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‘THE EFFECT OF DIFFERENT COLLOIDAL SOIL
MATERIALS N THE EFFICIENCY OF
SUPERPHOSPHATE

By Prrue L. Gius
Senior chemist, Division of Soil Chemistry and Physics, Soil I nvestigations, Bureau
of Chemistry and Soils
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INFTRODUG 5iON

@  Comparatively little is known of how different soils affect the effi-
ciency of superphosphate. Numerous practical experiments such as
{ Dthose determining the comparative values of different, phosphatic fer-
®Ztilizers have thrown little light on the subject. In most such experi-
ments, no value for the efficiency of superphosphate is obtained thag
can be fairly compared with that obtained in another scil. More
intensive experiments involving determinations of the phosphorie acid
recovered in the crop show that some soils must affect: the sffictency
of superphosphate profoundly, since the proportion of applied phos-
phoric acid recovered in the crop is frequently only 10 to 20 percent,
{26, 39),' a5 compared with 90 percent and 6C percent recoveries of
nifrogen and potassium (50, 57). But experimerts of this kind have
not furnished comparable figures for a wide variety of soils, since
utilizetion of the applied phosphoric acid varies with the kind of crop
and is affected by varying climatic conditions as well as by the char-
acter of the soil. ) )
Leboratory studies of the fixation of phosphoric acid by soils tave
been made in great numbers since Warington {(52) investigated the
subject in 1868. These experiments by themselves are inadequate

1 Italio numbers In parentbeses refer to Litaraturs Cited, p, 36.
172090 o]
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to show how the efficiency of superphosphate for crops is affected by
soils, since laboratory methods of determining the availability of the
fized phosphoric acid at best only approximate the plant’s capacity
for assimilating phosphoric acid. But some of these studies throw
light on results okiained in vegetative experiments with plants, and
these are discussed later.

The study of soil colloids has suggested to several investigators
(18, 23) that the efficiencies of different phosphatic fertilizers may be
largely affected by the colloidal soil material. Experimenfs have
slready been conducted with artificial iron, alumina, snd silica gels,
which are presumably similer in some respects to the colloidal material
of the soil. Years ago Prianischnikow {40) showed that the addition
of hydrous ferric oxide to sand cultures depressed the efficiency of
bone meal for barley, and Pfeiffer and Blanck (38) showed that s
mixture of slumina and silica gels depressed the efficiency of potas-
sium acid phosphate for yellow lupines., More recent experiments
by Lemmermann snd Wiessmann (31), Gile and Smith (23), and
Jessen and Leseh {29) showed that collcidal silica may inerease the
efficiencies of various phosphates including superphosphate.

This iLvostigation was undertaken with the idea of determining
how the efficiency of superphosphate as & fertilizer is affected by a
number of natural, widefy different, colioidal soil materials.

PLAN AND METHODS

The comparative effects of different soil celloids on phosphate
utilizetion by the plant was investigated by means of vegetative
experiments 1 sand cultures involving some 1,400 pots. In order to
limit the study, only one kind of crop, millet, was grown, and practi-
celly all the work was conducted with one phosphatic fertilizer,
superphosphate.

Before it was possible to determine the conditions that would give
2 fair comparison of different colloids, it was found necessary to study
the following subjects: Modifications of the bese fertilizer used with
superphosphato; method of applying the superphosphate; effect of the
soil on superphosphate as influenced by quantity of soil, by quantity
of phosphate, and by reaction of the megium; the effects of colloidal
and noncolloidal fractions of the soil. Information was also obtsined
regarding the effect of an artificial colloid, activated chercoal, on the
efficiencies of superphosphate and ground rock phosphate, and
regarding different methods of caleculating fertilizer efficiencies.

The dats of the different experiments, some of which bear on more
than one of the above-mentioned subjects, are shown at the end of
this report; the summarized results are given under the various head-

ings.

The general plan adopted for experiments designed to show the
effect of & soil colloid on superphosphate efficiency called for one series
of pots containing pure quartz sand and another series filled with a
mixture of sand and soil, the soil being applied at & rate to furnish
sbout 1 percent of colloidal material.

All pots received the same base fertilizer which was designed to
supply all essential nutrients in excess, excep* phosphorus. The
pure quartz-send series was installed as & basis for comparison. It
received incressing quantities of superphosphate, and the efficiency

e




THE EFFICTIENCY OF SUPERPHOSPHATE 3

of the superphosphate in this nonreactive medium, la.cldn%lcolloidal
- material, was taken az 100 percent. From the results of this stand-
ard series a curve was plotted showing the incressed growth to be
attained, under the experimentsl conditions, with any quantity of
P;0; below the maximum. In the soil-sand series some pots recelved
no phosphate, and others received & quantity of phosphate less than
the optimum. The yield of the no-phosphate pots, which received
some phosphoric acid from the added soil, was subtracted from that
of the phosphate pots to give the yield attributable to the superphos-
phate application. .
The efficiency of the superphosphate in the soil-sand mixture is
‘calculated ageainst the assumed 100 percent efficiency in pure quartz
sand, on the basis of the comparative quantities of superphosphate
required to produce the same increased yield in the two mediums,
The guantity of phosphoric acid that gives the same increase in pure
sand as that actually obtained in the soil-sand mixtures is found by
consulting curves plotted for yields of the pure-sand series, The
ratio of these two quaniities of phosphoric acid times 100 gives the
efficiency of superphosphate in the sand-soil mixture, as a percentage.
The advantages of this method of caleulating efficiencies have been
pointed out m a previous publication (20). Theoretically, the dry
weight of the crop is adequate data for caloulating efficiencies by this
method, and determination of the quantity of P,Oy recovered in the
crcg: 1s unnecessary. However, some 70 of the crops were snalyzed,
and a comparison was obtained of efficiencies based on the two kinds
of data. This is discussed under s subsequent heading, Unless
otherwise sovecified, efficiencies reported in the following tables were
baged on the oven-dry weights of the crops.

This method of measuring the infiuence of =il colloids on phosphate
efficiency assumes that the soil or soil colloids affect growth only by
affecting the phosphate. Obviously, this is true only within limits,
It is quite conceivable that the addition of soil or soil colloidal material
might in some cases reduce the availability of nutrients added in suin-
posed excess to a point where they, rather than the phosphorus, would
be in minimum. The soil could also provide elements affecting growth
that were not present in the simple quartz medium. The hydrogen-ion
concentration of the medium is in most cases altered somewhat by the
addition of soil; likewise, the water relations, probably the micro-
organisms, and the protection of roots against injury from salt econ-
centrations ars affected by the addition of colloidal soil material.

As a matter of fact, a few cases were encountered in this work where
some of these possible effects of soil additions were operative to such
en extent as to render impossible or inaccurate the proposed method
of measuring phosphate efficiency, The addition of Fallon soil, for
instance, in one experiment (table 16) 2 rendered iron so unavailable
tn the soil-sand medium that millet showed a marked chlorosis and
growth was reduced more by lack of iron than by lack of phosphorus.
in enother experiment (table 30) the peat of pH 3.5 rendered the peat-
sand mixture so acid that growth with the given smonnt of super-
phosphate was doubtless less then it otherwise would have been, and
the influence of the peat on phosphate efficiency was obscured.

2 Tahles 11 to3) appear in the Anpendix,
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Hovwaever, so long as the quantity of phosphate supplied was kept
in minimum these secondary effects of the colloidal material were,
except as noted, of negligible importance as compared with the effect
on the phosphate. Itis evident from results obiained in experiments
reported in tables 17, 21, and 22 that the quantity of phosnhorus
available o the plant was the factor controlling growth in this work.
In these experiments the addition of Nipe soil and of Sassafras and
Clarksville subsoils reduced yields markedly below those of correspond-
ing pots in the pure quartz-sand series when the quanfity of super-
phosphate applied was small, but when sufficient superphosphate
was supplied the yields in some cases became even greater then those
in the sand series.

In only four of the experiments described here was the extracted
colloidal fraction used in the sand cultures; in the other experiments
the whole soil was added to the sand in an amount sufficient to supply
the desired quantity of colloidsl metertal. It would seem, therefore,
that this work was largely a study of the effect of the whole soil on
phosphate efficiency rather than a study of the colloidel material,
nnless it were assumed that the noncolloidal part of the soil was
without influence on phosphate utilizetion. This last assumption
appears valid, except for soils containing noncolloidal carbonate of
lime, since it is evident from previous work (3} that distinctively
mineral, nencolloidal soil particles have slight reactivity as compared
with the colloidal soil material. However, direct evidence as to the
comperative effects of colloidal and noncolloidal soil fractions was
obtained in four experiments deseribad later. This work cannot be
discussed in detail at this point, but the results indicate that the
procedure of adding the whole soil to the sand on the basis of colloidal
content may give fully as fair & comparison of the effects of different
soil colloids as the use of extracted colloidal fractions. Either method
is open to some objection,

b g)etails of the procedure followed in conducting the tests are given
elow,

Glazed earthenware crocks of 1-gallon capacity were used s con-
teiners. Each pot was filled with 5,000 g of quartz sand, or 5,000 g
of sand and soil. _

A uyniform mixture of the scil or superphosphate with the sand was
obteined by moistening the sand with about 1 percent of water to
prevent segregation of materials. The superphosphate applications
were mixed with small quantities of sand or soil prior to being mixed
with the bulk of thé material.

The base fertilizers used in different experiments are shown in
table 1. They were added to the pots in solution before planting.
In some experiments conducted during periods favorable to repid
geowth, & further application of mitrogen and potassium (base
fertilizer no. 9) was add%d to all pots when the nitrogen was nearing
exhaustion in the pots carrying the greatest growth. Experiments
in w};}ich this supplementary fertilizer {no. 9) was applied are noted
In table L.
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Tapre 1.—Composition of base feriilizers used in the different experiments

o fer |Ca(NODss HiOf (VHD 80, Kl | MgSO.7 Hy0 Fer Q08 | MngoL2 H10

Grams
Grams per.pot |Gramsperpol] per pol | Gremaz per pof | Qrams per pol | Grams per pot
1.070 0. 441 0. 446 0. 034 0. 074 0, 033
) . . aag 457
535 . 338 . 457
. L . 338 457

125 .33
.338 457
457
L 457

Totrl salts
. Table it which
Base fertilizer no. less water uss of fertilizer

c;ﬁ%gﬂi' total salts | s reported

Parls per
drams drams Grams ! [/
per pet

%
23

11,
All except 11,
12,
12,
iz

14,
14, 29.

14,
12,18, 17, 10-038,
29, 81,

EBREENEYS
p TEl ey
Loaneagay o

=1

German, or foxtail, millet (Setaria ttalica) seed were planted, and
as the seedlings became established they were thinned to 10 plants
per pot.

The pots were kept in s glasshouse, the temperature of which
varied from abont 75° in winter to 110° F. on hot days in early sum-
mer. The position of the pots relative to one another was changed
daily, except Sunday, in s regular manner. The waler content of
the sand, determined by weighing the pots, was kept a$ upproximately
17 percent by the addition of distilled water.

In winter months the plants were grown until heads began to appear.
At other times of the year they were grown until a shortage of nitrogen
developed in the high-phosphate pots of the check selies, a5 indicated
by yellowing of the lowest leaves. The duration of the experiments
varied from 20 to 50 days, depending on temperature and light
relations,

Only the plant aboveground was harvested. The oven-dry weights
reported were obtained by first thoroughly air-drying the erop and
then drying for 2 hours at 105° .

Replication of the treatments varied somewhat in different experi-
ments to conform with the aceuracy desired and the number of treat
ments in the experiment. In experiments involving a few pots, lese
replication was needed to attain a given accuracy than in experiments
involving a greater number. Apparently this was owing to the fact
that conditions in the glasshouse were more uniform in a small space
than in a large one. Usually all treatments were replicated four
times. However, as the work progressed and uniform lots of sand
lacking in phosphorus were obtained, it became evident that if was
nct necessary to replicate the no-phosphate treatments, since growth
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hera was so slight, about 0.1 g of dry matter per pot, that an exact
determination of this quantity was unessential.

SOILS AND MATERIALS

The quartz sand used in this work was a commercial grade of ‘“glass
sand.’* Tt contained ne soil or clay, but one lot, used in experiments
reported in tables 11 and 16, contained encugh soluble alkali to im-
part a hydrogen-ion concentration of 7.5 te the material with fertilizer
salts added, and another lot was evidentiy contaminated with some
phosphate, as shown by the resulis of experiments reportec in tables
13, 17, and 23. Thet used in the other experiments was apparently
free from impurities affecting plant growth, and did not change the
hydrogen-ion eoncentration of distilled water appreciably.

Seventeen surface soils, 14 subsoils, 2 peats, and 3 activated char-
coals were tested for their effects on the efficiency of superphosphates.
With two exceptions, the soils were taken from the coﬁection of soils
from different parvs of the United States utilized in the colloid studies
described in previous publications. The location of the soils and the
chemical composition of the whole soil and of the colloid present are
given in a previous bulletin ({4). The adsorption and other proper-
ties are also described in previous publications (22, 4).

The Brazil soil was & surface sample taken from a coffee plantation
in Sao Paulo, Brazil. It 1s not an authentic sample of & well-defined
soil type, but it was used in this work as the colloidal material had a
very low silica sesquioxide ratio. It contained about 56 percent of
colloidal material as ascertained by the water-adsorption method
(43). The analysis of the colloid is given in table 2.

TanLe 2.—Chemical composition of colloide exiracted from the Nipe and Brazil
sotls 1

Nuome of colloid Bi0 Aly0y FeaOy Cri0y MnQ Mpo

Pereent ! | Percent | Percent | Pereeni Percent
12,48 . 52,03 087 0. 63 0.33 Q.12
24.23 . 21,86 .18 . .07

Mols
Nams of colleid 80, 5i0:
Al 02+ Ferdy

Pereent | Percent Percent
Trace. .. 0,44 0,06 0.0 0, 4L
R [, T 1.82 . .13 .85

! Analyses by Q. Edglogion.

The lot of Nipe soil was of the same type as that deseribed in a
previous bulletin (7} but was & new field sample. The analysis of the
colloid is given in table 2. The colloid content of the soil was 66
percent as ascertained by the water-adsorption method.

The quantities of eolloidal material present in the different soils
were calculated in most cases from data regarding adsorption of water
and dye, given in & previous publication (22). In a few cases this was
supplemented by later data as to the quantity of colloid actually
isolated, or the quantity of water vapor adsorbed by the soil over 3.3
percent by weight sulphuric acid. Before being used in the pot




i AT N

LT

B

THE EFFICIENCY OF SUPERFPHOSPHATE 7

experiments, the soils were passed through a ¥-millimeter sieve to
promote intimate mixture with the sand and phospbate.

The same sample of superphosphate was used in all the foilowing
experiments. It confained 18 percent available P,O; and was ground
to pass a 150-mesh screen before being mixed with the soil or sand.

The rock phosphate used in a few experiments was a Tennessee

rown-rock phosphate, ground to such fineness that 78.3 percent
passed 8 300-mesh sereen and 99.7 percent passed 100 mesh. The
total P,O; content was 33.73 percent.

The physical sharacteristics of the two peats used in the experi-
ment, reported in table 30 have been deseribed by Feustel and Byers
(13). 'The one of pH 5.8 was a saw-grass peat from Clewiston, Fla.,
10 to 16 inches in depth; and the peat of pH 3.5 was the 24~ to 30-inch
layer of a sedimentary peat from Beaufort, N.C.

Charcoals applied in experiments reported in tables 30 and 31 were
prepared from activated charcoal supplied by the Chemical Warfare
Service. As recelved, the activated charcoal contained considerable
ash, including phosphorus and iren, but a lot of this was purified to
give “charcoal of pH 4.1” in the following manner: About 1 pound
of charcoal was boiled with 5 sueccessive 1,500-¢ ¢ portions of 10
percent hydrochloric acid. It was then washed with 1,800 c e of
H,0 23 times, the water being removed each time by suction through
a clay filter. The charcoal was then treated twice with 1,500-¢c ¢
portions of normal Na(l to facilitate removal of acid and then washed
with 1,800-¢ ¢ additions of water 32 times. The last washings had
& pH of approximately 4.1 and gave no test for chloride.

Chareoal described as ““charcoal pH 4.3 " was prepared in the same
manner except for variations in quantities of sample, water, etc. The
lot designated as “charcoal of pH 9.6" was also prepared similarly,
except that preceding the treatment with normal NaCl the sample
was treated with 1,000 ¢ ¢ of 10 percent sodium hydroxide. The
treatment with sodivm hydroxide released large quas eities of chloride
which must have been closely held by the chareoal, since preceding
the treatment with alkali the sample had been washed 30 times with
water and the last washings gave only a weak test for chloride.

EXPERIMENTAL RESULTS

The results of the various experiments are shown in tables 11 to 31.
Figures given for the efficiency of superphosphate are based on the
weight of the erop in sll cases where the content of P,Q; iz not
mentioned. In order to condense the data, the yields of individual
pots are omitted, and only average yields are shown, together with
the probable error of the average. The probable error, calculated

_ Zd
by the formula P. E.=0.6745 7 )

2
method of showing all the data obtained than as a strict measure of
accuracy. In these experiments the variation of duplicates seemed
to be determined largely by the position of the pots in the greenhouse
during early growth. Such being the case, the average figure for
variable duplicates in fairly distributed locations might be practically
a8 accurate as the average fizure for closely agreeing duplicates
exposed to uniform conditions, although the probable errors would be
very different in the two cases, Probably the Student method of

+ i3 given more as a short
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calenlating probable error would give a fairer estimate of accuracy in
these experiments than the usual method.

THE BASE FERTILIZER

It was desirable that the base fertilizer used in this work should
give both a good growth in pure quartz sand and s bigh availability
of the superphosphate. There are grounds for believing that these
two qualtities, in their highest development, may be incompatible in
the same fertilizer, since the base fertilizer giving the greatest growth
in sand with excess phosphate would probably give a small increase
per unit of phosphate, in other words, a low availability of the phos-
phate. But a fertilizer was finally adopted which seemed to satisfy

both requirements fairly well.
 In the first experiment (table 11) trial was made of a base fertilizer
that was similar, except for addition of MnSQ,, to a fertilizer used in
a previous study with fairly ~atisfactory results (23).

he composition of this fertilizer is shown in table 1, under the
heading ne. 1. Growth with this fertilizer was hardly satisfactory, as
the seedlings seemed to be somewhat slower in getting established in
the pure sand cultures than In the series containing soil. This was
thought to be owing to too high a concentration of salts. Also, it
was apparent {romn the results of the experiment shown in table 11
that the quantity of manganese used in the base fertilizer markedly
cut down the efficiency of the smaller superphosphate application.

An experiment (table 12) was then conducted with salt mixtures
(nos. 2, 3, 4, and &5 of table 1), which were much lower in manganese
and contained only about one half the salts per pot as the preliminary
fertilizer. The quantities of iron, manganese, calcium, and magne-
sium were vn:ie& in these fertilizers, to %earn whether the quantities
applied affected the efficiency of superphosphate in pure quartz sand.
The results of this experiment (tabFe 12) showed that there was little
to choose between the fertilizers in thenr effects on superphosphate,
except that no. 4, with the high iron, was inferior. Fertilizer ro. 2
was therefore used in further experiments.

With these smaller quantities of fertilizer, growth seemed perfectly
satisfactory, but it was observed in subsequent experiments that
plants in the soil-sand mixtures ususily gained a slightly better start
than those in pure sand, although the uitimate growth was much
less. The ratic of salts to water in these experiments was only about
one fourth that used by Ayres (6) in his study of sand cultures.

It was thought that this better start might be connected with the
ncidity of the medium. An experiment (table 13) was therefore con-
ducted to ascertrin whether the quartz-sand medium and base ferti-
lizer could be improved by the addition of caleium carbonate. Pre-
cipitated ealcium carbonate was used, and this was mixed uniformly
with the sand. The early growth of the plants was about the same
in all the dpots, but in later growth the following significant differences
developed. The carbonate additions markedly depressed the growth
made with the smaller applications of superphosphate; growth with
0.12 g of PO; was greatest in the series receiving 0.4 g of CaCO;;
and a chlorosis became most pronounced in the series receiving 1.6 g
of CaCQ,. Apparently the addition of 0.4 gof CaCO; lowered the
availability of the superphosphate, while it rendered the medium
somewhat more favorable for growth with an excess of superphosphate.
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The 1.6 ¢ of CaCO; not only lowered the availability of the super-
phosphate, but it diminished the availability of iron to such an extent
that a good growth could not be attained with a heavy application
of superphosphate. It thus seemed that even small additions of lime
to the base fertilizer would be of doubtful vaine.

A trial was then made to find whether the base fertilizer could be
improved through additions of sodium, copper, and boron, or through
a change in the hydrogen-ion concentration brought about either by
the use of sodium bicarbonate or by sapplying the nitrogen all as
nifrate rather than one half as nitrats and one half as ammonium
sulphate. The salt mixtures used were nos. 2, 6, 7, and 8 of table 1,
and the results of the experiment are shown in table 14. Obviously,
the addition of sodium, copper, and boron did not improve growth in
the sand cultures well supplied with superphosphate ; probably suffi-
cient of these elements, if needed, was present as impurities picked up
from containers used for sand and water and from the superphosphate
and other salts applied. Even the small application of sodium bicar-
bonate was plainly injurious, and the substitution of all nitrate for
one half nitrate and one half ammonia was unfavorable also.

The addition of Sharkey soil, which increases superphosphate effi-
ciency, did not increase growth in the acid medium afforded by one
half Nt ; and one half NH,; but it increased growth in the all-nitrate
medimn.  Possibly the phosphate supply was somewhat below opti-
mum in this slightly alkaline medium, and the Sharkey soil added some
available phosphate.

No further modifications of base fertilizer no. 2 were attempted, and
this was used as the standard in subsequent experiments. It was
found later that the slightly better start of plants in the soil-sand
mixtures than in the pure sand cultures was probebly due to the
colloidal material protecting the young seedlings from temporary un-
favoreble concentrations of salts near the surface when the seedlings
were getting & start. This was largely overcome by special care in
watering during that period.

When, in the early part of this study, it was found that the addition
of certain soils to quartz sand rendered small quantities of super-
phosphate almost entirely unavailable, it was suspected that such a
pronounced effect might be abnormal. Since the concentration of
salts in the pot cultures was greater than would be encountersd under
ordinary field conditions, it was thought that the base fertilizer might
have in some way activated the reaction of the soil with the phosphate.
Mattson (32), for instance, has shown a marked solubility of the iron
and sluminum of colloidal soil material after treatment with concen-
trated solutions of ammonium chloride. In water cultures, however,
where no soil is present, the concentration of salts has little effect on
the absorption of phosphates by plants, according to Breazeale and
MeGeorge (9).

Accorgingly, an experiment was conducted in which half the normal
quantity of the standard base fertilizer (no. 2, table 1) was compared
with the usual application. Owing to the small quantity of nutrient
salts applied to part of the pots, the plants were grown to only about
one half the usual size. The results of the experiment (table 15)
show that the soil addition depressed growth to just as great an extent
with half the base fertilizer as with the full application. It is also

172086°—33—2
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evident from the growth made with the two fertilizers in pure quartz
sand that the concentration of the standard fertilizer was favorable

for growth,
METHODS OF APPLYING SUPERPHOSPHATE

In o prebiminary experiment (table 11} application of the superphos-
phate in g layer 1 inch deep, about one fourth inch below the seed, was
compared with applications mixed uniformly with the whole mass of
sand, or sand and soil. In the soil-sand mixture the soil, as well as the
phosphate, was confined to a 1-inch layer. A marked difference was
observed between the two methods of application, axd further tests
were conducted in experiments described in tables 12, 16, and 17.
The results obteined are summarized in table 3. In all cases, except
one, there is a distinct difference in favor of the layer application, but
the difference is especially marked in the soil-sand mixture.

TABLE 3.—Summaﬂiya of resulls oblained on comparing applications of superphos-
phate and soil in layers with epplicalions uniformily mizved with all the guarlz
sand !

Conditions of comnparison {Efciency
ol corTe-

sy A
Kind of 56il ndded to quartz sand Py0s | cation in ﬁ",‘,"ﬁ%’.
anil the quantlty, expressed ns Kind of baza ferlilizer used nppliad | o loyer? f',’,,ml
grams, of colloid present per pot mized?

Cram Pereent | Percenl

Wo. é' high Me 0. 332 100
L i T P

No. 3, standard

Mo. 3, Fe and Mo omltie

No. 4, doutle Fe -

No. 5§, Ce and Mg redueed._._._..

Na. 2, standard

Nipe, S0 E No. 2, standard.....

Brazxil, H ¢ Nea. 1, high Mn..__

Ceci! sizbsoil, 50 g . No. 2, standard

ERLEREREREE

I Dnta obtained from tables L1, 12, 16, and 17.
1 The superphosphate Is assumed Lo be 100 percent effcient where [t was uniformly ruixed with all the sand
and the standard base fertllizer no. 2was used.

The results show the necessity of using great care in applying the
phosphates in the following tests on the effects of different soils on
phosphate efficiency. It was thought best in all this work to adopt
the method of mixing the phosphate snd soil uniformly with the
whole quantity of sand. This method was expected to give more
uniform results in the pure sand cultures, and it would hardly be
advisable to confine the soil o o layer in the soil-sand cultures, since
the physical condition of this layer would be quite different when
different soils were used.

The favorable effect of the layer application is probably due in part
to the plants obtaining a quicker start through the increased quantity
of phosphate within reach of the first roots, 'There was about five
times as much phosphate per unit volume in the layer as in a similar
zoue of the sand receiving the uniform application. The fact that
‘when the comﬁarison wus conducted in pure quartz sand the difference
in favor of the layer application was considerably greater during
early growth than it was when the plants were cut suggests this
advantage of stimulus to early growth. If this is the true explanation,
it indicates that the phosphates do not move to the roots so much as
the roots move to the phosphates.
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EFFECT OF INCREASING QUANTITIES OF SOIL ON THE EFFICIENCY OF SUPER-.
PHOSPHATE

Data given in tables 17 to 22, inclusive, snow now the efficiency
of a ﬁxegl quantity of superphosphate varies as mereasing quantities
of soil are mixed with the quartz sand. The results are shown graphi-
cally in figure 1.

The curves for different soils all show the same general form; the
efficiency falls rapidly with the first additions of soil and is not much
affected by further increments. The two curves for Nipe soil, no. 1,
plotted for the series receiving 0.05 g of P,O; per pot, and no. 3 for the
series receiving 0.135 g of P,O; show that the falling off in efficiency
with incrensing quantities of soil is less sharp, the more superphosphate
is applied.

10 [ | | | |
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Figune 1.—Eflclency of a superphosphate applieation as affected by the guantity of soil mixed with
quartz sand,

10

It is apparent from a comparison of these curves that comparative
figures for the effects of different soils on phosphate efficiency may vary
considerably, according to whether the comparison is based on the
effect of 25 or 50 g of soil colloid. .

EFFICIENCIES OF INCREASING SUPERPHOSPHATE APPLICATIONS WITH A FIXED
QUANTITY OF S50I1L

Before the effects of different soil colloids on superphosphate could
be compared, it was necessary to determine how the effect varied with
the quantity of superphosphate applied. Measurements of the effect
of a fixed quantity of soil on the efficiencies of different quantities of
superphosphate are found in tables 15, 17, 18, 21, and 22. The
results of the different experiments are shown in figure 2, and s
representative experiment is illustrated in figure 3.
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Evidently in all cases the efficiency of the superphosphate, as ex-
pressed, is practically a straight-line function of the quantity of
phosphate applied. Within the limits of experimental error, all
curves would, on projection, pass through the origin, Actually,
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F16URE 2.—Efflciensy of superphosphiate In mixtores of soil and sand as affected by the guantity of phos-
rhats pppiied.

however, when the first and last points on the curve are used for pro-
jection, 4 of the 6 curves cut the abscissa within points corresponging
to 0.018 and 0.021 g P,O;. Somse such point might be the true origin
of the curves, as there may be some quantity of phosphates held so
tightly by the soil as to be eompletely unavailable to the plant.

™ -
s -

Figuns 3.—Effect of increpsing su?ersphosphate in sand and in a sand-Sassalras-subspil mixture as shown
by the growth of millet (tabie 21}, 1, Sand only, no PaOy; 2, sand only, 0.026 g P2Os; 3, sand only, 0.05
g P20y 4, 3and only, 0.1 g P20s; 5, sand and soll, 0.025 ¢ P:Oy, 6, sand and s0il, 0.05 g P10s; 7, sand aud soil,
0.1 g POy 8, sand and soil, 0,15 g PaCo.

However, except for this small unexplored region lying near the limits
of experimental aceuracy, it is evident from the curves that there is
no definite saturation point of the soil which must be exceeded before
any phosphoric acid at all is available. Tt seems, on the other hand,
that the absolute quantity of phosphate rendered unavailable by the




THE EFFICIENCY OF SUPERPHOSPHATE

soil increases with iﬁcreasi.ng application up to a certain poiut (table
4), although the percentage rendered unavailable decreases.

Tasre 4. —Summary of resulls showing how the efficiency of superphosphate
in e soiband-sand mizture varies with the quaniity of superphosphale applied

Table

T
“%;fgﬂn Kind of sofl mixed with guartz sand, :Lmd quautity in tarms E[;ﬁfcigcy

duta were of colloid conten 3 1o

abtained the addi.

te quartz
sand

Percent
1

Mipe sofl, 50 g

do.

Nipe soil, 25

Nipasoll, 123 ¢

Sassafras subsoil, 60 g...

Clarksville subsoil, 10 g J

|

The slopes of curves for the larksville and Sassafras subsoils and
for Nipe soil applied at the vaie of 12% g of eolloid suggest that these
particular a.ppgcat.ions might render some quantity of superphosphate
more efficient then superphosphate in pure quartz sand, in spite of
the fact that these soil additions markedly denressed the efficiency of
small quantities of superphosphate. This, however, is projecting the
results Into the regicn of maximum growth where this method of
study, or the particulsr technic employed, breaks down. As pointed
out under Plan and Methods, the method of testing efficiencies adopted
is valid only so long as the comparison between the pure quartz sand
- and the soil-sand cultures is made with a quantity of superphosphate
that is in minimum. When a quantity of superphosphate near the
optimum is used, secondary effects of the soil which are beneficial to
growih begin to affect the yield, and with still more phosphate the
Field shou%m become higher in the soil-sand mixiure than in pure
sand, as actually occurred in some cases (tables 17, 21, 25).

In table 4 the quantities of PO, rendered unavailable, or ineffective,
as compared with superphosphate in pure sand, are given. This
shows better than the graphs how markerly the ‘“fixed”, or ineffec-
tive, P,O; increases as increasing qusntities of superphosphate are
applied. Another point not brought out in the graphs is that the
Clarksville and Sassafras subsoils and Nipe soil, af the rate of 12% g
of colloid, seemingly render ineffective less P,O, from the heaviest
superphosphate application than from smaller applications. In these
three cases the quantity of superphosphate applied was sufficient to
bring the growth into the region of maximum growth where the method
of studying efficiencies is inapplicable, since there, the soil-sand cul-
* tures are at an advantage over the pure sand cultures,
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The marked increase in efficiency of large over small applications of
superphosphate in the presence of soil evidently holds for most of the
soils.  Data are given in tables 16 and 23 for the efficiency of 0.12
g P,0; in the presence of different soil applications providing 50 g of
colloid. The figures obtained for efficiency in these experiments may
be compared with those obtained in other experiments where the
superphosphate applieation was 0.05 g P,0; per pot. Mentioning the
efficiency of the 0.12 g P;0; application first and that of the 0.05 g
PO, second, the results are as follows: Cecil soil, 70 against 28;
Noriolk soil, 24 against 6; Sassafras soil, 111 against 75; Hagerstown
subsoil, 40 against 4; and Orangeburg subsoil. 33 against 1.

Inssmuch as curves for the efficiency of increasing applications of
superphosphate all approximate straight lines passing through the
omgin, it is evident that the effects of differens soils on efficiency can
be fairly compared on the basis of any one fixed quantity of super-
phosphate. The quantity used for the comparison described later
was 0.05 g of P,G; per pot, this being a dose below the optimum for
pure quartz sand and one that gives measurable increases in growth
with markedly depressing soils. '

The facts brought out in this particular section of the study may
have a further bearing on the comparative effects of different soils on
superphosphate. The fact that the percentage of the superphosphate
application rendered unavailable decreases with increasing size of the
application suggests that the effects of different soils on & given phos-
phate application may depend largely on how nearly saturated the
soils are with P;Os. The soils that are more nearly saturated with
P.0; would evidently render unavailable a smaller proportion of any
superphosphate application than the less saturated soils; in other
words, they would Eepress efficiency less. -

EFFECTS OF COLLOIDAL AND NONCOLLOIDAL SOIL FRACTIONS ON SUPERPHOSPHATE

Although it seems evident from previous work on the properties
of colloidal and noncolloidal soil fractions (3) that the reaction of
noncalcareous soils with superphosphate must be confined almost
exclusively to the colloidal maferial, an attempt was made to show
this directly. The plan was to separate the soil into colloidal and
noncolloidal fractions and compare the effects of these fractions on
superphosphate efficiency with the effect of the unfractionated soil
material.

Certain difficulties in this simple procedure were apparent at the
outset. A complete separation of colloidal material is practically
impossible; hence the noncolloidal fraction is bound to contain more
or less colloid. IHowever, whe quantity of colloid remaining in the
noncolloidal froction can be estimated fairly well by the water-ad-
sorption method (43), and allowance can be made for this in inter-
preting the results. A more serious difficulty enticipated was that
the effect of the colloid on superphosphate might be altered by the
process of extraction, since early work showed that the adsorptive
capacities of some colloids for dye, water, and ammonia were me-
terially altered by the extraction process (22). Alteration was
especially feared in this work, inasmuch as the solls suitable for
this experiment, those markedly depressing the efficiency of super-
phosphate, contain colloid that is difficult to extract, and ammonia
must be used to obtain fairly clean separation, A third difficulty
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anticipated was that the fractions might accumulate sufficient
heavy metals in the process of separation fo render them injurious
to plants. The agitator used for dispersing the soil and the super-
centrifuge used for separaiing the colloid expose capper, brass, tin,
and iron to the soil and water under somewhat abrasive conditions.

The Cecil, Sassafras, and Clarksville subscils, which markedly
depressed superphosphate efficiency, were fractionated for this
experiment by a procedure previously described {(27). Approxi-
mstely 90 ({)ercent of the colloid present in each soil was extracted
by repeated use of the dispersion apparatus and addition of distilled
water brought to & pH of 8 or 9 with ammonia. Tests of the non-
colloidal fractions for adsorption of water vapor indicated that they
contained 6 to 8 percent of unextracted colloidal material. The
extracted colloidal material was dried on the steam bath and ground
to pass & }¥-millimeter sieve before being mixed with the sand.

The three soils were not fractionated at the same time. Fractions
of the Cecll subsoil wers first prepared and these were at once used

Finune 4.—Effects of eolloidal and noncolividal fraetions on superpliosphate os shown by the growth
of millet {table 20}, 1, Sund only, 0.05 g F-0u 2, sand plus 20 g of colloidal fraction, 0.05 g PeQy; 3, sand
plug 40 g of nobcelloidal fraction, 0.05 & P:0;: 4, send plus soi] al mie of 8 ¢ of colloid, 0.05 ¢ Pr0s; 5,
sand plus soil at rate of 40 i of collgid, 0.05 g P20s; 6, sand plus soil at rate of 20 g of collald, 0.05 ¢ P10y
7, sand plus soll at rate of 10 g of colioid, 0.05 g PsOs.

in the pot experiment shown in table 19. A year later fractions of
the Sassafras subsoil and Clarksville subsoll were prepared and
used shortly thereafter in experiments shown in tables 21 and 22.
Foriunately, at this time it was decided, for no particular reeson,to
repeat also the experiment with the Cectl subsoil fractions, utilizing
what remained of the materinl prepared in the previous year. The
results of this experiment are shown in table 20 and illustrated in
figure 4. There were thus three experiments with freshly prepared
fractions and one with fractions 1 year old. '
Tables 19, 21, and 22, giving data for the fractions applied shortly
after preperation, show that the extracted colloids depress the
efficiency of superphosphate much more than an application of the
v wle soil containing the same amount of colloid; the noncolloidal
fractions depress superphosphate slightly or markedly less than a
similar quantity of extracted colioi(%; and the combined fractions
depress the superphosphate mueh more than equivalent quantities
of the untreated soils, The experiment with the Cecil subsoil
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fractions r?ipea.ted a year after the fractions had been prepared gave
somewhat different results (table 20). The extracted colloid gave the
same efficiency of superphosphate as the soil application furmshing
a like guantity of unextracted colloid. The noncolloidal residus
applied a2t double the rate of the extracted colloid depressed growth
much legs than the colleidal fraction.

Only this quelifative idea of the effects of the fractions is afforded
by the figures given in tables 19 to 22, siace, as already shown in
figure 1, the depression in phosphate efficiency is not in direct pro-
portion to the quantity of soil applied, but falls off at & diminishing
rate as the soil is increased. A quantitstive measure of the effect
of & fraction, however, is given by the quantity of soil required to
produce the same result (thai is, the same lowering in efficiency)
as the fracsion. The results obtained in the four experiments are
shown in this quantitetive manner in table 5. The quantitics of
soil required to produece the same results as the fractions were ob-
tained from the curves given in figure 1.

TABLE S5~—Summary of resulls showing the effects of colloidel and noncolividal
s0il fractions on {he efficiency of superphosphate ¥n quartz sand!?

Extracted
collofd
Colloid in Collald iIn | and nen-
qunntity quantity | coiloidal Whole

of us- of ua- restdue, | untreated
treated trested | comblned soil,
sofl, pro- s0il, pro- in pro- producing
ducing dueing portions same
same same
effect effgct

Graina Grams
Ceell subsoll_oeue e . - 10
Cecil subsoil, fractious L yea: "

fras subsol} 40

0
80

o,

Clarksviile subsoi ) 110

1 Cepleniations based on dota given e tabies 19 to 22,

If, for convenience in discussing the results of table 5, it is assumed
that only the colloid in the untreated soil affects the phosphate, then
it appeays that the year-cld extracted colloid of Cecil subsoil is equal
in effectiveness to the unextracted colloid, but the three other freshly
prepsared, extracted eolloids are 2 to nearly 3 times s effective as the
soil eolloid. If seems obvious, then, that the reactivity of the colloi-
dal material in the soil is increased by the process of extraction, and
that this increased reactivity is lost as the fraction sges.

The figures in the fourth and fifth columns showing the effects of
noncolloidal fractions might be fairly well explained on similar
grounds, that the extraction process had increased the reactivity of the
unexiracted colloid in these fractions and this activity was Jargely,
but not completely, lost in the case of Cecil subsoil by aging for 1 year.
Figures for the recombined soil fractions in the last two columns of
the table give direct proof that the process of separasing the frantions
has markedly increased the effect of the material on plant growth
whatever the explanation. The increased effect of freshly prepared
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colloid may be due to increased hydration of ferric oxide with conse-
quent greater facility for eombinetion with phosphoric acid, or it
may be that the freshly prepared colloid after being dried on the
water bath is more permeahle to the solution and consequently reacts
more readily with the phosphoric acid. The loss of activity on aging
rmight be due to dehydration, ‘or the permeability may be lessened on
aging,

gme comparison of fresh and aged Cecil colloids it seems that in-
creased reactivity of the colloid is the chief resson for recembined
soil fractions having & much greater effect than unfreated soil; but
observation of tlie plants during growth indicates that another factor
may play s part in this enhanced effectiveness of the recombined soil
fractions,

In all four experiments it was noted that plants growing in pots
receiving the noncolloidal fraction differed somewhat in appearance
from. plants receiving untreated soil or extracted colloid. In the pots
with the noncolleidal fractions the stand of plants was very irregular;
the larger plants were as dark green as any plants in the experiment
but were affccted with a slight striation in the leaves that was usually
most pronounced in the next to last leaf; root development was also
inferior to that of plants making similar growth in the presence of
untreated goil, the roots being short and stubby, similar to those
developed in an unfavorable medium. On the other hand, plents
growing in pots receiving the extracted colloid had the same appear-
ance &s those muking equivalent growth in the presence of the un-
treated soil. There is thus some indieation in the appearance of the
plants that the noncolloidal residues and the recombined fractions
may owe part of their effect to another factor. This factor may be o
contamination of the fraction with heavy metals picked up in the
process of fractionation. The fact that the effect of the noncolioidal
Iraction measured in terms of the whole soil was not trebled when the
quantity applied was trebled is in eccord with this supposition.

Several months after the characteristics mentioned above of plants
grown with_the extracted noncolloidal fractions were noted, it was
found that Forbes (74), several years ago, described as symptoms of
copper injury in corn plants some of the same characteristics: viz, a
yellow striation of the leaves and a restricted development of roots,
crinkled in form.

The results of these experiments support the idea that the colloidal
material is tlie only part of the soil affecting the efficiency of super-
phosphate, since the colloidal fractions show a much greater effect
than the noncolloidal fractions. But the demonstration is far from
clear-cut, because both fractions exert more than their required ef-
fects. These diserepancies scem to be satisfactorily explained by
changes, including contamination, brouglt about in the process of
separation; hence it is assumed in the discussion that follows that
the soil colloids are the material affecting the superphosphate.

Further evidence that reaction of the soil with superphosphate is
chiefly concerned with the colloidal material lies in the h per-
centages of phosphoric acid found in soil colloids by several inves-
tigators (10, 19, 44), since it is probable that the high pereentages
are chiefly due to adsorption. This is supported by Ford’s (15) data
showing that the use of superphosphate on the experiment plots of

172086° 33— 3
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the Kentucky Agricultural Experiment Station has enriched with
phosphoric acid chiefly the cley fraction. Brown and Byers’ (/0)
data showing that the highest content of phosphoric acid usually
occurs in the 1 to 5 micron fracéion, suggest that adsorpiion of phos-
phoric acid may lead to some aggregation of the soil colloids.

EFFECTS OF DIFFERENT SOIL COLLOIDS ON SUPERPHOSPHATE EFFICIENCY

The conditions sdopted for determining the effects of different
soil colloids on superphosphate were as follows: The different soils
were added to the quertz sand in amounts which would furnish 50 g
of colloidal material in each case; the superphosphate application
furnished 0.05 g of P,0; per pot; and base fertilizer no. 2 of vable 1,
with part ammonia and part nitrate nitrogen, was used. Somewhat
different values would probably have been obtained with different
guantities of soil and phosphate, with a test plant that was & “stronger
feeder” on phosphate than mullef, with & base fertilizer phystclog-
ically alicaline rather than aeid, or wit! superphosphate applied seme
time prior to planting. The particula. values obteined for the ef-
ficiency of superphosphate are therefore of general significance only
in a comparstive sense.

Data for the effects of the different soils under these experimentsal
conditions are found In 10 experiments reported in tables 18, 20, 21,
24 35,26, 27, 28, 29, and 31. These experiments were conducted at
different times under varying conditions of light, temperature, and
htg}lﬁdity. The results of these experiments are brought together in
teble 6.
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The accuracy of the average figures given for the efficiency of super-
phosphate in columns 4 and 9, or the range within which these figures
are sifn.iﬁca.nt, can be judged somewhat frora variations in the dupli-
cate determinations shown in columns 5 and i0. Differences between
duplicates sre probably chiefly due to the usual experimental errors
attending pot experiments and probably in part to vauable growth
conditions in different experiments snd to slicht differences in the
various lots of quartz sand.

The variation in the effects of different soils on superphosphate is
very remarkable. In the presence of Nipe soil, superphosphate is
only one hundredth part as efficient os in pure quartz sand, whereas
n the presence of Wabask soil it is almost twice as efBcient as in sand.
A similar wide variation cbtains in the effects of subsoils. The figures
for efficiencies above 100 percent are not anomalous, for it was found
by analyzing the crops that in the quartz sand cultures the recovery of
P;0;1in the part of the plant aboveground ws only 30 to 40 percent of
that applied.

The figures given for hydrogen-ion concentration show that this
wide vanation in the effects of different soils is not primarily con-
cerned with the reaction, although, as will be shown later, the
hydrogen-ion concentration affects the results somewhat.

Another fact standing out-clearly is the difference in the effects of
soil and subsoil materials. In every case except the Carrington, the
subsoil imparts o lower efficiency to superphosphate than the corre-
sponding topsoil. In the cuse of the Wabash and Stoclcton soils and
subsoils the differences are hardly significant, but in all other cases
they are obvipusly real, and in the case of the Marshall, Clarksville,
Huntington, Sassafras, Orangeburg, and Chester soils the depressing
effect of the subsoil is enormous, as compared with that of the soil.

‘When the surface soil and subsoil materials are taken as forming a
single series there is practically no correspdndence between silica-
sesquioxide ratios of the colloids and effects of the materials on super-
phosphete. If, however, soil and subsoil materials are considered in
separate groups, a fairly good correspondence obtains between silica-
sequioxide ratios and efhiciency figures in the case of both soil and
subsoil colloids, the correlation coefficients being, respectively, +0.84
and +0.83. These coeflicients indicate somewhat less than the actual
correspondence, since the efficiency 1s apparently not a straight-line
function of the ratio. It seems, then, that the silica-sesquioxide ratio
1s one of tha factors concerned with, or associnted with, the action of
the material on superphosphate. But it is obviously not the chief
factor; because soil and subsoil materinls give very different results,
although they have practically the same ratios in nearly nll cases.

The fact that differences between the effects of soil and subsoil
materials are so marked and so general points to some difference gener-
ally obtaining between soil and subsoil colloids as one of the chief
factors determining the effects of the colloids. Complete ultimate
analyses of the colloids previously made by Robinson and Holmes
(44) show that in the case of these soils the colloids from the topsoil
and subsoil strata are very much alike in composition. The only
consistent differences are in the minor constituents—manganese,
organic matter, nitrogen, and the anions, P,QO;, Cl;, SO, These
constituents are nearly always higher in the surface soil colloids. An
increase in manganese would be expected to depress rather than
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enhance phosphatc efficiency, but organic matter in some instances has
been found to increase the efficiency of insoluble phosphates; and an
Increased percentage of P,0, might also be considered favorable as
Indicating a. reduce%l affinity of the colloid for phosphate, owing to the
colloid being incre nearly saturated with phosphorus.

Table 7 gives the percentages of P,Os and organic matter inthe
colloids, previously published (44), for comparison with the effects of
the soils on phosphate efficiency.

TasLe 7.—Relation belween comparative effscts of lopsoil and subsoil on super-
phosphote efficiency and other data jor topsoil and subsorl
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There is practically no cerrespondence between the efficiency figures
of different soils or subsoils and the percentages of organic matter or
phosphorus present, but in all cases except two s higher percentage
of organic matter in the topsoil colloid than in the subsoil colloid
correﬁxtes with _higher superphosphate efficiency. The figures for
};ercentages of PO, are not so significant. fn 5 cases out of 14 a

igher percentage of P,0 in the topsoil or subsoil colloid is net in
qualitative agreement with the comparative efficiency figures of top-
soil and subsoil.

It wns thought that a better indication of the comparative phos-
phorus saturations of topsoil and subsoil colloids might be afforded by
the proportion between PO, and the sum of the snion equivalents,
PO, C, and SO,. But, strangely enough, this proportion seemed to
be practically a constant for the soil and subsoil colloids analyzed by
Robinson and Bolmes (44). Data given for 24 samples show that
the PO, anion averaged 63.6 percent of the total snion equivalents,
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and the standard deviation of single samples {rom the aversge was
only +£9.5. This, incidentally, seems to be anzlagous to the fairTy ¢on-
stant proportion of caleium in the exchangeable bases, to which atten-
tion has been called by Anderson and Mattson (4).

Another figure indicative of phosphorus saturation of the colloid
may be obtained from certain data of the pot experiments. The in-
creases in growth produeed by the simple addition of soil to quartz
sand without a superplhesphate application ought to be significant,
since this treatment constitutes a sort of Neubnsuer test for the avail-
ability of soil phosphorus, and phosphorus saturation ought to be
related in some measure to availability. Al least, one would hardly
expect a soil to be high in available phosphorus if the colloidal material
were markedly unsaturated with phosphoric acid and vice versa,
Increases in growth produced by the addition of differcnt soils to
quartz sand without & superphosphate application are shown in
column 4 of table 7.

These figures, representative of the availability of the scil phos-
phorus, agree with the efficiency data so far as the comparative effects
of soill and subsoil are concerned, {or all soils except the Stockton and
Carrington. Possibly special conditions were operative in the case
of these two soils, since they were exceptions also to the agreement
of efficiency data with percentages of P,O; and organic matter, The
avatlability figures also show a low correlation with the efficiency
figures of different soils and subsoeils. In this respect the availability
data are more significant than either the percentage of total P,0; or
the percentage of organic matter.

Tt should be pointed out, however, that the figures tabulated as
indicative of available phosphorus are only approximate and not
strictly comparable for all seils, owing to the fact that the puresand
cultures evidently contained small but variable amounts of phosphate
impurities in the different experiments. This is shown by the vields
of tlie pure-sand-no-phosphate pots, varying in different experiments
from 0.06 g to 0.36 g of dry matter. Most of the availability data were
taken from experitments where the yields of thiese check pots were from
0.06 to 0.15 g, and are therefore nearly comparable. But figures for
the Huntington, Carrington, Manor, and Norfolk seils were available
only in experiments where there were obviously more phospliate
impurities, the check pots yielding 0.3 and 0.36 g, respectively.
Under these conditions no significance should be attached to vacy-
ing negative values. So far as availability of soil phosphorus is con-
cerned, all negative values mean simply zero availability, The com-
parative magnitudes of the negative values are due to varying amounts
of phosphorus impuriiies in different experiments and to the effects
of the soils in rendering these impurtties unavailable,  The different
negntive values, therefore, constitute simply o further test ol the
soil’s influence on phosphate eflicieney conducted with small amounts
of phosphate impuritics. The dillerent positive values, on the other
hand, are to be regarded as indieating different quuntities of available
phospherus in the soils.

The data presented thus far indicate that the wide differences of
soi] material onsuperphosphate efliciency are dependent in some degrec
on the silica-sesquioxide ratic of the colloidal material. There is
nlso some evidence that varintions in the effects of those colloids that
depress superphosphate efficiency may be largely dependent on the
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extent to which these colloids are saturated with phosphorus. This
is suggested by the inereased efficiency of increasing superphosphate
applications, pointed out In a previous section, by the comparstive
percentages of total phosphorus in soils and subsoils, and by data
indicating the availability of the phosphorus present in the soil.
Evidence as to other factors governing the effects of different soils on
superphosphate was obtained in further experiments.

Laboratory studies of other investigators substantiate some of the
facts and eonclusions discussed in this section.

That surface soils contain more available phosphoric acid than sub-
soils is supported by data reported by Engels {(12), Eling and Engels
(30), and Hasenbiiumer and Balks (24).  Aceording to these inves-
tigators, surface soils contein more phosphoric acid soluble in citric
acid and more phosphoric scid svailable by the Neubauer method
than subsoils. Also, according to Honeamp and Steiafatt (28), the
quantity of phosphoric acid soluble in 10 percent hydrochloric acid
ig greater in surface soils than subsoils, and the part of the acid-
soluble phosphoric acid whick is available by the Neubauer method
Is greater in surface soils. Also, recent data of McGeorge (34) indi-
cate that phosphoric acid removable by electrodialysis is likewise
higher in surface soils than in subsoils,

That a high availability of the soil phosphorus is associated with
high saturation of the soil with phosphoric acid, or at least, with low
ability of the soil to adsorb more phosphoric aeid, is indicated by
another recent investigation. Rauterberg (42} shows that in the
case of 19 soils, a fairly close inverse relation obtains between the
phosphoric acid available by Neubauer's method and the phosphate
adsorbed from a phosphate solution. In the case of three soils high
in available phosphorus, there was & release of phosphate ions to the
phosphate solution instead of adsorption,

Scarseth (45),n & recent study of Alabama soils, found that soils
containing colioids of low silica-sesquioxide ratios had a marked
tendency to fix more phosphate than soils containing colloids of high
ratios. The criterion of fixation was solubility of the P,O; in a water
extract.

THE HYDROGEN-ION CONCENTRATION AS A FACTOR INFLUENCING THE EFFECT
OF SOIL ON SUPERPHOSPHATE EFFICIENCY

Columns 2 and 7 of table 6 show that the different soil-sand mix-
tures had very different hydrogen:ion concentrations in many cases.
Although it is obvious from the table that the effects of different
soils were not primarily dependent on the hydrogen-ion concentra-
tion, it was presumed that this had some influence on the results,
since an effect of liming on superphosphate efficiency was observed in
a previous study (21).

n nearly all experiments approximate determinations were made
of the hydrogen-icn concentration of the soil and sand mixtures after
the plants had been harvested. The colorimetric method was used,
and the proportion of soil to water was sbout 1 to 2. The determina-
tions were accurate to only about two tenths of a pH.

As data accumulated, it became evident that the following condi-
tions affected the hydrogen-ion concentration: The growth of the
plants, the composition of the base fertilizer, and the nature of the
soil addition. When the standard base fertilizer supplying one half
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nitrate and one half ammonis nitrogen was used in pure quartz sand
the pH of the medium was about 6.5 before planting and shout 4.5
after the growth of the plants., (See tables 13, 18, 19, ete.) When
an all-nitrate base fertilizer was used the plants rendered the sand
more alkaline, about pH 7.3 {tables 14 and 18). The soil tended to
medify the hydrogen-ion concentration developed in pure sand to
that of the soil, the effect of the scil varying with its buffer capacity
and the growth made by the plants.

Two experiments (tables 28 and 29 )were conducted to determine
whether the effect of the soill on superphosphate efficiency varics
appreciably at different hydrogen-ion concentrations. In these ex-
periments the hydrogen-ion concentrations of the soil-sand mixtures
were varied by the application of sodium bicarbonate and by the use
of two different base fertilizers, the standard (no. 2 of table 1) pro-
ducing an scid reaction and the all-nifrate fertilizer (no. 7 of table 1)
producing an alkaline reaction, The results of the two experiments
are brought together in table 8.

TaBLE 8.—~—Summary of resulls which show the effect of the hydrogen-ion concen-
tration on the efficiency of superphosphale in a mixture of soil and quariz sand !

Efficleucy of superphos-

PH of me- phate shown in—

dium after
growth

Kind of soif mixed with uartz sapd
ixperiment Experiment
i6 18

Pereent

Ceeit soil__

Cecil suhsol!

Clarksvile soll o Lo oo e e e m e al

Clarksvilla subselt {

|

i In all cases 0,05 g of PrOs was appliad per pot and soil ndded st ente of 50 g of collold per pot.  Base fer-
titizer varied {0 produce dliferent resctlons.
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1t should be borne in mind that the hydrogen-ion determinations in
table 8, as in all others, show the hydrogen-ion conentratior of the
medium that was finally developed by the growth of the plants. At
the beginning of the experiments the acid mediums were less acid than
at the end; the pots receiving only the all-nitrate fertilizer were less
alkaline at the beginning than at the end of the experiment, and pots
receiving sodium bicarbonete were more alkeline at the beginning than
at the end of the experiment.
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It is obvious from the results as a whole that the hydrogen-ion
concentration has & marked influence on the extent that soil depresses
the availability of superphosphate. The limits of maximum 2nd
minimum availability of the superphosphate cannot be defined closely
because sufficient results were not obtained and the hydrogen-ion
concentration varied more or less during the period of growth; but it
seems certain that the maximum availability of superphosphate in the
presence of these soils is in the acid range, somewhere about pH 4.5 to
5.0. The minimum availability seemms to be somewhere around
neutratty, pH 6.5 to 7.5, and there is g suggesticn of & small increase
in availability in the distinctly alksline range, _

These results are in accord with results obtained by Tealkle {47) and
v Gaarder (16) in studies of the solubility of phosphate ions in the
presence of various cations. Gaarder found that the solubility of
PO, ions in the presence of & mixture of Ca, Mg, Fe, Al, and Mn ions
in excess was abt o maximum at a pH near 4.5 and at & minimun
around & to 6.5, and that the solubility incressed again slightly
between 6.5 and 8.0. He further found that some of the relations
between cations and POy solubility were greatly changed by the addi-
tion of silica,

Other soils may show a more constant effect on superphosphate at
different hydrogen-ion eoncentrations than the Cecil, Clarksville, and
Sassafras soils. If the analogy between these results and those of
Gaarder holds further, the high silica colloids would be less affected
by differences in scidity or glkalinity than the soils tested. But the
results obtained are sufficient to show that the hydrogen-ion con-
centration is one of the factors determining the action of soil on
superphosphate. If all the soils and subsoils could have been tested
at the same hydrogen-ion concentration, it is possible that the effi-
ciency figures would have shown a somewhat better correspondence
with the silica-sesquioxide ratios. It seems probable that the two
most marked exceptions to the parallelism between efficiency values
and silica-sesquioxide ratios, the efficiency values for Hagerstown
soil and Miami subsoil, may be due to the reactions of pH 6.7 and
7.8, respectively, obtaining in the seil-sand mixtures {table 6).

EFFECTS OF CHARCOAL AND FEAT ON THE EFFICIENCY OF SUPERPHOSPHATE AND
ROCK PHOSPHATE

The marked differences observed in most cases between the effects
of soil and subsoil on superphosphate suggested experiments with
some purely organic materials. Tests were made with peat and
activated charcosl. Peat was selected as an organic material, pre-
sumably analagous to the more persistent part of the soil organie
matter, and activated charccal was used because of its high adsorptive
power and its ‘“‘insclubility.” The characteristics of these samples
aré described under Soils and Materials.

The peats and samples of activated charcoal purified from acid
would all tend to render the medium more acid, A sample of activated
charcoal purified from alkali was therefore included, to give some indi-
cation as to whether the results obtained were due solely to changes
in the hydrogen-ion concentrations.

Two experiments were conducted with these materials (tables 30
and 31}. One of these is illustrated in figure 5. The yields of the
no-phosphate pots show that the charcoals without superphkosphates

172088°—33—4
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had practicelly nc effect on growth; hence they contributed only
traces of available phosphorus. The peats, however, contributed a
measurable quantity of available phosphorus, sornething approxi-
mately equivalent to the superphosphate application of £.025 g of
P, in the pure quarts sand serles.

The significant results of the i{wo experiments are more readily
seen in table 9. It will be noted that all samples except the peat of
pH 3.5 increased the efficiency of superphosphates in pure sand quite
markedly. In the voil-sand mixtnres equally marked increases were
produced by one of the charcoal samples. These increases produced
were of the same order as those produced by soil colloids with highest
silica-sesquioxide ratios. Since only 10 g of the organic materials
were applied in these experiments, as compared with 56 g of the soil
eclloids, it seems that these organic materials have much more effect
on superphosphate than the best of the inorganice soil colloids,

These results with superphosphate cannot, on the whole, be ascribed
to changes in the hydrogen-ion concentration of the medium brought
about by the organic maferials, for in three cases where the efficiency

Figurr 5.—Effect of chercoal In pure sand and in sand-sofl mixtures s shown by the growth of millet
(toble 3y, L Semd only, 085 ¢ PaOs 2, sund plus chiarconl, 0.05 g P2Os; 3, sand plus Clarksville topsell,
0858 Py 4, sand phus Clarksville topsoil and ¢lureon), 0.05 i P20y 5, shed plus Clarksville suhsofl,
Q.05 g POy, 6, sand plus Clarksviille subsoll and charcont, 0.05 g PaOy; 7, send plus Ceoll subseil, 0.05g
P30y 8, seed plus Cosil sitheoll and charcog), 0.05 ¢ POy

was markedly increased the charcoals produced no messurable altera-
tion in the hydrogen-ion concentration. It is probable, however, thas
the resction influenced the results somewhat, although the reactions
of the mediums with and without the charcoals and peats are all in,
or close to, the general region where maximum avalability of the
phosphate would be expected. Probably the reduced cfficiency of
superphosphate in sand with peat of pH 3.5 is only apparent, the
growth being reduced by too marked acidity.

The results obtrined with rock phosphate are similar to those ob-
tained with superphosphate, except that charcoal of pH 9.6 purified
from alkali reduced the efliciency of rock phosphate below the efficiency
in pure sand. The final pH of 6.3 in this case was in the range within
which superpliosphate would likewise be expected to show a reduced
efficiency. Thus there is evidence that the reaction of the medium
is highly importent in determining the efficiency of rock phosphate.
It is obvious, however, that the benaficial effects of the charcoals and
peats on the availnbility of rock phosphates are not due solely to
modifications in the hydrogen-ion concentration, sinece there were
incrensed efficiencies of rock phosphate obtending changes in the
pH from 4.8 to 5.0, 5.4, and 4.2,
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If the two results which were presumably determined chiefly by
the hydrogen-ion concentration are disregarded, it seems that the
organic materials increased the effici~aey of superphosphate somewhat
more than the efficiency of rock phosphate. This is very different
from the effects obtained with si}.]ica, gel some years ago. In that
experimen$, the addition of silica gel to pure quartz sand more than
doubled the efficiency of rock phosphate and raised the efficiency of
superphosphate by only 19 percent. The efficiency of roek phosphate
in pure sand in that experiment was practically identical with the
efficiency obtained in this work (table 30), so the experiments sre
obviously comparable.

TanLk 9.—Summory of resulis showing fhe effects of activaled chaveral and peat
on the efficiencies of superphosphaie and rock phosphate in guartz sand, and in
miztures of quariz sand and soil
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1 Figures are based o clata given in tables 12 and 17.

Silica gel, the charcoals, and the peats are alike in having thé cn-
pacity for an exchange adsorption of cations, but the charcoals, and
possibly the peats, have the capacity for adsorbing anions also. It
was shown in a previous publication (23) that addition of silica, gel
to a suspension of rock phosphate in water increases the amount of
phosphate in solution, and Gaarder (76) has shown that silica gel
increases the amount of PO, ions in solution in the presence of the
precipitating ions Al, Ca, ete. Possibly part of the effect of the
silica gel, charcoals, and peats on the efficiency of phosphates lies in
the adsorptive capacity of these materials for cations, ions forming
insoluble phosphates such as Fe, Al Ca, being adsorbed, and hydro-
gen or sodtum ions forming soluble phosphates being released. It will
be recelled that, prior to being washed, the charcoals were trested
with NaCl.  So they obviously exchanged Na or H ions.

Although there is evidence that sueh adsorptive effects are con-
cerned in the action of these materials on superphosphate and rock
phosphate, it is believed that an examination of 8 water extract of
the sand or soil-sand mixtures would indicate that the cation and
soluble PO relations had not been changed sufficiently by the organic
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materiels and silica gel to account for the effects on efficiency. Tt
was shown, for instance, in table 12, that an appreciable reduetion of
the Ca and Mg in the base fertilizer and a reduction of the Fe below
the amount used in the standard fertilizer produces no changes in the
efficiency of superphosphate in pure sand; and when all the salts of
the base fertilizer are reduced by one half, the early growth is not
affected (table 15).

Probably an essential feature of the sction of these materials in
promoting phosphate efficiency is a mieellar effect of the silica and
organic particles. In the zone of contact between the roots and the
adsorptive particles the reactions mentioned are doubtless intensified,
owing to their being localized. Wiegner (54), for example, has shown
a marked increass of hydrogen ions in the immediate neighborhood of
soil particles, presumsably in the so-called “doubled layer” of micron
dimensions. A grosser localization of reaction in the vicinity of
plant roots has recently been noted by Thom and Humfeld (48) and it
was observed in this work that even in the pure sand cultures the
hydrogen-ion concentration was often notably greater in the part of
the pot where the roots were most abundant. Granting 2 localiza-
tion of the reactions, the results obtained in the exanination of free
solufions would probably give only & qualitative indication of what
may take place to a much greater degree in restricted zones of root
“feading”’, or, more particularly, in the micellar areas of the colloid
particles.

The results obtained with these insoluble organic materials indicate,
so far as they go, that the organic content of a soil colloid may be an
importart factor in determining the effect of the colloid on super-
pPhosphate. It would seem that the presence of organic matter in
the soil colloid would tend o render the colloid promotive rather
than depressive of phosphate efficiency, but the characteristics of
the organic constituent of a soil colloid can hardly be distinctive
from that of the material as a whole. If, for instance, the soil colloid
as & whole is unsaturated with bases, the organie matter present is
probably likewise unsaturated. Duubtless the effect of organic ma-
terials free from inorganic colloids would likewise vary considerably,
aceording to the degree that they were saturated with different ions
such as Ca, H, PO,.

AVAILABILITY OF ROCK PHOSPHATE

It was not planned to study the effect of soil colloids on the effi-
ciency of rock phosphate, but in the early part of this work rock
phosphate was applied to some of the pots in order to determine
whether the availability of this material was affected as much as
superphosphats, The sand used in this experiment contained some
alkali, so the pH of the sand and soil-sand mixtures were about 7.5.
In this experiment (table 16) the rock phosphate showed no avail-
ability whatsoever, either in the pure quartz sand or in the soil-sand
mixtures. This is very different from the 24 percent efficiency de-
veloped In the pure quertz sand of the ewperiment just diseussed
(tabjlje 30) where the pH was 4.5,

These results, and the practical unavailability of rock phosphate
in limed soils frequently observed (21, 41}, indicate that the avail-
ability of rock phosphate is goverved primarily by the hydrogen-ion
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concentration. However, the results given in table 3¢ and the pre-
vious results with silica gel show that within the range of acid reaction
other factors may promote or depress the efficiency of this material,

EFFICIENCIES CALCULATED FROM THE WEIGHT OF THE CROP AND FROM TEE PyOs
RECOVERED IN THE CROP

In this work the efficiency of superphosphates was usually calcu-
lated from the weight of the crop, as described in detail under Plan
and Methods; whereas, the recognized method is to base the cal
culation on the quantity of P,O; in the crop. A theoretical Justifica-
tion for using simply the crop weight as  criterion of efficiency was
given In a previous publication (20), but it seemed advisable to com-
pare the two methods. Accordingly, a good many of the CTOPS were
analyzed for P,O, by methods of the Association of Official Agricul-
tural Chemists (5), the dry matter being ignited with magnesium
nitrate and the phosphoric acid determined volumetrically.

The essenfial analytical results are shown in tables 24, 25, 30, and
31. 'The crops receiving no phosphate fertifizer were of course ana-
lyzed in estimating the P,0; recovered, but these figures, of no par-
ticular significance, are not shown in the tables.

Usually w. en-different phosphatic fertilizers are compared with a
stendard fertilizer the efficiencies are calculated simply from the
ratio of the quantities of P;0; recovered, modified by the ratio of
quantities of P,O; applied if these quantities are different for the
standard and unknown fertilizer, When several different quantities
of the standard phosphate have been applied it is theoretically more
accurate to base the efficiency calculation on the comparative quanti-
ties of the two fertilizers required to give the same recovery of PO,
(20). This method, described under Plan and Methods, was used in
caleulating the figures given in tables 24, 25, 30, and 31 for efficiencies
based on PyO, recovered. These two methods can also be followed
when the data used are simply crop increases instead of POy recovered.

Table 10 shows efficiencies calculated by the two methods, using
both the weights of crop increases and of P,O; recovered as criteria,

Tapre 10.—Comparison of different methods of calculaling efficiencies of phosphatc
[Dals from tobles 17, 24, 25, 30, 31)
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TasLE 10.—Comparison of different methods of caleulating efficiencies of phos-
phate—Contirued
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03 Cecil subsol] and chareoal

Percent | Percend | Percent § Percent
W2 17z 165 I

If columns 6 and 7 are compared, it will be seen that it makes little
difference whether the efficiencies are based on weights of crop
increases or on quantities of P.O; recovered when the method of
calculatinn used in this study is followed. The only consistent differ-
ences between the two bases of calculation are in the efficiencies of
rock phosphate, the efficiency caleulated from the P,O; recovered
being uniformly higher than the efficiency calculated simply from
the increases in yield. ‘This is doubtless owing to the faet that with
the physiologicaily acid fertilizer used in these experiments, the
assimilation of P,0; from rock phosphate is at an accelerated rate.
As the plants grow and use up the nitrogen, the medium becomes
increasingly acid and the rock phosphate becomes increasingly
available.

Columns 4 and 5 show efficiencies calculated by the commonly
used, old method, in which efficicncies are obtained simply from the
ratio of the quantities of P.O; recovered. Here, also, efficiencies
based on the two kinds of data, weight of crop and weight of P.Os
recovered, agree fairly well for the most part. But when the effi-
ciencies are much over 108, the use of data on crop increases evidentl
gives lower results than data of PsOsrecovered. The poor corresponcf:
ence of high efficiencies is due to the fact that in these cases the method
compures & large yield with o smaller one, and the percentage of
P.0, is usually higher in the large yields than in the smaller ones.
The true efficlency value in these cases should be near the figures
based on P.G; recovered.
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DISCUSSION OF RESULTS

The preceding experiments indicate that several factors are involved
in the effects of soil colloids on superphosphbate; namel 7, the silica-
sesquioxide ratio, the saturation of the colloid with P.0;, the effect
of the colloid on the hydrogen-ion concentration of the medium, and
the content of organic matter. The relative importance of these
factors doubtless varies from colloid to colloid, but there are grounds.
for believing that as a rule the order of importance is as follows:
Saturation with P,0;, silica-sesquioxide ratio, effect on hydrogen-ion
concentration, and organic matter.

Degree of saturation with P.O; is considered a more important, fac-
tor than the silica-sesquioxide ratio in view of the folle\ing facts:
There is practieally no correspondence between silica-sesquioxide
ratios and effects of the colloids on superphosphate until the colloids
are separated into soil and subsoil materials, and the degree of satura-
tion with P.O; seems $o be the feature chieﬁy responsible for the
difference in the effects of soil and subsoil colloids.

The effect of the soil colloid on the hydrogen-ion concentration of
the medium is obviously not so important a factor as the silica-
sesquioxide ratio, for colloids that incresse the efficiency of super-
phosphate markedly render the medium acid in some cases and neutral
to alkaline in others. The same is true of colloids that markedly
depress superphosphate efficiency. On the other hand, the highest
efficiencies of superphosphate are associated with high silica-sesqui-
oxide ratios in al‘f instances, and the lowest efficiencies are associated
with ratios below 2. Although less important on the whole than the
silica-sesquioxide ratio, the hydrogen-ion concentration was shown
to be of marked influence within certain ranges of the ratio. Sufficient
solls were not tested to determine whether the influence was as
marked for colloids with the highest ratios as for colloids with silica-
sesquioxide ratios below 2.20.

Organic matter, if & factor in the effect of soil colloids on super-
phosphate, seems to be less important than the other factors. No
relation is apparent between the organic content of colloids and effi-
ciency values when soil and subsoil colloids are considered separately;
nor can the more marked exceptions to the correspondence between
silica-sesquicxide ratio and efficiency values be explained on the basis
of organic content as well as by the influence of the hydrogen-ion
concentration. Although these comparisous suggest that organie
constitutents of the colloid have little effect on superphosphate, the
direct experiments with organic materials gave very positive indica-
tions. The direct experinments, however, were not sufficiently ex-
tended to show in what measure the effects of organic materials are
associated with different linds and quantities of adsotbed jons other
than H and OH. If the effect is largely dependent on the adsorbed
ions, it would be difficult to divorce the effects of organic matter from
those associated with the silica-sesquioxide retio.

A study of the mechanism by which soil colloids promote or depress
the efficiency of superphosphate was not undertaken in this investi-
gation, but the data obtained have a bearing on this question even if
they do not warrant definite corclusions.

Several facts indicate that the depressive effect of soil colloids on
superphosphate cannot be ascribed primarily to precipitation in fres
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solution by cations released from the colloids by bease exchange with
the fertilizer salts. The colloids that depress superphosphate most
are those that have the smellest base-exchange capacity, this capacity
following {fairly closely the silica-sesquioxide ratio. The chief ex-
chengeable cation of the colloids is caleium, and & considerable quan-
tity of this is already present in salts of the base fertilizer and m the
superphosphate itself. There is, of course, the possibility that those
wnssturated colloids of low base-exchange capacity released exchange-
able iron, sluminum, and manganese ions which precipitated the
phosphate, but this seems improbable in view of the fact that the
efficiency of superphosphate was found to be higher in the acid range
where the exchange of iron and aluminum should be greater. On the
other hand, the depressive effect of soil on superphosphate was in-
fluenced by the hydrogen-ion concentration in about the way one
would predict from Gasarder’s work showing how the hydrogen-ion
concentration affects the solubility of PO, ions in the presence of
various cations.

Although precipitetion by ions in free solution msay play & part in
the depressive effect of some colloids, probably most of the effect is
due to combination of the PO, ions with the iron and sliminium sur-
faces exposed by soil colloids, According to Weiser and Porter (53},
and Baneroft end Ackerman (7), aluming gels combine either directly
or by exchange, according to the condition of the gel. This mechanism
would account for the various factors that seem to be involved in
the depressive effects of soil colloids. Combination of phosphate jons
would obviously be less in propertion as such surfaces are alrecady
saturated with phosphate and the quantisy of PO, ions combined
with increasing applications of phosphate would not be expected to
show a sharp maximum. The ron and sluminum surfaces cepable
of combining with the phosphate would be expected to show some
correspondence to the silica.sesquioxide ratio. The hydrogen-ion
concentration would affect the quantity of PO, combined and the
stability of the combinafion in the manner observed in the experi-
ments on influence of the hydrogen-ion concentration. And finally,
organic matertals would be expected to promote rather than depress
phosphate cfficiency since they would be expected to offer a surface
having some properties simitar to those of silica.

Although the capacity of the colloid for fixing phosphate may be
indicated by the silica-sesquioxide ratio, it is not necessarily sharply
defined by the ratio, since the capacity could vary with beth the re-
activity and the extent of the iron and aluminum surfaces. This is
suggested by the experiments with the extracted colloids of the Cecil
subsoi! in the fresh and year-old conditions. Also, a marked differ-
ence in the reactivity of fresh and sged artificisl gels has been fre-
quently observed.

According te the preceding hypothesis, soil colloids imparting a
higher effictency to superphosphate then pure quartz sand would
present little if any unsaturated iron or aluminum surface to super-
phosphate. Also, the silica surface would necessarily have some
activity in order to render i} more effective than the inert quartz
sand. This silice surface of the soil colloids would probably act on
phosphates in the same way as the artificial silica gel and organic
materials previously discussed. Having an affinity for cations, it
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conld render phosphates more soluble in the film of contact between,
root and colloid particles by combining with precipitating ions.

Two general facts brought out in this investigation, the marked
effects of soil colloids on superphosphate and the correspondence
between these effects and the silica-sesquixide ratios, throw light on
some previous laboratory investigations of soil phosphorus.

Recently, the effect of adding clays to sand cultures was studied
by Blanck and Von Oldershausen (8). Notable differences in yield
were produced by the clay applications, which they could ascribe
only in part to the acid nature of the clay. Since there were no data,
to show that the phosphate supply was adequate, it seems probable
that the results might have been due to the effects of the clays on the
efficiency of the phosphate applied.

In connection with the relationship found between phosphate
availability and the silice-sesquioxide ratio of soil colloids, it is
interesting to note that a similar suggestion was made by Gans (17)
some 20 years ago. According to Gans the availability of phosphates
is dependent on a fixed relation between the silica-alumina and bases
In the zeolitic part of the soil. An investigation by Tacke and Amnd
(46) shows that the particulsr relationship suggested by Gans does
not hold, but the results of this work show that Gans’ basic idea of.a
relationship between colloid composition and phosphate availability
was correct,

The favorable effects of high silica colloids observed in this work
and the significance attributed to the so-called ““soluble’ silica found
in soil extracts are doubtless related. According to McGeorge (33),
Hawahan soils which are well supplied with available phosphorie acid
yield more silica to a 4 percent hiydrochloric acid extraction than
soils needing phosphate fertilizers. Hoffman (25) found 2 less close
relation of fertilizer requirements to water soluble silica, but Némec’s
(85, 86) work shows a close correspondence between water-soluble
stiica and the phosphate requirements indicated by the Neubauer
test, also & correspondence between the plosphoric acid and the
silica soluble in water extracts of soils. These correlations might be
explained on the grounds that varying quantities of soluble silica
indicate soil colloids of varying silica-sesquioxide ratios. s previ-
ously shown {table 7), the colioids high in silica have less capacity
for fixing phosphoric acid, are presumably more nearly saturated,
and therefore supply more available phosphoric acid.

Certain Inboratory methods of estimating the phosphate require-
ments of soils seem to recognize empirically the widely varying capa-
cities of soil colloids for rendering phosphates unavailable. Accord-
ing to the citric acid method, a soil needs phosphate fertilization not
only when citric-acid-soluble phosphoric acid falls below a certain
value, but also when the citric-acid-soluble P.O; is less than 25 per-
cent of the total P,O; soluble in strong acid. The supposition has not
been tested, but one would expect that a lower J)erccntage of the total
phosphoric acid would be soluble in weak acid, the lower the silica-
sesquioxide ratio of the colloidal soil material; for the lower the ratio
the greater the capacity for fixing phosphate. Némec’s (37) obser-
vation that phosphatic fertilizers do not exert their full effect on soils
yvielding more than 50 mg of citrate soluble iron ger 100 g of sou
probably could be similarly explained on the grounds that such soils
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contain low silica-sesquioxide ratio colloids which have a high capac-
ity for fixing phosphoric acid and are likely to be unsaturated.

Truog’s (49) method of estimating available phosphoric acid calls
for digestion of the soil with H.S0, ad] usted to a pH of 3.0. The
concentration of P»O, in solution at this acidity, according to Gaar-
der’s (16) data would be governed by the comparative amounts of
P,0; and iron dissolved, modified to some extent by the presence of
silica, alumina, and iron gels. The quantity of P.0; dissolved, as
shown by Engels' (12) data combined with that of Rauterberg (42)
would be greater the more nearly the soil 1s saturated with P.0;.
The quuntity of iron dissolved one would expect to be greater the
lower the silica-sesquioxide ratio of the colloid, and Robinson and
Holmes’ data (44) for a few colloids indicate this is the case. It
would follow, then, that when Truog’s method is applied to soils
containing colloids of similar silica-sesquioxide ratios, it should show
comparative degrees of saturation with P.0; or eomparative avail-
ability of the P,0;. And when the method is applied to soils contain-
ing colloids of different silica-sesquioxide ratios, the vesults would
reflect the kind of colloid present fully as much as the degree of
saturation.

The main facts brought out in this investigation have a bearing
on the practical use of phosphatic fertilizers.

The low efficiency shown by superphosphate in the presence of soil
colloids with low silica-sesquioxide ratios, and the high efficiency
shown in the presence of cotloids with high ratios is in general accord
with practical experience in the use of superphosphate. The greater
part of the superphosphate produced in the United States is consumed
in the southeastern and eastern parts of the country, and in these
regions colloids with low silica-sesquioxide ratios predominate, so far
as can be judged from the available data of Robinson and Holmes
(44) and of Byers and Anderson (2, 11). Many factors affect this
large consumption of superphoesphate, but it seems probable that no
inconsiderable fraction of the phosphate used in these regions goes
toward saturating the soil with phosphoric acid. In the Middle West,
where the soil colloids are as a.rule higher in silica, less superphosphate
is used per acre. Here, also, factors such as rainfall, economic con-
ditions, and prevailing crops doubtless contribute toward smaller
applications. But a Iigher efficiency of the superphosplate is evi-
dently likewise a factor, for erop increases produced in this region
with small amounts of phosphates are often notably laurge, as com-
pared with those produced in the East and Scutheast.

The capacity shown by the Brazil and Nipe scils for rendering
normal applications of superphosphate practically ineffective is sug-
gestive. Bvidently comparatively enormous applications of super-
phosphates would bhe needed to attain 4 moderate availability of
added phosphate in such soils. A normal application of superphos-
phate would probably produce such small erop increnses on these
soils that one lacking information regarding the high fixing power of
the soils would paturally conclude that the soils did not need phos-
phatic fertilizers. A survey made of agricultural soils containing col-
loids of low silica-sesquioxide ratios might show considerable areas
of soil in the United States so unsaturated with phosphoric acid and
of such high capacity for fixing added phosphate that faix productivisy
could only be obtained through heavy phosphatic fertilization.

e
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The experiments made with comparatively few subsoils in this
Investigation indicate that & condition of low phosphoric acid satura-
tion, and consequent low phosphate availobility, is rather general for
subsolls where the silica-sesquioxide ratio of the colloid is not above 2.
This. suggests the need for exceptionally heavy applications of phos-
phatic fertilizers where such subsoils are expoesed, as in eroded areas.
Kistimates of the extent of soil erosion indicate that subsoil fertiliza-
tion may become an important economic problem. Although nitro-
gen bas usually been considered the chief fertilizer requirement of
subsoils, a few mnvestigntors have pointed out the need for phosphates.
Possibly the long time usually required for building up the produe-
tivity of subsoils is owing to an inadequate use of phosphates. I,
at the start, sufficient phosphoric acid were applied to feed the soil
as well as the crop, it might be that the time required to restore the
productivity of subsoils to that of surface soils could be considerably
shortened.

The silica-sesquioxide ratio of the soil colloids may prove to be n
good indicator of areas where special methods of fertilizer distribution
are mmportant. If the soil colloids are of the kind that depress the
efficiency of superphosphate, it would seem desirable to appiy the
phosphate in such a manner as to minimize this effect,. The few
tests conducted in this study suggest that this may be accomplished
by applying the phosphate in a restricted zone near the seed. On
the other hand, il the soil tends to enhance the cfficiency of super-
Phosphate, possibly equally as good resuits may be chtained with o
more uniform distribution {table 3).

SUMMARY

This investigation deals with the effects of different colloidal soil
materials on the efficiency of superphosphate. The cffects are deter-
mined by comparing the growth made by millet (Sefuriq italica) in
Ppure guartz sand with the growth made In sand to which suflicient
sotl is added to supply 1 percent of colloidal material. Datg of some
1,400 pots are reported.

The addition of some soils to quartz sand reduces the efficiency of
superphosphate. The reduetion in cfficiency is greater, the larger
the soil application, and less, the larger ihe application of super-
phosphate.

Efficiency of the superphosphate also varies with the method of
application, applications confined to & i-inch layer below the seed

roducing lorger yields than applications uniformly mivxed with tlie
whole mass of sand and soil.

When soils with depressing cffects are present, the efficiency of
superphosphate seems 1o be highest at a pIl of 4.5 to 5.0 and lowest,
in the neighberhood of neutrality.,

Comparison of the effects of isolated colloidal and noncolloidal soil
fractions indicates that the effects of soil on the efficiency of super-
phosphate are largely localized in the colloidal fraction. _The com-
parison, however, 1s somewhat imperfec’, presumably owing to con-
tamination of the noncolloidal fraction with copper or other heavy
metals.

Determinations are given of the eflects of 17 surface soils and 14
subsoils on the efliciency of superphosphate. The eflects of the
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different soils vary remarkably. If an efficiency of 100 percent is
assutned for the efficiency of superphosphate in pure quartz sand,
additions of some soils reduce the efficiency to 1 percent, whereas
others raise the efficiency to 148 and 198 percent. Thirteen of the
fourteen subsoils tested impart a lower efficiency than the corre-
sponding surface soils,

The effects of surface soils on superphosphate correlate fairly well
with the silica-sesquioxide ratios of the colloids present, soils con-
taining coloids with high silica-sesquioxide ratios enhancing the
efficiency of superphosphates and those containing colloids with low
ratios depressing efficiency. The same is true of subsoil materials
also.

Determinations of the effect of two purely organie colloids, setivated
charcoal and peat, are also reported.  These increase the efficiency of
superphosphate and rock phosphate in pure guartz sand and the
efficiency of superphosphate in sand and soil mixtures,

The effect of a soil colloid on superphosphate seems to depend on
severnl factors, namely, the degree to which the colloidsal material is
saturated with phosphoric acid, the silica-sesquioxide ratio of the
colloid, the effect of the colloid on the hydrogen-ion concentration of
the medium, and the content of organic matter. The relative impor-
tance of the different factors is believed to be in the order given, the
first mentioned being most important. The manner in which the
various factors affect superphosphate is discussed.

The availebility of rock phosphate, on the other hand, seems to be
governed primarily by the hydrogen-ion concentration of the medium,
but within the acid range other factors may influence the availability
of this material.

The efficiencies of superphosphate calculated from the weights of
crop increases are abouf the same as those calculated from the quan-
tities of phosphoric acid recovered in the crops.

The observed effects of soil colloids on superphosphate are discussed
in their relaticn to known laboratory methods of determining avail-
able phosphoric acid and in thelr bearing on actual fertilizer practice.
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APPENDIX

Tablea 11-31 are those from which the composite tzbles (I-10) in the text
have been derived. Although considerable reference is made in the text to
tables 11-31 the significance of the data which they contain is enhanced by
their consolidation in those tables which appear in logical sequence in the text.
In order to avoid an excess of tabulation throughout the text, while giving the
necessary data of the individual tables, and demonsteating the ateps by which
the more significant compasite tables have been derived, tables 11-31 have been
placed in thiz Appendix. :

Tasun 1l-—Applications of superphosphate and soil in layers compared with
applications mized uniformly with all the sand; effecl of omiiling Mn from the
base fertilizer; influence of quantity of soil on the sffictency of superphosphale;
?ect of mixing a seil (Sharkey) enkancing phosphate efficiency with a sofl (Brazil)

epressing sfficiency !

Avarage

Manper In even=lty | propania (R Mciency
3 yiald per

Kind of base which Super | Soil mixed with quartz sand 3 pot of grrorof.

applled gb%?re- age

ground

Grame
014

L@
=3

—_
L=1

.8
. B\;ulzél soll, supplyics 59 g of col.
o

ol T
EECBESERE

m;ag(iil' soll, supplylng 25 g of col-
1

o1,
.| Brazll sofl, supplyiog 1214 g of
cotloid.

g R &

do Brazll snd Sharkey, supplying
] f of colloid each.
Brazl} solt supplying 50 g of col- L7
lofd, appied Iz & layer. .

8 & B § BRIVSEH

In lzyer

1 All treatments replicatedl 4 thmes. ! Quantliy expressed in terms of eoliold content,

Tansve 12.—Different base fertilizers for quariz sand compared
{Applicationy of superphosphate in Inyers compared with those mixed nnifermly with all the saod) !

Aver_adge
oven-dry

Manner in whick the [vield per | Erobable %ﬂ‘:}w"f
Kiml of base fertilizer suparphosphate mixed | pot of | error of ho%?r
with the quartz sand | plents | aversge ate t
sbove- b
ground

Grams Percent
0, o

g8

No. 2, standard

Ei

Ng. 3, Fe and M omlited
No. 4, double Fe.-o._ ... _._u_a...
No. §, Co ond Mg reduced. .o uee. .

In layae
Unlformly..
In Inyer

......“.“3
SERREREERE
LI R0 NI B9 1AL e
REERIRNIEE

i All trentments replicated 4 tires,
1 Buperpbosphate Uniformly mixed and used with standard fertliizer taken as 106 parcsnt.
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TaBLE 13.—Effect of precipilated caleium carbonate on growtk in guartz sand with
standard base ferkilizer

Averaga
‘;,?ea]ﬁ'dp:{ Prababls
Treatment with caleium carbonate B pIot of :f"fﬁ'e
o | S
ground

Grams

o
=]

None

[y

T

O30 P e i G B ] ] ~D R

CaC0y, 0.4 g per Dot 1.

P

CaC 0y, 0LE g per pot .

, e

b
'
<o

238k&2 R

CaC0y, 1.6 par pot 1.

SREIBRRIIRLEE

e N e P = P

$ Al trestments replicated 3 times, )
C’g(i):\nts in serles receiving CaCO; slightly chlorotic at times; chlorosis most prononnced with 1.6 Eof
B 1.

TaBLE 14.—A comparison of different base fertilizers !

Spocial featurea of base fertilizer Soil added Averggu
il addel aven-ary
PH of H Probabls
ntz;ate ?f mediom ymlc! g}:r BITOr
i after Po of the

Bource of nitrogen Speciat aslts added &9‘!];13 growth gg:‘f_g averags

ground

¥ NH;, 34 NOs_ .

do.
Sharkey._ ...
+3.68 £ of NaF (O, Noze.
+1.31 g of NaHOO de.

. e . =
REFRRERST

@
=

v
CaQl, H:BOy+0.31 £ of No- .. do
HC0,.

| Ench pot received 1.2 ¢ of P20y from superphesphate; sl treatments replicated 3 times,

TapLs 15.—Conceniration of the base fertilizer as a Jactor influencing the exfent
that soil addittons lower the efficiency of superphosphales |

PH of medivm siter| Average oven-dry yield, per pot, of
growth— planis shovepround

With one
half

-Eind of soll mixed witk quartz With ons
s‘and With h With Prohable

alf Probable
“’i,nds’d standard | B6uCRTd [ "o oot oy andard | erree of

ase 838
hasa sverags | bose | nverage
fortilizer |, 92 | fartilizer B | forttiiver ¥

GFrem Gram Gram Gram Grem
[ig 3 011 & L 12 i
.45 . 3 . 3% 04 2
.10 B2 .02 48 R
) 0 . . 00 ¢ ¢
Nipa 10 L2 Rl o
. LR 1} .01

f All tregtments roplicated 4 thmes.  Nipe soll ndded at rate of 50 g of colleld per pot.
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TamLn 16.—Fffects of different soils on Lhe efficiencies of superphosphate and rock
hosphate in quaric sand. Applications of phosphate and colloid, tn I-inch
gzyers, cumpared with applications uriformly mized with oll the sand !

Manner in which

Kind of soil mixed with phosphate or phos-
guartz sand phate and soll was

roixad with sand

o
Uniformly
In Iayer.

Ceeil subsoil. oo

In layer_.___

Bassafras soil Uﬂifinrmly
fal

Sazsafras subSoil ..o mao oo Taltormiy. ..
do.

Fallon sofl o oo maaaa U]]!.f;‘.:miy-.--___.:

do.

1 All treatments replicated 4 times. Al soil spplicatious at rate of 50 g of coliofd per pot. pH about 7.5,
except whers Fallon soif added, pH about 8.0, o
1 Plants chlorotic and limited in growih owing to 8 deflelent assimilation of iron.

TanLe 17.—Efficiency of superphosphete in a mizture of Nipe soil and quarlz sand,
as affected by the quantities of soil and superphosphate !

[The sand containad somea P20 as impurity]

Effictency
g Tosrer
¥ield per .Pr bable mug?ption £I§10; c;'\.'_lzoas-
Rataat orhich :;upﬁ s;g; appiied,(eatmﬂ&)ﬂ.ed piot %: otror of Ue sstr;c_l oon- | San il
as prams of colloid per pot (grams plan ina wal
above- AVOragZe | (.15 g of taine.;

* 6015 of
groned available | o aihje

Pils 3 P05

Grime Pereent
2.01 G.18 1

Ead =t o
Py bt ot
2EEgEes

£ 50 e g e e 0
RREILIN

t Al treatmnents replicated 4 fHmes,

1 TThlg quantity arrived ot by plotting curve of increased grawth agalnst incrensed applications of super-
Emsphata and then projacting curve beyend the origin to the peint for a 0.1.g crop, Other experiments

dicate that 6.1 ¢ = the approximate weight of erep when no Fa0s igeinmen .

$ Oolloid end phosphate applied Ln 6 I-inuh layer, one fourth inch below seed.

[ametuprst g v e -
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Taere 18.—Eficiency of superphosphate in a miziure of Nipe aoil and quariz sand,
. a8 affected by the quanlity of sotl and of superphosphate 1

Average
ovendry | Praable
Klnd of soil mixed with quartz sand, and ¥ield, po error

quantity in terms of eolloid content B?:;]g of tha
et average

ground

Nona

Mipe sofl, 100 ¢ of collold

Nipe seil, 50 g of collofd

1 Al treatments replicated 4 times,

Tasre 19.—Colloidal and noncolloidal fractions af Cecil subsoil compared as fo
their effects on the officiency of superphosphale in quarlz sand !

Average
o ey | Probable Efficiency
Kind of soil mixed with quartz sand pot of of thn of Super-

é)biggg nverage phosphata

ground

drams

SBIRRAILE

Nous

Untreated sofl, st rate of 20 g of colloid. ... |
Untreated soll, at rate of 40 ¢ of colloid
Untreated soil, at rate of 60 g of colloid_____
Exiracted eolloid, 48 g

L T o S Ty~
BY=

PP P R G 6T D i % e €5 i € Ln g 2
SN AI D ST B =1 1AL e T v D e e
. -

353

t All treatments replicated { timas.
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TasiLe 20.—Colloidal and noncolloidal jractions of Cecil subsoil compared, I year
aft:rd lseparatscm, as to their effects on the efficiency of superphosphale in quarlz
@

Average
AR Effick
. ¥ ) ane
Kind and quentity of soif mized with quartz sand i Dot of prpid
pot pbla;nts phosphate
apove-

None_

Unireated soil at rate 10 g of colloid .
Untreuted soll at cate 20 ¢ of colloid.
Untrented soil at rate 40 ¢ of colloid .
Untreated soll at rate 58 g of coltoid

Extracted colloid, 20 2. -

{
¢ .
Noncolloidal residue, 40 g { :

1 No-phosphate treatments oot replicated; other treatments replicated 3 times.

Tasue 21.—Collvidal and noncolleidal fractions of Sassafras subsoil compared
as to thefr effects on the efficiency of superphosphale in quarlz sand !

A¥erage

. . P03 ap- Efflciency
Kiod and quaptity of soil mized with queartz sand plied per t, of of supez-
pot phosphate

=

None. ...

=

Tntreated sof! at rate 15 g of ¢olloid
Untreated soil at rate 30 g of collnid

&, a,

Untreated soil at rate 60 g of ecallodd .. oL L.

<=,

Untreated soil at rate 120 £ of colloid

L=}

o, o

Noncolleidal resldie, 40 g_

e,

20 g extracted colloid and 40 ¢ of noncolloidel residue_ ..

5E32 2 2 2 2 8 B B 858

Untreated soit at rate 60 g of colloid

i
f
|
Extracted colloid, 40 g - ocoe. E
|
f
{

1 No-phosphbnte treatments not replicated; other treatments replicaied 4 times,
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Taerp 22.—Colleidal and noncolloidal fraciions of Clarksville subsoil compared
as fo their effects on the gfficiency of superphosphate in quariz sand !

Average

Pr0; ap- Probable
Kiznd and quantity of soll mired with guartz sand piied per error of the
:  pot LVETAEA

MNone.

Uotreated soll at rata 20 g of colloid
TUntreated soil at rate 48 ¢ of colloid
Totreated sofl at rate 80 g of colloid
Extracted colloid, 40 ¢.

Noncolloidal residue, 40 g.

Untreated soil at rate of 120z,

SR E BB EE & BER

20 ¢ of extracied eolloid and 69 g of nonesHioldal Tesidue.
Untreated soll at rate of 40 g of colivid {

100G

! No-phusphinte treztments not replicated; other trentments replicated § times.

TarLE 28.—Effects of different soils on :{?e efficiency of superphosphate in quartz
sand !

Average

aven-dry Probab}
vield per | “TERANE | pstency
Eind of soil mived with quoriz sund pot, of :ﬂ%‘; of super-
ﬂjﬁ.{; avergge | PROSPhate
grouzd

Grama Pereent
0.38 [ ]

276

e

Hu~ington soil

GER=EEENE SR .

Huntington subseil. ..o ...,
Noriolk soil
Norfolk subsofl. oo ooy v oo

Orangeburg subsoil

g s g g g g gt

! Al treatments replicated 4 times, Solis applied st rate of 50 g of colloid per pot.
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Tanue 24—Effects of different soils on the efficicncy of superphosphate n guarlz
sand 1

Kipd of s0il mived with guartz
sand

rH of

afier

growth

Avernge

arror

of plants
ashove-
mround

ovendry | propahle
medinm '-V"z"‘dt
par pot, | of the
AVETRES

G

{rom

weight
of eroh

of PeOy
appited
recoversd)
In cxoh

of super- | Quantity |Elcien:y
nhosphatel

ealoulated

l:i{ Sl.li.ﬂ'-
phosphnte
calealated
from P:0s
o crop

Carrington soil

Carrington subsafl e oo
Clarksvills soil

Clarksville subsoil

Meanor 861l e e oncamaaaaan
Manor subsoil

Miemi 00l mun e am e

Winmi subseil

o e ot prSn g

e e g
DN S D GO e D

ST e g IR
o A g Lt G A

Frams

tat
B

. PR L N Tl
GruBIREESESNRLBERER

18

Il A

Percent

5 Al treatments replicated 4 times; soils applied st rate of S0 g of colloid per pot.

TanLe 25—Effects of different soils on t-g

84

T

e ¢fficiency aof supernhosphale in quariz
!

King of sail mized with quartz
sapd

pH of

alter
grawth

medinmn

Average

Field errar
per pot,
of plants of the
above-
ground

oven-dry | prgpobte

Average

phospha

Efliciency,
of super-

from
weight
of cTop

Tecove

Quantit
D te| of P:Dy
colculated| applied |

in crop

EfMciency
H

from P00y
in crop

None.

Chester soil
Chester subsail

T e

Haogerstown soil.. ... ...
Huagerstown subsnil... .. [
Bharkey 300l o coeocuameeonan I
Brocktonm sofl. o .. _.aoeoie
Stockton subsoll... . .o o

—_————

5585 EE 528

05

Grams

138
1,08

Percent Gram

' AN freatments replicated 4 times; seils applied st rate of 50 g of collold per pot.
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TasLe 26.—Effects of different avils on Lhe efficiency of superphosphaie in quarlz
sand !

Avarage
oven-dry i
PH ol me- | ¥ield per | Probable | Efficiency
Elkd of sofl mized with quartz sand dium after pot, of errar of al super-

growth plants averoge | phosphate
above-
ground

Grama Pereent
010 3

.39

1.1

4]

1.3

L2t

108

-G8
N

None

Wabash seil.
Wahash subsoil
Cecil soi]

WO~ S

AR B i 0 O

Al treatments replicated { times; soil added ot rata of 58 & of eolieid per pot.

TasLe 27.—Effects of different soils on ihe efficiency of superphosphaie in quartz
sand !

Average
oven-dry
yield per | Probable | Efficiency
Kind of soil mixed with quartz sand pot, of error of af super-

nlants everage | pbosphate
shore-
ground

Grams Pereent
0.

=

g &

Hbperstown S0fl. .. coeee L., .

=

Hugerslown subszoil

=

Huntington subsoil. .. _._._.__..

=
3

Manorseil ...,

L=
g

(=]

2L

MRS S08)_ 1. oo e

Miemisubsoll. .. ... ...,

Korlolk sall . el oL

Norfolksubsofl. ... ... ..... ..

o, O, o, &
2
Z

Orangeburg seil. o . oo i

g 2

Crangeburp stubsoil. ...
Bassnfras subsoil

_ﬂ_ﬁ
]

! No-phosphiate treatments not replicated; other treatinents replicated 5 times. Soils applied st rate of
50 g of colloid per pot.
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TanLe 28.—Influence of hydrogen-ion conceniralion on the exten! thal soil additions
«  lower the efficiency of superphaosphale!

. E@-
Pa0y  NaHOO pH of Oven-dry yield, per pot, of | oo or
apotied | sdded m:;ld;m planis aboveground ¥

Eind of soil mi.te(cil with quertz
B
per pot | per pot erowth

Beries A | Series B | Averoge

Fram dram Grama Groms
0 0 Q.12 0,12
B 240 237
3. 16
07

=3

=

3.
.

o,
g &

Cesil snhsoil

o, B, &,

Clarksvilie soll

& B 8RB
5B N EN DR 00 e I D0 C3 01 00 O0 DO e e T
EAEh =1 D D S I LA BN R I N D W R S = O DR

a a, o

Clarksviile subsoil

.=l°1
&R &

Saasafras soil

=

HREERREESS

PP ez o e g0

2

| Eqch treatment replicoted 2 times; soils added at rate of 50 ¢ of colloid per pat.

TasLr 29.—Influence of kydrogen-ion concenlration on the extert that soil additions
lower the eficiency of superphosphate !

EM-
i Pa)s NaHCO; pH of Probable ciency of
E‘lﬁg aﬁﬂzﬁiﬁi npplied Buose fertilizer added medinm tﬁgg‘;.g;_ super-
pir pot per pot ape gg::.

e

fra Percent
Np. 2, standard 0. 08
G .

, 22, 2
g SR

=

&

Lol T Tt T ——

Lo o 0
g 8 8

=

Ceel) subsol}...... -

=N
&

=

=, o,
a

Clarkswille soil. . . <ce

. ELoel
5 & B

=

Clarksville subsoll....

&

o, o,
8 8

Bassalras soll

o,
]

.05

1 No-phosphate trestments not roplieated; other treatments replicated 3 times. Soils rdded at rote of
50 g of collold per pol-
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TaBLE 30.~~—Effects of activated chareoal and peat on the efficiensies of superphosphate
and raw rock phosphate in quariz sand !

Average Qmastit Efficiency
P20y applled per oven-gry ¥
Kind of colloid or peat | pot and source m‘ﬁiﬂn vield, per, Pr:,.?:?m phatacal- 3;;18&
with quartz | superphosphata potof | iy, recovered
sand or 18w rock plants | ooe | i the
Dhosphats above- oro
ground t

Qram

0. 05397
01080
2448
. (1038

. 01983
D1218

01583
X488

§7 8 e e o o

MBI b PR I SLTLICA LN En DO A

6. 200 rock 3.
Charconl of pEG6__.__. {

Charcoal ol pH 4.3 __, {0, 950 supar?

o
-

Peat of pH 5.8 . 02521

01872
00788
- G670

BAENERRE

B b tnt Bt m

Peoat of DH 3.5 cmcunn . L B
9, & -

[y

| Tresiments with peat of pH 5.8 duplleated; treatments with peat of pH 3.5 st with charcoal triplleated;
contrels in quertz sand alone replicated 4 times. Charcoals and peats added at rate of 10 g per pot.

1 Superphesphate.

¥ Rock phosphats,

TaBLE 31.—Effects of activated charconl of pH 4.1 on the efficiency of superphosphale
in guariz sand and guariz-sand-soil miztures !

Average Efliciency| i ElRCieney
pH of |Charcoat| S7ER-AIYE of super- | TELEL| of super-
Kind of soil mized medium [of pH 4.1 | Vicld per | Prabable|  phos- | 4ppjieq
with quartz sand sfter | added [I;)I‘x)mts :{'rec;ge P o St recovered
growth | perpot | gpooc Trom dry ic“rghe

ground weight P

Percent fram Percent

100 | 0.00485 100
100 L1783 100
jietd Rt jiey]

Clarksviile soil

Clarksviile sutrseil_ . _

Cecll subsef]

! No-phoaphate treatmentsrer ted 3 titnes; other treatments 4 ¢imes; sotisadded at rate of 50 g of collold
per pot.
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