 percent of the soils which were suf
ficient by field trial were sufficient by the Winogradsky method.
It is apparent that this method of interpretation indicates many soils
to be deficient in available phosphorus which do not respond to appli
cations of superphosphate in the field.

Since most of the soils were shown to be deficient in available
phosphorus by this method of interpretation, it is obvious that there
should be a close agreement between field trial and the Winogradsky
method for soils which are actually deficient in available phosphorus.
The data in 'I'ables 3 and 4 show this to be true.

With the hope of securing a better agreement between the Wino
gradsky method and field trial, the data were recalculated. When
the samples which tested S. D. are placed in the S. class the agreement
with field results was 44.6 percent for the sufficient group but the
a.greement in the deficient group dropped from 100 percent to 79.1
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percent. Even when this second method of interpretation was used,
there still remained a very low agreement with field trial for soils
which do not respond to superphosphate in the field. To further im
prove the agreement in this group, the data were again recalculated
by placing the soils which tested M. D. in the same class with S. D.
and S. This method of calculation increased the agreement for this
group from 44.6 percent to 72.7 percent but lowered the agreement
in the deficient group from 79.1 percent to 50.0 percent.

Of the 67 surface 6-inch samples which were secured from high
producing fields which gave no response to superphosphate, and were
therefore sufficient by field trial, the Winogradsky method indicated:

25.6 percent to be very deficient
28.3 percent to be moderately deficient
35.8 percent to be slightly deficient

7.5 percent to be sufficient, and
3.0 percent gave no development of azotobacter

colonies, even after inoculation. In calculating the data in Table 4,
the samples of soil which gave no growth of azotobacter colonies were
not considered in expressing the percentage of agreement. If this
had been done, the percentage of agreement with field results would
have been lower.

Of the 21 soils which were from fields which gave a great re
sponse to superphosphate in the field and were therefore deficient in
available phosphorus, the Winogradsky method indicated:

42.9 percent to be very deficient
j3.3 percent to be moderately deficient
14.3 percent to be slightly deficient

0.0 percent to be sufficient, and
9.5 percent gave no growth of azotobacter

colonies.

In expressing the reliability of the I(~C03 method in Table 4,
the soils which showed more than 55 p.p.m. of phosphorus in the 1
percent 1(2C03 solution were considered to contain sufficient avail
able phosphorus for the 0 to 6-inch samples. The dividing line be
tween sufficient and deficient soils for the 6 to 12-inch and 12 to 18
inch depths was set at 40 p.p.m. The agreement between the K 2COa
method and field trial was 90 percent for soils in the sufficient group
while for soils in the deficient group, it was only 73.1 percent reli
able. It should be noted, however, that there are some fields which
gave only a slight response in the field. If the samples from these
fields were excluded, the agreement would be 90.5 percent.

The comparison of the Winogradsky and I{2C03 methods shows
that the K 2COa method gave a more accurate indication of the phos
phate needs of the soil than the Winogradsky test. It must be em-
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COMPARISON OF TI-IE TRUOG METHOD AND THE

DAHLBERG-AND-BROWN SODIUlVI ACETATE

lVIETHOD vVITI-I FIELD TRIALS

The data in Table 5 show the agreement of the 'I'ruog method
and Dahlberg-and-Brown method with field trials. In expressing
the reliability of the Dahlberg-and-Brown method, if the soils which
contain less than 2 p.p.m. of phosphorus are considered deficient,
the agreement with field results is 65.2 percent for the deficient
group and 84.6 percent for the sufficient group. With the Truog
method, if the dividing line between deficient and sufficient soils is
placed at 95 p.p.m. of phosphorus the agreement with field trials is
66.6 percent for the deficient group and 73.9 percent for the suffi
cient group. The soils which gave a slight response in the field as
well as those which gave a great response were considered deficient
in the above calculations. If the fields which gave a slight response
are excluded from the deficient group, the agreement for the Dahl
berg-and-Brown method is 63.2 percent instead of 65.2 percent and
78.9 percent instead of 66.6 percent for the Truog method.

The last column in Table 5 gives the pH of the 1 :200 soil :solu
tion extract by the Truog method. While the pH of the original 0.002
normal H 2S04 solution is 3.0, it is noted that the final extracts vary
considerably. Undoubtedly, this varying degree of acidity affects
the amount of phosphorus which is brought into solution. The pH
value of the final extract appears to be influenced by the CaC03 and
soluble salt content of the soil. When the soil contains a large amount
of lime the pH value of the final soil extract is usually alkaline and
thus the amount of phosphorus brought into solution is less than it
would have been if the final extract had been acid.

TENTATIVE PROCEDURE FOR THE POTASSIUlVI

CARBONATE METHOD

A representative soil sample is passed thru a 1 mm. sieve. Two
grams of this sample are weighed and placed in a 250 cc. Erlenmeyer
flask. To the flask 150 cc. of solution A are added. It is then placed
on the hot plate in which the temperature is so regulated that ap
proximately 45 minutes are required to bring the temperature of the
solution to a simmer, and it is allowed to simmer for 15 minutes.
It is advisable to cover the flasks during digestion to prevent ap
preciable reduction in volume by evaporation. At the end of the hour
the flask is removed from the hot plate and allowed to cool. It may
then stand 12 to 24 hours in order to settle or if the determination
is desired immediately, 50 cc. may be placed in a centrifuge tube and
centrifuged. In either case after the extract has been obtained, 10
cc. are drawn off into a 25 cc. graduated test tube. One cc. of a sat-
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urated solution of bromine water is added and allowed to stand ap
proximately 1 hour. A longer time may be necessary for dark-colored
extracts. At the end of this time, 0.4 cc. of 5 N HCI and 1 cc. of a
10 percent NazS03 solution are added. After the test tube has been
shaken vigorously, 2 drops of phenolphthalein are added and suffi
cient 0.5 N NaOI-I is added to produce a red color. This is titrated
with 0.5 N HCI or H 2S04 until the color barely disappears. The solu
tion is then made up to 15 cc. with distilled water and shaken. The
phosphorus is now determined by modifications of the Deniges and
Dirks-Sheffer methods.

COLOR.IMETR.IC PIIOSPIIORUS DETERMINATIONS

After the acidity has been adjusted and the extract made up to
15 cc. the following method of colorimetrically determining the P
present is used.

The Hellige Comparator (Standard Model) is used. Each num
ber on the movable disc or dial is calibrated, by means of standard
solutions, expressed in p.p.m. of P. Square 10 cc. graduated test
tubes are furnished with the instrument. These test tubes should
be marked so that they are placed in the comparator on the same
side and facing the same way every time in order to avoid inaccurate
results due to variation in the test tubes. The test tubes should be
cleaned frequently with cleaning solution.

Ten cc. of the solution with acidity adjusted are placed in the
square test tube and the other 5 cc. in the check tube on the left side
of the comparator. Three drops of solution D are added to the 10
cc. and 1 drop to the 5 cc. Both are well shaken and the one with
5 cc. placed on the lefthand side of the colorimeter. To the other is
added one drop of solution E. The tube is well shaken and read at
the end of 30 seconds. This time is very important since the color
changes rapidly. See Note 7.

SOLUTIONS NECESSARY

Solution A-I percent by weight K2COs-The resulting solution
made to contain the =8= of 0.27 p.p.m, P. There is usually
approximately this amount in C. P. 1{2COs so before any P is
added to the solution 10 cc. should be drawn off and the acid
ity adjusted with the same precautions as described in the pro
cedure above and the phosphorus determined in the colori
meter.

Solution B-0.5 N H~S04 solution.
Solution C-0.5 N Na01-I solution.
Solution D-Ammonium molybdate sulfuric acid solution. Disslove

25 grams ammonium molybdate in 200 cc. water by heating to
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60° C and filter. Dilute 280 cc. of arsenic and phosphorus
free concentrated sulfuric acid (approximately 36N) to 800
cc. When cool add the ammonium molybdate to the sulfuric
acid with shaking and make up to 1000 cc.

Solution E-Stannous chloride solution. Dissolve 25 grams
8nC12·2H20 in 100 cc. of concentrated HCI and make up to
1000 cc. with distilled water.

Solution F-Saturated bromine water.
Solution G-IO percent by weight Na 2SO S •

Solution H-5 N HCI.

NOTES

1.-A wide variation of color was observed in the extracts of
different soils after heating, but no correlation was found between
this color and soluble phosphorus.

2.-11. has been found in this laboratory that 24 samples may be
run conveniently at one time, but a definite length of time must be
used for the oxidation with bromine water and this same length of
time should be used for all samples if comparable results are to be
obtained.

3.-In order that some limit (p.p.m. P) may be set, above which
all soils are sufficient and below which all soils are deficient, it is
suggested that several soil samples be collected from fields in which
the field response is known and a phosphorus determination made
by the above method. A value in p.p.m. of phosphorus may then be
chosen as a dividing line. It will be found that each investigator will
obtain slightly different results but if a dividing line between good
and poor soils is set in this way comparable results may be obtained.

4.-In standardizing each number on the dial of the color imeter
it may be found that each investigator will read them slightly dif
ferent. The same square test tube should be used in the colorimeter
in all determinations.

5.-From time to time the stannous chloride solution used in pro
ducing the blue color should be checked on a standard P solution.

B.-Too much emphasis cannot be given to the importance of ad
justing the acidity of the solution on which the phosphorus is to be
determined. If the solution is only very slightly alkaline, the results
will run high while if acid they run low.

7.-If the solution upon which phosphorus is to be determined is
slightly colored, due to a lack of complete oxidation of organic mat
tel", the tube with which it is compared should be filled with the same
solution (there will be 5 cc. left in the test tube). One drop of solu
tion D should be added to insure no color in the standard tube due to
phenolphthalein. Many times a milky-white ppt. will develop in the
solution upon addition of the 1 drop of stannous chloride due to free
tin being formed. In such cases one drop of 8n012 should be added
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to the check tube instead of the ammonium molybdate (solution D).
The colors in the colorimeter should always be the same between the
phosphorus-containing tube and the check, if comparable results are
to be obtained between various soils. This may be done as suggested
above, by adding one drop of SnCl, solution or one drop ammonium
molybdate, and in many cases the resulting color will be too dark and
should be diluted with water until the same hue as the blue in the
solution upon which phosphorus is being determined is obtained.

S.-It will be noted that solution A (K2 C0 3 ) , after adjusting its
pH to phenolphthalein, gives a color equivalent to 0.27 p.p.m. phos
phorus. Most C.P. I(~C03 contains approximately this amount. How
ever, this is a distinct advantage because many deficient soils will
absorb some of this P and thus widen the difference between suffi
cient and deficient soils.

9.-The disc must be recalibrated frequently as has been shown
by Chapman (2), (8), at the California Experiment Station.
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SUMMARY

Soil samples were obtained from 93 fields of known response to
superphosphate in several of the irrigated valleys in Colorado. Twen
ty-one of these fields showed a marked response to the application of
treble superphosphate. Five showed only a slight response and 67
showed no response.

A preliminary comparison was made of several of the proposed
methods for determining available phosphorus in soils and a more
detailed comparison "vas made of the Winogradsky, Dahlberg-and
Brown, Truog and K 2C03 methods.

Of the 67 soils from fields which gave no response to superphos
phate and were, therefore, considered to be sufficient in available
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phosphorus, the Winogradsky method indicated:
~5.4 percent to be very deficient,
28.3 percent to be moderately deficient,
35.8 percent to be slightly deficient,

7.5 percent to be sufficient, and
:3.0 percent gave no visible gr-owth of azotobacter

colonies.
Of the :21 so ils f'rom f'iclcls which gave a great response in the

field and were tbcref'o rc def ic icnt ill a vaila hle phosphorus, the Wino
gradsky method indicated :

42.9 percent to be very deficient,
:33.8 percent to be moderately defieient,
14.3 percent to be slightly deficient.

0.0 percent to be suff'icient. and
9.5 percent gave no visible gro\vth of azotobacter

colonies.
With the Truog method, the agreement with field trials for the

'4 sufficient" soils was 7:3.9 percent while for the soils which gave a
g-reat response in the field. the agrecme.nt was 78.9 percent.

'I'he Dahlberg-ancl-Bro\Yl1 met hod g'Hve an agreement with the
~'sufficient" soils of 84.G percent while for the soils which gave a
great response, the agreemcnt was ():).~ percent.

'I'he I{~C();~ method gave an agreenlcnt with the 4' sufficient"
soils of 90.0 percent w hile for the soils wh ich gaye a great response
in the field. the agl'eelllent was 90.;) pereent. If, however, the data
are calculated in a d if'fercnt \vay and the soils which gave a slight
response are included w ith those which gave H great response. the
agreement for the deficient xoils drops fr0111 90.5 percent to 73.1
percent.

Data are presented showing the content of organic matter, cal
cium carbonate, sol nble salts, the pI-I val ues and the textural grades
for the soils used in t his investigation.

Of the methods studied, the I\:~CO::: method appears to give the
highest agreement with field results.

It seems probable that no chemical method for estimating the
availability of soil phosphorus can im itate exactly the power which
plants have for securing available phosphorus. The data show, how
ever, that there is a fairly close relationship between the amount of
phosphorus soluble in certain solvents and the amount which is avail
able to plants. An alkaline sol vent appears to be 1110re satisfactory
for alkaline calcareous soils t han an acid extractant.

The results of this investigation inc1ieate that even tho a labora
tory test shows the soil to be deficient in availablc phosphorus, a field
trial should be strongly recommended before a large quantity of fer
tilizer is purchased.e-v.A tentative procedure for the I{:!C0 3 method
is given.
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