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ABSTRACT

Some solls occurring in Hanitoba contain appreciable guantities
of magnesium as exchangeable magnesium or in the form of dolomite.

In order tc study the effect of megnesium on the resction products of
orthophosphate, soils varying in calcium and magnesium content were
selected and the reaction products of added phosphate determined.
Addition of granular KH2904 (pellet) resulted in the formation of
dicalcium phosphate dibydrate in the soils which were predominantly
calcium saturated. UThe phospherus passing into solution precipitated

as dicalcium phosphate dihydrate and as dimagnesium phosphate trihydrate
in the soils having a water soluble calcium to magnesium ratic of
approxzimately 1.5 or less.

Heaction of two dolomitic soils with saturated solutions of
EHZPOQS KQEPQQ, NHyHoPO), and (Nﬂ@}zﬁ?ﬁ@ resulted in the formation of
dicaelcium phosphate dihydrate and dimagnesium phosphate trihydrate with
the acid cerriers and octacalcium phosphate trihydrate and trimagnesium
phosphate tetrahydrate with the alksline carriers., Addition of the
orthophosphates as a pellet to a soil with & water soluble caleium to
magnesium ratio of 0,70 resulied in the formation of dimagnesium phosphate
trihydrate in all instances except with NH@HZPOQ where dicalcium phosphate
dihydrate wag formed as well. The orthophosphates were precipitated as
dicalecium phosphate dihydrate and dimagnesium phosphate tribydrate in
a s0il with a water soluble calcium o magnesium ratio of approximstely
2.0,

Dimagnesium phosphate trihydrate, upon reaction with a soil

containing large amounts of magnesium was found to dissolve incongruentl
S & 25 £ ZV"
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vhosphate trihydrate,

54

nhydrous trimagnesium phosphate were dsbermined. The constant derived
for the equation, (pH~-ipCa) = {pHpPOu+:pla)}, was found to be 0.52 for
dicalcium phosphate dihydrate at 2541 deg., s The constant derived for
the egquation, (pH=ZpMg) - pHpPOL+pplg), was found to be 1.82 for
dimagnesium phosphate trihydrate. The hydrated trimagnesium phosphate
was found to be conmiderably less soluble than dicaleium phosphate

dinhvdrate or dimsgnesium vhosnhate trihydrate. The consitant derived for
oy & P

the equation, 2(pH-ipiz) - (pﬁerQ +5phiz ), was found o be 8.31 for the

hydrated trimsgnesium phosphate and 8.55% for the anhydrous form. Addition

of Callyg, ﬁgﬁlZ, KCLy CabOy, Mgidly, and K530, increased the solubilivy

3

&

dicaleium phosphate dibydrate. Similar trends were cbserved when the

O
iy

0]

salte were added to dimagnesium phosphate btrihydraite with the exception

[

of the calcium salts where a decresse in phosphate solubility occurred
2t high selb concentraitions.

The solubility of phosphorus remained between that of dicalcium

phosphate dibydrate and dimegnesium phosphate trihydrate for soils treated

with varying amounts of KHZEG@@ Similar resulis were obteined when the
solls were equilibrated with & 0.01 i EBPG@ golution or with K?EPG@G

3 31,

The solublility of the added phosphate wes grester in the solils containing

o

large amounis of wmagnesium then in the soils containing large amounts of

calocium,
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Magnesiunm saturated montmorillonite clay held phosphate more
tightly than did a calclum saturated clay. The adsorption maximun of
the calcium sabturaied clay was higher than that of the magnesium seturated
clay. The golubility of phosphate added o the clays was found to
increase as the rate of phosphate added was increased. At low rates
of added phosphaie, a phosphate on soil adsorption resction was operative,
while at high levels of added phosphate a precipitation reaction was
gvidenced.

Picaleium phosphete dibydrate and dimagnesium phosphate
trihydrate were found to be about equally effective in supplying
growing plants with phosphorus on phosphate deficient soils. The
groving plants obtained slightly less phosphorus from added dicalcium
phosphate dihydrate and dimagnesium phosphbate ftrihydrate than from
E’;ﬂg?@@ e

4 large vroportion of phosphate added to soils was extracted

by HH,Cl or NHaHCO, indicating that phosphate added to Manitoba seoils

J
ig fixed initially in readily soluble compounds.
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I. IHTRODUCTION

The mechanisms by which soils hold phosphate are not clearly
understood. In acid soils iron and aluminum are considered the
dominant cations which hold phosphate. In soils containing large
amounts of calcium carbonate, it is the calcium ion that is considered
to react with phosphate. Addition of a soluble phosphate to soils
results in the formation of a monomolecular layer of phosphorus on the
surfaces of the soil particles. As more phosphorus is added, this
adsorption reaction is followed by precipitation of the added phosphate.
In acid soils compounds such as variscite, vivianite, sturrettite and
taranakite are formed as a result of adding phosphate. Added phosphate
is usually precipitated as dicalcium phosphate dihydrate or as octacalcium
phosphate trihydrate in soils containing large amounts of calcium.
These calecium phosphates are metastable and undergo further reactions
with the soil solution until an apatite is formed. The information regarding
the role of magnesiuvm in phosphate fixation is extremely limited and
contradictory. To date, the existence of wagnesium phosphates in soils
have not heen reported or was not found in the literatwre.

It is estimated that greater than one~half of the soils in the
Red River Valley contain large amounts of magnesium. The magnesium
iz present in the form of dolomite or as exchangeable magnesium. Since
some s0ills in Manitoba contain large smounts of magnesium and since
the role of magnesium in phosphate fixation has received little attention,

a comprehensive study of the mechanisms by which magnesium can fix
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phosphate is essential to betler understand the phosphate chemistry
of our soils.

The objectives of the work reported were to delermines

ETN
LN—

vRrious

(b) the solubility and plant availability of the products formed.

-

the effect of various salts on the solubility of some of the minerals




The calcium lon plays a dominant role in fixing phosphate in
golls containing large amounts of calcium carbonste. The source of
the calcium ion may be the exchange comwplex, the soil solution, or
the caleium ione on the surfaces of calciun carbonate particles.
Calcium phosphates exist in several forms, the most important
in soils ares
(1) Honocaleium phosphate monohydrate (MCPH) - Ca (HZPO@)Q o Hy0 o MCPM
is waler soluble and is a constituent of superphosphate fertilizers.
HCPM cannot persist in soils if added as a fertilizer. It is
converted o some other form (7, 4).
(2) Dicalcium phosphate dihydrate (DCPD) - Ca X POy o 2Hp0. This
form is only slightly water soluble, metasbtable, and is believed
to be the initial reaction product formed when soluble phosphatic
fertilizers, acid in reaction, are added to soils containing
large amounts of calcium ( 4 ) . DOPD may be formed at the site
of phosphorus application due to hydrolysis of MCPM or in the
soil surrounding the site (21)., DCPFD can exist only in soils in
which the phosphorus concentration im solution is unugually high.
Due to the low concentration of phosphorus in most soil solutions
DCPD undergoes = slow change %o the more basic octacalcium phosphaie
trihydrate (19). When water is added to DCPD, it £
‘A

phosphoric acid plus a more alkaline phesphate, octacalcium

phosphate trihydrate (33). Moreno et al. {22) have found the




solubility produch of DCFD o be 2.77 x 107/ at 25 deg. Co

{3) Cctacalcium phosphate trihydrate (0CP) CaQH(PO@)B o 3E,0.
OCP may be formed in soil systems as a result of hydrolysis of
DCPD (19) or it may be formed directly under suitable conditions
a8 a result of adding phosphate (19).

Bjerrum (5) reported pKgp values for OCP of 11.8 and 9.3
depending on whether equilibrium was approached by dissolution or by
precipitation. Moreno gt al. (23) defined the solubility product
constant for OCP by the expression:

hpCa + 3pHPOL = 2pH = pK,,, in which p denctes the negative

b
logarithms of ionic activities. They obtained a value of 9,93 for
@Kép at 25 deg. C.
(&) Hydroxyapatite (Ha,)- CalO(P0@>5(OH)2° HA, is considered the
predominant solid phase phosphate in neutral and slkaline soils.
It occurs as a result of hydrolysis of the more soluble calcium
phosphates (33, 243, It is also formed as a result of adding
phosphates, alkaline in reaction, t¢ calcareous soils (&, 6).
Clark (7) defined the Pgp of HA. according to the following
aquations
10pCa + 6pP0;, + 2pCH = pK

8p

and reported & value of 115.5 for pKéP at 25 deg. C.
The effects of calcium in phosphate fixation in soils is fairvly
well understood, but little is known about the effects of magnesium

on phosphate fixation. Perking (27) found that up to a pH of 4.5,
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megnesivm long were about as effective as caloiun lons in precipitating

3 T 3 1 W L, 1. Lo L. KR T 1 PO, . K. .
phosphate added to 100 mesh ksolin. At higher pHs smagnesium lons were

far less effective than calcium lons. He concluded that precipitation

£ phosphorus by magnesium was not ilmporitant in agricultural soils.

o

Hibbard (12) studied the effect of various cabtions on the
solubility of phosphate. He found the solubility of phosphate increased
in the order calcium, megnesium pobassium, sodium, ammonium. He also
found that caloivm carbonate depressed the solubility of phosphate more
than did magnesium carbonate bubt that both greatly reduced the solubility
of phosphate. Hibbard (12) also observed that below a pH of 7.0 added
galciunm and magnesium markedly depressed the solubility of phosphaie
and above a pH of 7.0 the phosphates were nearly insocluble.

Halstead et al. (11) found that the application of calcium
carbonate to acid soils wesulted in higher amounis of E&HCOB = soluble
phosphorus than were obiained with magnesium carbonate. The carbonates
of calecium tended to be more effective than thet of magnesivm in
increasing the phosphorus content of the planis.

Although there are a few reports on the effect of magnesium on
phosphate solubility, the compounds formed when magnesium and phosphorus

interact in solls have not been reported or were not found in the literature.

=

Vagnesiom orthophosphates, similar to The calcium orthophosphaies

gl

previcusly listed, have been found in nature or have been prepared from

t
O
o6

aoueons systems. Lhose of interest a

3 o

(1) Nonomagnesium phosphate (MF) - Mg(HPOy),. WP is similar to MCPM




in that it is scluble in water. In instances it has been used as o

phogphate fertilizer.

3,

(2} Dimagnesium phosphate (DNP) = MgH

This form of phosphate has been found in both the trihydrate
{Hewberyite) and heptahydrate (phosphorroesslerite) form (8). The
seven hydrate form (DIPH) can be obtained by precipitation of a magnesium
sulfate solution by phosphate ions at room temperature (8), This form
can then be dehydrated to give the trihydrate form (DMPT).
{3) Trimagnesium phosphate (THP) - MgB(P04)2°

Irimagnesium phosphate has been found to ococur in the four
(TP .4HN0), eight (THP.BL,0) and twenty-bwo (TEF,22H20) hydrate form
(33, 9)» The eight hydrate form has been prepared by slow precipitation

of a magnesium sulfate sclution by a solution of ¥s EFO@ and EaE‘OB (9).

2
(&) Vagnerite - ﬁgz(Po@)F
Wagnerite has been found to occur in nature and therefore could

possibly exist in solls.

lono and dimagnesium orthophosphates decompose in contact with
water to form free phosphoric acid and a more alkaline phosphate essentially
in the same manner as the calecium orthophosphates (33). It was shown
that poorly soluble phosphates (DMP and PMP) hydrolyzed when suspended
in water into free phosphoric acid and a more basic phosphate (10).
A review of the literature indicates that the magnesium orthophosphates
tend o be more soluble than the calcium orthophosphates. However,
s0lubility products for the magnesium orthophosphates were not found in

the litersture.




It seeme from the review of litersiture that there is a need

o

for identifying the phosphorus compounds formed in soils containing
large amounts of magnesium. The solubility and plant availability

of these phosphates also need be determined,




wnuscript include several

m

individual studies where different procedures were used.

EN

methods uged for each of these investigations are not described in a
general methods section, but, for purposes of clarity, are discusszed
along with the results obtained, wnder the appropriate subsection.

1

The analytical procedures employed in the investigations and in

it

.

characterizing the soils are outlined below. A brief description o

1y
c.{‘
g
o]

s0ils studied is alsoc included.

A subgroup designation of the solls studied is given in Table I.
Uther soil characteristics are given in the following section along with
the results oblained on the soils.

(2) Soil Organic Matter

2%

Soll orgenic matter was determined accerding to the method oublined
by Walkey and Black (35). The organic carbon was oxidized with excess
potassium dichromate, followed by titration of the unreacted potassium

.

dichromate with ferrous sulfat

The pH of the soil samples or solutions was determined electro-
metrically by the use of the glass and calomel elecirodes on & Universal
pH meter 22. A soils distilled water ratioc of 1320 (W/VW) was ususlly

mployed unless otherwise stated. The pH of the supsrnaisnt above the

501l was measured.

The experimental




Balmoral
Inwood
Aneda
Plom Ridge
Foley

Secanterbury

Barlingford
Pine Valley
Fromnes
Kipling

Seven Sisters
Osborne

Thaelberg

Subgroup designation of soils siudied

Table 1,

SUbETouD

Carbonated Rego Humic Gleysol
Gleyed Dark Grey

Toin Orthic Dark Grey

Gleyed Carbonsted Hege Black

Carbonated Rego Humic Gleysol

e

Gleyed Blac

o)

Gleyed Carbonated Hego Black
Orthic Black

Gleyed Dark Grey Wooded
Gleysd Dark Grey

Gleyed Dark Grey

Orthic Dark Grey Wooded

Hego Humic (leysol
Soclonebzic Dark Grey

Gleyed Dark Grey

Orthic Humic Gleysol

Gleyed Hego Black
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he wethod outlined by Ridley (29) was used. A one gram soil
sample was digested in 10% HCL for 10 minutes. The COy evolved wasm
sucked through a drying snd adsorption train, then absorbed by Ascariie.

The weight of CO, abscrbed was determined and expressed as percent C0q

i 2

&_ﬂ

{5) Water Scluble Calcium and Magnesium
Five grams of s0il was shaken for one hour in 100 ml. distill
water. The suspension was centrifuged and filtered through Whatman Ho.
42 guantitative filter paper. The calcium and magnesium content of
the filitrate was determined using EDTA.
(6) Acid Soluble Calcium and Magnesium

One hundred milliliters of 0.2 If HCL was added o & one gram soil
sample and reacted near the boiling point for Z.5 hours. The suspension
was filtered, brought toc volume, and the calcium and magnesium content
of the filtrate determined using EDTA. The calcivm and magnesium contants
of the samples were then calcoulated,
(7) Ammonium Acetate Displaceable Calcium and Magnesium

Twenty=-{ive grams of alr=dried soil was shaken in 50 ml. neutral
smmonivm acetate solution for one hour. The supernatant was sucked through
a Buchner fumel and the soll transferred %o the funnel with Hijic solution.
The soil was then lseched with small portions of G hc to a volume of

250 ml., The calcium and magnesiuvm contents of the filtrate wers debermined
s

and the calcium and wmagnesium conbent of the soils caleulsted.

ta

(8) Calcium and Magnesium in Sclution
A titration procedure was used for the debermingtion of the calcium
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and magnesium contents of most extracts (32). First the toial calcium
plus magnesium content was obtained by ftitration with ethylene diamine
tetraaceticacid (EDTA), using Bricchrome Black T as indicator., (n a
separate aliquot magnesium was precipitated as the hydroxide by adding
HaOH and the célcium titrated with EDTA using Calcon as an indicator.
Magnesium was obtained by difference.
(9) Phosphorus

Phosphorus was debermined using a colormetric procedure as oubtlined
by Jackson (14}, 4 suitable aliquot was adjusted to pH 3.0 with & ¥ 1iH, O
or L I HCL using 2-4 dinitrophenol indicator. Twenty milliliters of
ammonium wolybdate hydrochloric acid reagent was added, followed by
10 ml. of dilute SnCl, reagent. The volume was adjusted to 100 ml. and
after 5 minutes the color intensity measured on a Model 64 Coleman
Junior Spectrophotometer at 660 mu. By comparison of these readings o
those obtained for a standard curve, the phosphorus contents of the
golutions were determined.
(10) X-Ray Technique

A small sample, ground to less than 300 mesh, was placed inito a
0.3 mm. diameter glass capillary tube obtained from Caine Jeientific
Sales Company, Chicago, Illinois. The prepared tube was centered into
a Pnilips cylindrical powder diffraction camera. The camera was loaded
with Kodak Ho-Screen Medical Xeray film and positioned on a Philips
PeWe 1010 L-ray generator., The X~ray generator was equipped with sz

cobalt target and iron filter. It was operated at 36 KV, and 8 WA o
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in a&ll studies.

minutes, rinsed in water, placed into Hodak X-Ray Fixer for 20 minutes,
ringsed again and then dried. The distances between diffraction lines
were measured on z Pailips Pilm Illuminator and Keaﬂ ring Device. The
"AM gnacing corresponding to each diffraction line was caloulated.

The minerals present in the sanples were identified by a comparison

of the "d" gpacings oblained to known values listed in the ASTH X-Ray

{11) Preparation of DCPD, DWMPY, and TP

DCFD was prepared by zlow addition of a Qablg solution and a

phosphorus solution (Hae 4P, .2H.0 + { PO, ) into a phosphate solution
prospy il L phoesp
{““ZP’Q) meintained at pE L %o 5 (2). vhen the precipitation was complete,

the mother liquor was sucked from the precipitate. The precipitate was

First washed with a very dilute solution of H.PO, , then with ethanol and

Y

k3

DMPT was yrepére& by substituting ﬁgﬁlg for the Cally in the
abave.groc edure., The initial pH of the reaction mixture had %o be raised
to a pH of 5 to & with KU before precipitstion would occur. A4 pH of
b t0 5 was maintained after precipiltation was initisted.

The phosphorus and calcium or magnesium content of the prepared
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ihe phosphorus and calcium
content of the prepared DUPD was found o be 18.18 and 2340 percent
respectively. The phosphorus and magmesium content of the vrepared
DVPT was 17.96 and 13.76 percent respeciively. Conversion of the
DCED to CaZP Q and DMPT o ngkn07 resulted in weight losses of

26,21 and 36.34 percent respectively. X-ray diffrsction analysis

indicated that both of the phosphates were successfull prepared.
¥ P & pre;

?MP¢ZEEZQ was prepared by slow precipitation of a g0y, solution

by a solution of Ne,HPO, . Separate solutions of MgS0,, (284 g in 350

and FNa,HPO, {36.1 z in 330 ml. ) were ad;e& dropwise to distilled water
250,

gtirred mechanically. The pH of the resction mixture was maintained

at pH 10 by the addition of NaOH. The precipitate was filtered, washed

with distilled water and air dried.

The magmesium and phosphorus content of the prepared THP.Z2H,0

was found to be 11.10 and 9.35 percent respectively. Differential

that the water of hydration was completely

Q:

thermoanalysis indicate

.

J_

lost at 250 deg. Co ZIgnition of the TP 22Ho0 at 300 deg. C. resulied

in a weight loss of 60.12 percent. After ignition the phosgphorus and
magnesiva content of the anhydrous TP was 27.60 and 23.40 nercent
respectively. The "d" spacings for the hydrated form were determined

28 no values were found in ASTH X-Hay Powder Data File.
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Reaction Products of KH,PO) in Calcium Carbonate, Magnesium Csrbonste

and Soils Hizgh in Carbonstes

The compounds formed when calcium and phosphorus interact in
s0ils have been identified and reported, but, the compounds forued when
magnesium and phosphorus interact in solls have not been reported or were
not found in the literstbure. It is therefore of interest to determine
if compounds containihg phosphorus and magnesium could form in soils
containing larpe amounts of magnesium.

Six soil samples, one clay (montmorillonite) and calecium and
magnesium carbonates were studied. The soil samples were obtained
from the 4 and C horizons of two Bslmoral soils, the € horizon of an
Inwood so0il and the A horizon of an Aneda soil . The Balmoral and Inwood
soil samples and the montmorillonite clay were saturated with either
calcium or magnesium using solutionsg of 1.0 M CaClp or 1.0 M ﬁgClgo
The pH of the saturating solution was adjusted to coincide with the pH
of the soil. Eight hundred grams of soil was shaken with two liters of
solution for 3 to & days. The solution was then decanted and an additional
two liters of solution added and shaking continued for aﬁother 3 to 4 days.
The solution was withdrawn and the soll washed free of chlorides, air
dried and ground. Bgusl portions of calcium and magnesium saturated
soils were mixed to obtain a soil in which both calcium and magnesiunm
were present. The Aneda soil was not treated with Gaﬁl2 or Mglls.

In addition to the socil samples, calcium carbonate, magnesium carbonate
& 9 b
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and a l:l mixture of calcium carbonate to magnesium carbonate were studied.

Seventy-five grams of soil or carbonate were placed in a plastic
cylinder (1-3/4" dia. x 2") on & large wabeh glass base. The s0il or
carbonate was wetted and a small opening made in the center of the soil
column in which 0.1 grem granular KHZPOQ (pellet) was placed, The soils
or carbonstes were kept in a moist state (field capacity to saturation)
for three weeks by the addition of watbter to the base of the column.
Several days after the addition of the KH2P04, a ring formation and/or
small crystals were observed on the surface of the soil colums. The
products formed were collected for powder X-ray diffraction analysis
21 deys after the addition of the KHZPOQ‘ The "&@ spacings for the
minerals present in the soil-reaction product mixture and for the soil
without added phosphate were determined. Additional spacings occuring
in the treated soil were taken to be those of the reaction product. A
check (not treated with CaCl, or EgClz), a calcium, 2 magnesium, and a
caleiuvm plus nmagnesivm system was studied for each of the Balworal
and Inpwood soils, The only treailment on the Aneda moil was a check.

Acid soluble, water soluble and ammonium displaceable calcium
and magnesium and pH were determined on all goil samples.

The reaction products of the added KHZPOQQ along with the soil
charascteristics are listed in Table II. The carbonate, calcium and
magnesium content of all the soils were very high. Complete saturation
of the samples with calcium or magnesium was not attained especially
on the calcareous soils. This is indicated by the presence of both

calcium and magnesium in the ammonium acebtate and wabter extracts,
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& exchange complex
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more resdily than vice versa. It is alsc interesting to note that the

Balmoral I soil had larvge cuantities of exchangeable magnesium
& &

?3

nrior o saturation. e pH of the soils was altered during saturation.

5

The pH of the soils increased as the ratic of calcium to magnesium

decreased for individual soils. This was observed for all samples

except the montmorillonite.

Loy

X-ray analysis of the reaction products indicate that large

quantities of magnesium affects the type of phosphate compounds formed.
The resction products in the Balmoral I scils were identified as DPT

except in the calcium ssturated Balmoral I, A soil where DCPD was

formed. The phosphate crystals obtained in the monitmorillonite and

O

Tnwood samples were identified as DCPD except in the magnesium saturate
montmorillonite where both DCPD and DIPT were detected. The Balmoral IX
goils containing large amounts of water soluble or IljAc displaceable
magnesium reacted with the KHyPO, o form DMPT or DIMFT and DCED. The

phosphate compounds formed in the SaCGE, qCijﬁguGB mixture and M‘qu

were identified az DOPD, DMPT and DFPT regpsciively. The phosphst
9 h jois

compound formed in the Aneda soil was identified as DCFD.

In many samples as many as 13 diffraction lines were obtained
for DMPT. The largest number of diffraction lines occuring for DUPD
in any one sample was eight. Table III shows the celeulated "d" spacings
for the DMPT and DCPD formed in the soils. The experimental values are

compared to corresponding values given for DCPD and DMPT in the ASTH file.
Lascy *o

Brackets denote the relative intensity of the diffraction lines.



o
Sxperimental and ASTH Q" epacings for DIPT and DCFD (A4)

L ASTEN

5.9 (40)
5.3 (20)

L 470
3.5
3.05
2.80
2.71
2457

2.39

(40)
(100)
(80)

(2k)
(32)
(24)
(16)
(&)
(8)

(5)

DCED

Experimental ASTE
5.93 7.57 (100)
5.33 b2l (100)
71 3.80 (7)
3.43 3.05 (75)
3.06 2.93 (50)
2.78 2.623 (50)
2,71 2,603 (50)
257 2430 (15)
2:39
1.93
1.7k
1.67
1.59

Ixperinental

7.62
L 2k
3.78
3.04
2.94
2.63
2,60

2.432
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the agreement between the given and experimental velues is good, it
can be assumed that the preoducts were correctly identified.

In order to veriiy the presence of DIMPT in some of the soils,
the reaction product formed in the Balworal I, check soil was collected,
cleaned of soil, dissclved in HCl and analyzed for phosphorus, calcium
and magnesium. The phosphorus content was determined colorimetrically.
The calcium and magnesium content was determined as ocutlined in Holthoff
and Sandell (17). The phosphorus in solubtion was removed by means of
an exchange resin before the precipitation of calcium and magnesium
was initiated. UThe samples did not completely dissolve in the HC1
due to soil impurities. The weight of the impurities was obiained and
subtracted from the initial sample weight. Similar analysis was conducted
on the Balmoral 1,0 check soil. Resulis are expressed as a percent
of the nmaterial dissolved by cold HCL.

The percent calcivm, magnesium and phosphorus contained in the

reaction product was found %o be 6.35, L0.17 and 10.68 respectively

A,

(Table IV). Since the soil is extremely high in calcium, it is possible
that the calcium found in the resction product may have resulted from
dissolving some of the soil components adhering to the reaction products.
The ratio of magnesium to phosphorus in the reaction product was
approximately l:ly that for DMPT is 1:1.27, (W/¥W). Since the soil
imporities also contained magnesium, it is very likely that DHPT was

the reaction product in the Balmoral I,0 check soil.



Table IV. Chemical composition of the resction product in the
Balmoral I,0 check soil and of the Balwmoral I,0 check soil

Sample C% Mg P
Reaction product  6.35 10.17 10.68
Soil 22 .04 11.72 0.07

The formation of the calcium and magnesium reaction products on
the surface of the soil columns were markedly different., Precipitation
of the KH2P04 as DOCPD was associated with the foruwation of a ring about
one-half inch from the source of phosphate., Figure 1 shows the appearance
of the reaction product, DOPD, formed in the Aneda soil. Precipitation
of the KHZPOQ as DCPD and DMPY resulbed in the formation of a ring and
small dark crystals near the source of phosphate (Figure 2). The product
formed in the ring was DUPD; the phosphate in the crystals was in the
form DMPT, Figure 3 shows the presence of DMPT , The illusitrations in
Figures 2 and 3 were obtained from soils Balmoral II,C check and Balmoral
1,0 check respectively.

Radioautographs were taken at intervals after the addition of
KHQPOQ to determine the rate and extent of phosphorus movement from the
placement zone into the surrounding soil. One hundred and fifty UG, PBZ
in 0.1 g KHZPOQ ves placed in each of Aneds, Balmoral I,C check and
Balmoral II,C check soils. Ho-Screen Medicel X-Ray Film was placed
over the zone of phosphorus addition for 10 minutes. The films were
processed and the radius of the darkened area on the film measured,

Radioautographs were taken 1, 2, %, 7, 10, 15 and 21 days after the
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agddition of EHPCy .  The results shown in Teble V indicate the distance
phosphate moved from the placement zone.
Table V. Hovement of phosphorus from the zone of KEQPOQ placement
(Gfﬂe)

Days after addition of KH-PO,

L
Soil 1 2 by 7 10 15 21
Balmoral I 1.4 1.7 1.9 1.9 1.9 2.2 2.2
Balmoral II 1.3 1k 1.b 1.6 1.6 1.6 1.6
Aneda Lo 1.6 1.6 1.7 1.9 1.9 2.1

Rapid movement of phosphorus cccurred during the first day after
the addition of KE2P04 (Table V). After the second day, the phosphorus
moved out into the surrounding soil very slowly. The movement of
phosphorus wasg similar in the Balmorasl I and Aneda soils. In the
Balmoral Il soil, the diffusion of phosphorus was merkedly slower than
in the other two soils studied. This was probably due to the heavier
texture of the Balmoral II soil. It appears from the study that in
soils with moisture contents of field capacity or higher, added phosphate
dissolves and moves out into the soil fairly rapidly. Since the formation
of reaction producis on the surface of the soil columns was first noted
on about the second or third day after the addition of KHoPOy, the
precipitation of the added phosphate would reduce the rate of phosphorus

movenent.
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The EBffect of Varying Amounts of Seil Cgleium and
Magnegium on the Heactbion Products of KH8£04

Results reported in the preceding section indicated that soils
containing large amounts of magnesium precipitate added KHoPOy as DMPT,
and soils containing large smounts of calcium precipitate . the added
phosphate as DCPD. The siudy, however, did not completely establish
the effects of varying amounts of soil calciuvm and magnesium on the
reaction products formed. To fulfill these needs, itwenty=-two soils
varying in calcium and magnesium content were selected and the reaction
products of added KH,PQ; determined.

The procedure smployed in the study has been previcusly desoribed
in detail (page 15)0 ngﬁc displaceable, water soluble and dilute HC1
goluble calcium and magnesium was determined on all soil samples., The
soil samples used in the siudy were collected from A horizons, and
consisted of eleven solls containing small to not detectable amounts
of carbonates and eleven zoils containing larse amounis of carbonaies,

Table VI. shows the reaction products formed in the soils
containing small amounts of carbonates. The carbonate content of the
soils ranged from 0.00 to 0.70 percent and the pH of the soils varied
from 5.55 %0 7.95. The moils are arranged in order of decreasing water
s0luble calcium to magnesium ratio. A clear endpoint for the determinaitiocn
of calcium and magnesiun by EDTA on the HCl extracits was not attained
and therefore the results are not recorded. The reaction products
detected in the soils were DCPD and DMPT. In meny instances hoth products

were formed in the same soil. The date show that if a soil has & waber
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soluble calcium to magnesium ratio of 1.5 or less, the formation of
DHPT along with DCPD can be expected in many instances when a phosphate
seid in reaction is added.

Table VII shows the reaction products formed on the series
of soils containing large amounts of carbonates. The carbonate content
of the soils varied from 3.61 to 25.20 percent COBo The pH of the
soils varied from 7.20 to 8.30. The amounts of ealcium and magnesium
in the water extracts were higher than those recorded for the soils
containing small amounts of carbonates. In many instances both DCPD
and DMPT were formed in the same soil. Only on soils which were
predominantly calcium saturated was DCPD formed alone. The formstion
of DMPT, along with DCFD in most instances, occurred at a water soluble
calcium fto magnesium ratio of less than 1.5. Dilute HCL soluble
and NH Ac displaceable calcium and magnesium did not afford a good

indication as to the products that would be formed in the soils.
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Reacuion Products of KHpPOy, KghPO, , KHHA PO, and

(EH@)2§?64 in cacuﬁg M2CO,, and in Soils High in Carbonates

In the preceding investigations the reaction products of an
orthophosphate acid in reaction have been studied. Since the pH of
the added orthophosphate also determines the reaction product formed,
the reaction producits of orthophosphates acid in reaction and
orthophosphates alkeline in reaction were determined in soils, CaCOB
and E3903e

Two experimentg were conducted. The first experiment was
designed to determine the reaction products of the various phosphate
carriers when added in granular form as a pellet to soils placed in
columns. The procedure employed is described in detail on page 15.
The pH of the soil near the zone of phosphate addition was measured
for all carriers. Soil samples were taken 1/4, 1/3, 1/2 and 3/4 inches
from the zone of phosphate addition to a depth of 1/4 inch into the
column after three weeks of incubation., Two grams of soil was placed
into 20 ml. distilled water, shaken for one hour and the pH of the
suspension messured.

The second experiment was designed to determine the reaction
products of various carriers when added in solution to soils. The
procedure employed was similar to that of Lindsay and Stephenson (20).
Saturated solutions of KHEPOQ(ﬁKP>9 K HPO, (DKP), NH,HpPO, (MAY) and
(WEy ),HPO, (DAP) were prepared and reacted with soils, Calls and MgCls.

Two hundred milliliters of solution was shaken with 300 g. of air dried



30

aoil or carbonates for 15 wminutes at room temperature. The samples
were placed in a Buchner funnel and suction applied. An sdditional

100 ml. of phosphate solution was passed through the soil or carbonaies.

&

o

The filtrates obtained were stored at room temperature and after 10
days the pl of the filtrate measured. ‘'he solution was filitered and
the precipitate which had formed in the sclubions upon standing
washed with small poritions of ethancl and sir dried. The producis
were subjected to Xeray diffraction anslysis.

The soils used in the bwo experiments were the Balmoral I and

Balmoral 1T soils. The Balmoral I soll contained large amounts of

magnesiun and the Balmoral II soil contained large amounts of calciume.

The characteristics of these solls were outlined in Table VII.
Urthophosphates added to the solls as a pellet were precipitated

o

as DCPD or DMPT (feble VIII)., The Balworal I soil precipitated the

i was

added phosphorus as DEPT in wost instances. DBoth DCED and DM
detected in the sample which had recaived HAP. The Balmoral II soil
precipitated the MKP as DIPT and DCPD. The HAP and DAY were precipitated
as DCPD and DMPT respectively. Usually orthophosphates acid in reaction
form more soluble producits than orthophosphates alkaline in reaciion.
However, similar products, regardless of the reaction of the orthophosphate
used, were formed in the soils when the orthophosphates were added as

a pellet. It is pessible that the phosphorus concentration in the

goil solution was relatively high, thus even with the carriers alkaline

in regotion, fairly soluble reaction products were formed. The pH




Table VIII.

Reaction products of orithophosphates in soils

Phosphate Reaction Bist&ncggﬁzbm pelled
Soil added nroducth gheck  1/hv  1/3n 1/2% 3 /b
Balmoral I HEP DHPT 8.30 8.02 8.10 8.30 8.60
DKP DHPT 8,72  8.95 8.65 8.60
MAP DUPT+DCED 8.00 8.05 8.30 8455
DAP DEPT 8.50  8.65 8.65 8.60
Balmoral II  MWP DHPT+DCPD 8.05 8.05 8,10 8.05 8450
pYiey none detected 842  B.30 B.40 840
AP DCFD 8,05 8,10 8.30 8450
DAP DIHPT 8.30  8.35 Be35 8440



near the phosphate pellet was also quite similar for scid and slksline
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carriers. Thus one may expect similar products.
adjacent to the phosphate pellet was lowered or remained the same as
the checi 801l as a result of adding orthophosphs
the pH of the soil increased as the distance from the phosphate
pellet incremsed. The pH of the soil adjacent to the phosphate pellet
v65 higher than that of the check soil when an orthopltosphate alkaline
in reaction was added. The pH of the soil increased, then decreased,
a5 ‘the distance from the pellet increased for the Balmoral I soil.
Zhe pH of the Balmoral II soil remsined relatively constant as the
distance from the pellet increased. The increase in soil pH, resulting
from the additions of phosphate, was probably due %o the formation of
potassium or ammonium bicarbonate. These salts have a high pH in
solution and certainly could form in a phesphate fertilizer reaction
ZONE o

Phosphorus added in solution was precipitaied as DCED or DHPT
or both when an acid solution was used (Table IX). Fhosphate added
in an alkasline solution waes precipitated as OCP and TMF . 4 Ho0e The

VAP and IMKP added to the Balmoral I soil was precipitated as DCFD and

DMPT. Yhe DKF was precipitated as 0CP. The MAP and MEP sdded to the
Bazlmoral II soil was precipitated as DCPD and DIPT. The DAP and DXKP

wag precipitated as OCP and THP . 4 H.0. Some DUPD was found in the
gample that received DAP. The WP and MAP added to CaCCB was precipitated
as DOPDs the DAP and DKP wes precipitated as (O0P. FAP and MKP was

precipitated as DMPY in the Mgllye Some THP « 4 Hp0 was detected in




Table IX.

50d.1

Bglmoral 1

Balmoral II

M50

Sad
Ned

Hesction products of orthophosphates in soils
by 5 i E

GaCGB and ﬁgCGB

Sclution
Phosphate added pH
MEP 5465
DKP 9.25
MAP 5.70
DAP 7.70
MKP 5+95
DEP 9.20
MAP 645
DAP 7.85
MKP 5420
DEP 9.50
MAP 5.20
DAP 8.10
HKP 6450
DKP 9.55
HAP 5.70
DAP B.25

Aeaction product

DMPT + DCIR
THP o4 Hp0 + OCP
DYPT + DCED

oCPp

DCPD

TPl Ho0 + OGP
DHPT + DUPD
DMPT + DCFD + (OCP
DCPD

oce

BCFD

oerP

DEPT

DMPT + TMP.4 Hp0
DHPT + TWP.4 150

DHPT + IMP.A4 Hr0



the sample that received MAP. The DKP and DAP was precipitated as
DHPT and THP o 4 H,0 in the Mz005. BSince the pH of the orthophosphate
solutions were markedly different, more insoluble phosphates formed
with the orthophosphates alkaline in reaction than with the orthophosphates
acid in reaction. In the previous siudy (Table VIIL), when the ortho-
phosphates were added as a pellet, only one phosphate reasction nroduct
wag usually identified. Reacting the soils with saturated orthophosphate
solutions resulted in the formation of both calcium and magnesium
phosphates in most instances. It is therefore possible that both calcium
and magnesium phosphates were formed, when orthophosphates were added
as a pellet, but only the one present in major amounts was detected.
Chemical analyses conducted on the products, obtained as o

esult of reacting the soils with the saturated orthophosphate solutions,
shoved That potassium and ammonivm were present in the sauples. This
was especially true of the DKP and DAP trestments where as much ag 10

percent potassium and 5 percent ammonium were found in the producis.

&
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DCFD and DEPT are metastable and in solution will release
phosphoric acid and form a more alkaline phosphate (21, 33). DCED
a8 been Iound to form UCF in long contact with soil solutions or walber
(19). The OCP is then converted %o an apatite (33). The hydrolysis
products of DMPT in contact with so0il solutions have not been reporied.
Due to the lack of this information; an sxperiment was designed in
wiich the hydrolysis products of DCPD and DMPT were determined in
various soils, C&GGB and ﬁgCOBG

Une-tentn gram of laboratory synthesized DOPD or DHPT was placed

between layers of soil in plasiic cylinders. The layers of soil were

separgted by four filter papers. The DCPD or DMPT was placed between

by

the filter papers so that the soil constituents would not contaminaie

[

5

11

Q“:
A

o

he DCFD or DMPT. The soils were kept in a moist siate. Periodica

a portion of the DUPD or DMPT was removed, air dried, and subjected to

el

A=ray diffraction analysis. %The products were sampled at 1, 3 and 6

monthg after incubstion was initiated.

Four soils; Balmoral I, Balmoral II, Darlingford and Red River,

and two carbonates Calls3 and EgGGg were used in the situdy. The soil
characteristics were outlined in Tables VI and VII.

GOP was detected in the DOPD placed in the GaﬂG3 after one
monthg hydrolysis time {Table XJ. '3(9@4)2 o 22 Hp0 (TP . 22 Hy0) was
detected in the DIPT placed in the Balmoral I soil : atfter three

e 1), No further change oceurred in either
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the DOPD or DUPT as the period of hydrolysis was increased to gix
months time (Table XII). The transformation of DMPT to WP ., 22 H,0
occurred in the samples that had large quantities of wmagnesium.

The THP . 22’11{29 detected in the samples gave the same X-ray
diffraction pattern as that obtained for the laboratory synthesized
TMP o 22H50. It is mosy likely, had the hydrolysis of these products
been continued, that a change in the products would have occurred in

other samples as wall,




37

Table L. Hydrolysis products of DEPD and DMPT after one

month of incubation

DCED
Sample added
Balmoral I -
Balmoral 1T -
Red Biver -
Darlingfoxrd -
€al0 oCP
MgCOB =

DMPT
added

Table XL, Hydrolysis producte of DUFD and DMPT after three

monithg of incubaztion

DCrn
Sample added
Balmoral I =
Balmoral IIX -
Red River -
Darlingford =
CaCOB oCP
EgCGB -

DMPT
added

rﬁ*ﬁ;’ @ 22320

-

=

PP . 22
P . 22H,0

Table XII. Hydrolysis products of DUFD and DFFT after six

months of incubaition

DCFD
Sample added
Balmoral I -
Balmoral IT =
Red Hiver -
Darlingford -
£al0~ ocP

wgcog i

DIPT
sdded

TP ZZHZO

a

TMP . 22,0
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Solubility of Dica

ieslcivm Phosphate Dihydrate, Dimagnesium
Phosphate Trihvidrate

and Trimegnesium Phosphate.

The phosphate minerals present in a soil govern the concentration
of phosphate in the soil solution (6). The formation of a crystalline
solid phase phosphate in soils resulte in a fixed relation betveen
its compoment ions in sclubion at equilibrium, It is, therefore,
posgible to esbablish the presence of erystalline phosphetes in soils
by the application cf solubility data (6).

The solubilities of the different phosphates have been represented
on a single diagram by including 211 the constituent ions as coordinates.
The solid phases Ca(HyP04)s, i‘fg(ﬂzlf’%)zg CaHPOy, HgHPC), C%E(P%)B,
Calo(}?O&)é(Oﬂ)z and f‘%(?%) , contain Ca or Mg, OH or H and the three
arthophosphate species ﬁg’bgg n104; aud fU%e It iz necessary to
caleulate the activity of only one phosphate species as they are all
related to one ancther by dissociation comstants and the H ion activity.

. three dimensional plot with the activity of Ca or Hg, OH and HZPO@
a5 coordinates would be necessary for the phosph wwtes. However,; it is
nossible to construct a two coordinate diagram in terms of the compounds
Ca(0H), and Ca(HgP0y)p for the calecium phosphases and Hg(OH), and
ﬁg(HEPOQ)z for the magnesium phosphates (6). These compounds are

assumned to be in solution and « sompletely dissociated. In this diagran
the solubility isotherms are represented as atraight lines of varying
slopes. 4n example for the case of CalFl, will illustrate the development
of the diagram.

Tf one assumes that the concentration of phosphorus in & soll
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solution is duve to BCPD, one determines the calcium, hydrogen and
phosphate activities in the soil solution and test if these are consistent
with a solution being saturated by DCPD. The formula for DCFD is written
as CallPCy o 2H,0 and at equilibrium:

a Ca x a HPO, = constant (1)
where a represents activities., By taking the negative logarithm of
the ionic activities the following equation is obtained:

pla + pHPO, = constant  (2)

Since @30@] = congbant x [HQEQQL (3)
wr "

and pHPO, = constant + pHBPO& -~ pHE (&)
houation 2 becomess:
pCe + piyr0, - pi = constant  (5)
Rearranging equation (5) leads to the expressions
(pH~3pla) = (pﬁgPO4+%pC&) = constant (6)
the term, pH-ipla, is known as the "lime potential."™ The higher the
lime potential, the greater is the activiiy of Ga(OH)Z in solution.
The term, pH2P04+%pCa, is known as the "phosphate potential.” It
represents the negative logarithm of monocalcium phosphate in solution.,
The larger this term, the lower is the activity of monoecalcium phosphate
in solution.
Similar equations relating the lime potential Ho the phosphate
notential can be developed for DMPT, OCP, H.A.and TiP. For DHPY the
eguation iss

\

(pH=gplig) = (pHyPO,+Iplg) = K (7)




4o

0CP the equation iss

ey
03
i

5(pHetpCa) = 3(pHyPO, #pCa) = K (8)
For H.4, the equation is:
7{pH-ipCa) - 3(pHgPOy+ipCa) = K (9)
and for TMP the equation iss
2(pH~iplig) - (pHyP0,+hplg) = K (10)
The values for K for DCPD, OCP and H.A. have been found to be 0.66
(30), 9.93 (1, 23), and 14.7 (7) respectively. The values for K for
the equatiocns derived for DMPT and TMP have not been reported. The
values for K can be established by measuring the lime and phosphats
potentials of the pure phosphate compounds in water. A graphical
representation of the phosphate potential versus the lime potential can
then be obtained by substituting values for the lime potential and
calculating the phosphate potential or vice versa. In order to
determine the form of soil phosphate, the lime and phosphate potentials
of the soil solution are measured and related graphicslly to the equations
developed above.
The lime potential, pH«%pCa, was calculated as follows:
#pCa = =5(logyig Cone,  + logipF)  (11)

where logyoF = ___;%___ﬁﬁ (12)

and gives the sctivity coefficients of an ion as a function of the
ionic strength of the solution. Hguation 12 is known as the Debye -
Huchel approximation for sctivity coefficients., In the equation A and

B are constents depending upon the solvent used. The constents A and B
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for the eguation using water as & soclvent at 25 deg. C. are 0.51 and
0.33 X108 respectively. 2 represents the valency of the ion and ai the
mean ionic diameter. U represents the ionic strength of the soclution

. 4wy 2
and was caloulated from the expression: U = 52Cs3.  (13)

1
where U iz the iondc strength of the solution, Ci the concentration
of the various ions in gram ionic weighis per liter and &i are the
valencies of the respective ions. The concentration of calcium or
magnesium and phosphate ions in solution was used as a measure of
ionic strength for the agueous solutions containing DCPD or DHPT or TMP.
In studies where various salts were added to the solution, the concenw
tration of the added salt was also taken inte consideration when
calculating the ionic strength of the solution. The ionic streangth of
the aqueous extracts obtained from soils was calculated using the
concentration of calcium and magnesium in solution with the assumption
that a monovalent snion was always present. This wag done as the
concentration of calcium and magnesium in solution usually exceeded
the concentration of phosphorus in solution.

Splig was calculated in the same manner as 4pCa.

The EZPO@ ion activity was calculated from the total phosphorus
concentration, the ion activity coefficient, the pH, and the dissociation
constants of phosphoric acid. As in calculating +pCa or Zpiig:

pHoPO;, = »(loglO Coneﬂg?@@ + logloF) (14)
The pH of the systems studied remained bebween pH 5 to 9 and

thus only the H-PQ, and HPO, ions need be considered. Therefore:
25V (1




Total phosphoric concentrstion « P = [H,PO,] +[HPO  (15)
Ho PO, [+ EPO,
(16)
(17)

(18)

(19)

Rearranging equation 19, the following ecuation is obtained:

Hppo] = Pox_[Hl (20)

By taking the negative logarithm of equation (20), the following equation

igs obtained:

r

-logyg Gomeypy, = plp] +p/ H_
’ 5 Ko+ | }

P is the total concentration of phosphorus in solubion -l
A E B » .

ig a correction factor which relates the ratio of

Eé904 / P to pH and K, is the second dissociation constant of phosphorie
acid. By substitubing the expression derived for - laglg COECHQPO@ in
squation (21) into equation (14), QH2P04 can be calenlated.

The lime potential (pH-3pCa) or (pH-3pMg) and the phosphate
potential (pHQPOQ +5pCa) or {pHEPOQ +5plg) can now be easily calculated.
Since the sclubility constants for the magnesium phosphates

have not been reported by previous workers, a situdy was conducted to
gotablish the values for the congtants relating the lime potential
with the phosphate potential. Four compounds, DCFPD, DMPT, TMP . 22H50
and THP were studised. The anhydrous THP was obiained by dehydrating

TP o 22Hp0 at 300 deg. Co.
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Cne-tenth gram of DCFD, DMPT, THP.22H,0 or IMF was placed into
50 ml. distilled water and equilibrated with shaking for 24 hours at
25%1° C. The pH of the suspension was neasured and the suspension
filtered, The calcium and magnesium contents of the filtrates were
determined by the use of ZDTA. The phosphorus content of the filtrates
was determined colorimetrically. The coordinates for the solubility
diagram were then calculated.

The pH of DCFD in solution was much lower than that for DPT
in solution (Table XIII). The concentrations of magnesium and phosphorus
in solution from the added DMPT were higher than the calcium and phosphorus
concentrations in solution from the added DCED. The constant derived
for the equation (pH~jpCa) = (pHyPO)+3pCa) was found to be 0.52 for
DOFD at 25 deg. Co The value of 0.52 for K is lower than 0.66 reported
for equilibration at 18 deg, C. (30). The constant derived for the
equation (pH-ipMg) - (pHZPO%+%ng) was found to be 1.82 for DMPT,
The larger value of X for DIPT as compared to DCPD indicates that
DHPY is more soluble than DUPD, The TMP,22H20 and THP were found to

ve considerably less soluble than DCPFD or DMPT. The conshant derived

o

pMg) was found to be 8.31 for

for the equation 2(pH-ipllg) - (pH2P04+

the hydrated TP and 8.55 for the anhydrous form. The larger value of

X obtained for the anhydrous form indicates that dehydration of the

TEPQZEHZO increased its solubility slizghitly.
Jﬁgﬁe@smmm'mepkmaﬁ'welwmyomnmaiwmmm‘ﬁephmﬁm%

potential for the calcium and wmagnesium phosphates. The lines were

obtained as préviously described. The solubility lines shown for OCP
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he

gnd H,A. were not deternined sxperimentally, but were obisined from

the literature., The solubility disgram can be used to egtablish the

]

existance of cerizin solid phase phosphates., One needs only to measure
the lime and phosphate potentinls of the soll solubion and plot them

on the diagram. The position of the point on the diagranm would

indicate the phosphate mineral governing the concentration of phosphorus
in the soil sclution. For example, if the point occurred on or near

the solubility line for DCPD, it could be assumed that DCFD was probably

the most soluble phosphate in the soil.
P ¥
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The Effect of Various Salts on the Solubility of Dicalecium
Phogphate Dihvdrate and Dimesgnesivm Phosphate Trihvdrate

The soil solution contains ions other than those resulting from
the dissclution of the solid phase phosphates. Ions such as C17,
an = RN & i . . .

8 5 Ca , Mg o K and Ha' are found in the soil solution. Since

the presence of these ions may affect the solubility of the sclid phase
phosphates, a study was conducted to determine the effect of various
salts on the solubility of DUFD and DIPT.

The solubility of DCPD and DMPT was determined in 001, .002,
004, 006, 008, .0l0, 015 and 020 M solutions of CaCl, and Mglly,
and in 005 and 010 i1 CaSQy, NgSGQ, KGL and KQSO@ solubions.

One-tenth gram of DCPD or DIMPT was placed into 50 ml. of solution and
equilibrated with shaking for 24 hours at 25 F1° C.  The pH of the
suspension was measured and the suspension filtered. The phosphorus
and calcium or magnesium content of the filirates were debtermined,
The appropriate calculations were conducted.

Bouilibration of DUFD in the CaCl, solutions resulted in a
decrease in pH as the concentration of CaCly was increased (Table XIV).
The concentration of phosphorus in solution decreased with increased
Cally concentration. The solubility constant, K, increased with
increased CaCl, concentration. Equilibration of DCPD in the Higlly
solutions resulted in slight variationg in pH with increased MgCly
concentration. The concentration of calcium and phosphorus in solution
wag increased with increasing 1iglly concentration. The K values

incressed as the concentration of Hgll, was increased. The solubility
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of DCPD increased in the CaSG@? Fgsly, XCL and K2804 golutions. The
solubility of BCFD was greater in the ﬁgﬁlg and Mg50, solutions than
in the CaClz and Gaﬂﬁ@ solutions. In general, the solubility of DCFD
increased with increassed salb concentration.

Figure 5 shows the plol of the lime potential versus the phosphate
potential for the solubility of DCPFD in the various solutions. The
golubility lines representing the solubility of DCFD, TP . 22150 and
DHPT in distilled water are shown on the diagram. The peints obtained
for the solubility of DCPD in the sslt solutions lie between the lines
representing the solubility of DCPD and DMPT in water. The points
moved away from the DCPD solubility line towards the DMPT solubility
line with increased salt concentration. A better comparison of the
effects of the various salts on the solubility constant, K, of DCPD is
afforded in Figure 6. The K values are plotted versus the ionic
strength of the solution. All salt solubions increased the solubility
of DCPD. The solubility of DCPD increazsed with increasing ioniec strength.
BOPD was more soluble in the ﬁgﬁlg and EgSO% solutionsg than in the
CaCl, and CaSOQ golutions at equal ionic strengths. The lig50y, and

0,01 M K550, solutions increased the solubility of DUPD to a greater

extent then did the other salts at equael ionic strengths. & rapid
increase in the solubility of DCPD with increasing ionic strength
occurred gt low ionic strengths. The solubility of DUPD incressed
only slightly with increased ionic strength at high ionic strengths.,

The solubility of DMPT was depressed by the Call, solutions

{Table XV). The depression in solubility was most marked at high
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GaClg concentrations. Xeray analysis of the phosphates remsining
in the equilibration solution showed that both DCPD and DMPT were
present in the samples receiving large amounts of Caﬁlga Therefore,
the decrease in the solubility of DHMPT was probably due to secondary
precipitation of the phosphorus in solution as DCFD.

The pH of the solutions decreased with increased Mglly solution.
The concentration of phosphorus in solution decressed with incresssd
Mgll, concentration. The solubility constant for DMPT increased with
increased Mgﬁlz concentration. %The solubility of DMPT increased in
the KC1, MgSOQ and K?SO@ solutions, Cad0), was found to have little or
no effect on the solubility of DMPT.

Figure 7 shows the plot of the lime potential versus the
phosphate potential for the solubility of DMPT in the various solutions.,
The solubility of DIFPT was between that of DCPD and DMPT when measured‘
in CaCly, solutions of 0.01 M concentration or higher. fThe solubility
of DMPT in CaClZ solutions of less than GOL M concentration approximated
that of DMPT in water, The solubility of DMPT in solutions of KC1,

- MgS80y,, ﬁgﬂlz and CaSOQ was found to be greater than in water. The
solubility of DMPT was not increased as greatly as that of DCPD by
the salt solutions,

The increase in the solubility of DMPT with increasing ionic
strength was not as marked as the increase in solubility obtained for
DCPD (Figure 8). The sclubility of DMPT increased only slightly as

the ionic strength of the solution was increased.
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solubility of DCFD and DIPT was increagsed by most of
s, it would be expected thalt DOPD or DMPYT in & soil

& solubility gresler than that measured for the

A
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on the Solubility of

AN

Cally and Mgll
ad o Solls

The solubility of DEPD and DMPT incressed with increased ionic
strength. BSince the solubility of the products were increased by the
presence of salts, an experiment was conducted to determine the effects
of Cally and Mgllz on the solubility of phosphorus added
Twenty-five milliliters of 0.4 K 3364 solution was added to 50 .
air dried soil, incubated at room teuperature for one day and air dried.
The solubility of the added phosphate wag determined in, waler,
0.0L I Cally, and 0.01 ¥ ¥Mglly. Ten grame of soil was placed into 100 ml.

of solution and equilibrated with shaking for 24 hours at 25.1° C. The

H of the suspension was measured and the suspension centrifuged and

e}

filtered, The caleoium, msgnesium and phosphorus contents of the

w3

filtrates were determined and the lime and phosphate potentials caloulated.
Two soils containing large amounts of carbonates (Aneda and

Belmoral I) and two soils containing small amounts of carbonates

(Red River and Darlingford) were studied. %he Aneda and Darlingford

oils contained large amounte of calcium. The Red River and Balmoral I

6]

soils conteined large amounts of magnesium.

The pH of the soil suspension in CaCls and MgCl, was markedly
lower than that of the soil suspension in water (fable XVI), Addition
of the 0.01 M Cally, to the soils increased the concentration of magnesium
in solution, {as compared to the soils equilibrated in water) and the

addition of the 0.01 M lglls, increased the concentration of csloium in

solution., This is due to the displscenment of wmagnesium held on the
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cohange comnlex by the added calcium or vice versa, The congenbtration
for the Red River and Darlingford scils. The concentration of phosphorus

for the Aneda and Balmoral I soils.

Figures 9, 10, 1l and 12 illustrate the solubility of the added
phosphorus for the four soils in Call,, 1gCl, and waber, %he sclubility
of the added phosphate is shown in two mamners. First, considering
the pH, calcium ion and HZPO@ ion aectivities in solution for the
calculation of the phosphate and lime pe%enﬁials; and second, considering
the magnesium ion activity rather than the calcium ion activity in
caleulation of fthe lime and phosphete potentials. The two methods
of calculation are designated as Ca=P and lMNg-P respectively.

The phosphate solubility velues obtained for the fneda soil
varied with the equilibrating solution used snd the method of calculation
(Figure 9). The solubility of the added phosphate remained between
that of DCPD and DHPT in most instances. The solubility of phosphorus
was bebtween that of DOFD and DMPT or near that of DMPT for the
Balmoral I soil regardless of the solution.used (Figure 10). The use
of varicus equilibrating soclutions had small but noticeable effects
on the solubility of phosphate. The phosphorus appeared to be more
goluble in the soil containing large amounts of magnesium (Balmoral I)
than in the soil containing lerge emounts of calcium (Aneda). The
solubility of phosphorus remained near that of DCPD or H.A. in the

Ked River soil (Figure 11). The use of 0.01 ¥ CaCl, or 0.01 M MgCl
2 2
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Figure 10. The solubility of phosphorus added fo

Balmoral I soil in .0IM CaCl,, .OIM MgCl, and water.
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Figure ll. The solubility of phorphorus added to Red
River soil in Ol M CaCl, , .OI M MgCl, and water.
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as egullibrating solutions had swmell but noticeable effects on the
solubility of phosphorus. The solubility of phosphorus remined

ear that of DOCFD or hetween that of DCPD and H.h. in the Dorlingford
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goil {Figure 12)., 4=z with the Red River soil, whic
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swmall amounts of carbonates, small but noticeable effects on phosphaie

£

aCl or .01 M

fho

forcd

solubility occurred as a vesult of using 0.01 1§

ag the equilibrating solution.

The solubility of the phosphorus added to the soils was altered
by the addition of CaCls or Hgllye This was particularly noticeable
on the soils containing large amounts of carbonates {(Aneda and Balmoral
I)o It has been a practice, by some workers, to use 0.0l H CaCls
a5 the equilibrating solution in solubility studies. This procedure
resulied from the false assumpbtion that the magnesium content of
soll solutions was negligible and could be nezlected. It also assumed
that only calecium phosphates were formed in soils. The use of 0.0 ¥

4

i

Calls offered the advantage of having a relatively constant caleium
concentration in solution, and therefore 4pla need not be calculated
for all samples. The presence of largs unte of caleiun in solution
caused flocculation of soil clays, thereby eliminating the problems
associszted with the filtration of water soil suspensions. Although
the vse of 0.01 M Cal 12 as an equilibrating solution offers several
advantages, the use of 0.01 M Cally or 0.01 M mgclz as egquilibrating

solutions should be avoided as the results obleined may in some

instances lead one to make erroneocus conclusions.
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The Solubility of Phosphorus Added as Kil,POu, EBPQ and
K-HPO, in Aneds, Balmorel I, Red River and Darlinsford Soils

4 determination of +the solubility of phosphorus sdded to soils
yields information as %o the reaction products formed between the added
phosphorus and soil cations. Information as to the availability of
the added phosphate ig also oblained.

The solubility of phosphorus added as KHyFU,, Eéﬁ?@¢ and HBPO@
to four Manitoba soils was determined. Solls, Aneds, Balmoral I,

Red River and Darlingford were used in the study. In order ito determine

the solubility of the phosphorus added as KHpPUy, 0.2y Colty 0.6, 0.8

3

and 1.0 go. KH2P04 vas added to 10 z. soil in 100 al. water and equilibrated
with shaking for 24 hours at 2571°C, The solubility of the phosphorus added
as KpHPUp was determined in the same marmer. Only two rates of KoHPOy
0,2 and 0.6 g. per 10 g. soil in 100 ml. water, was used. The ngﬁg
was added to the soils in a dilute selution. OUne hundred ml. of .01
kol EEPO@ golution was added Yo 10 g. soil and equilibrsited with shaking
for 24 hours. The pH of the suspensions were measured sfter the shaking
pericd. The calecium, magnesium and phosphorus concenirations of the
filtrates were determined and the lime and phosphate potentials calculated.
The solubilities were calculated in two mamners, i.e., as Ca-P and
Hg=P,

The phosphorus, calcium and magnesium concentrations in solution
increased for all soils with increased rates of added KEQPO@ {(Table XVII).
The concentration of calcium was lower than the concentration of mag-

nesium in the Balmoral I and Red Hiver scils. fThe gquantity of calcium
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in solution was grester than the cuantity of wmegnesium in solution
o= N [

for the other two soils. It ig interesting to neie that the concentration

£ ecalecium in solution for the Bslumoral I zoll and the concentration
of magnezium in egolution for the Aneda soll did not increase greatly
with increased rates of added phosphorus.

The =olubility of the phosphorus added as KH2P04 remained between
that of DCPD and DMPT in the fneda soil (Figure 13). The solubility
values plotted on the solubility diagram moved from right to left on
the disgram with incressed rates of KHQPGQQ This is due to the
resulting lower lime and phosphiate potentials as a result of increasing

2

KHQPOQ was near that of DMPT in the Red River soil (Pigure 14). The

solubility of the phosphorus added asg KHzPGQ remained near that of

DMPT when small amounts of KﬁzPﬁg were added to the Balmoral I soil

toe rate of KH,POQ added. The sclubility of the phosphorus added as

(Figure 15). The solublility of phosphorus increased above that of
JMPE when large amounts of KHEPOQ were added. The solubility of the
phosphorus added as KHpPOL was between that of DUPD snd DMPT in the
Darlingford soil (Pigure 1€). The results obiained are similar 4o
those obtained on the Aneda soll

The solubility of the phogphorus added as KHgPOQ was greater
in the soils containing large amounbs of magnesium (Balmoral I and
Red River) than in the soils containing large smounts of calcium
{aneda and Darlingford). The solubility of phosphorus was high in all
gsamples indicating that a relatively soluble compound was formed in the

soils. The studies indicate that DCPD snd/or DUPT were formed when
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pH - i/2 oCa or pH - ’/2 p Mg

Figure 13. Equilibration of [0 g. of Aneda Soil and 1CO mi
Water with 0.2 fo 1.0g. KH,PO,.



69

Ca-P ©

pH - % pCa or pH - Y pMg

Figure 14. Equilibration of 10 g. Red River soil and
[00 ml. water with 0.2 to LOg. KKz POg.



pH, PO, + % pCa or 1, PO, + Y% piig

prH - ’/2 pCa or pH - §/2 pMg

Figure I15. Equilibration of 10 g. Balmoral soil
100 ml. water with 0.2 fo LOg. KHyPO4.
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pH - % nCa or pH - % pMg

Figure 6. Equilibration of 10¢g. Darlingford soil and 100 mi

~

water  with 0.2 fo 1.0 g. KH, PO,.




KHoPG), was added to the scils.
The pH of the soil solubtious were higher in the samples
receliving KZHFGQ than in the samples receiving ﬁgrﬁg or LHaPO) (Tables
SVII and XVIII). The pH of the soil suspensions increased with

Lo

increased additions of KyHPO. Addition of KQEPOQ to the scils
resulted in much larger amounts of phosphorus in sclution than caloium
and magnesitm,

The solubility of phosphorus was bebween that of BCFD and

“

DHPT in all soils when equilibrated with 100 ml, 0.01 ¥ H3kQy, (Figure
17). ‘fhe solubility of phosphorus added as Eé"*4 wag similar regardlesg
of the amounts of calcium and magnesiuvm conteined in the soils.

fu T

The solubility of phosphorus added as KpHPQ), remained between that

of DCPD and DMPT in the Aneda soil (Figure 18). The solubility
of phosphorus approximated that of DMPT when 0.6 z. KQH?‘% was added,

The phosphorus added as Kéﬁ?@b to the Red River and Balmoral I
: v

s0ils remsined very soluble (Pigures 19 and 20). The solubility of
phosphate incressed with increased rates of added phosphorus on both

solls. The solubility of phosphorus was nesr that of DMPY in both

1]
[

o

soils. The solubility of the phosphorus added as KUPG, was between

that of DCED and DMPT in the Darlingford soil (Figure 21). The resulis

1

The golubility of the phosphorus added a8 KolPGy, approximated

that of DHPT in the solils contalning large amcunts of

<

solvbility of phosphorus was between that of DOFD and DIPT in the soils
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Figure 7. Eaquilibration of 10 g. soil with 100 mi
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pH - % pCa or pH - ]/2 p Mg

ire 19, Equilibration of 10g. Red River soil and 00 ml
water with 0.2 and 0.6¢g K, HPO,.
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Figure 20. Equilibration of 10 g. Balmoral I soil and 00 ml

iter with 0.2 and 0.6 g. KyHPO4
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pH—‘/g pCa or pH ‘I/gng

igure 21, Equilibration of 10 g. Darlingford soil and 100 ml.
water with 0.2 and 0.6 g. K ,HPO,
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It is most likely thst the reschion products of the added
33?0@9 KE?FQ@ and KzﬁﬁO@ were DCPD and/or DMPT in the soils studied.

Yhe solubility of the added phosphorus was high in all soils indicating

onat phosphorus added tc these solls would remain relatively available
for plant use.




Hature of Phosphate Fixation in a Calcium Saturated Clay,
Fagnesivm Ssturated Clay, snd Balmoral I dﬁd Aneds Soils

Phoephate ions added to soils can become adsorbed on the surface
of soil colloids or they can be precipitated as phosphate minerals.
It is believed that a wonomolecular layer of phosphate is initially
formed, followed by the precipitation of phosphate with increased
additions of phosphate. The purpose of the following study was three
fold. The first objective was to determine the effect of ecalcium and
magnesium held on wmontmorillonite clay on the amount of phosphorus

adsorbed, the adsorption maximum and the energy with which the adsorbed

o

phosphate held. A study of the amounts of phosphate adsorbed, the
adsorption maximum and the bonding energy for phosphate by two soils
verying in calcium and megnesium contents was also planned., The
second objective was to determine the solubility of Hhe adsorbed and
precipitated phosphate. The third objective was to determine the
solubility of the adsorbed and precipitated phosphate after removal
of the initial phosphate saturating solubion.

the adsorption of phosphate in soils can be described by the
langmuir sdsorption isotherm (18). 4n adsorption isothern gives
the relation between the amount of a substance adsorbed by an adsorbent
and the equilibrium concentrations of the subsiance. The lLangmuir
adsorption equation is specific for smell quantities of adsorbed
iate and dilute phosphate concentrations. An adsorpiion maximum
can be calculated when using the lLangmuir equation (25).

The langmuir equation vwas developed to describe gas adsorption
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on solids, but, the eguation has been successfully used for the adsorption
of liguids and ions from solution by sclids. The following eguation

is veed in the study (25):

Lx = Kbe (1)
i 1+¥e

where X = ug. P. adsorbed per g. soll,

b = adsorption maximum,

.,

¥ = constiant related to the bonding energy of the
adasorbent for phosphate,

and ¢ = equilibrium P. comncentration in ug. P. per ml,

The linear form of the equation becomess

o/x = L. +e  (2)
m £h b

where 1 = slope and therefore the adsorption maximum, b, = reciprocal

b
of the slope and _1 = the intercept and therefore the bonding energy,
45
K, = _glope . A straight line plot of q/g versus § will indicate
- o il

an adsorption reaction. When an adsorpiion reaction occurs, it can be

assumed that a monomolecular layer is present on the soil adsorbing

surfaces.

Data for plotting the langmuir isotherms was obtained by following
e procedure outlined by Hemnie and Hokercher (28). Five g. soil was
shalken in 50 ml. KEZPO@ solutions of concentrations ranging from 10
to 200 ug. P./ml. The suspensions were shaken for 24 hours and the pH

of the suspensions measured. The suspensions were centrifuged and

the amount of phosphorus remsining in solution determined in order
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to obitain the amownie adsorbed by the soils or clays. The caloium

and magnesiuvm contents of the filirates were determined in order to
obtain dats for calounlation of solubility of the added phosphate.
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with distilied water as follows
added to the seils or clays. The suspensions were shaken for & brief
period, centrifuged, and the {iltrafe decanted. The washing procedure
was conducted in order to remove bthe phosphabe solubions added. An
additional 50 ml. of digtilled water was added and the samples
equilibrated with shaking for 24 hours. The pH of the suspenaions

werse measured and the suspeunsion centrifuged. The phosphorus, calcium

and maghesium contents of the filirates were determined. The date
Lo

£

obtained was used o cglculate the solubility of the phosphate retained
by the solls or clays.

In addition to the montmorillonite clay samples, two soils,
Aneda and Balmoral I were used in the study. The calcium saburated
clay contained 106 meq./100 g. WHpAc displaceable calcium and b4 meq./ 100 g.
HHpac displaceable magnesium. The magnesium ssburated clay contained
108 meg./ 100 g. Ly Ac displaceable magnesium and 3 meg. / 160
ﬁﬁuﬂc displaceable calcium. The clays were prepared by leaching them

with .01 H Cally or .01 3 ligGl The samples were washed Iree of

)

The adsorptlion isotuerms obtained for the clays and soils are

Figure 22. The adsorption of phosphorus by the two soils

oy
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b
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was very similar. The adsorpiion of phosphate by the calcium and magnesium
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Figure 22. Phosphorus adsorption isotherms for the clays
and soils used in adsorption studies.

B __-0

Ca - Clay
7 V,’(,O Mg-Clay o©---0

/3 ,i’\o' Aneda o o
_// /g’ Balmoral o——0O
dB

-@

! ! i i I { / i i ! |
o 5 30 45 60 75 20 {05 120 186 15 165



33%,

saburated clays was siwmiler at low phosphate concentrations. The
caleium saturated clay fixed more phosphate than did the magnesium
saturated clay at high phosphate concentrations. The adsorption data
(Tables XIX and XX), plotted accordingz to the Langmuir esquation are
1lustrated in Figure 23. The adsorption of phosphate by the soils
and clays follows the langmuir equatieﬁ up ko & concentration of about
20 - 30 vg. Po/ml. Temaining in solution. A second reaction is
operative at higher final solution concentrations. Thie secondary
reaction could be a further adsorption reaction or a precipitation
reaction.

The bonding energy of the calcium saturated clay for phosphorus
was 042 (ug. P / mle)”ia The bonding energy for phosphorus by the
magnesium saturated clay was 077 {ug. P./ mle)“le The adsorption
maxinum was 475 ppm. and 300 ppm. for the calcivm saturated clay and
the megnesium saturated clay respectively. The bonding energy of the
Aneda and Balwmorsl I socils for phosphorus was 187 and .095 (uge?afmlo}”l
respectively. The adsorption meximum was 360 ppm. for the Aneda soi
and 475 ppm. for the Balmoral I soil. Since the adsorption maximum
is related to texture (28), it would be expected that the Balmoral
soil which was a heavier textured seoil than the Aneds possess a
higher adsorption maximum,

From the studies conducted on the clays, it would appear that
g so0il containing large amounts of ecalecivm would adsorb more phosphorus.

4

[

than & soil containing large amounts of magnesium. The results obitain

n

for the clays also suggest that the phosphate adsorbed on a calcium
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Figure 23. Langmuir plof of adsorption dafa for the clays

and soils used in adsorpticn siudies.
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saturated soil would not be held as Tightly as phosphate adsorbed on
a megnesium sgiturated scil. These observationsg, however, were not
verified on the two goils siudied.

The pH of the magnesium saturated clay was higher than that

the calcium saturated clay (Table X{I). The pH of both systems

decreased with progressive additiong of xum}Ci The addition of
KHoPOy, also resulted in displacing more magnesium into solution than
czlcium from their respective clay systems. The concentration of
calciuwm or magnesium in solubion increased with increased additions
of KH PO

The solubility of phosphate added to the calcium saturated monte-
morillonite was bebween that of OCP and DCPD when small amounts of phosphorus
vere added (Figure 24), The solubility of the added phosphate increased with
increasing amounts of added phosphsie, particularly at low phosphate concen-
trations. The solubility of the added phosphate remained slightly above
that of DUPD at high phosphate concentrations. The incresse in solubility
ccourred at phosphorus concentrations below the adsorpiion maximum. Above

o

the adsorption maximum no notable incresse in solubility of phosphate

coocurred. This indicates bhat alfter the surfaces of the clay pariicles

were covered with phosphate lons, the added phosphate was possibly precipiteted

~ 1

as DUFPD. The solubility of the phosphate added to the magnesium saturated

]

clay approximsted that of bthe phosphate added to the calcium saturated

&

clay at low phosphate concentrations. The solubility of the phosphate
wag similar in the calcium and magnesium clay system at phosphorus

concentrations below the adsorpiion maxwimum. The solvbility
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pHaPO, + % pCa or pHyPO, + % piig

o L

pH - l/2 pCa or pH - E/2 p Mg

Figure 24. Solubility of «cdded phosphorus in a calcium

w

and @ mognesium  scaturated monfmoritlonite.



of phosphate in the magnesium satursted clay was sreater than in the
calciuvm saturated clay at phosphorus concentrations above Hhe adscrpiion
maximum. Addition of 2000 ug. P./ g. megnesium saturated clay resulied
in a phosphate solubility approaching that of DMPT. The sol ubility

of the phosphate added to the magnesiuvm clay increased with increased
rates of added phosphorus. There was no evidence of a definite compound
being formed above the adsorption maximum ag in the caleium satursted
clay where DCPD was most likely formed.

The data obtained for the solubilibty studies conducted on the

Aneds and Balmoral I soils are recorded in Teble AXII and illustrated

graphically in Figures 25 and 26. The pH of the Aneds soil was lowe

ot

han the pl of the Balmoral I soil (Table ¥XIIj. The agueous extracts
obtained Ifrom the Aneda soll contained large amounts of calcium and
the extracts obtained from the Balmoral I soil contained large smounts
ol magnesium. The sclubility of phosphorus when small amounts of
Ki,POy, were added to the Anede s0il was near that of OCP (Figure 25).
The sclubility of phosphorus when large amounts of EHpPQp, were added
was near that of DCFD., There was no apparent abrupt change in golubility
of phosphorus at the adsorption meximum. The solubility of phosphorus
whent small amounis of KHZPG@ were added to the Balmoral I soil was
between that of OCP and DCPD (Figure 26). fThe solubility of phosphate
increased with additions of KE5POy up o the adsorption meximum. The

J

solubility of phosphate increased only slightly at phosphate concens
trations above the adsorption maximum. UThis way agein be received as

evidence for the ocourence of a precipitation reaction above the




[€xN

0z° 4 SH°H o 98°S  £9°¢ 94°2 T 69°T 9 Qoz° 060°  zL°) 0002

06" 60°6 6079 H6°C  6E°C  TST 99°T  95T°  £€T° 690 09°4 Q00T

PARRS 0c° ¢ €9 01°9 29°¢€ Ge°T  89°T  #HZT° oTt® 660°  @l°d 008

§4° ¢ 19°¢ GE°9  6T1°9 06°¢ 66°T  TL°T  190° 901" 060°  06°2 009

49°¢ £8°¢ 9h° 9 0L°9 1% 96°T  24°T  690° 00T1° g#0°  20°Q 00¢

TS €079 G99 9z°9  lzth  ASTT 94°T  ¢o® £60° 0H0°  20°9 004

£0°9 ¢1°9 6€°9  12°9 2t T9*T  €4°T  0£0° 64.0° 9H0°  00°Q 00¢

9 EH9 9%°9  2H°9 IART 49°T Td°T  610° LGo° in0° €1°8 00z

H5°9 29°9 0%°9  92°9 é8° 4 So*T  &J°T 1I0° #90° HCD®  60°Q 0$T

89°9 68°9 9e°9  G1°9 60°6S 66°T  08°T  900° £go° 2E0° G6°) 00T T TeIOUTRT
914 €6 ¢ z29°h  40°¢ AT 4T 9%°T  ani° 960° 8LT°  £6°9 0002

69° 4 Iy G0°¢  Lz° ¢ g6°2 #4°1  26°T  04T° Gi0° 12T° 64°9 0001

€8y 654 80°G  2L°¢ 90°¢ 24°T  €9°T  SE1° 6£0° HIT®  68°9 009

§0° ¢ 64°4 TI°¢  A€°¢ TARS 08°T #%°1T 160° ceoe g01°  T6°9 009

92° ¢ Q6° 14 L1°6 ey ¢ en° e €9°T  G8°1T  S90° 0co° 20T° 0072 00%

gh° s AR E4°6  99°¢ 99° ¢ 28°T AT 0%0° 0¢0° geo gze), 004

62°6 GG g Q6"8 Z8°¢ AN 28°T  86°1 0L gz 0° 930°  ox°d 00g

- - - - - - - - - - - 00z

Eh o 91°9 69°¢  96°¢ FASE 98°T 6S°T  600° H20° 280° 652 05T

98°9 She 9 19°¢  20°9 484 66°T 86°1  S00° #10° 880°  09°/ 00T epauy
SO TENATE T TERE T Tepar T TGICHT T T TRhE W,0TX 01X W0 HO TTO8 TToS
Tog?ud  tpglpd  -nd ~yd Gi e [80] °8/°3°Fn

‘ pappe °g

S{TOs T TvIOWT®Y Pu® epeuy 01 poppr suxoydsouyd Jo LMITTAnIos  °TIVY 2TAET



3=
Ca-P o
Mg- P X
L e

[6))
|

o % Y i | f

(] — - o

& 5 B 7 8
pH=-%pCa or pH - "% phg

Figure 25. Solubility of added phosphorus in Aneda soil.
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adsorption meximum, The solubility of phosphorus was
DOPD and DMPT above the adsorption weximum.

The data obtained for the sclubllity studies conducted on the
samples after removal of the added phosphorus sclubions are regorded
in Tebles XXIIT snd XXIV gnd shown graphically in Pigures 27, 2B and
29, The pH of the solls and clays increassed following ths rewoval of
the added phosphate solubtions (Tables XXIII and XXIV). The concentrations
of caleiwn and magnesium in the exitracts were lower than prior to
washing of the samples. The solubility of phosphorus in the caloium
saturated montworillonite remained slighbly above that of OCP,
(Figure 27). The solubility of phosphate in the magnesium saturated
clay approximated the solubility of phosphate in the calcium sabturated
clay at low phosphate concentrations. The solubility of phosphate
was higher in the magnesium clay than in the calcium clay at hisgh
phosphate concentrations. The solubility of the phosphate remaining
in the Aneda soil was near that of OCP (Figure 28). The solubility
of the phosphate remaining in the Balmoral I soil was bebween that of
OGP and DCPD (Figure 29). The solubility of residual phosphate in
the magnesium saturated clay was also less than that of TMP 22H0
{Figure 27). Since the majority of phosphate in the Balmoral I soil
and magnesiun saturated clay was probably held by megnesium, it
would appear that a mesgnesium phosphate of g solubllity lower than that
of THP msy have been present in these systiems. HQECPO%)F has been
found in nature. It is possible that s compound similar fto this, with
the OH  ion replacing the F~ ion, may have been formed in the magnesium

satursted montmorillonite and the Balmorsel I soil.
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Ca-Clay =
Mg - Clay
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pH - ‘/2 pCa

27. Solubility
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magnesium

or pH - g/2 p Mg

of residual phosphorus in @ calcium
saiurated montmorilionite.
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Fractionation of Added Phosphstes in Balmoral I
and Balmoral II Soils snd Call, and ﬁgCG}

Phosphorus added to a soll is held predominantly by calcium,

magnesium, iron and aluminum. The role of each cation in holding phosphate

can be evaluated by using extractions specific for each form of phosphate.

Jackson's (18) method of fractionating the inorganic phosphabes
offers a mebthod of separating the inorganic phosphates intos (1)
water soluble and loosely bound phosphorus, (2) aluminum phosphates,
(3) iron phosphates and, (4) calcium phosphates. The procedure
involves the extraction of the various phosphates in sequence on a
one gram soll sample. First, the sample is treated with 50 ml. 1 X
HECL for 1/2 hour with shaking to remove the water soluble and
loosely bound phosphatess This exiraction is followed by extraction
of the aluminum phosphates using 50 ml. 0.5 ¥ ﬁﬁgF at pd 8.2 for one
hour. The sample is then treated with 50 ml. 0.1 ¥ HaQH for 17 hours
to obtain the phosphorus bound with iron. The calcium phosphate
fraction is then obtained by treating the sample with 50 ml. 0.5 H
HESOQ for one hour. ¢his extractant would alsc remove any phosphate
bound by magnesium. The extractants used way not be completely
specific for extracting their respective phosphate fractions, however,
they do offer a good indication of the amount of phosphorus being held
by the various cations.

An experiment was designed to determine if added phosphorus
would be squally extraciable from soils containing large amounts of

caleium, solls containing large amounts of msgunesium, $alla and Fel0..
g 53 jt 2 3 S 3
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Table AXV. Extraction of added thosphorus on Balmoral I and
Balmoral IT soils and CaCOy and }gC0, (PPM)

b, Total
Seil _2dded pH NeHCO, NE,C1 ML F NeOM H,80, Fractionation
Balmoral I Hone 8.30 4 6 22 11 163 202
MKP  8.30 34 29 51 13 185 278
DKP  8.30 34 28 48 15 186 277
MAP  8.30 33 30 L9 ik 187 280
DAP 8,30 3L 30 50 15 184 280
Balmoral II None 7.95 17 21 25 17 171 233
MEKP 7.90 53 56 31 20 192 299
DKP  7.90 5k 57 3419 202 312
MAP  7.85 55 56 32 19 203 310
DAP 7.90 57 57 32 18 202 309
CaCO3 Hone 8.10 0 0 0 0 Y 0
MKP  8.75 8l 77 2 1 18 98
DEP  8.55 70 76 4 0 18 99
HAP 8.25 78 76 2 0 19 99
DaP  B8.15 80 76 2 1 18 96
EgCOB Hone 9.40 ¢ 0 0 0 0 0
MKP  9.50 24 49 20 0 22 92
DKP Q.45 22 51 21 1§ 24 a5
MAP G.50 24 51 20 0 23 ol
DAP  9.50 25 52 20 0 2 %6
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was independent of the

ﬁgﬁﬁl extracted about 25 percent of the phosphate added to the
Balmoral I soil and about 36 percent of the phosphate added $o the
Balmoral II soil. This indicates that a large portion of the added
rhosphate was loosely bound or easily soluble. The NH,Cl extractant
recoversl approximately 75 percent of the phosphorus added to the
Ca003 and approximately 50 percent of the phosphorus added to the
MgClg

EH@F recovered more of the added phosphorus from the Bslmoral
I s0il than it did frow the Balmoral II soil. ﬁﬁgﬁ, also extracted &
large portion of the added phosphate from the ﬁgﬁ@ga but extracied
very lititle from the CaGGBe It may be possible that EHQF which is
used to extract phosphorus bound with saluminum may also extract some
af the phosphorus bound by magnesium.

A very swall fraction of the added phosphete was recovered by
the NaOl extractant. The amount of phosphorum extracted by NHelH
from the soils was very low (10 %o 20 ppm) and that extracted from the
carbonates not detectable in wmany instances.

EzﬁOQ extracted 27 percent of the phosphorus added to the Balmoral
I s0il and 30 percent of the phosphorus added to the Belmoral II soil.
Approximately 20 percent of the added phosphate was recovered from the
carbonates by the Hp30), extrectant.

The calcium end magnesium phosphate fraction, exiracted by

Hoo0p s contained the largest portion of phosphorus for both soils.
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omall amounts of phosphorus were found in the iron and aluminum

2

ot

phosphate fractions. These results show

hat in solls containing
large amounts of caleium and/or magnesium, the phosphate is held
predominantly by calcium ani/@r magnesium.

The amount of phosphorus recovered by the various extractants

was independent of the phosphate carrier used. Approximately 75 to 78

percent of the phosphate added to the scils was recovered by the
%H@ﬁlg IH, P, N¥aOH and HQSOQ extractants. Approximately 95 to 98
percent of the phosphate added to the carbonates was recovered by

the wvarious extracianis.



Aveilability of Dicalcium Fhosphate Dihydrate and

Dimasnesiun Phosphate Trihvdrate

ot

Since s soluble orthophosphate acid in resction is precipitated
28 DCPD or as IMPT in soils containing large amounts of dolomite, the
solubility of the precipiliabte will markedly sffect the amount of phosphorus
a plant obtains from the added phosphate. In order to determine the
relative availabilities of DCFD and DMPT several greenhouse experiments,
uging a variety of crops, were conducted..

DCPD and DHPT were prepared as described earlier in the Anslytical
Procedure section. The PIe ftagged' DCYD and DMPT, used in experiment

pI2

3, was prepared by adding & to the phosphate solutions used in the

o

preparations. Chemical gnd Km?ay diffraction analysis showed that
both DCPD and DMPT were successfully prepared.

In the first experiment conducited, 100 mg. phosphorus as DCFD
or DMPT was mixed throughout 1000 g. soil and placed into porcelain
pots, An additional 24 mg. of p2 “tagged” phosphorus was added by
pipetting 10 ml. of a EHpPQy, soluiion in a band one~hali inch below
the gseed. The effect of the added DCFD and DMPT on the uptake of

o3

phosphorus from the band was determined by growing Acme soybeans fox
even weeks and analyzing the above ground porition of the plants for
total phosphorus (3, 15), radioactive phosphorus (34) and yield,

Treatments included a check (no phosphorus added), 24 mg. pI2 Tiagzed!

phosphorus banded, 100 mg. phosphorus as DOPD mixed throughout the
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lowed for experiment 2 wag the same as uzed

M
iy
<O
“f

rocedur

The 1

3
l-D
U.J

in experiment l. One additionazl itreatment, 100 mg. phosphorus as
monocaleium phosphate monehydrate mixed throughout the soil plus 24 ng.
p32 “tagged"™ phosphorus banded, was added. Acme soybeans and Arle
rape were grown for seven weeks. There was no check treagtment.

In the third experiment, 36 mg. of pI2 "tageed ™ phosphorus as
bCPD, DMPT or KHoPO, was added to 1800 g. air dried soil placed in
porcelain pots. The fertilizers were added in a band one-hall ix
below the seed and alsc mixed throughout the soil. The granular
fertilizers were all greund %o uniform size (<0.25 wm. bubt ~0.10 m . )
prior to addition. 5ix barley plants were grown for one month, then
vield, total phnosphorus, and radicactive phosphorus messurements were
made on the above ground portion of the plant. Three soils, two
containing large amounts of carbonates and one contaeining small amounts
of carbonates, were uvsed in the situdy.

The treatments uged in the experiments were replicated three

times. Water was added to all polts to maintain the soils near field

et

capacity. NH,NO. was added in solution as a source of nitrogen io
P g 1y 3 F2)

All the soils used in the study were very low in ﬁaHCOB extractable

phosphorus except soil M used in experiment 3 (Table XXVI). The soils
31l contained large amounts of carbonates except soil D. Soils T and
¥ contained large amounts of dilute HCL soluble and walter soluble

magnesiuvm. Addition of KHpPQ, as a pellet %o soils T and N resulted
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in the formation of DCPD and DMPT. Soils €, M and D, which contained
large amounts of water soluble calcium, precipitated added KHpPQy as
DCPD. Soils N and M vere identified as Balmorsls, T as Lakeland and
B as Darlingford.

The yield and phosphorus content of soybeans wes significantly
increased by the addition of phosphate (Table XAVII)., The differences
in yield, percent phosphorus utilized from the band, and percent
phosphorus in the tissue were not significantly different for the DCPD
and DMPT treatments. Milligrams phosphorus per pot and "A" values,
however, indicate that DMPT supplied more phosphorus to the plant than
did DCPD. The greater aveilability of DIFT was also reflected in
the yield and phosphorus content of the forage.

The results obiained from experiment 2 show that DCPD and
DMPT were equally available to both rape and soybesns (Table XXVIII).
It is interesting ‘o note that both DOPD and DMPT supplied as much
phosphorus to the plant as did MCPM,

The yield and phosphorus content of barley was significantly
increased by additions of phosphate (Table X{IX).

The percent phosphorus utilized and the “A" values obtained
when DCPD and DMPT were mixed throughout soil W indicste that DMPT was
more available thaun DCPD. However, most of the measurements and
caleulations conducted show that DCFD and DMPT, barded or mixed into
the solil, supplied about equal amounts of phosphorus to the plants grown
on soil N, DCFD and DMPT, mixed throughout the soil produced greater

yields and supplied larger quantities of phosphorus %o the plant than
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did DCPD and DMPT added in a band. UNKF was found to be no more
available than DCFD or DMPT.

2

DCFD, banded or mixed into soil M, produced greater yields and

{=

supplied more phosphorus %o the plant than did DMPT. NKP appeared
to he the best source of phosphate when banded into the soil. DOPD
was the best source of phosphate when the fertilizers were mixed into
the soil. MEKP and DMPT, added in a band, produced greater yields
and supplied more phosphorus to the plant than did the MNKP and DNPT
mized into soil M.

MKP, added in a band to soil D, supplied more phosphorus %o
the plant than did DCPD or DMPT added in a band. MEP and DOPD,
mixed into soil D, supplied about equal amounis of phosphorus to the
barley plants. DMPT, wixed into the soll was not as available as
¥KP or DCPD mixed into the soil. MEP and DHPT, added in & band
produced greater yields and supplied more phosphorus to the plant than
did the MKP or DMPT mixed intc soil Do

The yields of forage obtained on soil I was significantly
greater than the yields obtained on soils N or M, The yields on all
soils, however, were very poor. 5Since the plants were grown for one
month, the short growing period msy explain some of the low yields,

s

The plants grown on soils N and ¥ showed phosphorus deficiency symptoms.
It is possible that the plant roots may not have been able to utilize
the very narrow band of granular phosphate added.

The so0il had a marked influence on the relative availabilities

of DOCPD and DMPT, DMPT was found to be more available than DOPD on
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s0il T. DOFD and DMPT wers found tc be squally a
O and B, DCFD was found %o be nore availa
This may be dus to the depressive effect of

contained in soil M on the solubility of DM
(2

was more avallable than DOPD sdded in & band o

into soil U, was more awvallable than DMPY mixed into soil D. MKP was
found to be the best source of phosphate when the phosphatves were
added in a band. NEP, mixed throughout the =oil, was found %c be

AT

no more available than DCPD or DMPT mixed throwshout the scil.
&%




V. COHCLUSIOHS AND SU

The mechanisms by which soils hold phosphate are not clearly
understood. Soll Scientists,; who have studied the mechanisms by

3,

which alkeline soils hold phosphate, have considered only the role of

the calcium lon in processes of phosphate fixation. The role of
magnesium in phosphate relention has been completely ignored. Due to

the occurrance of soils containing large amounts of magnesium in
lManitoba, and the lack of knowledge on the role of mgnesium in phosphate
retention g study was conducted to determine the reactions of soil
magnesivm with phosphate added to soils.

Several studies were conducted to determine the reaction products
of added orthophosphates in soils varying in calcium and magnesium
content. XH,PO,, added in a pellet, was precipitated as DMPT and DUPD
in solls containing large amounts of wagnesium and as DCPD in soils
containing large amounts of cslcium. In mosgt instances both DCPD and
DEPT were formed in the same soil sample. Seversl soils, containing
large amounis of magnesium, precipitated the added KEZP04 as DMPT only.
Phosphorus from the added KHoPQy, diffused out into the swrrounding
soil to a distance about two cm. from the pellete The precipitation
of KHpPO, as DCPD was associated with the formation of a ring one<half
inch from the source of phosphate. The precipitation of KHQPG@ a8

DMPT was associated with the formetion of small individusl crysials

arommd the pellet site,
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Water soluble caleium and magnesium was found to be a good
g formed in the soils. It was
a s0il had & water soluble calcium to magnesium ratioc

s ‘% -

of 1.5 or less, that the formetion of DIPY along with DCFD could be
expected when Xi PO, was added. Ueasuring the gquantity of dilute HC1
goluble and NHjAc displaceable calcium and magnesium in a soil did not
afford a good indication ag to the products that could be formed.
Addition of KH2P0@§ KBHPogg ﬁHQHPOQ or {EH@)BEPOQ in & pellet
to & soil with a2 water soluble calcium to magnesium ratio of 0.70
resulted in the formstion of DMPT in all instances except with the
EE%EZPOQ where DCPD was formed as well. The orthophosphstes were
precipitated as DOPD and DMPY in a soil with a water soluble calcium
to magnesium ratio of approximately 2.0, The pH of the soil near the

pellet was not altered greatly by the orthophosphate carriers used,

‘his in part explains the formation of the same compounds regardless

&3
&

of the pH of the phosphate carrier used. Reaction of the soils with
saturated solutions of KH,P0, KQHPOQE EH‘HZPOQ and (ﬁﬁg)zﬁPﬁg resulied
in the formation of relatively soluble products (DCPD and DMPE) in
the acid filtrates and relatively insoluble products (OCP and T.M.P.
@EZG} in the alkaline filirates.

The initial reaction products, DCFD and DMPT, were subjected
to further reactions with the soll solubion. DCED and DMPT were found
to dissolve incongruently leaving a residue of OCF and TﬁPQZEHZG
respectively. Although DCPD and DMPT are metastable, they would persist

in soils for o long period of time, possibly years, once formed.
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gguilibration solution in solubility studies was investigated. The
solubility of phosphate added to soils was changed by the addition of
CaClZ or Mg“lz t¢ the equilibrating solution,

e solubility of phogphorus added asg KI 2?0%9 ngPG and K HPC @
in soils varying in calcium and magnesium content was determined.

411 forms of added phosphate remzined relatively soluble onm all soils,
The solubiliby of the added phosphate remained betbween that of DCFD
and DMPT in most insbances. ‘The sclubility of the added vhosphate was
grester in the soils containing large amounts of magnesium than in the
soils containing large amounts of calecium. This is probably due to e
larger porticn of the added phosphate being precipitated as DHPT in
the soils conteining large amounts of magnesium.

The adscrption maximun and bonding energy for phosphate of
calcium and mogmesium saturated montmorillonite was determined. The
magmesium saturated clay held phosphate mors vightly then did the
caleiunm saturated clay. The adsorpiion maximum of the caleium was
higher than that of the magnesium saturated clay. These observations
were not verified on the soils studied. The solubility of the added
phosphate at low phosphate concentrations (below the adsorpiion maximum)
was below that of DCPD or near that of 0P, The solubility of addsd

phosphate was between that of DUIPD

2

and DHPT when phosphate concentrations
ahove the adsorpiion meximum was used. An adsorption reaction was

operative at low concentrations of added phosphorus., There was evidence




b

19
that a precipitation reaction was operative abt bigh phosphate concen=
trations in the calcium sabturatsd clay and Balworal I soile. Removel of
the added phosphate sclution and washing the samples with watler resulbed
in & lowering of phosphate solubility.

Fhosphate added to Manitoba soils containing large amounts
of carbonates was readily extracted by mild extractants such as HERCL
and NailCOg. Calcium and magnesium hold the majority of the inorganic
phosphate in these soils. Phosphate added as, KHQPOQQ KpHPQy
Ny Hp POy, and (I, ),HPOy, was equally extractable when added to soils,
CaGOS and MgGOBG

The availability of DUFD and DMPT was debtermined on several
solls using a variely of crops. Both DCPD and DMPT supplied large
quantities of phosphorus to the plants., The plants utilized phosphorus
from DCPD and DMPT equally on most soils. The DCPD was a bebber
source of phosphate than DMPT on a soil containing large amounts of
calcium. In some inslances, DiIPT supplied more phosphorus to the plani
than did DCPD. Both DOPD and DMPT were found to be slightly less
effective in supplying phosphorus to the plant than did a readily soluble
gource such as KEQPOQQ It may be concluded that if & soil solubion
is seturated with DCPD or DHPT, encugh phosphorus would be supplied
to fulfill a plant's needs.

The studies reporbed in this manuscript certainly indicate
that the role of magnesium in holding phosphate in soils of & high

magnesivm content is an important one. Magnesium was found to play




lz studied.

&8

s significant role in holding phosphate in the so

120

The

behaviour of the magnesiun phosphates, in many instances, are different

than the behaviour of the calcium phosphates. Therefore, no

parallelisms can be drawn between the two forms of phosy

19,56 6

<

Further studies, to investigate the behaviour of the magnesium

1,

the proportions of phosphorus held by calcium and megnesium,

phosphates in soils is advisable. It is also essentisl to debermine

Only

with continued studies will the role of magnesium in holding phosphate

be clearly understood.
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