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This investigation was initiated to investigate the effect of
the carbonate content of the soil on the availabilit y of recently
added and native soil phosphate., The investigation included greenhouse

and laboratory studies on four virgin and ten cultivated celcareous
soils with a wide range of carbonate contents,

The results indicate that the carbonate content of a given soil
is not a oritefion of its phosphorus supplying power, Other factors
including soil texture and previous management are shown to have an

important influence on the availability of soil phosphate, FPhosphorus

added to the soils was readily available to the plants regardless of

o]

the CaCl3 content of the soil., 4 gradusl reduction in the availability

Il

of added phosphate seems to take place, Highly significant positive

correlations were obtained between the amounts of phosphorus taken

Sl

up by the nlants and the amounts of phosphorus extracted by either

F extractants,
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I, INTRODUCTION

The phosphorus status of calcareous soils is usually attributed
to reactions of slightly soluble calcium phosphates. In spite of
conflicting findings, the conclusion that calcium carbonate depresses
the solubility and the availability of soil phosphates to plants, is
generally accepted. This conclusion is based on the effect of
calcium carbonate on: the soil reaction, the reactive surface of
the soil, and the source of calcium which is a common ion with calcium
phosphate,

Relatively few investigations have been conducted on the effects

of soil carbonate and its content on phosphate availability in calcareous

soils. llcCeorge and Breazeale (22), lcGeorge (21), and Benne, et al,
(1) concluded that phosphate added to a medium containing calcium
carbonate is converted to a more insoluble form. Gile and Ageton (15),
Shreve and Mallory (32), Das (10), and Thorne (34) found that the
addition of various amounts of calcium carbonate to the growth media
depressed the growth of some plants, while growth of other plant
species was hardly affected or 'was increased due to improved physi=-
cal properties. Ridley and Hedlin (30) found a negative correlation
between the calcium carbonate content of phosphate fertilized plots
and sodium bicarbonate-extractable phosphorus. FMuller and McGeorge
(13) found no correlation between carbon dioxide-extractable soil
phosphorus and the calcium or "active® calcium_cdntent of the soil,

They concluded that phosphorus availability is influenced by other



factors as well,

lewis, et al. (20), Olsen, et al.(26), Haddock and Linton (17),
and Chumachenko (&) concluded that soluble phosphorus added to cal=
careous soils was available for a long period of time,

Since no conclusions could be drawn from previous findings,
investigations were conducted to determine the effects of soil carbon-
ate on the availability of added and native phosphorus in some calcareous

Manitcoba soils,. -



In 191k, Gile and Ageton (15) added varying amounts of calcium
carbonate to a soil well supplied with nitrogen, potash, and phosphoric
‘acid, They found that, although bush beans and radishes were un-
affected in growth even by 35 per cent calcium carbonate, the growth
of sunflowers, soybeans and sugar cane was somewhab depressed by
168 per cent calcium carbonate. The growth of sweet cassava was slightly
depressed by 5 per cent calcium carbonate and remarkably so by 35 per
cent. The growth of rice and pineapple was depressed by all three
levels of calcium carbonate, and the plants were made chlorotic.

fiitrogen, phosphorus, and potassium in the plants showed relation-

Th

ship to lime added to the soil. The total ash tended to increase and
the iron in plants generally decreased as the lime content of the soil

was raised. The calcium content increased in all of the plant

1

studied except bush beans. They concluded that in general the plants

el
{

least affected in growth by the lime treatments were also least
(=]

3

changed in chemical composition,

g
In 1931, Shreve and Mallory (32) found that the growth of
co?illa was retarded by addition of increasing amounts of calcium
carbonate to a naturally alkaline soil near Tucson, Arizona, The
plents absorbed increasing amounts of calcium with each added increment
of calcium carbonate to the soil.
s

Das (10) added variable amounts of chalk to a relatively fertile

soll containing 1l per cent clay, 0.5 per cent lime, and having a

m
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pii of 8,17, He found that chalk addition up to 30 per cent of soil

weight increased the yield of Aleucina coracana, The increased

yields were attributed to improved soil aeration from the chalk
treatments, No chemical analyses were reported for the plants groun.

McGeorge and Breazeale (22) conducted a series of experiments
on calcareous Arizona solls. They concluded that the presence of
calcium carbonate greatly reduces the solubility of phosphate in
rock phosphate as well as in soils, They believed that upon addition
of rock phosphate to a soil which contains an excess of calcium
carbonate, the rock phosphate becomes saturated with calcium carbonate
as an integral part of the molecule, This process leads to the forma-
tilon of a very insoluble carbonato-apatite, the solubility of which
is kept at a minimum by calcium ion activity in the soil solution
and the carbonate ilon concentration in equilibrium with the calcium
carbonate solid phase,

They also found, using culture solubion experiments in which
wheat seedlings were grown for seven days, that the addition of
calcium carbonate depressed the amount of available phosphate from
dicalcium phosphate and tricalcium phosphate, They believed that
both compounds combined with the calcium furnished by the calcium
carbonate added,

On the other hand, they found that applications of super-
phosphate to calcareous Arizona soils notably increased the phosphate
concentration of the soll solution, and would maintain this increase

for a protracted period if gzood aeration and water penetration are




maintained, They concluded that the sclubility of phosphate from
more soluble materials is less affected by calcium carbonate in soils.

In a later study on the availability of residual phosphate in
Arizona soils Meleorge (21) concluded that soluble phosphates are
fixed rapidly as tribasic %alcium phosphate and that final conversion
to calcium-carbonate-phosphate is a very slow process.

In 1936, Benne, Perkins, and King (1) studied the effect of

H on a system by using different reagents. They added various

compounds of calcium, 0r a soil saturated with calcium, alone and in
varying combinations, to portions of a standardized solubion of 0.25 gm,
of phosphoric acid (79,1 mgm. of phosphorus) diluted to 250 cc, They
found that calcium ions did not precipitate phosphorus.from solution
until the pH approached 5.5, Haximum precipitetion or minimum solu-
bility was not reached until the pH approached 7.5. Large excesses
of calcium carbonate failed to completely precipitate the phosphorus
from solution. This was attributed to the slight solubility of the
calciun carbonate, They also found that the soil saturated with
calcium precipitated phosphorus similar to a sparingly soluble calcium
salt of a weak acid. The phosphorus sclubility curve of this soil
was similar to that of calcium carbonate, but was displaced with
respect to it, which they attributed to adsorption. The phosphorus
solubility curve of the soil showed a minimum at pH 2,56, then a
gradual rise occurred till a maximum was obtained at approximately
pH 5, Additions of sodium hydroxzide, calcium oxide, and calcium

carvonate lowered the curve from the maximum at pll 5 but to different
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extents and by slightly different paths. Celcium oxide caused com~
plete precipitation of phosphorus at pH 7.46, Calcium carbonate did
not raise the pH above neutrality and did not cause complete pre-
cipitation of the phosphorus, Sodium hydroxide raised the pH to 8,
but complete precipitation did not occur,

Puri and Asghar (27) described a method for determining avail-
able phosphates in soils by carbon dioxide-saturated solution extraction,
They:concluded from their experimental data that the addition of
calcium carbonate to the soil lowers the value for available phosphate
as determined by this method,

Tn 1946, Thorne (3L) used bentonite clay with a base exchange
capacilty of about 130 m.e./lOO gm. o investigate the inflvence of
calcium carpbonate on the growth and composition of plants, Stone
tomato and barley plants were grown in cultures consisting of calcium
saturated bentonite clay mixed with sand, and varying amounts of
calcium carbonate, The calcium carbonate/clay ratios in the cultures
varied from 1/5-2/1.

Thorne found that the growth of stone tomato plants was some-
what inversely proportional to the calcium carbonate concentration
in the culture medium, The decreased growth was associated with
increases in calcium and decreéses in potassium and phosphorus con=-
centrations in the plants.

In similar cultures, Velvon barley was decreased in growth
by only the highest level of calcium carbonate employed (two parts

calcium carbonate:one part clay), The chemical composition of barley



was also much less affected by the calcium carbonate than was that
of the tomato plants.

The growth and composition of tomato plants were also studied
in other cultures in which three levels of calcium carbonste were mixed
in combination with four different ratios of exchangeable sodium to
calcium, Tomato growth decreased with increasing degrees of sodium-
saturation and the effects of sodium were accentuated by the presence
of calcium carbonate, On the other hand, phosphorus content of the
plants was increased by sodium and decreased by calcium carbonate.,

Phosphorus uptake by the plants was closely related to water
soluble phosphate in the culture media. Thorne concluded from the
experimental data that in the alkaliné range, pH is less important
than such factors as exchangeable sodium and calcium carbonate in
controlling phosphorus availability to plants.,

In 1950, Fuller and HMcGeorge (13) evaluated the available phos=~
phorus in twenty calcareous Arizona soils, They found a distinct
relationship between the carbon dioxide-soluble phosphate and the
phosphorus available to barley and tomato plants. They found that
the calcium content of surface and subsurface soils fails to indicate
that high values of carbon dioxide-soluble phosphate are necessarily
correlated with low values of carbonate calcium or M"active! calcium.
Furthermore, a low ratio of ‘hctive' calcium to carbonste calcium was
not always associated with high solubility of phosphorus though the
ratio ranged from 0 to ¢,8, Mictive! calcium as distinguished from

total carbonate calcium in this investigation represents the amount
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of soil calcium that reacts with 0.2 I ammonium oxalabe.

Data obtained by extracting soil samples with successive por=
tions of water showed that only a small amount, from 22=38%, of the
soluble phosphorus added to these calcareous soils is fixed in an
insoluble form, Only this small amount appeared to have the charac-
teristic of carbonato-apatite.

The conclusion that the phosphorus added to calcareous Arizona
solls is not all fixed in a wholly insoluble form was supported by
the field observations that thq effects of phosphate fertilizers added
to drrigated Arizona soils may influence crop production for many
years after application.

In a later study Fuller and HeGeorge (1l:) reported that in
calcareous Arizona soils, unlike the surface soils, there appears to
be a rather close relationship between carbon dioxide-soluble phosphate
and M"active! calcium within a single soil profile, There was a tend-
ency for carbon dioxide-soluble phosphorus to decrease with greater
depth. This decrease was associated with an increase in "active®
and carbonate calcium. On.the other hand, there was no correlation
between "active' calcium and carbon dioxide-soluble phosphorus for the
same depth among different soils. They concluded that different soils
possess innerently different characteristics, making it improbable
that a single threshold value for calcium for all soils below which
there will be sufficient phosphorus for maximum plant growth, can be
established readily. They believed that it is not unlikely that

maximum calcium carbonate solubility is approached in the soil




solution of all these calcium doninated soils,

They concluded that phosphorus availability, however,

I
9}

influenced not only by the calcium in the soil solution, but also
by the nature and prOportion‘of the different cations on the colloidal
complex, |

In 1950, Lewis, Baker, and Snyder (20) studied phosphorus fixa=-
tion in irrigated Bannock loam, containing &,1 per cent calcium car-
bonate, five pounds of Poly per acre of carbon dioxide-soluble phosphate
and ﬁaving a pH of 7.8. They veported that carbon dioxide-soluble
phosphate data showed that when various types of phosphate carriers
were added to this calcareous soil, a reduction in availability took
place within 2l hours., When water-soluble fertilizers (treble and
single superphosphate) were added, a fairly consbant but slightly
lower level was maintéined throughout an incubation period of eight
months, A 100-pound application of Pply per acre maintained a carbon
dioxide~-soluble phosphate level of 22-25 pounds of Pply per acre and
aS&pmmdpa'wma%mhcm1m1mnMHﬂwda]emlofl}dBpwmm
per acre,

The same rate of applications of citrate-soluble fertilizers
(preciaitatéd and fused tricalcium phosphate) gave a level of 8-10
pounds of Po0y per acre which was not significantly different from
the level of the check.,

Ureenhouse yleld data showed that the 100 pound per acre appli-
cation of water-soluble fertilizers gzave the highest yield followed

by the 50 pound per acre application from the same fertilizers, Very
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1ittle, and non-significant, increases in plant growth over the check
were obtained from the citrate-soluble fertilizer applicavions.

Three crops of Romaine lettuce utilized 2L.6-Ll.3 per cent of
the applied water-soluble phosphate.

Recently Olsen, et al. (26) used "A' values and four chemical
extraction methods, Bray~, sodium bicarbonate-, water-, and carbon
dioxide-extractable phosphorus, to evaluate the availability of resi-
dual phosphate in three calcareous soils from experimental plots which
had received phosphaté treatments under long=-term crop rotations.

The calculated "A! values indicated that the relative efficiency of the
phosphate residuves compared to a freshly added resin phosphate (equal
in availability to superphosphate) was:

26-30 per cent on Ft. Collins loam conbaining 2,3 per cent

calcium carbonate

31-38 per cent on Pryor silty clay (manured plots) l.1l per cent

calcium carbonate

110-56 per cent on Tripp very fine sandy loam containing 0.22

per cent calcium carbonate.

They stated that the differences among the three soils in the
relative efficiency of the phosphate residues could be affected by
many factors, including calcium carbonate content, soil types, texture,
and form of phosphate material added. Some evidence indicates that
the initial level of available phosphorus is an important factor
positively affecting the relative efficiency of the phosphate residues.

They also reported that soil type, texture, and calcium carbonate
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content in the range from 0.2-2,3 per cent had little effect on the
percentage recovery of the resin phosphate from the check plots when
measured by the phosphorus uptake by the plants and the sodium bi-

carbonate-extractable phosphate., They found that when the initial

level of available phosphorus was high, however, the percentage recovery

was higher than at a low level of available phosphorus. The percentage

recovery varied from 30-58 per cent of the added phosphofus.

They found that the Bray-, sodium bicarbonate-, and water chemical-

extraction methods and surface phosphorus were highly correlated with
UAY values. Phosphorus extracted by the carbon dioxide method gave the
poorest correlation, A1l correlation coefficients were statistically
significant,

Haddock and Linton (17) studied the response of peas to super-
phosphate and the relationship between sodium bicarbonate-extractable
phosphorus and the yield and phosphorus content of peas. They carried
on a five-year crop rotation experiment (potatoes-sugar beets-peas-
2vyears alfalfa) on a highly calcareous Millville loam of pll 8,0,

One rate of superphosphate application of Ll pounds of phosphorus
PEer acre was uséd,

They found that the yield of both pea vines and canning peas
were increased significantly by the phosphate application. IYield res-
ponse was in the order: current season application > 1 year residual
(phosphorus applied to sugar beets) > 2 year residual (phosphorus
applied to potatoes)., In all three cases the yield was significantly

higher than the checks., They estimated that the potato, sugar beet
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and pea crops each remove approximately 10 pounds of phosphorus per
this into consideration, they concluded that the crop
utilization of availsble phospnhorus can only partly explain the de-
creased responses from residual phosphorus, They helieved that

Torm rmust have taken place,

They also ¢ . significant correlations between the sodium

cerbonate-extractable soill phosphorus and the acid-soluble nhosphorus

n pea vines at four soil meisture conditions under sprinkler irriga-

=0

tion, All of the phosphorus in the current season ap;

extracted by the sodium bicarbonate method,

Ridley (30) found a negative correlation between calcium
carbonate content and sodium bicarbonate-extractable phosphorus on
plots ranging in calcium carbonate content between .32 and £,96 per

- “~

cent, These plots had received applications of phosphate over a long

I

veriod of time., There was no such correlation on untreated plots.
Chumechenko (6) concluded from laboratory and laborabory-field
o

investigations that phosphorus added to calcareous soils of Central

Asia remains in a form available to plants for a long tine,



ITT, MATERIALS AND METHODS

A. FIRST GREENHOUSE EXPERIMENT
Four soils taken from virgin sites were used in this experiment,
They have the following descriptions:

1. Isafold clay loam

Legal location: NW 5-18-LW

Soil survey map area: Teulon, Manitoba

Sub group: Calcareous Rego Black

Farent material: Very strongly calcareous glacial till
Drainage: Good

Topography: Very gently to gently sloping

Vegetation: Sedges, grasses and herbs

2, Balmoral heavy clay loam

lLegal location: SC 19-15-3E

Soil survey map area: Teulon, lManitoba

Sub group: Calcareous Meadow

Parent material: Strongly calcareous, moderately fine to fine
textural deltaic sediments

Drainage: Poor

Topography: Smooth, level to depressional

Vegetation: IHeadow grasses, reeds and sedges

3. Clarkleigh heavy clay loam

legal location: NW 5-18-lLw

Soil survey map area: Teulon, Manitoba
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Sub group: Saline Meadow
Parent material: Thin deposit of lacustrine sediments over
strongly calcareous glacial till
Drainage: Poor
Topography: Depressional

Vegetation: Sedges, meadow grasses and herbs

L. ZLakeland silty clay loam

Iegal location: WC 23-16-2E

Soil survey map area: Teulon, Manitoba

Sub group: Calecareous Gleyed Black

Parent material: Strongly calcareous lacusitrine sediments

Drainage: Imperfect

‘Topographyz Ievel to very gently sloping

Vegetation: Aspen, willow, dogwood, rose and meadow grasses
and herbs

Hore detailed descriptions are outlined in HManitoba Soil Survey
Soil Report No. 12 (29).

he soils were sampled to the bottom of the A horizon., The

samples were air dried, well mixed and ground to pass through 0,5

inch square sieve, 4 representative sample from each soil was taken

and the following properties were determined: pH, the soluble salt

content, molsture equivalent,

carbonate content and the organic matter

content, The procedures used for these determinations are described

under analytical procedures., These data are summarized in Table I,



TABLE T

SCOME CHARACTERISTICS OF THE SOIL SAMPLES

FIRST GREENHOUSE EXPERIMENT

15

: ) : o : v : Moisture s
‘ ‘ CaC0y ¢ Organic * Conductivity * *OLS .
3 Soil P g 3 matter : pH : .995 phos T equivalent :
: : ' : % : : : » 3
s Isafold : 2,1 0 12,7 : 6,9 0.38 : 41,0 :
+ Balmoral : 8,3 : 13.2 : 7.6 0.81 ¢ h8.3 :
s Clarkleigh : 14,0 To7 1 7.9 @ 1.6L .2 :
s Lakeland : 16.L ¢  15.7 : 7.5 3 0,62 : L5.L :
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The greenhouse eiperiment was set up to consist of these four
soils with three treatments which were replicated four times. The
treatments were as follows:

I. Incubated with 100 Pep.m. of phosphorus mixed throughout, At
seeding time phosphorus labelled with P32 was added at a rate
equivalent to L8 pounds of Po0s per acre,

II. Incubated with no phosphorus added, At seeding time phosphorus
labelled with P32 was added at a rate equivalent to L8 pounds
of chg per acre,

ITI, TIncubated with no phosphorus added,

The soil samples were divided into L500-gram portions. For the
scils receiving 100 p.p.m. of phosphorus, a stock solution aliquot
containing L5 gm., of phosphorus as KHpPO, was diluted to the volume
required to bring the soil samples to their respective field capacities.,
Portions of the soil were placed in a glazed gallon pot, a small amount
at a time, and sprayed with the phosphorus solution to insure as.com-
plete and uniform distribution as possible. The rest of the soil
samples (treatments II and IIT) were placed in glazed gallon pots and
watered to field capacity, ALl the pots were covered with poly-
sbhylene paper to prevent evaporation of moisture. The samples were
incubated for four weeks in the greenhouse where the temperature was
about 75°F,

At the end of the incubation period the samples were air dried
and each treatment well mixed, A representative sample was taken

from each treatment for determination of nitrate nitrogen and HaHCO, -
g 3
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extractable phosphorus as described under analytical procedures,

The experiment was set up to consist of the three previously
mentioned treatments., One replicate of each treatment consisted of
2000 grams of air-dried soil in an half gallon glazed pot, At seeding
time, each replicate of treatments I and II were treated as follows:
A one and a half inch iayer of soil was removed. A 20 cc, aliquot of
KHpFQ), solution containing 21 mgm. of phosphorus labelled with P32 to
give about LOO p curries/gm, of phosphorus was added in g circular
band, then covered with a 0.5 inch layer of soil. P32 was in the form
of NalpPQ), and was obtained from Charles &, Frosst and Co., Montreal,
Twenty seeds of Parkland barley were evenly distributed and covered
with the remaining soil., The check treatments were seeded in the
same manner except that no phosphorus was added. All soils were
watered to field capacity. Through weighing the pous every other day,
enough water was added to maintain all pots at field capacity., The
pots were randomized on a greenhouse bench and rotated every week,

The greenhouse was illuminated 16 hours a day and the temperature was
around 75°F,

Two weeks after seeding, the treatments were thinned to 12
evenly distributed plants per pot, Nitrogen in the form of KO3
was added to bring all the soils to a level of 30 Pep.m. of nitrogen,
Two weeks later, due to 1arge plant growth, an additional 20 p.n.m,
of nitrogen in the form of KNO3 was added to insure that nitrogen
would not be a limiting factor.

Six weeks after seeding, the plants in each pot were cutbt at
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the soil surface and dried in an oven at 70°C., The oven-dried plant
material from each pot was weighed, ground and wet ashed using the
method developed by Jackson and associates (19), The radiocactive
phosphorus was determined in the samples from treatments I and IL by
the solution counting method, The total phosphorus was determined
in all the samples using the Vanadomolybdophosphoric yellow color
method (19},

Second Crop

After the first crop was harvested, the solil samples were kept
in the greenhouse for six months in a dry state. The samples were
then taken out of the pots and each treatment well mixed. The samples
from treatment I and IIT were used to grow a second crop of barley
without introducing any further treatments., For each soil, the samples
from each treatment were divided into four replicates of 2000 grams
of air-dried soil and placed in half gallon glazed pots,

The pots were seeded in the same manner described before,
Enough water was added to bring all the soils to field capacity.,
Since the nitrate content of the soils was at a high level no additional
nitrate was added, |

The experiment was carried out under similar conditions as
described for the first crop.

After six weeks the plants from each pot were cut at the soil
surface, dried at 70°C,, weighed, ground, wet ashed and the total

phosphorus determined following the same procedures mentioned before.,



5., SECOND GREENECUSE E

Ten cultivated surface soil samples (0-61) selected from three

locations were used in this experiment, These three locations were:

1. Cnadenthal sandy

Soil survey map

Zub group: Rego Black
Parent material: Iedium textured calcareous deltaic deposit
Drainage: Imperfectly to moderately well drained
Topography: Smooth, level to very gently sloping

2. lakeland silty clay loam (3 samples)

201l survey map area: Teulon, Manitoba

o
4

11s soil series is described under the first greenhouse

(a3}

—

he soil samples were air dried, each well mixed an
pass through a 0.5 inch squere sieve. A representative sample from

each soll was taken and the following determinations were conducted:

Survey, University
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texture, carbonate content and its particle size distribution, organic
matter, pi, the soluble salt content, total phosphorus, organic

phosphorus, and 1,/3 atmosphere moisture content., Some of the charac-
teristics of the soils are summarized in Table II,
The experiment consisted of four treatments which were replicated

four times. One replicate of each treatment consisted of 1800 gm, of

air-dried soil in a half gallon glazed pot. The treabtments were as
foilows:
I. Incubated with L0 p.p.m. of phosphorus mixed throughout.

=
I~

. Incubated with 20 p.p.m. of phosphorus mixed throughout,

-
-

. Incubated with no phosphorus added, At seeding time 10 p.p.it.

P3%¢ labelled phosphorus was added,

3 3

¥V, Check, incubated with no phosphorus added and carrier free P37

=
<I

added at seeding time.

All the phosphorus added was in the form of RHpPO), The phos-
phorus applied before incubation was added in the same manner described
under the first greenhouse experiment, The incubation was carried
out at field capacity for six weeks in the greenhouse where the
temperature was around 75°7,

s

AT The end of the incubation period the samples were air dried

and each treatment well mixed. A representative sample was taken
from each treatment and the following determinztions were conducted.
1, Nitrate content,

2., Samples from the check, 20 p.p.m. and L0 p.p.m. treatments were

enalyzed for HalCOj-extractable phosphorus,
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3. The inorganic phosphorus content of samples from the check and
Lo p.p.m. treatments was fractionated into aluminum, iron and
calcium bound phosphate,

In the greenhouse each pot was seeded with 20 evenly distri=-
buted Garry oat seeds, Treatment ITI received 10 p.p.m. of labelled
phosphorus in the same manner as described in the first greenhouse
experiment., WNitrogen in the form of NHMNOB was added to bring all
the samples to the highest nitrate nitrogen content found after
incubation, Potassium was added in the form of KCL to equalize the
amount of potassium added in the L0 PeP.M. phosphorus treatment,

For the check samples carrier free P32 equal to the amount
of F32 applied to the 10 Pep.m, treatment was added in solution of
sufficient volume to bring the different soils to their respective
field capacities. The rest of the samples were watered to the field
capacity,

The pots were randomized in a greenhouse bed and rotated each
week, Since this greenhouse experiment was carried out in May and
June, no artificial illumination was applied, The pots were weighed
every other day and enough water was added %o maintain the soils
at field capacity,

The plants were thinned to 12 plants per pot two weeks after
seeding time. Two weeks later an additional 20 p.p.m. of nitrogen
was added to all pots in the fqrm of WNH)NO3 to insure that nitrogen
would not be a limiting factor.

After U5 days the plants in each pot were cut at the soil



ed, ground, wet ashed, the radiocactive

surface, dried at 70°C,, weig
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. pll was determined in a sojil-water saturation i

using a Universal-pil meter 22.

2. The soluble salt content. The soluble salt content was

estimated by measuring the electrical conduc tivity of a soil-water

W

aturation extract, using a conductivity bridge--medel R, C, 1&132.

3. IMeld capacity. Tor the firs ¢ greenhouse experiment,

property was measured using the moisture equivalent procedure, In

this procedure, the moisture held by the soil after centrifugation

for L0 minutes at 2LLO r.p.m. was determined and expressed as percen-

tage of the oven-dry soil weight,

?

Since the soil samples used in the second greenhouse experiment
were medium textured, it was thought more suitable to use the 1/3 at-
mosphere procedure as outlined by the United States Department of

N\

Agriculture (37).

lis The carbonate content as CaC03., The method outlined b
v

than two mm, air-dry

[¢2]

Ridley (30) was used. A two gime sample of les
oll was digested in 60 ml, of 1¢j HCL for 10 minutes. The carbon

dioxide evolved was sucked through a drying and absorption train con-

¢}

ist

HSH

ng of concentrated E28

~
[

adsorbed by Ascarite in a

g it through

)

the apparatus was rende free from CO, by bubbling
DF 2




concentrated HaOH, The weight of (O, absorbed by the Hesbitt tube
was determined and expressed as percentage of CaCOB eguivalent,

5. Organic matter content., The procedure developed by Walkley

and Black (hO, Ll) was used in which organic matter is oxidized by
chromic acid.,.

6, HNitrate determination. The colorimetric nitrophenoldisulfonic

acid method as modified by Harper (19) was used.

7o Total and organic soil phosphorus. The ignition method of

Hattson, Williams and Barkoff as modified by Saunders and Williams (31)
was used. In this method 2 gm. of air dry soil < 2 mm, was ignited

in a silica crucible for one hour at 550°C., The ignited residue and

a fresh 2 gm. lot of unignited soil were extracted overnight with

100 ml, of U2 N HyS0), on an end-over-end shaker, Inorganic phosphorus
was then determined by direct colorimetric estimation on the extracts.
The difference between inorganic phosphorus from ignited soil (total
phosphorus) and inorganic phosphorus from the unignited soil was

taken as organic phosphorus in the soil,

8. Texture. The automatic pipette method used by Kilmer and
Alexander as oublined by the United States Department of Agriculture
(37) was used. The texture was obtained from a texture triangle
chart (38),

9. Carbonate particle-sgize distribution, In the various soil

fractions (sand, silt, and clay) obtained by the pipette method men=-
tioned above the carbonate material was dissolved by 1 N sodium

acetate buffered at pH 5, according to the procedure described by
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Jackson {18). The loss of weight after thorough washing was considered
to be the carbonate material present in the particular fraction,
Corrections were made for the weight of dispersing agent lost through
washing.

10. Wet ashing of plant material. The plant material was

oxidized by means of a ternary acid mixture HHO;~E,80) ~HCLO), (10-1-L)
according to the procedure developed by Jackson and co-workers (19).

11, Hadioactive phosphorus determination. The P32 was measured

in the wet-ashed plant material using a solution counting tube,

The beta=-ray activity was measured by a Muclear-Chicago IModel 1561A

basic Binary Scaler.

12. Total phosphorus content of plant tissue. The total
phosphorus in the wet~ashed plant samples was dgtermined colormetrically
using the Vanadomolybdophosphoric yellow color method as outlined by
Jackson (19).

13, 0.5 M NaHCOj-extractable phosphorus. The soil samples

were analyzed for extractable phosphorus using 0.5 M NaHCO3 at
pH 8.5 according to the procedure described by Olsen, et al, (25).

1k, Soil inorganic phosphorus fractionation, Inorganic phos-

phate was fractionated into aluminum, iron, and calcium phosphate
according to the procedure cdeveloped by Chang and Jackson (5) as
medified by Glenn, R, C., Hsu, P, H,, Jackson, M, L., and Corey, R, B,
{unpublished data)., This was accomplished by using the various
extraction procedures in the following order:

a. U5 H WH)I® at pll 8.2 extractable phosphate which was
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neasured colormetrically by the Dickman and Bray
method (11).

b. 0.1 N Nalll-extractable phosphate which was measured
colormetrically by the Truog and Meyer method (35),

C. 0.5 W EZSDh—extractable phosphate which was measured
colormetrically by the Truog and Heyer mebhod,

Occluded phosphorus was not determined since the procedure was

used to identify the forms of recently applied phosphorus,



A, FIRST GRE

first Crop
The yield and per cent yield of barley are presented in Table
III. The check treatment data reflect large differences in yield,
being L.6 and 9.7 gm. per pot For Clarkleigh and Isafold, respectively,

~

hese differences apparently were not related to the carbonate

i

i

However, -
content of the soils as expressed as CaCOB. This observation is

(Al

clearly illustrated by the fact that there was no significant difference
in yield between Isafold and Lakeland samples which had 2.1 and 16,
per cent CaCO3, respectively, In spite of the abnormally large plant
growth of the check treatments, phosphate treatments greatly increased

e
X

the yield on all four soils, These increases, signi icant at the

1 per cent level, indicate that soil phosphorus supply was an important
factor in limiting plant growth. It also suggests that the soil samples
contained a high supply of nutrients other than phosphorus, In both
phosphate treatments, there was no significant difference at the 5 per
cent level between the yields from Isafold and Clarkleigh soils, which
have 2.1 and 1l per cent CaC03 respectively. In both treatments,

Balmoral had the lowest barley yield, although this was not true of

the check treatments, Statistical analyses of the data from all
treatments showed no inverse correlation between yield or yield

response and the carbonate content of the soil.

Fhosphorus content of plant material (Table IV) gives further
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TABLE ITI

YIELD AND PER CENT YIELD OF BARLEY (FIRST CROP)

;Soil ///////’/? Yield gm./pot ;; % yleld (E%%Ei x 100) ;
Z//x//freatment: LIl : 11 : 1 :: -~ ; L :
. Tsafold 9.7 + 13.8 Wl i 133 1SS
: Balmoral : 0.7 f 11,0 : 11,5 Qi 16h.2 : 171,06 ;
; Clarkleigh : a6 : 13.0 : 15.2 :; 282,6 : 330.4 ;
D Lekeland  + 8.6 1 11.9 : 13.4 o 1.0 . 1558 .

Yield: L.S.D. between soils (P=0,05) 1.LO
L.3.D. between soils (P=0,01) 1,72

)

)

L.S.D, between treatments (FP=0.05) 1.21
L.S.D. between treatments (P=0.01) 1.,h,9 o

The treatments were:

I, Incubated with 100 p.p.me. of phosphorus and L8 pounds per acre
of PZOS added at seeding time,

. Incubated with no phosphorus added, and L8 pounds per acre of
PZOS added at seeding time,

IIT, Incubated with no phosphorus added.
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support to the trends observed from yield data, With the exception
of Clarkleigh, total phosphorus uptake from the check samples proved
to be high compared with normal cultivated soils. The per cent phos-
phorus in the check treatment, however, was comparatively low in
magnitude, This condition is further evidence that phosphorus was a
limiting factor for plant growth in these soils, The significant
response to added phosphorus is reflected by the large increase in

T
H

total phosphorus uptake from treatments I and II., The high per cent
 phosphorus in treatment I would indicate a luxury consumption of this
element, These observations are strong indications that large amounts
of added phosphorus, both before incubation and at seeding time were
available to the barley plants, In both phosphorus treatments, the
total phosphorus uptake of barley from the Balmoral samples was the
lowest of the four soils., OStatistical analyses of the data indicate
no significant correlation between either total phosphorus content
or per cent phosphorus in plant material and CaCO3 content of the soil.,
The availability of soil phosphorus and the phosphorus added
pefore incubation was evaluated by the NaHCOB-extraotion method and
HAM values calculated according to Fried and Dean's equation (12),
UA% = Per cent plant phosphorus derived from the soil x rate of

Per cent plant phosphorus derived from the fertilizer  phosphorus
applied

ﬁaHCOS-extractable soil phosphorus from treatments I and III,
percentage utilization of the labelled phosphorus, and "A'" values cal-
culated from treatments T and II are presented in Table V,

<£ Y

The data, from the NallCOiy-extractable phosphorus, indicate that
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the Clarkleigh soil had the lowest amount of native aveilable soil
phosphorus, while the other soils had similar amounts., Fhosphorus
added before incubation greatly increased the HaHCOB—extractable soil
phosphorus from each soil, If the amount of phosphorus that was
extracted from the check treatment is subtracted from that extracted
from treatment I, it is evident that this method extracted from 26-3l
per cent of the added phosphorus., However, there was no apparent
relationship between the amounts extracted and CaCOB content, For
instance, the smallest amount extracted (26 pop.m.) was from the
Balmoral soil which has 8.3 per cent CaCOB,‘while the highest amount
(32,2 pepom.) was extracted from the Lakeland soil which contains 16,)
per cent CaCl0,, Statistical analysis showed that a highly significant
positive correlation existed between NaHCOB-extractable soil phosphorus
and otal phosphorus content of the barley plants from both treatments,
The correlation coefficient was +0.937 which was significant at the
1 per cent 1e§el. At the same time no correlation between NaHCOB—
extractable soil phosphorus and CaC03 level was de’cected°

In treatments I and II, per cent utilization of labelled phog=-
phorus, listed in Table V, show abnormally high values for all soils.,
This indicates that phosphorus added in a band at seeding time was
quilte available to the bafley plants regardless of the CaCOB level of
the soil. The percentage utilization of labelled phosphorus in treat-
ment I was lower than the comparable values from treatment II, This
could be attributed to the increase in available s0il phosphorus due

to the phosphorus appliied before incubation,




"AM VATLUES, PER CENT UTILIZATION OF ADDED PHOSPHORUS AWD NaHCOy =Z{TRACTABLE PHOSPHORUS

: ; NaHCD3 extractable Pi . Treatment II . Treatment I .
s Soil : S : - 3 qs . : e : 3
. . I i I . % utilization . UAM values T % utilization . AN values
: J DePelm. 1 p.p.m. o of added P, C DDl . of added P. © D.p.u, ’
s Isafold : 20,0 : 54,0 51.1 33,50 38.8 : o 1105
: Balmoral : 21,0  : 47,2 h1.1 : 354 35.1 : 67.2
¢+ Clarkleigh : 1L : L2,0 : 50.5 : 29.1 : 43,3 : 97.3 :
: Lakeland : 20,6 : 52,8 : L7.5 : 31.h : 39.5 : 86,2 :

s
L

After four weeks of incubation period
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Fried and Dean (12) considered the "A" value for a particular

soil to represent an amount of soil phosphate that is as available o
plants as the phosphate added in a standard phosphate
data tabulated in Teble V indicate that there was a large increase in

-
L

1

"A" values for treatment I as compared to values for treatment .
This observation substantiates that large amounts of the phosphorus added
before incubation were as available to the barley plants as the labelled

phosphorus added at seeding time. The differences between "A' values

for treatments I and II, expressed in p.p.m. of phosphorus were 7.0,
¢8.2, and 5L,8 for Isafold, Clarkleigh, and Lakeland soils, respectively,
while Balmoral had the lowest value of 31.3., It is apparent that the
avellability of phosphorus after incubation was large and independent

level of the soils. A high correiation was found between

romn *reatment IT and the total phosphorus uptake of
barley from the check treatments, Lowever, due to the small number
of samples, this correlation was not significant, leanwhile
nighly significant positive correlation was found between calculated
TA" values for treatments I and II and corresponding ﬁaHCOB—extract-

-

ble phosphorus values. The correlation coefficient was +O,923 which

03

was significant at the 1 per cent level., There was no significant

correlation between "A" values and Call

ot
p

All the presented data indicate that +the Clarkleigh soil was low

in available soil phosphorus, and that phospherus added to the Balmoral

soil before incubation was comps aratively less available than +the phos-

] ] - Homrrex
phorus added to the other soils, However, both ob servatlons could not
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1. 3 oy

be attributed to the Callsy content of the soil, since all the data
were consistent in showing no apparent relationship between the
availability of added or native soil phosphorus and the level of
carbonate expressed as CaC0j equivalent in the virgin soils used,
Second Crop

First crop data clearly indicate that large amounts of the
phosphorus added before four wesks of incubation were available
barley plants. In order to investigate the availability of added
phosphorus to following crops, and also whether incubation under f
capacity was a factor in the high phosphorus availability to the first
crop, the soll samples from treatments I and III were stored in a dry
state for six months in the greenhouse. A second crop ozv:a rley was
grown without introducing further treatments,

The results obtained are summarized in Table VI, It is noted
that the second crop yield and phosphorus content of the plants were
much lower than those of the first crop. This could be attributed to

two factors: (a) breaking virgin soils into cultivation is usually

o

accompanied by a temporary flush release of nutrients due to the fast

:

decomposition of organic matter. Under field conditions, the large

amount of nutrients released might lead to a declining luxury growth

of the first few crops. Iowever, under greenhouse conditions, where

nutrient consumption is relatively higher, the effect of the released

nutrients might be confined to the first crop; (b) the high amounts of

Eag £

phosphorus utilized by the first crop,

EN

However, the data indicate that, on all four soils, large and




TABLE VI

YIELD, PER CENT YIELD, PHOSFIHORUS UPTANE AMD PER CSNT PHOSPHORUS

IN BARLEY (SECOND CROP)

i f Tield f % vield f Phosphorus uptake f # ¥, in plant f
: Soil gn./pot : : mgm. /pot ° material

- - =~ Fert, x 100 - - ; - -
: oI DI ©CK o1z T om0
i Isafold  : 2.0k @ 3,80 ¢+ 177.6 i 289 : 10,19 3 0,135 : 0,265 :
: Balmoral : 2,78 : 3.3 120.1 : Le72 ¢ 11,42 & 0,170 ¢ 0.342 :
: Clarkleigh ¢ 2.50 : 3.L8 139.2 : 3.7h o+ 11,8 ¢ 0.150 : 0.339 :
: Lakeland ¢ 1.80 : 3,19 177.2 : 2,52 ¢ 11,11 : 0.1L0O : 0.348 :

Yield: L.3.D. between treatments {P=0.05) 0,54
L.5.D. between treatments (P=0,01) 0.73

L.3.D, between soils (P=0,05) 0,76
Fhosphorus uptake: L.S.D, between treatments (F=0,01)

L.8.D. betuween soils (£=0,01) 0.97

0.69

ae
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i}

significant increases in yield and phosphorus content of the plants

!

were obtained from treatment I samples., It is noted that per cent
phosphorus in the plants from the check treatment were low and similar
to the comparable values for the first crop, Per cent phosphorus in
the plants from treatment I was significantly higher and comparable

to values normally obtained from cultivated soils well supplied with
phosphorus, This observation suggests that other factors were limiting
the plant growth on treatment I samples, Previous observations
illustrate that in spite of storing the soil samples in a dry state
:for six months, the incubated phosphorus had a considerable residual
effect on the second barley crop. Data show that in both treatments,
the CalO3 content of the samples had no apparent influence on residual

phosphorus availability to the second crop of barley,

B, SECOND GREENHCIUSE EXPE

The results presented in the first part of this investigation
led to the conclusion that the availability of added and native phos-
phate in the four virgin calcareous soils was not related to the CaCOB
content., In order to investigate the effect of different levels of
CaCO3 on phosphorus availability in cultivated soils, a second green-
house experiment was carried out, TmlaﬁlswmwstQhrmgmhm
Gal03 content from 0.5 to 33,1 per cent were used in this experiment.,
These samples were collected from three locations., Thus for samples
from the same location similarities in soil type, parent materials

and previous treatments would be secured., At each location it was

noticed that the Call3 content of the surface soil was quite variable,
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These differences could be attributed to many factors, including
variability in local mixing with lower soil horizons richer in CaC03
content, thickness of the A horizons, and topography,

Since surface reactions are generally considered to be an
important factor in the effect of CaCOB on phosphorus availability,
the particle size distribution of the carbonate materials in the soil
samples was determined, The results obtained are tabulated in Table
XTIV (Page 57).

The experiment was designed to consist of four treatments., In
two treatments, phosphorus was applied at the rate of 20 and LO DeDell, oOFf
¥, before incubation., Two rates were used in this experiment to

investigate the relationship hetween the rate of phosphorus applica-

o

tion and the C CO3 effect on phosphorus availability. In a third
phosphorus treatment, phosphorus labelled with P32 was applied at a
rate of 10 p.p.me at seeding time. The available soil phosphate would
be estimated from this treatment according to Fried and Dean's formula
(12).

fried and Dean's method was criticized by Sokolov (33) who
believed that the application of a phosphate fertilizer changes the
composition and properties of phosphates already in the soil. Thus
with different forms, dates, and methods of labelled fertiligzer
application, different estimates of available soil phosphates would
be obtained., It suggested the application of labelled phosphate con-

taining only a negligible amount of total phosphorus which would

exert almost no effect on the composition or avallabllity of soil




38
phosphates. In this method the stipulated store of available

phosphates in the soil "X" is determined by the formula:-
lf:«;" it A

dmount of phosphorus taken into the plant
K (utilization coefficient of P32)

x 100

He stated that this evaluation is based on the proposition that
the P3

2 is distributed among different forms of the soil phosphates
in proportion to their participation in the process of transferring

phosphorus from the solid phase into the soil solution and vice

versa,
He believed that the method proposed makes it possible, throug

ch
determination of a P32 utilization coefficient, to characterize

the
supply of exchangeable phosphates in the soil and the degree of

their
mobility, or in other words, their contribution to phosphate in soil
solution which is available to plants. Sokolov's method was applied
in this experiment. Carrier free P32 was added to the fourth and
check treatment to determine

Sokolov's AU vglues and P32 utiliza
coefficients for the different soil samples.,

tion
Oat

plants were used in this experiment since these plants
are less susceptible than barley to powder mildew which was abundant
in the greenhouse at the time of the experiment.,

Yield of oats and per cent yield data are

presented in Table VII,
The data indicate considerable differences among the check yielids from
different soil samples, If the check yields from samples of the same
location are compared as a separate group, it is noted in the Altona

and Winnipeg locations, where there are wide ranges in CaC“B content,

that there is evidence of an inverse correlabtion between the CalO
content and the check yicld,

)
e

However, although the CaCO3 contents of
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TABLE VIT

AND PER CENT YIELD OF OATS

fS0il 4 Yield (oven dry weight) “° 4 yield  Fert. x 100, °
: : gm./pob i (~ox )
3 s : 10 : 20 : L0 12 10 2 20 : L0 s
: 3 Check : pePelMe 3 DeDolle 2 PoDolle 2: PoDelfie : PeDolle ¢ DoPolls $
: " Treatment: : (band) : +: (band) : : :
s Altona 2 H . H R : s ] 2
: 1 : 5,27 ¢ 5,60 i 0,03 : 6,16 :: 106.,3 : 11l o 116.9
: 2 : 3,68 @ 5,06 : 5,50 1 5,42 :: 137.5 & 149.5 ¢ 147.3
: 3 2 2,47 ¢ L,0O0 ¢+ L.0B8 ¢ 508 i 161.0 : 165.2 : 205.7 3
: L : 2,96 1,16 5.1 ¢ 5,54 :: 1h0.5 ¢ 173.6 : 187.2
2 Teulon : s - B : s : : 3
: 1 : 5.1 @ 5,98 5.99 : 6,82 :: 110.5 ¢ 110.7 3 126.1 :
2 : 5,85 6.18 ¢ 5,80 : 6,09 :: 105.6 100.7 ¢ 1o0h.1
2 3 : 5,08 ¢ 6,06 1 5,87 ¢ 6,56 :: 119,3 : 115.6 2 129.1
s Winnipeg : s : HH] : : :
: 1 2 5.28 & 5,57 3 G.35 @ 6.98 :: 105.5 : 120.3 s 132.2
: 2 s L1535 5,62 ¢ L9 ot 6,29 :: 135,04 @ 119.0 : 151.6
: 3 2.9h 1 LlB7 LoBh ¢+ 6,07 :: 165.6 @ 15L.h 1 206.5

between
between

between
between

treatments (P=0,05) 0.24
treatments (P=0,01) 0,28

soils (P=0.,05)
)

soils (P=0,01
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the Teulon samples are uniformally high, the check yields were high
and comparable to those from the samples with low CaCl3 content.

If the check yields from all the samples are compared, no significant
inverse correlation between the Ca003 content and the yield magnitude
is obtained, This is illustrated by the following observations:
(a) Teulon 2 sample had the hi ighest check yield although it contains
27.9 per cent CaCO3, (b) there are no significant differences between
the check yields from Altona 1, Winnipeg 1, Tevlon 1 and 3 samples,
in spite of the fact that they contain 0.5, 2.0, 2L.3, and 29.3 per
cent Ca003 respectively; (¢) there is a significant difference at the
1 per cent level between the check yield from Altona 1 and 2 samples
aﬁmmghtmwlmwemmﬂﬁrcam3cmmam&

With the exception of one yield value (Teulon 2 sample treated
with phosphorus at a rate of 20 p.,p.m, of F.) there was significant
yield responses from all the samples to each phosphorus treatment.
in general the lower was the check yield, the greater was the response
to phosphorus treatments. This is illustrated by the fact that although
the check yields from Altona 1, Teulon 3, Winnipeg 2 and 3 samples
range from Z,9L to 5.27 gm./pot, there are no significant differences
among the LO p.p.m. treatment yields from these soils. This indicates
that phosphorus was an important growth limiting factor in these soils.

1

The low yield responses to phosphorus treatments on Teulon
samples indicate that a high CaCOB content is not necessarily associated
with high yield response to phosphorus treatments.

In general, stabistical analyses of the data indicated that in
& 5
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all four treatments, there was no significant inverse correlation between
either yield or per cent yield and the CaCOB content of the samples.

Fhosphorus uptake and per cent phosphorus in the oat plants
(Table VIII) indicate similar trends to those observed from the yield
data. In the check treatment, phosphorus uptake from different samples
was quite different, reflecting large differences in available soil
phosphorus among the different samples, If phosphorus uptake values
from the check treatment samples of the same location are compared
separately, it is noted in the Altona and Winnipeg locations, that
there is an inverse relationship between uaCU3 content and phosphorus
uptake. However, phosphorus uptake from Teulon check samples was
comparatively high and comparable to phosphorus uptake from the samples
of low CaCO3 from the other two locations,

Rach phosphorus treatment significantly increased phosphorus
uptake Irom all samples. With very few exceptions the higher was the
rate of added phosphorus the higher was the increase in phosphorus
uptake. In each phosphorus treatment, the increase in phosphorus
uptake from the different samples had no apparent relationship with
the CaCOB content. This is clearly illustrated by per cent utilization
of added phosphorus in the three phosphorus treatments (Table IX).

Per cent utilization of added phosphorus in the 10 p.p.m. treatment,
which was labelled with P32, was obtained by measuring P32 uptake by
the oat plants, Fer cent utilizationsof added phosphorus in the 20

and LO p.pe.m. treatments were obtained by expressing the increase in

phosphorus vptake, due to each phosphorus treatment, as per cent of




CABLE VITT

PHOSPHORUS UPTAKE AND PER CENT PHOSPHORUS TN QAT PLANTS

: : Phosphorus uptake : Per cent phosphorus in s
: 2 mgm./pot HE plant material :
: Soil :s :
: ; Cheek ; 10 ; 20 ; Lo :; Check ; 10 ; 20 ; Lo ;
s : ; PePelle o DoPolle , PoD.M, . : PeDolle . D.p.Me , Popoll, .
¢ Altona H : : : -; 3 ¢ s H
: 1 : 10l 2 12,8 : 16,6 & 1B.3 s 0,197 = 0.229 : .275 : ,297
: 2 0.9 & 9. : 11,9 : 12,9 :: 0.188 : 0.186 : ,216 : ,238
: 3 s obos 66 : 9.1 2 11,7 2 0.178 = 0,165 ¢ ,223 & ,230
: L 3.0 7.5 i 103 : 1l.h :: 0,101 : 0,180 : ,200 : .206
: Teulon 2 : : H ‘ ] s _ H : g
H 1 2 7.3 ¢ 10.1 : 13,0 : 16.5 1 3,135 : 0,169 : 217 W22 s
s 2 : 9.8 ¢ 12,3 & 13,6 1 16,2 i 0,168 : 0,199 : 231 : 267
: 3 2 7.2 3 10,6 : 11,0 : 15,7 :: 0,142 : 0.175 : 187 : ,239 .
: Winnipeg : ) : : : HH : : : :
: 1 2 85 ¢ 1049 ¢ 1L.0 5 16.3 :: 0.161 : 0.196 : 220 : ,23L
: 2 t 5.5 ¢ 9.8 0 9.k i 12,9 :: 0.133 : 0. 17h ¢ 190 : 205
: 3 : 2,0 B.6 2 8.9 : 12,8 :: 0,068 : 0.177 ¢+ 196 : ,211

.Lo between treatments (#=0,05) 0.4l

Phosphorus uptake: D
Do between treatments (P=0,01) ¢.L8

il

e

L.5.D. between soils (F=0,05) U.65
L.3,D, between soils (P=0,01) 0.76
Per cent phosphorus: 1.8.D, between treatments (P=0,05) 0,008
L.3.D. between treatments (P=0,01) U009

-b. between soils (P=0,05) 0,0125
Do between soils (£=0,01) 0.01L5
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Ll
the added phosphorus. Tt is apparent in each treatment that per cent
utilization of added phosphorus was independent of the CaCOB content
of the sample. In other words, the CaC0g level in the samples
apparently did not affect the availability of added phosphorus in all
three treatments,

Data presented in Table VIII indicate that in the check treat-
ments there is an inverse correlation between the per cent phosphorus
in the plants and the per cent CaCO3 in the soil samples. This
correlation had a "r" value of -0,6l which was not significant at
either the 1 or 5 per cent level, This is the first indication in
the investigation that CaCCé per se had any affect on the phosphate
supplying power of the soil,

with the exception of two values, each phosphorus treatment
significantly increased the per cent phosphorus in the oat plants.

The higher was the rate of added phosphorus, the higher was the increase
in per cent phosphorus. In each phosphorus treatment the increase in
per cent phosphorus fqr the different samples was independent of the
Cally content,

Statistical analyses indicated that in all phosphorus treatments,
per cent phosphorus in plant materials had no significant correlation
with the CaCUs content of the soil samples,

Available soil phosphate was estimated by two methods; UAH
values calculated according to Fried and Dean's formula (12), and
estimating soil exchangeable phosphate with P3¢ and its utilization

coefficient as proposed by Sokolov (33). The data obtained from these
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methods are tabulated in Table X,
The "AM values indicate large differences in available soil
phosphate among the soil samples. It is noted that Altona 2, 3, and
L, samples which had the lowest MAM values are also the lightest in
texture and contain some of the lowest levels of organic matter among
the samples under investigation., This might be an indication that
available soil phosphate has some relationship with either soil texture
or organic matter content, or both of them. There was no significant
correlation betwesen the CaClOy content of the samples and the available
soil phosphate estimated by the "A" values., leanwhile there was a
highly significant positive correlation between "A" values and phos-
phorus uptake from the check treatment soil samples. The correlation
coefficient was 0.03L which was significant at the 1 per cent level,
The values of exchangeable soil phosphate, "i'', and its ubiliza-
tion coefficient (Table X) should be considered cautiously due to
the fact that carrier free P32 was found to he adsorbed on the giass-
ware, Carrier free P32 was applied to the soll samples in the form
of a water solution. Fart of this solution was kept as a standard,

the activity of which could be determined at the time of the F32

1

estimation in the plant material., Thus per cent utilization of the
added carwier free F32 could be calculated by relating the amounts of
P32 to paraliel standard counts. However, it was found that large
amounts of P32 from the standard solution had been adsorbed on the

glass container, This resulted in lower standard counts than there

should have been., Since both the carrier ifree and 10 p.p.m. treatment




2

N

standards contained ic

D

ntical amounts of P32

(

amouvnts of P32 adsorpbtion occurred in the latter standard, P32 counts

5

the 10 pe.p.m. treaitment standard were used in calculating the

carrier free P32 utilization coefficients and exchangeable soil phos-
phate of the different samples. This modification waé done on the
assumption that the amount of P32 adsorbed from the carrier free
standard, at the time of apoplication of the soil samples, was come
paratvively small relative to P32 in solubion.

Hevertheless, since carrier free P32 was added to the soils
4

within a short period of time, it is reasonable to assume that the

amounts of P32 added to the different samples were equal, Thus the

.

data obtained could be useful in comparing the availability of soil
phosphate among the soil samples.
The amounts of exchangeable soil phosphates, measured by the

M values, differed greatly among the different samples, However,

L

these values were not related to CaC03 content of the samples, Hean-

while there was a significant positive correlatbion between "I values

m

and per cent clay in the samples. The correlation coefficient was

0.74l; which was significant at the 5 per cent level, A higher positive
correlation was obtained between "I values and per cent clay in the
samples after removal of the carbonate materials From the clay

fractions (Table XI). The correlation coefficient was 0.775 which was

e L per cent level., This indicates tha

soil phosphates wmeasured by this method were related to the mineral clay

content of the samples.
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1t is apparent from the data that some of the samples (iltona 2,
3, end L samples) had similar amounts of exchangeable soil phosphates,
vet their utilization coefficients were different, The comparable
= =

data from Altona 1 and Winnipeg 2 samples showed the same trend. This
suggests that in different soils, soil phosphates exchangeable with
r32 are not equally available to plants, This conclusion is in agree-
ment with the results obtained by Kortiskayas, This conclusion could
explain the fact that the positive correlation betwsen phosphorus
uptake by the oat plants and the exchangeable soil phosphates in the
different samples (0.717) was lower than the comparable correlation
with "AM values (0.83l). However, exchangeable soil phosphates deter-
mination seems to give a more comprehensive picture of the soil
hosphorus potential supply.

The HalCO3-extraction procedure developed by Olsen, et al, (25)
was used to evaluate the availability of added and soil phosphate of
the samples used in the second greenhouse experiment, NaHCOs~extract-
able phosphorus from the check, 20, and L0 p.p.m. treatments before
seeding and after harvesting the oat crop are reported in Table (II.

Before seeding, NaHCOg~extractable phosphorus from the different
samples was not necessarily related o CalOy content, If the extract-
able phosphorus from samples of the same location are compared, it is

L

noted that the samples with the highest amount of extractable phosphorus

are also the heaviest in texture and the highest in organic matter

* These results are referred to by Sokolov, A. V., {(33).
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content., Statistical analyses showed a positive correlation between
nalilOg-extractable phosphorus from the check samples and the mineral
clay content of the samples, The correlation coefficient was 0.033
which was significant at the 5 per cent level, Meanwhile; here was
a positive correlation between organic matter content of +the samples
and NaHCO3-extractable phosphorus from the check samples., However,
this correlation (r=0.5L5) was not significant at the 1 or § per cent
level,

Both phosphorus treatments considerabiy increased the amounts
of NalCOj-extractable phosphorus from all the samples, If the increase
in extractable phosphorus from each soil is related on a per cent basis
to the rate of added phosphqrus it is noted that L2,0 to 6L.5 per cent
and 55,0 to 62,0 per cent of the added phosphorus in the 20 and L0
PePom. treatments respectively were extraétabl@ by the NaHCO; extraction,
This indicates that, regardless of CaC03 content, large proportions
of the phosphorus mixed throughout the samples and incubated for four
‘weeks were extractable by the NallCO3 method, Statistical analyses
indicated that phosphorus uptake by the oat plants was positively
correlated with NaECO3-extractable phosphorus before seeding time
in all three treatments., The correlation coefficient was 0.092
significant at the 1 per cent level,

At the end of the greenhouse experiment, a reduction in NaHCO5~
extractable phosphorus was clearly noticeable in all cases. Since
this reduction could not be accounted for entirely by the amounts

removed by the oat plants, this would indicate that during the crop
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growing period some of the added and native soil phosphate were con-
verted to less avallable or unextractable forms. TWith few exceptions
the reductions in HalCOs-extractable phosphorus from the samples

recelving 20 and L0 p.p.m. of F. were generally uniform and within

the same order of magnitude for both treatments, This indicates that

the reduction in aliC03~extractable phosphorus was independent of th
rate of phosphorus application, llowever, the reductions in W 4C03=

1

extractable phosphorus in the phosphorus treated samples were con=
siderably higher than comparable reductions in the check samples, This
suggests that during the growing of a crop there is g gradval conversion
of added phosphorus to a less available form in these soils.

all three treatments, the reduction in NaliCO3~extractable
phosphorus was not related to CaCl3 content of the samples, This
indicates that the CaC0O3 content had no apparent effect on phosphate

conversion to less available or unextractable forms.

1,

[._J

batistica

C’)

analyses of the data presented in Table XI showed

no significant correlation between I H003~extractable phosphorus
and the CaCOB content of the soil samples.,

The modified Chang and Jackson's fractionabion procedure of soil
inorganic phosphates was used to investigate the effect of CaC03 con-
tent on the type and the relative availability of the different chemical
fwmsofsﬁiemdramMﬁya&hdpMmﬂwmw.

The soil samples were extracted by three reagents in the follow=-

ing

O

order, 0.5 N NH,F, 0,1 i HaCH, and 0,5 ¥ Hp30) . These reagents are

considered to extract aluminum bound, iron bound, and calcium bound
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phosphates respectively. The significance of these terms will be

N

elaborated on in the general discussion,

The extracted phosphate fractions of soils which were sampled
before seeding time and at the end of the greenhouse experiment are
reported in Table XIITI, The iron bound phosphate fraction was not
reported since only trace amounts were detected,

m o~
L i

he analyses before seeding time show that in all the soil
samples under investigation, most of the extracted soil inorganic

hhosphates were in a calcium bound form. The rest of the extractable

phosphates were recovered in the NH)F extract. The amounts of phos-
phorus extracted by either reagents werse not necessarily related to

the Call3 content of the samples, There was a positive correlation

between the I'H) F-extractable phosphorus and the mineral clay content
of the samples, However, the correlation coefficient (+0.577) was

not significant at either the 1 or 5 per cent levels, IHeanwhile,

[}

the IH)F-extractable soil phosphorus was highly correlated with th
exchangeable soil phosphates estimated by Sokolov's method (33). The
correlation coefficient was +0,801 which was significant at the 1 per
cent level, This, coupled with Weir and Soper's finding (L2) that a
high percentage of the RJMF—extractable phosphorus was readlly exchange-

able with P32 in solution, shows that the

F-extractable phosphate

13

dthin experimental error, all the added phosphorus in the

ot

Lo p.p.m. treatment was recovered by the fractionation procedure used,

with 47.0 to 838.3 per cent of the added phosphorus recovered in the




TABLE XIIT

PHATE FRACTIC

: . Check .. Lo p.p.m, :
P ogei1 WEF P EpSQ) i WEE G HpSOp
: . extractable | extractable | extractable ' extractable |
) : Dol ellie X DeDalie o DeDollte X PePolM, :
: Altona s : st : s
3 1 : L3,2 : 256,0 :: 76.5 : 266.0 :
: : (Lo.3) «  (280,0) s (70.2) ¢+ (269,0)
: 2 : 16,9 : 255,0 :: L5 : 267.5 :
: : (11,5) ¢ (261l.5) = (29.9) ¢+ {28L.,0)
s 3 : 12.6 : 355.0 :s 32,6 : 375.0 :
: : (11.5) &+ (35h.0) & (20.,1) ¢ {(388.,5)
s Ly : 17.2 : 353.,0 i 10.8 : 375.5 s
: : (k) ¢ (355.0) s (28.2) :  (38L.0)
: Teulon ¢ s ‘e : :
: 1 : 2l.7 : 232,5 se 59.9 : 21i0.0 :
: : (21,2} (236,0) :e '115,9) : (253,0)
: 2 : L. : 2L .0 s 75 .6 : 26,0 :
: : 36,80 . (250,0) 23 2.1) (267.5)
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: Winnipeg : : ;; ; , ;
: 1 : 35.0 : 181.6 s: 70.0 s 186,06 :
: : (31.3) (183,0) s (63.3) (192,5) :
;2 21,0 ¢ 22,0 i W0 o 2571
: : (16.7) ¢+ (250.0) &3 (33.9) = (27h.,0)
: 3 : 1he 7 : 223.9 s: 33,5 : 2h3.0 :
: : (10.9 s (266.5) s (27.6 : (25h.0)

-

The figures between brackets represent the analyses of the soil samples
after harvesting the oat crop,



NE ¥ extract, The remaining added phosphorus was Hp30), extractable.
In bobl the check and L0 p.p.m. treatments, the W, F-extractable

Eay S fal

phosphorus from the different samples were highly correlated with the

o~

phosphorus uptaie by the oat plants. The correlation coeffiicient was

.

+0.927 which was significant at the 1 per cent level. This suggests
that the k) I-extractable phosphorus is highly related to the phosphate
Torms available to the plants, It was also found that the NHhFLextract—
akle phosphorus was highly correlated with the phosphorus amounts

5

extracted by Olsen's HalilCO3-extraction method from the same treatments,
The correlation coeflficient was +(0,913 which was significant at the

1 per cent level. The HpSOj-extractable phosphorus was not related

to elther phosphorus upteke by the oat plants or the NalCO3-extractable
phosphorus.

The analyses at the end of the greenhouse experiment reflect
variable decreases in the NH) [F-extractable phosphorus. At the same
time comparable increases in the HpSO)-extractable phosphorus were
observed in all the samples. This suggests that some of the WH),I-
extractable phosphate was converted to a calcium bound form., However,
the reductions in NH)F-extractable phosphorus from the different
s%mhswmﬁlmtrﬂamdtoﬂm(bmgcmwamoftms samples, This
indicates that the phosphate transformation process was independent
of the CaC03 content.,

It is noted that the total inorganic phosphorus of the samples

at the end of the greenhouse experiment was almost equal to amounts

before seeding time, which does not account for the amounts removed
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by the oat plants, This could be attributed to: (2) mineralization

N

of soil organic phosshorus, This suggestion is supported by Van Diest
and Elack's conclusion (39) that the phosphorus present in organic
form in alkaline soils at the be eginning of a season may contribute
substantially to the phosphorus nutrition of plants grown during that
seasong (b) experimental error. This could be a large factor since
the amounts of phosphorus removed by the oat plants were fairly small
compared to the total inorganic phosphorus content of the different
samples,

The particle size distribution of the carbonate materials in

-l

the soil samples are reported in Table XTV, It is noted that with the

£

exception of Altona 3 sample, the majority of the carbonate materials

as expressed as CaCO3 were found in the silt fraction, riowever, the

o
L

dﬁmcﬁdnﬂ;m@mmtamfmmcﬁioeﬂﬂmmﬁ@n:M‘umimmﬂsommmmd
Trom the greenhouse data,

Statistical analyses of the presented data shows the existence

of a highly significant positive correlation between the amounts of
phosphorus taken up by the oat plants and the amounts of phosphorus
extracted by two chemical methods from either the check or the phosphorus

oo . '

treated samples, The correlation coefficients for these relationships

were 0,892 and 0,913 for the -a«COw- and the ¥NH F- (Jackson procedure )

extractable phosphorus respectively. Thus, an investigabion of +the

!‘

phosphate forms extractable by both procedures would serve as sound
basis for a comprehensive discussion of the role played by the carbonate

. o

content of the soil samples in the availabil ity of recently added and
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native soil phosphate. In the following discussions the carbonate
content of the samples will be expressed as CaC’3 equivalent, bearing
in mind that other forms of insoluble carbonate could be present in
the scoil,

The extraction mechanism of the NaHCOB reagent, as explained
by Olsen (2k) and Jackson (19), is based on: (a) lowering the Cat+
activity in the soil solution, as a result of increasing the carbonate
ion activity. Thus phosphate is released from the surface of calcium

M

phosphate according to the solubility product principley {(b) the

2

probable competition of HCU3™, CO037, and OH™ ions for phosphate adsorbed
on the surface of soil particles; (c) the ability of the reagent to
extract some phosphate from the surface of aluminum and iron phosphates

by repressing the aluminum and iron ions activities by formation of an

aluminate complex of the former and precipitating the latter as the
EN A i

Olsen (23) found that NalC O3=extractable phosphorus from 25
soils, with pH ranging from 5.0 to 7.6, was highly correlated with
surface phosphate in these samples., The latter was determined by F32
equilibrium technique. The correlation coefficient was 0.938 which

wag significant at the 1 per cent level, Seven of the samples con-
tained CaCO3° Patel and kehta (28) fractionated the total phosphorus
of 21 soils, with CaC03 content ranging from nil to 6.6, into five
corponents viz. (a) calcium phosphate, (b) adsorbed phosphate (c) iron
and aluminum phosphate (d) organic phosphate (e) insoluble phiosphate,

They fou

QJ

wiat the amounts of adsorbed phosphate gave the highest




correlation with the uptaike of phosphorus by sorghum plants

Heanwhile the adsorbsd phosphate was highly correlated with

Ihe previous discussion provides ample evidence that the amount

off laliCO3~extractable phosphorus is

to surface phosphate
in the soil.
There is considerable evidence which indicsgbes that NHMF—

v

extractable phoschorus is to suriace phosphate in the

soil. 1In the modified Chang and Jackson's procedure the LH),I reagent
is considered to extract loosely bound and aluminum phosphates in the
soil, Turner and Rice (3¢) atitributed the efficiency of the NLhF

reagent in likerating phosphorus adsorbed by aluminum hydroxide to the
formation of an insoluble (NE%)3A1F6,complex on the gel surface. This

+

could be the same mechanism with which the HH)I'" solution extracts the
phosphorus adsorbed by clay minerals, This suggestion is supported
by Gorbunov's conclusion (16) that phosohorus adsorbed by clay minerals

is related to the active surface aluminum of the clay crystals. DBray

solutions extracted water soluble

and Dickman (3) considered that HH,F
and easily replaceable phosphate from soils and clay, ¥eir and Soper

(12}, in their adsorption and exchange studies in some Manitoba soils,

concluded that a hi percentage of the

was exchangeabls with 32, It was also found in the writer's investiga-

tion that the

JF-extractable soil phosphorus from the check samples

=3

was highly correlated with the soll phosphate exclangeable with P32

which was determined according to Sokclov's method (r=+0.301). Since
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ristic of surface phosphate, it
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exchangeabilit)

could be concluded that IH)IF-extractable phosphorus is highly relate

to surface phosphate in the soil., The capability of calcareous soils
to adsorb considerable amounts of phosphorus on the surface of the soil

) L

particles has been demonstrated by meny investigators, including VWeir
and Soper (L2) and Olsen and Watanabe (25). They found that phosphorus
adsorption by calcareous soils follows the Langmuir isotherm within

low ranges of initial phosphorus concentration in solution. In general,

these concentrations would include the normal rate of phosphorus ferti-

izer applications to soils, It also includes the rates of phosphorus

=

application in the present investigation.
The previous discussion indicates that both HaHCO3- and WH) F-

N

to phosphorus held on the

A

extractable phosphorus are closely related
surface of the soil particles. Since WakCU3- and WE) F-extractable
phosphorus are also highly correlated with phosphorus uptake by the

oat plants, it is justified to assume that the phosphorus available
to the oat plants is highly related with the phosphorus held on the
surface of the soil particles, Olsen (23) reported similar relation-
ships between the surface phosphorus of 25 calcareous soils and avail-
able soil phosphorus estimated by "A" values, Cole and Olsen (7, 8)

studied phosphorus solubility in some calcareous soils through the

determination of the mean activity of dicalcium phosphate (a Cat+ x

a HPO),~) in equilibrated soil solutions, They found that phos phorus
i 1 J

solubility increases regularly with the amounts of phosphorus adsorbed

in the monolayer region on surfaces of various materials likely to he




present in calcareous soils., They concluded that the differences in
phosphorus solubility behaviour among calcareous soils of varying
texture is related to hoth the capacity of these soils for monolayer
adsorption of nhosphorus and the peroentage phosphorus saturation of
the soil surface area. Ulsen and Watanabe (25) found that the adsorp-
tion meximum of ten calcareous soils as calculated from the Langmuir
isotherm was closely correlated with the surface area of these soils
measured by ethylene glycol retention. Chang and Chu (l) suggested

that soluble phosphates added to a given soil is initially held in soluble

fa)

ol a2 N

forms by aluminum, iron, and calcium cations on the surface of the
solid phases with which the phosphate comes in contact.

Since the CaCl3 of a given calcareous soil forms an integral
part of the total surface area of this soil, thus an investigation
of the reactivity of CaC0O3 surface would throw considerable light on
its role in the availability of recently added and native soil phosphate,
Boischot et al. (2) showed that considerable amounts of phosphorus
could be adsorbed on the surface of CaCl3 in a form easily desorbed,
This was confirmed by Cole et al. (9) who found that within a low
range of added phosphate concentrations, phosphorus is adsorbed in a
monolayer on the surface of Ca003 in close agreement to the Langmuir
isotherm, They also found that nearly all the adsorbed phosphorus
was readily exchangeable with P32 in solution. Cole and Olsen (8)
found that other soil components such as clay minerals, which are
highly base saturated in calcareous soils, adsorb phosphorus in a

behaviour similar to that of CaCOy, It is thus apparent that the Calis
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surface forms only a part of the adsorption complex in calcareous soils.
Since the total surface area or the adsorption capacity of a soll is
not dependent on the relative amount of a single component such as

fal L

wo explain the lack of correlation between the

ko)
D
I

CaClz, this would hel
availability of added phosphorus and the Cal0y content of the soil
found in this investigaticn. Cole and Ulsen (8) also concluded that
detailed information about the kind of surface present (clay minerals,
Calls, etc,) was not needed to describe the effects of soil texture

on phosphorus solubility in calcareous soils,

Tt is apparent from the previous discussion that the surface
area of a given soil has an important influence on the soll supplying
power, Since the surface area of a soil, in general, is positively
related to its colloids content, this would explain the positive
corrclations found between available soll phosphorus estimated by
different methods in the present investigation and the clay and organic
natter contents of the soil samples. The role of organic matter as a
source of phosphorus could also be taken into consideration.

The analyses after harvesting the oat crop show an appreciable
reduction in HaHCO3- and E) F-cxtractable phosphorus. Since phosphorus
extracted by both reagents was shown to be highly related to surface
phosphate in the soil, the observed reduction could be attributed to
reduction in surface phosphate of the samples, This is in agreement

> that

o]

0

with Olsen (23) who presented experimental evidence indicatin

the residual phosphate in calcareous soils is present largely as

o]

al. (9)

——

surface phosphate which gradually decreases with time, Cole

NG
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noted that the phosphorus adsorbed in a monolayer on the surface of

CaC03 exchanges with P32 progressively less readily the longer the

= L LO

initial sorption period. This was attributed to a gradual penetration
of the phosphate ion into cracks and crevices inaccessible to the
solutions or to solid diffusion of the ions into the crystal lattice.,
The reduction in available phosphorus could also be attributed to

. 1

phosphorus precipitation in

©

Tform less available to the plants,

nd NH),F extractions, was not related

to CalO3 content of the samples,

llevertheless, the analyses of the soils after harvesting the

oat crop also indicate that considerable amounts of the added phosphorus,

especially in the L0 p.p.m. treatment, were still available. This

oo

suggests that the effect of the added i phorus would not be confined

to one crop. This suggestion is supported by a number of investigations

peted]

including that of Chumachenko (&) who concluded +that soluble phosphorus
added to calcareous soils was available for long periods of bime.

Ulsen ¢t al., (2¢) found that the efficiency of residual phosphorus in

some calcareous soils ranged from 30=50 per cant of the efficiency of

freshly added phosphate depending on soil type, texture, and forms

of phosphate previously added, Thus it is apparent thal the previous

management of a given soll is an important factor in its phosphorus

supplying power. In the present investigation, the fact that all
data indicated relatively high soil phosphorus avallability in Teulon

samples could be attributed to past management practices, since these
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samples were collected from a field which had received several phosphate

S
Ay

applications within the last twenty years™. The Winnipeg soil had not
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Ay

while the history of the Altona field is
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not known,
It is thus clear from the data presented in this investigation,
supported by the previous discussions, that the CaC03 content of a

ven soll per se could not serve as an indicator of the phosphorus

[..J.

o2

supplying power of this soil, It also could be concluded that the

o
phosphorus status of a given soil is a reaction product of the effects
of a number of factors which could include soil type, texture, organic

!

matter content, and previous management,

.

“According to information from the farmer who owned the field,

=
7



were shown to have an importent influence on the availability o

oo :

A number of

soil phosphate,

There was no evidence of any relationship between the availability

of phosphorus, either added in a band or mixed
and incubated for a month prior to seeding
content of the samples.

k] i

ost of the added phosphorus seems to be held initially on the

surface of the soil particles in a form or forms available to the

plants, These forms are transformed gradually to forms less

not have an apparent rela

ns were obtained between

phosphorus extracted by either a0y or LH)F reagents and the

!
e

uptake of phosphorus by plants,

factors, including soll texture and previous manazement
b i

)d
5
o]
o
7Q
‘,_‘..
Q
<
ot
oF
[©]
n
o}
}—J .
I_J



VI. BIBLICGRAFHY

Benne, E. J., A. T, Perkins and H. H, King, 1936, The Effect of

Calcium Ions and Heaction Upon the Solubility of Fhosphorus.
Soil Sci, L2:29-38,

Boischot, ¥, C, et J. Hebert, 1950, Fixation De L'Acide
Phosphorique Sur le Calcaire De Sols. Plant and Soil,
2:311-322,

Bray, R, He and S, R. Dickman., 19Ll, Adsorbed Fhosphates in
Soils and Their Relation to Crop Responses, Soil Sei. Soc.
Ameff’e PTOCQ C’:B\IQ—BQOO

Chang, S, C. and W, K, Chu., 1961. The Fate of Soluble Phosphate
Applied to Soils, J, Soil Sci. 12:286-293,

and M, L, Jackson, 1957, Fractionation of Soil Phosphorus.
Soil Sei. 8L:133-1lik,

Chumachenko, L. N, May 1959. Content of ivailable Phosphorus in
Carbonate Soils of Central Asia and Effectiveness of Phosphorus
Fertilizers in ITrrigated Cotton Districts. Soviet Soil Sei,

Ho. 5:557=563,

Cole, C, V. and S, B, Olsen. 1959, Fhosphorus Solubility in
Calcareous Soils, I. Dicalcium Fhosphate Activities in
Aguilibrium Solutions. Soil Sei. Soc. Amer, Proc, 23:116-118,

: . 1959, Phosphorus Solubility in Calcareous
Soils, II. Effect of Exchangeable Phosphorus and Soil Texture
on Phosphorus Solubility. Soil Sci. Soc, Amer, Froc., 23:119-12L,

s and C, O, Scott, 1953. The Nature of Phosphate
Sorption by Calcium Carbonate, Soil Sci. Soc. Amer, Proc.
17:352=356.

Das, Survendvalal. 1931. The Role of Chalk in Calcarecus Soils,
Jour. Amer, Soc, Agron. 23:709-716,

Dickman, S. R, and R, H. Bray. 19L0. Colorimetric Determination
of Fhosphate. Ind. Eng. Chem., 4., E, 12:605,

Fried, ¥, and L. A, Dean., 1952, A Concept Concerning the Measure-
ment of Available Soil Nutrients. Soil Sci. 73:263-271,



},J
o

N
.

23.

2l

n
U

c8

fuller, W, H, and %W, T, lcleorge, 1950 in Calcareous
Arizona Soils, I. Solubility of If t_ ’1osgk vbes and Fixabion
of Added Phosphorus, Soil Sci, 70:LL1-160.

« 1951, ‘thosphate in Calcareous Arizona Soils.
III. Distribution in Some Representative Profiles. Soil Sci.

Gile, ', L, and C. N, Ageton., 191k, The Effect of Strongly
Calcareous Soils on the Growbh and Ash Composition of Certain
Flants, Fuerto U : ixp, Sta. Bul., 10,

The Significance of Ifinerals for
iet Scil Sci., Ho, 7:757-767.

Haddock, J. L. and D, C. Linton. 1957, ¥ield and Phosphorus
Content of Canning Peas, as Affected by Fertilization, Irriga-
tion Regime and Sodium Bicarbonate-Soluble Soil 1hosohoruse
Soil Sci, Soc. Amer. Proc, 21:167-171.

(,

Jackson, M. L. 1956, Soil Chemical Analysis--idvanced Course.
Al nlai of lethods. pon. 33-36.

50, il Chemical Analysis., Prentice-liall, Inc,
“ngelwood Cliffs, N, J. pp. 331-335,

Lewis, G, C., G, O, Baker and R. S. Snyder, 1950, rFhosphate
Fixation in Calcareous Scils. Soil Sci, Vol, 69:55-53

lcGeorge, W, T, 12L2, Studies on Flant Food Availability in
Alkaline-Calcareous Soils: Seedling Tests and Soil AﬁeTnys
B Sta. Tech. Bul, No, 9L,

P, Breagzeale, 1931, The Relation of Fhosphate

i ty, soll Fermeability and Carbon Dioxide to the
xert11Jt of Calcareous Soils, Ariz, Asr, fxp. Sta. Tech,
ful, Ho, 36,
Ulsen, S. &, 1953, Inorganic Fhosphorus in Allaline and Calcareous
S5 o

Soils, In W, H, PFierre and A, G, Horman 1d.,, Soil and Ferti-
lizer Fhosphorus in Crop lutrition. Academic Fress, Inc,
H, ¥, Agronomy Li:89-122,

, Co V, Cole, ¥, 8, Watanabe and L, A, Dean, h
Zstimetion of Available Phosphorus in Soils by Z“
with Sodium Dicarbonate. U.3,0.4. Cir. o, 939,

]

1957, A Hethod to Determine a Fhosphorus

© Soils as Heasured by the Langmulr Isotherm.,
Froc. 21:1lii~1L9,



38,

39.

Lo,

L.

70

U S, Soil Survey Hamuale. 1951. U.S.D.4. Handbook No. 13, p. 209.
Superintendent of Documents, U, S, Gov. Printing Off, Washington
25, D, C
’ -]

Van Ulest, A, and C. A, Black. 1959, Soil Organic Phosphorus and
Plant Crowth. II, Organic Fhosphorus Mineralized During
Incubation, Soil Sei. 88:1L5-15),

walkley, A, 1947. A Critical Examination of a Rapid Method for
Determining Organic Carbon in Soils--Zffect of Variations in
Digestion Conditions and of Inorganic Soil Constituents.
Soil Sci. 63:251-26L,

and T. 4, Black. 193L. 4n Ixamination of the Degljareff
Method ror Determining Soil Organic HMatter and a Proposed
HModification of the Chromic Acid Titration Method., Soil Sci.

37:29-38,

Weir, C, C, and R. J. Soper, 1962, Adsorption and fxchanze
Studies of Fhosphorus in Some Manitoba Soils, Can. J. Soil
Seis (In press),



