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RAMAN G. MENON ABSTRACT

Experiments were conducted in the laboratory, green-
house, and field with various sized particles of potassium-
calcium pyrophosphate and potassium metaphosphate to study
the behavior of these fused phosphates in soill.

Greenhouse studies 1nvoiving the effect of different
placement and particle size of the fused potassium phosphates
on the growth and potassium absorption by field bean and
Proso millet plants were conducted 1in several solls in 1957
and 1958. With Metea sandy loam, there was no significant
increase in growth of beans as affected by particle size
of the fertilizer or percent water soluble potassium content
of the potassium carrier. On Houghton muck soil the appli-
cation of finely divided potassium metaphosphate in mixed
placement resulted in improved growth of bean plants and
more plant uptake of potassium.

On Kalamazoo sandy loam soill, application of potassium
metaphosphate and potassium pyrophosphate materials produced
significantly higher ylelds of millet than potassium chloride
applications. Banding of the potassium sources was more
effective than mixed placement the potassium content of plants
increased with an increase in water soluble potassium con-
tent of the fertilizer and a decrease in particle size. On
Houghton muck soil, the yileld of millet was found to be

highest from soill treated with potassium metaphosphate. With
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RAMAN G. MENON ABSTRACT

this soll, potassium content of plants also increased with
an increase 1n water soluble potassium content of the
fertilizer.

In laboratory, particles of fused potassium phos-
phates were leached with water to study the rate of dis-
solution and migration of potassium. About three-fourths
of the original water soluble potassium present from all
particles was leached out with the addition of 40 milii-
liters of water. The rate of release of potassium in-
creased wlth decrease 1n particle size of the fertilizer,
The medium silzed particles of metaphosphate completely
disintegrated, while large fragments became rather soft.
After leaching, the large and medium sized particles of
pyrophosphate still contained all their original water-
insoluble potassium.

When the fused potassium phosphates were placed in
501l columns and leached with water, water soluble and ex-
changeable potassium was found to be concentrated in a layer
of soll, 2 inches below the place of application of the
fertilizer.

When various sized particles were incubated in moist
organic soill, 45.6 percent and 94 percent of the water
soluble potassium was released in 24 hours from the -4+14
mesh particles of pyro- and metaphosphate, respectively.

For both pyro- and metaphosphates of this particle size,
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RAMAN G. MENON ABSTRACT

the amount of water soluble potassium recoverable remained
more or less constant, regardless of an increase in time
of incubation.

There was no marked difference in the amount of potas-
sium released as affected by changes in the moisture content
of the soill. For potassium pyrophosphate, particle size
also did not appreciably influence the release of potassium,
although for metaphosphates, more water soluble potassium
moved out of the -4+14 mesh particle than from the larger
particles at the end of a 24 hour incubation period.

Approximately three-fourths of the potassium released
In the 1incubation studles was recoverable from a volume of
soll 2 x 2 x 10 centimeters in the center of which the
fertilizer particles were banded. Lateral movement of
potassium decreased rapidly with distance from the poftassium
source. With increase in time of 1ncubation there was an
Increase in the soluble potassium content of the laterally
ad Jacent volume of soil but very little downward movement
of potassium in soil was recorded. The migration and dis-
tribution of potassium in Oshtemo sand was similar to that
for organic soil.

When the several potash fertllizer particles were
left exposed on the soil surface to atmospheric conditions

In the field, potassium chloride and -4+14 mesh potassium
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metaphosphate particles could not be recovered after 20
days exposure. A short time later, the large particles
also had disintegrated. 1In contrast, potassium pyrophos-
phate particles were recoverable 1n unaltered physical
form even after 40 days exposure in the field. At the
first sampling period, potassium chloride contained about
half of its original potassium, and the smaller particles
of potassium pyrophosphate and metaphosphate lost 30.7 and
95.8 percent potassium, respectively. However, these
materlals still contalned a large amount of potassium.
After 40 days of exposure, the pyrophosphate had lost all
water soluble potassium, but still contalned most of the

original water-insoluble fraction.
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INTROPUCTION

Potassium 1is one of the most reactive metallic chemical
elements. It has an atomic number of 19 and atomic weight of
-31.100. Naturally occurring potassium consists of three
1sotopes of mass numbers 39, 40, and 41, with relative
abundance of 93.1, 0.0119, and 6.9 percent, respectiveiy.
Potassium belongs to the group of alkali metals and closely
resembles other members of this group. It has a single
valence electron which is easily removed. The other elec-
trones are tightly held by the nucleus in completely filled
orbitals and hence 1t is very reactive and is a strong
reducing agent. Although in the form of simpler chemical
compouhds potassium is one of the most soluble ofrelements,
in the soll-fertilizer-plant system, potassium exhibité
extreme difference in solubility and mobility.

One of the problems faced with the use of potassium in
fertilizer practice 1s the inefficient utilization of this
element by plants. Almost all the potash used in mixed
fertilizers or as an individual nutrient is potaséium
chloride, an extremely soluble salt. Part of potassium
.applied to soll may be lost by leaching, especlally 1n areas
of high rainfall, part is fixed by the soll, and part 1s lost
in a sense through luxury consumption by plants. One of the

methods that could be used to minimize these losses 1s the



use of lesser soluble compounds of potassium as potash
carriers. 1In this category belong the fused potassium
phosphates developed experimentally by the Tennessee Valley
Authority. The Michigan Agricultural Experiment Station
entered into cooperative studies with the Soil and Fertilizer
Branch of this agency in 1957 to study the behavior of these
potassium sources.

The obJjectives of the present investigation were:

1. To compare the effectiveness of fused potassium
phosphates on the yileld of and the potassium up-
take by plants grown 1n the greenhouse.

2. To evaluate the effect of leaching of fused
potassium phosphates with water to characterize
their solubillity patterns.

3. To study the dissolution and migration of potassium
from the fused potassium phosphates when incubated
in soil.

4, To determine the effect of particle size on the
behavior of these potassium phosphates.

5. To study the dissolution and disintezration of

these fertilizer materials under field conditions.



LITERATURE REVIEW

The benefits of organic and inorganic materials con-
taining potassium were recognized by scientists for some
time past, but the significance of this element in crop
production was recognized only since the beginning of the
nineteenth century. The importance of potassium in plant
nutritlon was pointed out by such workers as Bousslngault,
Sprengel, Liebig, and others.

Of the major nutrient elements, potassium 1s usually
the most abundant in soils. Marbut (31) reported that the N
content of potassium 1n soll ranges from traces as 1n Tifton
gandy loam to as much as 5 percent or more as in Durham sandy
loam. However, the quantity of soll potassium avallable to
plants at any one time is seldom more than 1 to 2 percent of
the total present. Even in soils to which potash fertilizer
has been applied, the proportion of total potassium held in
Seluble and exchangeable forms is relatively small. The
majority of this element resides in potassium bearing primary
minerals of the silt and sand fractions, mainly muscoevite,
blotite, orthoclase, and microcline. Of the clay minerals,
the 111ite group is considered to be the only one having a
substantial potassium content. (22)

Soll potassium 1s considered to occur 1n several forms

or fractions which have been delineated largely on the basis
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of solubllity or extractability. First, there 1s a limited
amount of water soluble potassium found in the soil solution.
This fraction may be 1n equilibrium with a larger amount of
exchangeable potassium associated with colloidal clay and
organic matter. Exchangeable potassium, in turn, 1s con-
sidered to be 1n equilibrium with less soluble mineral
sources, primarily that in clay. It has been convenient to
classify these mineral forms as primary sources including
the micas and orthoclase feldspars, and secondary sources
such as clays of the 11lite group. Non-replaceable potassium,
an arbitrary category, has been deflned as that removed
by more rigorous means than by leaching with ordinary salt
solutions. This form is largely held by clay minerals either
as native potassium or as potassium ions fixed within the
clay lattice structure. (14)

According to Reitemeier (39), the various forms of
soil potassium generally are related to and comprise a system
in which an increase 1n one form occurs at the expense of
one or more forms and in which the net movement may occur
from less avallable to more available states, or the reverse,
depending on the particular stress. The avallability to
plants depends on the amount and relative mobility of the
different forms, including the rate of replenishment of
depleted immediately available forms by reserve supplies,.
Recently the kinetics of release of potassium from biotite

has been established by Mortland. (33)
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Potassium 1s absolutely essential for plants and can-
not be replaced entirely by another element. Sodium may be
substituted for potassium to a certain degree, but by no
means entirely. (8, 32, 19) The plant can absorb from the
soll and utilize in its metabolism any soluble inorganic
compound of potassium.

The exact roles of potassium in plants are not clearly
understood, but some general relationships have been recog-
nized in the physiologic plant processes.(22) It is believed
to play a role in carbohydrate synthesls, in the uptake of
nitrate lons, the reduction of nitrates, and the synthesis
of proteins. Potassium may also play an important role in
photosynthesls and cell division. Increased resistance of
plants to disease has been attributed to adequate supplies
of potassium. Likewlse thls element 1is considered essential
for the maintainance of turgor in plant tissues.

The most common sources of potassium used in agricul-
fure are the water soluble compounds, potassium chloride and
potassium sulphate. When introduced in moist soills, these
compounds immediately dissolve. Some of the potasslum ions
exchange with other cations on the exchange complex, others
enter lattice positions of secondary micaclous minerals,
and a small fraction remains in solution. Soils possessing
low exchange capacities have limited ability for retaining
potassium, and in areas of high rainfall, appreciable losses

occur by leaching, especially when there 1s no cover crop.
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The use of some of the lesser soluble potassium bearing
materials has been investigated for a number of years. As
early as 1848, Magnus (30) grew a greenhouse barley crop to
maturity using powdered feldspar as the source of potassium.
Aitkan compared feldspar with potassium sulphate on peas (1)
and found that feldspar was as good a source of potassium
for peas as the sulphate salt. DeTurk (13) also found that
finely ground potassium bearing minerals increased the
yleld of buckwheat 1n peat solls 21 to 35 percent.

Haley (18) compared the dry weight ylelds of buckwheat
grown in nutrient solution with the dry weilght of the same
plants grown ih pots in which potassium was applied as
orthoclase. In this experiment a 21 percent higher dry
weight yleld was obtained from plants grown in pots to
which orthoclase was added, even though the potassium con-
tent of these plants was lower. However, the majority of
workers have concluded that for practical purposes, the
orthoclase and mica-like minerals are too insoluble and
contain too little potassium. For example, naturally
occurring potassium bearing silicate minerals have been
compared with potassium chloride for a number of plants 1n;
cluding Ladino clover (15), Costal bermuda grass (20), and
pine seedlings.(46) Application of ground feldspar, granite
dust, and other resistant minerals generally resulted in
S8ignificant potassium uptake, but concentrations in plants

were well below critical levels, resulting in poor growth.



Lunt and Kwate (28) fused orthoclase feldspar and
potassium nitrate or potassium carbonate at 2200°F. and
obtained a glass frit containing 36 percent K,0. When the
frit was air quenched, its weathering rate was very high
and solubility low. They found that weathering rate could
be controlled by alternating the fineness of the grind and )
by incorporating various impurities 1n the glass. This frit
was found to be a readily available source of potassium to
plants and these workers suggested that large applications
of frit may be made to plants which will supply potassium
over prolonged cropping periods.

Bartholomew and Jacob (4) studied the effects of
several phosphates including potassium metaphosphate and
potassium pyrophosphate as sources of fertilizer materials.
They found that for Sudan grass potassium metaphosphate was
75 percent as effective as monocalcium phosphate-potassium
chloride application as far as the‘:growth of the plant was
concerned. Potassium pyrophosphate was prepared by heating
pure dipotassium phosphate to a constant weilght at IOOOOC.
and 1t was thus used as a source of potassium to plants.

The yleld of first cutting of Sudan grass, treated with
potassium pyrophosphate %as only half as much as that treated
with potassium chloride. - However, when yleld data for three
cuttings were combined, the total dry weight of plants
treated with potassium metaphosphate and potassium pyrophos-

phate were equal to that of plants treated with potassium
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chloride. Madorsky and Clark (29) also found that potassium
metaphosphate could be effectively used as a source of
phosphate and potassium.

Chandler (6) compared the effectiveness of potassium
metaphosphate as a source of potassium for corn, wheat,
alfalfa-orchard grass, soybeans, sudan grass and oats and
noted that over a three year period potassium metaphosphate
showed a tendency to outyleld other carriers. The differ-
ences, however, were not statistically significant. 1In
these greenhouse studles with Ladino clover the potassium
content of plants was higher when potassium wasgppliled as
potassium chloride than when potassium metaphosphate was
used as the source of fertilizer potassium. Jones and
Rogers also found (21) that potassium metaphosphate was as
good a source of potassium as potassium chloride.

Copson, et al. (9) developed a different process for
metaphosphate production. Phosphorus was burned with the
proper amount of air to maintain a temperature of 1000 to
lO50oC. in a combustion chamber. Fine potassium chloride
(-14 mesh) was blown in at the top of the reaction chamber
at the proper rate to give the desired Pp0g5-Kp0 ratio in
the product. The fine potassium chloride was introduced at
two diametrically opposite feed holes by means of small air
Jets which served to distribute it uniformly throughout the

reaction chamber. Water was added at the top of the packed

tower. The molten product collected in the combustion
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chamber and was tapped from the furnace every two hours into

cooled steel pans where it was left to sollidify. They found

that the product obtalned had the following composition:

Po05 K0 ca0 S103  Fe,03 Al1,05 oh! Others
54.84 38.1%4 0.3% 1.3% 0.5% 0.6% 3.7% 0.7%

The melt was then ground to give different size fractions.

Potassium metaphosphate 1s now being produced 1n the
same manner in pilot plants by the Fertilizer Development
Branch of the Tennessee Valley Authority.(42) Potassium
metaphosphate thus obtained varies from 55 to 58 percent
P20s, 35 to 38 percent KpO, and 1 to 4 percent chlorine.

The water soluble potassium content varies from 13 to 20
percent. Potassium-calcium pyrophosphate is produced

through the fusion of finely ground phosphate rock, potassium
chloride, and phosphorus pentoxide.(40) The degree of
solubility of the resulting product 1is governed largely by
the rate of cooling of the melt. This melt 1s then ground

to give various fractions ranging in total potassium content
from 24 to 25 percent and water soluble potassium content
from 4 to 8 percent.

It is assumed that these thermally prepared pyrophos-
phate materials are true pyrophosphate having the P207_4 anion
with the following structure.

N
O-P-0-P-20

I |
o) 0
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But there 1s no sound reason for this (45) since it is con-
ceivable that a substance of this composition may be a mix-
ture of ortho- and tri polyphosphates.

Simllarly the crystal structure of the metaphosphates
have not been clearly established. Three forms have been
suggested 1ncluding monometa-, dimeta- and trimetaphosphates.
Although monometa- and dimetaphosphates have been described
in literature, neilther of them have been proven to exist.
Dimetaphosphates probably can be prepared by low temperature
synthesis. (45) Most of the so-called monometa- and dimeta-
phosphates have been found to be mixtures of chain or ring
phosphates. The three suggested forms of metaphosphates

have the following structures:

0
0 0 0 |
N\ 7 P
P ~0-P-0 N 0-P-0~ /N
' ~ 0 0
0 0 I l
- P-0 O-P
e 0 o
monometaphosphate dimetaphosphate trimetaphosphate

Stanford and Hignett (40) reported the results of
Studies with fused potassium phosphates in the greenhouse.
Yield and potassium uptake for three successive crops from a
Ruston sandly loam soil treated with potassium metaphosphate,
potassium-calcium pyrophosphate, and potassium chloride of -35

mesh size fractions showed there was no significant difference
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among potassium sources, notwithstanding the wide range in
water solubllity. The data indicated that dissolution of
these materials occurred rapidly in soils. Apparently the
degree of potassium water solublility of these fertilizer
materlals had little effect on the dry matter production of
a crop such as millet. On the other hand, uptake of potas-
sium during the first week of soill-fertilizer contactﬂwas_;;
proportional to the percent of potassium present in water
soluble form. When the fertilizer-soll mixture was 1ncubated
for two weeks prior to planting this effect of water solu-
bility was not evident. Also 1t was observed that with
-6+9 mesh materials, leaching losses were less pronounced
from fused potassium phosphates than from potassium chloride.

DeMent and Stanford (11) studied the availability of
potassium from a series of fused potassium phosphates, in
comparisont with potassium chloride and potassium sulphate
by short term uptake tests in the greenhouse. 1In these ex-
periments the availability to corn of potassium from -35 mesh
potassium phosphates ranging from 4 to 100 percent water
solubility was not related to solubillity. The meta and pyro
forms of potassium phosphates supplied as much potassium to
corn as did potassium chloride and potassium sulphate. Short
term uptake by millet during a one week period after appli-
catlon indicated that all the small fertlllizer particles had
dissolved in soils rapidly and potassium was as available as

that in potassium chloride. Potassium phosphates of lower



12
solubllity applied as -6+9 mesh particles, however, were
much lower in availability during this same period.

DeMent and Bradford (10) found no difference in avail-
ability to corn of -35+60 mesh particles of potassium meta-
phosphates, potassium pyrophasphates, or potassium chloride
mixed throughout the soll in the greenhouse. Placing these
finely ground fertilizers on the surface of soil following
planting of the crop led to slightly lower potassium uptake
from pyrophosphate, but did not appreciably affect the
absorption of potassium from potassium metaphosphate and
potassium chloride by corn plants.

In this same study, the effect of increasing particle
size of the fused phosphates from -35+60 to 1/4 inch mesh
resulted in decreased plant availabillity of potassium.
Greater growth of corn plants was obtained from all appli-
cation rates from 100 to 800 milligrams potassium per pot.
There was no evidence of salt injury from any of the materials
tested. When similar particle size and placement variables
were compared, dry matter ylelds were usually higher from
solls receiving potassium metaphosphate than from those
treated with potassium pyrophosphate, except where both were
finely ground.

Halao, et al. (17) found that the availability of potas-
sium from potassium metaphosphosphate and potassium-calcium
Pyrophosphate was sufficient for good growth of Ladino clover

in the greenhouse on a Paxton loam soil, except when -6+14
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potassium-calcium pyrophosphate was employed. In addition, a
slight reduction in luxury uptake of potassium by Ladino
clover from the fused phosphates was noted. Laboratory ex-
periments showed that substantially less leaching of potassium
occurred from -6+14 mesh pyrophosphate than from -35 mesh
pyrophosphate. 1In these studies, potassium chloride, used
as a standard, was subjected to extenslve leaching.

DeMent, et al. (12) studied the coating of fertilizer
materials with various substances in an effort to retard the
migration of potassium from particles. They found that at
the--end of a 5 day absorption period, all coatings applied to
potassium chloride except floor wax retarded uptake of potas-
sium. Coating with paraffin resulted in least availability
of potassium during this period. At the end of two weeks,
none of the coatings reduced the availability of potassium'
appreciably.

The current investigation was undertaken in order to
obtain a better understanding of the behavior of these fused
potassium phosphates under various soil conditions. Field
experiments were conducted in Michigan with alfalfa, corn,
sugar beets, and potatoes i1n 1957 and 1958 using potassium-
calcium pyrophosphates, potassium metaphosphate, and potassium
chloride as the potassium carriers. (25, 38) Results showed
that there was no significant increase in the yield of any of
these crops due to the potassium carrier, particle size or

Placement. Analysis of plant samples of these crops at various
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stages of growth indicated that during the initlal stages of
growth, there was an increase 1n potassium content of these
plants with an increase in water soluble potassium content
of the fertlilizer applied. However, as the plants reached
maturity, no significant differences in the potassium con-
tent of plants could be observed.

These studilies stimulated interest in obtaining more
information as to the nature of these potassium phosphates.
To explain differences in their behavior due to potassium
water solubility and particle size, detalled experiments were
set up 1n the laboratory and greenhouse using the meta and

pyrophosphate forms as potassium carriers.



METHODS AND MATERIALS

In order to study the behavior of potassium fertilizers

under varlous soll conditions, experiments were conducted in

the greenhouse and laboratory. The fused potasslium phosphates

and potassium chloride used in the experiments were produced

by the Tennessee Valley Authority. Listed below are the

materials used, together with the particle size and water

soluble potassium content of each source. There 1is consider-
able variability in the water soluble potassium content of
different sized fractions of the same fused potassium phosphate.
These materials are different mesh size fractions obtained by
breaking cooled melts from various chambers and not Just size
fractions of the same melt.

There was a wilde varlation in the shape or the smoothness

of the particles, therefore, for all studles, fertilizer par-

ticles were selected for maximum uniformity.
Percent Kp0

Particle
Fertilizer Size Total Water Soluble

Potassium pyrophosphate -35 25.9 4.8
KgcaPQO7 4414 25.0 5.9

-3/8+4 2k .8 7.5
Potassium metaphosphate -35 31.0 20.5
KPO3 4414 33.5 20.6

-3/8+4 38.9 13.0
Potassium chloride -35 59.4 59.4
KC1l -6+10 60.6 60.6



16

In all comparisons of potassium carriers, the quantities of
fertilizers used contalned equal amounts of potassium based

on their content of total potassium.

Greenhouse Studies (1957)

Greenhouse experiments were started in 1957 to study
the effect of water solubllity of potassium in the fertilizer
materials, degree of fineness of the fertilizer particles
and method of placement of fertilizer on the yleld arnd potassium
uptake of plants.

Soi1l: Houghton Muck soil from Muck Experimental Station
and Metea sandy loam from the University Farms were used in
this study.

Fertilizers: Tnree different potassium carriers,
potassium pyrophosphate, potassium metaphosphate, and potassium
chloride, of -35 and -6+14 mesh sizes were applled at the rate
of one thousand pounds K,O per acre in both solls. Nitrogen
and phosphorus were applied at the rate of one thousand pounds
per acre of ammonium nitrate and diammonium hydrogen phosphate,
respectively.

Fertilizer placement: In Muck soll all fertilizers were
applied as mixed and banded treatments, whereas only the
mixed treatment was used in Metea sandy loam soil. In mixed
treatments, the fertilizers were thoroughly mixed with the
So0ll, while in banded treatments the fertilizers were applied

in circular bands 1 inch deep to the side and below the seeds.
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Cultural practices: Two gallon glazed pots were used
in the study with four replications per treatment. Eight
seeds of Sanlilac white pea beans were planted in each pot on
May 3, 1957, and on M-~y 29th, the stand of beans was thilnned
to four plants per pot. Distilled water was added to each
pot as required by weilghing the pots weekly and applying
additional water by estimation between weighing periods. The
plants were harvested at the time of flowering. The above
ground parts of the plants were removed, dried in an oven at
7OOC. and weighed. Thils material was then ground in a Wiley
mill and samples were extracted with a salt solution.

Potassium 1n this extract was evaluated using a flame photo-

meter,

Greenhouse Studies (1958)

Soils: Greenhouse experiments were continued in 1958
on Houghton Muck soll and Kalamazoo sandy loam.

Fertilizers: The potassium carriers used were potassium
pyrophosphate, potassium metaphosphate, and potassium chloride.
Three particle sizes of -35, -6+14, and -3/8+4 mesh were used
with pyro- and metaphosphate materials, whereas only -35 and
-6+10 mesh sizes were available for potassium chloride.

Potassium was applied at the rate of 600 pounds K50 per
acre to the organic soill and 300 pounds per acre to the
Kalamazoo sandy loam. Nitrogen was added to the mineral soil

and organic soil as ammonium sulphate at the rate of 300
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pourrds and 100 pounds per acre of nitrogen, respectively.
Supplemental phosphorus application amounted to 300 pounds
Po0g per acre for mineral soil and 600 pounds P20y for the
muck soll, using concentrated superphosphate as fthe phosphorus
source.

Fertilizer placement: All potash fertilizers were ap-
plied as mixed and banded treatments. In the former case,
fertilizers were mixed with the soill while 1n the latter
they were applied 1 1nch below and to the side of the seed.
The niltrogen and phosphorus supplements were well mixed with
soll for all treatments.

Cultural practices: One gallon glazed pots were used
in the study, with three replicatlions per treatment. Fifty
seeds of Red Proso variety milllet were planted 1in the pots
on June 13, 1958. During growth, the pots were irrigated with
measured quantities of distilled water. On July 9th, the
stand of millet was thinned to 20 plants per pot. The plants
were harvested 15 days later, when they started to head. All
above ground plant parts were dried in an oven at 70°C.,
welghed, and ground in a Wiley mill. Analyses for potassium
were carried out similarly as indicated for samples collected

in 1957.

Laboratory Experiments

Experiment 1. T» study the rates of dissolution of po-

tassium from the fertilizer granules, a preliminary leaching
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experiment was set up 1in the laboratory. Fertilizers used
included -35, -4+14, and -3/8+4 mesh particles of potassium
pyrophosphate, potassium metaphosphate, and potassium chloride.
Except for the finely divided materials, a specific number of
previously welghed particles selected for uniformity were
placed in a filter paper in small Buckner funnel and leached
with successive 20 milliliter portions of water at a leaching
rate of 1 liter per hour. The leachates were collected and

analyzed for potassium.

Experiment 2. In order to determine 1f the leaching

characteristics of the partially water soluble fused potassium
phosphates incorporated in soil, were similar to those when
the fertilizers were leached in funnels, an experiment was con-
ducted to study the distribution of potassium released from
these fertilizer materials in a soil column. Tubes, 24 inches
tall and 6 inches in dlameter were packed uniformly with
Kalamazoo sandy loam soill up to 20 inches from the bottom.

To the soil in each tube, 2 inches of water was added and the
soll mass incubated for four days without loss of moisture.
Potassium pyrophosphate, potassium metaphosphate, and potassium
chloride, the first two in -35, -4+14, and -3/8+4 mesh sizes
and the chloride in -35 and -6+10 mesh sizes were applied at
the rate of 500 pounds potassium per acre. The fertilizers
were placed uniformly on the surface of soil and covered with

another inch of soil. Two more inches of water were then
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added to each column and the top of the tubes covered with
polyethylene film. After a week, the tuktes were opened and
the soil column was sliced to give 1 inch thick samples.

The samples were dried and analyzed for water soluble potas-

sium.

Experiment 3. An experiment was initiated to study

the dissolution and migration of potassium from fertilizer
particles placed in a bulk volume of soil. Wooden toxes

4.5 inches long, 4.5 inches wide, and 4.5 inches high were
used as containers, the sides of which were provided with
grooves herizontally 1 centimeter apart in order to facilitate
sampling of soll. The 1id and one of the sides were provided
with hirges so that the box could bte operied and closed from
above and from the sides.

The experiment was conducted with two solls, Houghton
muck and Oshtemo sand. The soll molsture variable 1included
50 percent and 100 percent molsture levels for the organic
501ls and 10 and 20 percent moisture levels for the Cshtemo
sand. The solls were incubated with the necessary amount of
water for one week so as to enable the soil to reazh equili-
brium with water. The boxes were packed uniformly with the
moist soll to wilthin 2 centimeters from the top.

Potassium pyrophosphate and potassium metaphosphate of
-4+14 and -3/8+4 mesh sizes were used in this study. Twenty-

five particles of the larger g;ze particles and fifty of the
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smaller ones which had been previously weighed, were placzed
in a band at the center of the rox. The boxes were then
completely filled with soll and sealed air tight. After
1, 2, 4, 8, 16, and 32 days incubation period ore tox from
each treatment was opened. The first centimeter of soil was
removed from the top and the fertllizer particles were re-
covered from the layer immediately below. Soll samples were
taken from the 1-3, 3-5, and 5-7 centimeter deptr:s of the
box by introducling steel plates 1nto the grooves. At eacn
depth samples were %“aken O-1 (both directions), 1-3. ard 3-5
centimeters laterzlly from the place of application of the
fertilizer. The soil samples were analyzed for water solutle

potassium.

Experiment 4, Dissolution ard diffusion of ions from

fertilizers placed in soil are known to be affected ty the
thickness of the water films. Therefore, an experiment was
Initiated to study the effect of soll moisture content on
the rate of dissolution of the fUSéd potassium phosphates.,
Molsture cans 2 inches 1n dlameter were filled with
Kalamazoo sandy loam soil at 2, 5, and 12 percent moisture.
Ten particles of potassium pyrophosphate of -4+1% mesh size
were then placed at the center of the cars. The soil was
then incubated and individual cans were opened after 1, 2,
4, 8, 12, 24, 48, and 72 hours incubation period. Concentric

samples having diameters of 11, 22, 35, and 50 miliimeters
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were taken around the center of tile fertilizer source. The

molisture content was determined in all scil samples taken,

Field experiment. An attempt was made to study the

disintigration of potassium fertilizers possessing varyin
degreee of water solubllity and dissolution of potassium
therefrom under field conditlons. Fertilizer particlers

were placed on the surface of a Concver loam at the Unlversity
Farms. Small enclosures were macde with wire mesh ir order

to avold the loss of granules by rair and wind. Tnree ferti-
lizer materlals, potassi.m pyrophosphate, potassium meta-
phosphate, and potassium chloride, tke first wwo as -6+14 ard
-3/8+4 mesh materials and the last at -6+iC mesh granular
particles, were used in the study. Each group of approxi-
mately 60 fertilizer particles was selected for uniform size
and was welghed before plazing the irndividuzls on the soll
within the enclosures. Silx rerlications of each fertilizer
treatment were laid out in a random arrangsment.

At the end of 10, 20, 30, and 40 days all granules were
ricked up from the plots. Tney were gently cleaned with a
krush to remove all soll particles sticking on them and
aralyzed for water-soluble arnd total potassliwn., During the
period of exposure of fertilizer particles in the fleld, the

area recelved precipitation on the following dates:

May 9 0.07 inches Jure 1 1.18 inches
May 18 0.05 inches Jure 2 0.42 inches
May 23 0.10 inches June 8 0.10 inches
May 28 0.05 inches Jure 9 0.48 inches
May 31 0.11 inzhes cune 1C 0,17 1irches

June 13 3.51 inches



Laboratory Techrniques

The s80ills for the experiments were analyzes for pH,

sand, silt and clay, exchange capacity, and exzhangeable

bases.

Soll reaction was determined using 1l:1 soll-water

ratio, by glass electrode.

Percent sand, silt, and clay were determiried using

the hydrometer procedure of Bouyoucos,(S)

Exchange capaclty was determined by the neutral am-

mor:ium acetate extraction method of Peech. (36)

Individual bases were determined in the iritial am-

mor.ium acetate leachate.

was made using a {lame photometer,

Analysis of exchangeakle potassium

For determiring exchange-

able calcium and magnesium, a Beckmar DU flame prhotometer

was used with the following adjustments:

Wavelength
Phototube resistor
Selector
Siit
Sersitivity
a. Instrument paneili
b. Photomultiplier
Zero suppression

Phototube

Calclum
4227 A°
No. 2
0.1
0.01

Variable
No. 4
1.0

Blue

Magnesium
2582 A°

n

No.
0.1
0.06

Variakle
Full
1.0

Blue
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Water soluble potassium in soil was determined by
shaking 1 gram soil with 10 milliliters water for 10 minutes,
followed by filtration.

For evaluating water soluble potassium 1in fertilizer,

a 1 gram sample was shaken with 50 wmilliliters water, allowed
to remaln overnight and then leached with additional water
to give a total volume of 200 milliliters.

Total potassium 1n fertillizer was determined bty
extracting the material wilth concentrated hydro:ihlioric acid
as described in A.0.A.C. method of aralysis.(2)

Fotassium in plant samples was determined by extracting
the dried, ground plant material with 2 2 N ammorium acetate
and 0.2 N magnesium acetate solutlion as descrited by Attoe. (3)

Potassium extracted from all soil and plant materials
was determined using a Perkin Elmer Model 52 A flame phroto-

meter or a Ccleman Model 21 flame photometer.



RESULTS AND DISCUSSICNS

Greenhouse Studies

The effect of potassium fertilizers with varying water
soluble potassium content and particle size was evaluated in
terms of dry matter production and potassium uptake by field
beans grown on Metea sandy loam and Houghton muck in the
greenhouse. The data in Table 2 show that when the potassium
carriers were applled in granular form and mixed with this
mineral soll, no significant difference was otvained in the
yield of teans grown on Metea sandy loam, as a furction of
water solutility of the fertilizers. Application of potassium
pyrophosphate in pulverized form resulted 1in the same yield
as that for granular form., However, bear plants grown in
soil treated with pulverized pyrcphosphate removed 270.6
milligrams potassium per pot or about 14 percent more than
plants grown in pots treated with granular material. This
difference is definitely related to the greater surface area
presented by tre finely divided materials,

However, with potassium me taprospnhate treauments, the
mixed application of pulverized raterials resulted In signifi-
cantly higher yield of beans than that of granular applications.
This could be expected since potassium metaphosphate 1s more

soluble than pyrophosphate and also contains more water



26

oW
CT°0 == 29°0 0°g2 004l 0"TET  -- -- -- 2°9 uo3Yy3noy
pueg
60°0 90°0 QIO 20T 1IQ'T 0°G AT 9 268 €6°G owa3ysQ
weo] Apueg
L0°0 T0°0 28°0 TIT'T 2l't 8°9 '8 9°¢t2 0°89 0°9 CEREIN
wecoT Apueg
$0°0 700 #T°0 02 T'9 2’8 9°.LT 0°02 8'29 @'G oozeweley
‘sweald o0T/o wW BN . 3N BD ‘swead  LeTd 3TTS pueS Hd adky TT0S
untsse3zod 00T/@°w 3udd QU290 qU80
2TONTOS J23BM ‘e OOH\Q.E L£a1oedr) -a2gd -a3d -J3d
SUOT3B) STqEBoSUBYOXH aguryoxyg
uotjed

*£pngs 8yq ufl pasn STTOs ayj JOo soljasdoad TeoTsAyd pue TBOTWSYO SBYjz JO SuwWOS

T dI9Vl



ro
~l

TAELE 2

Effect of water soluble potassium content of fertilizer or the

yleld and potassium content of field beans growr. on Metea sandy
loam 1n the greenhouse.

Potassium Potassium

Material Particle Yield Content Uptake

Size gm. /pot# % mgm. /pot
Potassium Granular 16.7 1.84 257
pyrophosphate Pulverized 16.5 1.564 271
Potassium Jrarular 17.6 1.69 297
metaphosphate Pulverized 23.5 1.43 336
Fotassium Granular 16.5 1.70 289
chloride Pulverized 16.2 1.50 2u3
Check (NP) 17.1 1.57 268

*Average of four repllications
Summary

Potassium Potassium

Yield Content Uptake

Material gm./pot % mgm . /pot
Potassium pyrophosphate 16.6 1.59 264
Potasslum metaphosphate 20.5% 1.56 317
Potassium chloride 16.5 1.60 266

Particle Size

Granular 17.1 1.64 273
Pulverized 18.6* 1.52 283

—

¥Significantly higher at 5 percent level,
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soluble potassium and pulverizing the granules would result
in much better contact between soil and fertilizer particles.
Additional evidence of the difference in solubility of the
meta- and pyrophosphate forms can be seen from the fact that
bean plants absorbed 22 percent more potassium from the
pulverized metaphosphate treatments than from soil receiving
finely divided pyfophosphate. As might be expected, when
potassium chloride was used as a source of potassium, there
was no difference between the ylelds of beans grown 1n soils
treated with granular or pulverized materials. Either form
dissolves completely in moilst soil.

The fact that finely divided metaphosphate produced
more growth than potassium chloride suggests that the sup-
plimental phosphate application was not sufficlent for
maximum growth. In this experiment, when the various potas-
sium carriers were used in Metea sandy loam, pulverized or
granular, there was very little difference in yield. This
is due to the fact that irrespective of particle sizes, suf-
ficlent soluble potassium was avallable for the plants
étarting with the seedling stage. Data from Table 6 show
that about 2 percent of potassium moved out of pyrophosphate
when leached with 20 milliliters of water, whereas 8 percent
moved out of metaphosphates of -35 mesh size and 4 percent
from -4+14 mesh particles when leached with the same amount

of water. In any case, initial supply of potassium from
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granules was sufficient to ensure the satisfaction of potas-
sium needs of seedlings.

Examination of the data in Table 3 shows that yleld
and potassium content of field beans were affected to a much
greater extent by trhe method of fertilizer placement than ty
the kind of potassium carrier or the particle size. The
average effects given 1n Table 3 1indicate that no difference
in growth resulted from the use of the highly soluble potas-
sium chloride or the partially solutle fused potassium phos-
phates. However, potassium content and therebty uptake of
this element was directly related to a degree with the water
solutility of the fertilizers studied.

Whether the potassium phosphates were apprlied as large
particles or 1In a fine state of surdivision, had 1little
influence on elther yield or potassium content of field teans.

I~ orcder vo logically explain the marked superiority
of mixing versus barding, 1t must te emphasized that tnis
organic soil as collected had never been fertilized and
therety was very low 1ir availiable potassium and phosprorus
as showr by chemical analysis. It 1s probable that sufficilert
potassium was avallable from each potassium source in banded
placement. Though no observations of the root systems were
takxen, root development was probably restricted to the zone
of the fertilizer band. Yield data of the nitrogzen-phosphorus

treatment indicate that placement had little effect on the
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TABLE 3
Effect of water soluble potassium content of fertilizer,

particle size, and method of placement on yield and potassium
content of fleld beans on Houghton Muck soill in the Greenhouse.

Potassium Potassium

Material Particle Place- Yield Content Uptake
Size ment  gms/pot % mgms /pot*

Potassium Granular  Banded 15.5 1.74 270
pyrophosphate Mixed 26.3 1.78 4883
Pulverized Banded 18.8 1.53 288

Mixed 28.9 2,28 659

Potassium Granular  Banded 15.3 1.83 280
metaphosphate Mixed 28.9 2.30 665
Pulverized Banded 18.9 1.42 268

Mixed 22.2 2.27 50U

Potassium Granular Banded 16.8 1.78 299
chloride Mixed 31.5 2.72 857
Pulverized Banded 19.4 1.75 340

Mixed 21.0 2.58 542

Check (NP) Banded 13.6 1.19 162
Mixed 12.8 1,18 152

*Average of four replications

Summary
Potassium Potassium
Yield Content Uptake

Materials gms /pot % mgms /pot
Potassium pyrophosphate 22.3 1.83 L26
Potassium metaphosphate 21.3 1.95 L29
Potassium chloride 23.4 2.20 510

Particle Size

Granular 22.3 2.02 L7
Pulverized 22.3 1.96 435

Placement
Mixed 23.4¥ 1.99%
Banded 14.8 1.43

*Signitficantly higher at 5 percent level.
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growth of beans. In this instance no potassium was present,
which in itself limitp growth and nutrient absorption. Conse-
quently unless both potassium and phosphorus were well mixed with
the soll, maximum plant development could not take place.

This experiment brings out an excellent sample qf inter-
action between nutrient supply and placement in an infertile soil,
namely that at moderate to high rates of application, nitrogen and
phosphorus must be well mixed with soll to obtailn maximum yield
and uptake of fertilizer potassium.

The growth of and absorption of potassium by millet grown
on a Kalamazoo sandy loam soll as affected by the water soluble
potassium content, particle size and placement of several
potash fertilizers ia presented in Table 4. It is qulte evident
that potassium waterlsolubility of the fertilizers was not a
factor influencing growth since chloride was less effective
than either the ﬁeta- or the pyrophosphate materials. In fact
the data suggest that either the chloride ilon concentration
was detrimental or that the additlonal phosphorus applied with
the fused potassium phosphates was of benefit.

Variation in yleld of millet for the particle size factor
within each material make it impossible to draw any conclusions.
However, considering all potash sources, the potassium content
of millet receiving the finely divided fertilizer was signifi-
cantly higher for the coarser fertilizers.

The most interesting feature of this experiment 1s the
apparent superiority of banded over mixed placement. 1In con-

trast to the greenhouse studies conducted in 1957, the nitrogen



32
TABLE 4

Effect of water soluble potassium content of fertilizer,
particle size, and placement on the yleld and potassium
content of Proso Millet grown on Kalamazoo sandy loam soll
in the greenhouse. -

—— —

Potassium Potassium
Particle Place- Yield Content Uptake

Material Size ment  gms/pot# B* mgms /pot
Potassium -35 mesh Banded 22.7 2.13 484
pyrophosphate Mixed 19.1 2.04 390

-4+14 mesh Banded 18.7 2.24 419

Mixed 18.7 1.89 353

-3/8+4 mesh Banded 21.8 2.07 451

Mixed 15.5 2.07 321

Potassium -35 mesh Banded 16.3 2.68 hag
metaphosphate Mixed 17.7 2.53 4

-4+14 mesh Banded 20.6 2.28 470

Mixed 13.4 2.33 312

-3/8+4 mesh Banded 21.3 2.51 535

Mixed 19.7 2.09 412

Potassium -35 mesh Banded 17.0 2.40 408

chloride Mixed 10.1 2.59 262

-6+10 mesh Banded 15.3 2.41 369

Mixed 9.7 2.04 198

*Average of 3 replications.

Summary
Potassium Potassium
Yield Content Uptake

Materials gms/pot % mgms /pot
Potassium pyrophosphate 19.8% 2.08 403
Potassium metaphosphate 17.8% 2.46* 436
Potassium chloride 13.0 2.36% 309

Particle Size

-25 17.1 2, Uo*
-44+14 16.6 2.20
-3/8+4 19.6 2.18

Placement
Banded 19.2% 2.34 4yt
Mixed 15.5 2.19 337

*Significantly higher at 5 percent level.
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and phosphorus supplements were mixed with thils mineral soil
regardless of the nature of placement of the potash source.
Thus, any benefit ascribed to banding cannot be attributed
to greater avallability of the supplemental phosphate. Yet,
the possibility of additional response arising from the phos-
phorus combined in the potash carriers carnot bte overlooked.
In 7 out of 8 comparisons, potassium uptake was greater where
the fertilizers were banded, largely as a result of the com-
bination of greater yield and a higher potassium content.

The results of the greenhouse test comparing the effects
of the kind, placement and particle size of the potash fertil-
1zer on the growth of millet on an organic soil 1is given in
Table 5. Upon averaging the effects of particle size and
placement for each potassium carrier, the potassium meta-
phosphate was of most benefit, and particularly the finer
fractions. Virtually no difference was found between yields
of plants receiving the highly soluble chloride and the
rather insoluble pyrophosphate. 1In terms of potassium con-
tent, the values are almost twice those for plants from the
mineral soill, but the percentage potassium in millet appears
to be rather well related to the potassium water solubility
of the fertilizer. However, considering the high values of
potassium within plants of all treatments, it is unreasonable
to assume that potassium was deficient under these conditions.

From the standpoint of dry matter production, neither

particle size nor placement had much effect; with the



TABLE 5

Effect of water soluble poftassium contert of fertilizer,
particle size, and placement on the yield and potassium
content of Proso Millet grown on Houghton Muck soll in

the greenhouse.

Potassium Potassium
Particle Place- Yield Content Uptake
Material Size ment  gms/pot %t mgms /pot*
Potassium -35 mesh Banded 22.5 5,07 1141
pyrophosphate Mixed 23.3 6.13 1428
-4414 mesh Banded 18.2 5,10 928
Mixed 16.8 5.77 969
-3/8+4 mesh Banded 19.0 5.13 975
mixed 20.2 5.50 1111
Potassium -35 mesh Banded 22.8 5.27 1202
metaphosphate Mixed 29.0 5.80 1682
-4+14 mesh Banded 26.7 5.60 1495
Mixed 29.8 5.83 1737
-3/8+4 mesh Banded  20.3 5.17 1050
Mixed 18.7 5.00 935
Potassium -35 mesh Banded 22.8 6.00 1368
chloride Mixed 21.8 6.07 1323
-6+10 mesh Banded 20.5 5.3C 1087
Mixed 21.7 6.27 1361
*Average of 3 replications.
Summary
Potassium Potassium
Yield Content Uptake
Materials gms /pot % mgms /pot
Potassium pyrophosphate 20.2 5.52 1092
Potassium metaphosphate 27.1% 5.63 #350
Potassium chloride 21.7 5.91 1265
Particle Size
_ 23.7 5. 72%
-3214 22.3 5.64
-3 /844 19.0 5.20
Placement
Eanded 21.6 5.33
Mixed 22«6 5078*

*Significantly higher at

5 percent level.
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exception for metaphosphate previously mentioned. As might
be expected on the basis of solubility and fertilizer-soil
contact relationships, the potassium content of millet was
highest where the potash fertilizers were finely divided and

mixed well with the soll.
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Laboratory Studies

A preliminary test was conducted to determine the rate
of dissolution of water soluble fractions of potassium from
potassium pyrophosphate, potassium metaphosphate, and potassium
chloride. The fertilizers were leached with successive incre-
ments of water at a constant leaching rate and the leachates
analyzed for potassium.

The data presented in Table 6 show that with potassium
pyrophosphate of -35 mesh particle size, 2.85 percent potas-
sium or 59.3 percent of the total water soluble fraction was
leached out with the first increment of water. 1In the next
leachate 1.25 percent of potassium or 26.1 percent of the
element origlnally soluble 1n water was found, accounting for
85.4 percent of this fraction from the two leachates. Addi-
tion of 100 milliliters of water practically removed all the
existing water soluble potassium from these fine particles.
Additional increments of water removed no more potassium.

With -4+414 mesh size particles of pyrophosphate the
rate of removal of the water soluble potassium by leaching
was slower. Considerable leachling of water soluble potassium
occurred after addition of 6 portions of water, or the equiv-
alent of 120 milliliters of water, after which the rate of
dissolution decreased. A total of 200 milliliter water was
needed to remove all the water soluble fraction of potassium
from the intermedlate size particles. Further leaching

resulted in conversion of only a small fraction of water
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Fig. 2. Dissolution of potassium from potassium
metaphosphate upon leaching with water.
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Fig. 1. Dissolution of potassium from Potassium-
calcium pyrophosphate upon leaching with
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insoluble potassium to the water soluble form. With the

large particles of potassium pyrophosphate a significant re-
ductlion 1n dissolution of potassium by leaching with water

was noted as compared with the smaller size fractions. For
example, the first two 20 milliliter portions of water removed
only 26.4 percent of the total water soluble potassium, the
next portion 19.4 percent of the tototal, while a total of

60 milliliter water resulted in the removal of about 69 per-
cent of the total water soluble potassium. For this material
about 300 milliliter water was needed to leach out most of the
water soluble potassium from the particles. A comparison of
the dissolution patterns of the three size fractions is glven
in Figure 1.

There was little change in the appearance of the pyro-
phosphate fertilizer particles due to leaching with water as
noted by optical examination. No physical disintegration was
visible, especially in the large size pyrophosphate particles,
even though particles appeared to be much more porous and the
surface considerably rough after leaching. An enlarged view
of the surface of the leached and unleached material 1s
presented in Plates 3 and 4.

With potassium metaphosphate particles, the rate of
removal of water soluble potassium from the particles also
was dependent on the particle slize as noted in Table 7.

With the addition of 80 milliliters of water practically all

soluble potassium was leached out from the -35 mesh size



42

*(%00T) °T1o73aed @3eydsoydoadd yssu t+g/¢- TBUIITIO JO 8oBIANG

"¢ 93®eld



43

"(x00T) °1o73ued 8jeydsoydosdd ysew n+g/E- POYOEST JO S0BJING

"t @3eTd



Ly -

particles. The rate of removal of potassium was slower

from the -4+14 mesh size particles, especially in the early
stages of leaching. For instance, only 4.2 percent of the
total water soluble potassium was leached out with the first
increment of water. Subsequent leaching removed considerably
more potassium suggesting that initial dissolution 1s preceded
by an absorption or soaking period. Almost all the water
soluble potassium was leached out upon addition of 200 milli-
liters of water. The release of potassium was still slower
from -3/8+4 mesh metaphosphate particles. 1In this case the
rate of dissolution was fairly constant for the first four
increments of water added. Thereafter potassium apparently
dissolved out of the large particles rather slowly.

The appearance of metaphosphate particles was rather
altered after leaching. The particles had become soft and
the larger particles had started to crumble. Physical dis-
integration was much more evident here than in the case of
smaller particles. A plcture of the large metaphosphate
particle before and after leaching is given in Plates 5 and 6.

The total amount of potassium leached out from the
smaller sized fused potassium phosphates particles 1is greater
than that from the larger ones. This could be expected
Since the smaller the particle size, more the greater will be
the area of direct contact between the fertilizer and the

water molecules. An exception is the -3/8+4 mesh pyrophosphate
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which 1s more soluble than the -4+14 mesh size particles. It
has to be borne in mind that all these samples are taken from
different melts during the manufacturing process. In addition
there 1s 1little uniformity in the shape or the size of the
particles since they are merely pleces of large lumps broken
down to give the necessary particle sizes.

Even though the rate of dissolutlion varied considerably
for different sized fractions of the fused potassium phos-
phates, it 1s very probable that sufficient potassium would
be solubilized during the early contact with soll to supply
enough potassium for plant growth.

With potassium chloride particles, addition of 20 milii-
liters water leached out practically all soluble potassium

from both -35 and -6+10 mesh size particles.

Leaching the particles in soil column. To determine

the effect of leaching under soill conditions, a soil column
study was conducted to evaluate the movement of potassium
from several potash fertillzers placed in a layer in moilst
soll one inch below the surface. After leaching and an 1in-
cubation period of one week, the tubes were opened and the

soll at various depths was analyzed for potassium.

The data presented in Table 8 indicate that in general

the dissolution and movement of potassium was rather limited

for the two inch application of water. Most of the potassium

liberated from the several particle size fractions of both

pyrophosphate and me taphosphate was recovered in the first
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TABLE 8

Distribution of extractable potassium in soll columns
incubated with potassium pyrophosphate, potassium meta-
phosphate, and potassium chloride of different particle

sizes.
Parts per Million Potassium Extracted on Soil Basls¥*
Depth of
Soiﬁ Layer -3/8+4 Mesh Size -4414 Mesh Size -35 Mesh Size¥**
in Inches  yy ac Hp0 NHyAc  HoO NHyAC Ho0
Potassium Pyrophosphate
0-1 380 90 440 100
1-2 460 110 440 100 300 60
2-3 220 27 210 27 210 33
3-4 210 27 210 27 210 30
4-5 210 27 210 27 210 30
5-6%%% 210 27 210 27 210 27

Potassium Metaphosphate

0-1 460 125 750 230

1-2 290 45 680 175 680 140
2-3 210 27 210 27 220 27
3-4 210 27 210 27 210 27
4.5 210 27 210 27 210 27
5-6%%% 210 27 210 27 210 27

Potassium Choloride

-6+10 Mesh Size -35 Mesh Size

0-1 TE0 105
1-2 830 155 330 55
2-3 Lyo 100 830 155
3-4 330 52 520 125
L-5 250 37 380 100
5-6 220 27 210 40
G-T%* % 210 27 210 35

¥Potassium extracted with 1 N. ammonium acetate or distilled
water.

¥*The soil layer containing these particles was disregarded
since the individual particles could not be removed prior
to extraction.

¥*¥%¥No further change in potassium was noted below this depth.
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two inches of the soll column. 1In fact, the sharpness of
separation in terms of both exchangeable and water soluble
potassium contained in the 1-2 and 2-3 inch layers 1s rather
remarkable. It 1s believed this phenomenon involves progres-
sive exchange between the leaching potassium lons derived
from the fertilizer source and the varled cationic species
originally present on the collolidal surfaces of the soil column.
If the columns had been subJected to more extensive leaching,
it 1s probable that greater downward movement would have
occurred. This supposition is based on the fact that potas-
sium from similar rates of potassium chloride was concentrated
in layers sampled to a depth of 5 inches.

The effect of fertilizer particle size on the release
and movement of potassium within the soil during and after
leaching was not as marked as was expected. For example,
values for exchangeable potassium for the pyrophosphate
materials listed in Table 8 are quite similar for the large
sized particles. However, on the basis of original water
Soluble potassium contents, a clearer relationship is evident.
Though the extent of downward movement of potassium from
metaphosphate does not seem to vary for particles of different
size, dissolution is apparently considerably greater for the
medium sized and very fine fractions. This latter effect is
Somewhat modified when the lower water soluble potassium con-
tent of the coarse particles 1is taken into account. However,

by calculation the quantities of exchangeable potassium from
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fertilizer (parts per million in enriched layer--parts per
million 1in lower 1ayers) bear some relationship to quantities
of water soluble potassium present 1n the original fused
phosphates. Although, of course, no particles of potassium
chloride could be recovered, there 1s definite evidence of
greater movement of this ion in sandy soill from fine particles

than from those of -6+10 mesh size.

Movement of potassium in bulk volume of soil. In order

to study dissolution and movement of potassium from particles
of fused potassium phosphates under moist soill conditions, a
laboratory experiment was set up usling Metea sandy loam and
Houghton much soll. The rate of movement of potassium from
particles incubated in soils previously brought to specific
moisture levels was found to vary with the water solubility
and particle size of the potassium source and the moisture
content of the soll. The data relative to the percept of
water soluble and total potassium remalning in fertilizer
particles recovered after moist incubation in organic soil
held at 50 and 100 percent soll moisture levels are given in
Tables 9, 10, 11, and 12. The distribution of potassium in
water soluble form with respect to distance from the fertil-
izer source 1in the muck soil 1is presented in Tables 13 and 14.
It 1s qulte evident that a large proportion of the
water soluble potassium moved out of potassium pyrophosphate
and potassium metaphosphate of both -4+14 and -3/8+4 mesh size

particles in a relatively short period of time. Analysis of
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Fertilized band

5 3

Fig. 3.

Diagram of fertilizer placement and
sampling volumes relative to the
fertilizer band in the laboratory
dissolution studies.
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recovered particles indicate that 45.6 percent and 94 percent
of the total water soluble potassium fraction in -4+14 mesh
pyrophosphate and metaphosphate, respectively, was released
in a 24 hour period in muck soill containing 50 percent mois-
ture. For both the pyro- and metaphosphates of this particle
size, with increase in time of incubation the amount of water
soluble potassium recoverable remalned more or less constant.
This relationship suggests that upon dissolution of the water
soluble fraction of potassium, a small part of water insoluble
form 1s converted into water soluble state. It is also quite
possible that because of the development of a high concen-
tration of soluble potassium in soill immediately adjacent to
the granule, an equilibrium condition exists between potassium
lons in the soil solution and that in the porous structure of
matrix of the fertilizer particle. This would tend to maintain
a constant concentration of water soluble potassium within the
particle.

At the high moisture level (100 percent) a similar pat-
tern was evident as shown in Table 10. But in this case, the
amount of water soluble potassium remaining was some what less
than that found in the particles incubated in soills at 50 per-
cent moisture. With potassium pyrophosphates of the smaller
particle size 47.6 percent of water soluble potassium was
released offer the first 24 days of incubation, whereas 95
percent moved out of potassium metaphosphate particles of

~4+14 mesh size. During the succeeding 31 days further
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decreases 1n water soluble potassium content were rather
minor.

In comparing the particle sizes of the two sources for
the effect of thils factor on the release of potassium, 1t was
noted that for pyrophosphates, the —3/8+4 mesh size particles
behaved somewhat simlilar to the smaller particles. - For
example, in muck soil at 50 percent moisture level, 45.6 per-
cent of the total water soluble potassium moved out of the
small particles in one day whereas 53.6 percent of water
soluble potassium was released from the larger particles
during the same perliod of time. However, the water soluble
potassium contents of the pyrophosphates studied are not
exactly the same, and Tennessee Valley Authority reports
indicate that the degree of crystallinity of these materials
may be somewhat different which could influence rate of re-
lease of potassium from the water soluble form.

For metaphosphates the results obtalned were substan-
tially different. From data in Tables 9 and 10 it can be
calculated that about 95 percent of the water soluble potas-
sium moved out of the -4+14 mesh particles within 24 hours
time, while from -3/8+4 size particles 67-68 percent dis-
solved out during the same period of time. After a month of
moist incubation of the organic soill, this relationship did
not change appreciably for either the low or the high soil

molsture levels.
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The physlcal appearance of the recovered particles
after incubation in molst soil for one month was different
for the pyrophosphates and metaphosphate materials. There
was practically no change in the appearance of pyrophosphate
particles of either the small or large sizes after they were
incubated. It was very easy to separate the fertilizer
particles from the surrounding soll. But with metaphosphate
particles 1t was very difficult since the particles had be-
come soft and the external surface was completely covered
with and cemented to the soil.

Evaluation of data in Table 11 indicate that 1.88 per-
cent or 7.5 percent of the original potassium, was lost from
-4414 mesh pyrophosphate granules during the first 24 hours
incubation in organic soil at 50 percent moisture. From the
larger —3/8+4 mesh particles, 3.4 percent or 13.7 percent of
the total potassium was lost during the same period. The
greater loss from the larger particles can be accounted for
in part by the fact that they originally contained more
water soluble potassium. After the first 24 hours incubation
there was a gradual migration of potassium from both groups
of pyrophosphates resulting in a further reduction of 7 to 8
percent of the original potassium content of this fused poﬁas-
Slum phosphate.

In contrast, about 55 percent of the total potassium
was lost from the -4+14 mesh size metaphosphate during the

first day of incubation assuming there was no physical
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sloughing of the softened particle surface. During the next
31 days a gradual dissolution of potassium occurred, so that
at this time, 60.0 percent of the original potassium had
migrated from the small metaphosphate particles. With respect
to -3/8+4 mesh size particles of metaphosphate it was found
that only 21.3 percent of the original potassium was released
during the first 24 hours incubation at 50 percent soil
molsture level. At the.end of 32 days 72 percent of the
total potassium or 28 percent Ko0 remained within the particles.
Upon subtracting the water soluble potassium content of pyro-
phosphate and metaphosphate materials from the values for
total potassium and comparing the results with potassium
content of particles recovered after full incubation, it is
noted that they are quite similar. Thils agreement 1s con-
sidered as evidence of the release of water soluble potassium
with only slight loss of this element from water insoluble
form.

With the particles 1ncubated at the 100 percent moisture
level, the results obtained were similar as noted in Table 12.
Here again the amount of potassium lost during incubation was
slightly greater than that released from granules at 50 per-
cent moilsture.

The distribution of water-extractable potassium with
respect to the position of the fertilizer source in moist
organic soll with time 1s presented in Tables 13 and 14. The

water soluble potassium content of the original muck soill was
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extremely low as 1indicated 1n Table 1. However, this quan-
tity of potassium present in the soll has been subtracted
from the values obtained after incubation and so the values
given in the table essentlally represent the amount of water
soluble potassium released from the fertlillzer particles.

Approximately three-fourths of the potassium leached
from the fertilizer source was recovered after one day in
the 2 x 2 x 10 centimeter volume of organic soll (low moisture
level) in the center of which the fertilizer band was placed.
Lateral movement of potassium decreased rapidly with distance
from the potassium source. For instance for the -4+14 mesh
pyrophosphate in the 2 x 2 x 10 centimeter volume of soil im-
medlately to the side of the first sampling volume, 12.2 per-
cent of the leached potassium was found, whereas 3-5 centimeter
away from the fertilizer band only 1.4 percent of the water
soluble potassium was recovered. Directly below the fertil-
1zer band, values of 3.1 and 2.1 percent were recorded for
depths of 3-5 and 5-7 centimeters. As further indication of
limited migration at the 50 percent molsture level, only 1.7
percent of the leached potassium was found 3-5 centimeters
below the second sampling volume as shown in Table 13. The
downward movement of potassium from a position 3-5 centi-
meters laterally from the place of application of fertilizer
was very small with only 1 percent of potassium having been

recovered at 3-5 and 5-7 centimeter depths.
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Incubating the soil for 4 days resulted in similar
trends in the amounts of water soluble potassium diffusing
away’from the potassium pyrophosphate in organic soil at low
moisture content. The concentration of potassium in the
2 x 2 x 10 centimeter volume of soil in the center of which
the fertilizer band was placed continued to decrease, while
the lateral movement of potasslum increased. A total of 15.5
and 4.5 percent of the total water soluble potassium dissolved
from thils fertilizer was recovered from the two lateral
sampling volumes adJacent to the first sampling volume. The
downward movement of potassium also increased as shown by
the fact that immediately below the fertilizer band after
four days incubation the amount of potassium increased to
6.6 percent of the total recovered, whereas at the two lateral
samples at thls depth 2.1 and 2.0 percent of the diffusable
water soluble fraction were found. Downward and lateral mi-
gration of potassium also continued in the slice of soil 4
centimeters below the place of application of fertilizer for
the pﬁriod of 2 to 4 day incubation period.

The distribution of water soluble potassium from fertil-
lzer for the 32 day incubatlon period can be more clearly
seen in Figure 4. For example, after approximately one month
Incubation the potassium level 1n soil around the fertilizer
dropped to 56 percent of that leached out, while 1-3 centi-
meters to the side, the percentage dild n@t change. As might

be expected in the area 3-5 centimeters to the side of the
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fertilizer band, an increase of from 1.4 to 5.6 was recorded.
Although there are minor irregularities with time for potas-
sium distribution, migration of potassium away from the
fertilizer source 1n both lateral and vertical directions
in organic soll was noted.

With potassium pyrophosphate, with one exception there
was no marked difference in the behavior of particles of dif-
ferent sizes with respect to the movement of potassium from
the water soluble fraction. For the -3/8+4 mesh pyrophos-
phate, values for the soll volume 1-3 centimeters away and
at the same level as the fertillizer band were exceptionally
high after the 24 hour incubation period. For instance, the
water soluble potassium moved out after two days increased
from 8.9 to approximately 19 percent, to 22 percent after
4 days and to about 25 percent after 8 days incubation.

After 32 days, 24 percent of the diffusable potassium was
still located in this volume of soil. No explanation can be
offered for the behavior of the soluble potassium within this
zZzone, other than that mentlioned previously in dissolution
studies.

With potassium metaphosphates the results obtained for
movement of water soluble potassium wilth time were similar
to those for pyrophosphate. With the smaller sized particles
incubated in muck soil at 50 percent moisture, 72 percent of
the water soluble potassium was concentrated in the zone of

soll 2 x 2 x 10 centimeters in the center of which the
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fertilizer was placed. The amount of soluble potassium with-
in this volume of soll decreased with an increase in incubation
time. After 2 days 71 percent of this diffusible fraction was
found in this zone, decreasing to about 68, 61, 57, and 51 per-
cent of the total potassium moved out after 4, 8, 16, and 32
days 1ndubation, respectively. 1In the laterally adjacent
soil volume after 1 day incubation, 9.2 percent of the dif-
fusible water soluble potassium remained in the -UL+14 mesh
metaphosphate particles. Here there was only slight change in
the amount of soluble potassium with an increase in time of
incubation. However, there was a significant increase in
concentration of water soluble potassium 3-5 centimeters away
from the place of application of fertilizer with time, ranging
from 2.4 percent after 1 day to 6.0 percent after 32 days in-
cubatlion. Some effect of particle size on a reduction in
migration 1s evident in data in Table 13 for the metaphosphate
sources. In all probabillty this 1s 1n reality an expression
of a decrease in rates of dissolution. However, no proof for
this 1s available from these data since all calculations have
been made on basis of 100 percent. It can be noted from
Figure 4 that downward as well as lateral movement of potassium
lons occurred with time. An interesting point of these
migration studies 1s that especially in the early stages of
Incubation, a considerably higher proportion of the diffusable
potassium was found in the laterally adjacent zone rather than

In the vertically adjacent volume. This phenomenen was less
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Distance in Centimeters

1 1 3 5 1 1 3 5 1 1 3 5
76.4112.2] 1.4 61.3|15.6] 4.8 56.0112.4} 5.6
X X X
3.1 1.7] 1.0 7.4 2.1] 2.5 15.2]. 2.8} 2.2
2.1] 1.0 1.0 3.8 1.5] 1.1 3.2 2.0 O.7
1 day 8 days 32 days

Ko Ca PyO7 - -4 + 14 mesh

1 1 3 5 1 1 3 5 1 1 3

76.01 8.9] 1.6 55.1]124.9| 2.0 50.2(24.2] 3.6
X X X
2.1 2.2} 1.8 6.9] 4.1] 1.0 7.9 4.2| 2.1
2.11 2.2] 3.0 3.21 1.0} 1.0 4.91 1.9| 1.0
1 day 8 days 32 days
K, Ca Pp07 - -3/8 + 4 mesh
Fig. 4. Cross-section distribution of potassium at

various distances and depths from place of
fertilizer application (x) with time in
muck soll at -50% moisture, expressed as per-
cent of total water soluble potassium
released.
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Fig. 4.

KPO3 - -3/8 + 4 mesh

Continued

1 1 5 1 1 3 5 1 1 3 5
‘ 1
72.0| 9.2] 2.4 61.2{10.4]| 4.6 51.0{12.0{ 6.0
X X X 3
4.9| 2.4 2.0 6.0 2.5] 2.2 8.71 6.1) 3.4
5
3.2| 2.0] 1.9 5.3 4.4] 3.3 6.1] 4.2] 2.5
1 day 8 days 32 days
K PO3 - -4 + 14 mesh
1 1 5 1 1 3 5 1 1 3 5
81.0| 8.2] 1.2 69.8|12.1] 3.2 64.512.0] 5.1
X X LS 3
2.0| 1.0 1.0 5.1] 2.0] 1.6 6.9]| 3.0] 1.6
5
2.0 2.5 1.4 4,0| 2.2 0.8 3.9] 2.0] 1.0
1 day 8 days 16 days
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marked at the end of the incubation period, but only for the
smaller sized fused potassium phosphates.

A comparison of data in Tables 13 and 14 on the effect
of soll molsture level on migration of soluble potassium in-
dicates that doubling the percent moisture from 50 percent
to 100 percent had very little effect on the outward movement
of potassium from the fertilizer source.

A dissolution-migration study similar to that discussed

for organic soll was conducted using Oshtemo sandy soll.

T T T e

Except for a few varlations the quantitles of potassium
remaining in soluble form in recovered pyrophosphate and
metaphosphate particles were similar to those found for com-
parable materials recovered from the organic soll. The dis-
crepancies in question involve the fact that no water soluble
potassium was found in either -3/8+4 mesh pyrophosphate or
-4414 mesh metaphosphate particles at the end of the incubation
period in Oshtemo sand with a high water content. However,
moisture characteristics of the two solls and fertilizer dis-
solution data point to the fact that there is more avallable
molsture in Oshtemo sand containing 20 percent molsture than
there 1s in Houghton muck at 100 percent molsture. Thus,
maximum dissolution of soluble fertilizer potassium should
occur with the sandy soll system.

The loss of total potassium from the two types of

fertilizers 1s presented in Tables 15 and 16. Actual dis-

solution with time was similar to the patterns already
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described for organic soils. The large particle of potassium
pyrophosphate agaln lost more potassium than the smaller ones
while the reverse was true for the metaphosphates. From
these data 1t 1s evident that the release of total potassium
from the two types of fused phosphates was not appreciably
different for a wilde variliation in soill moisture level, although
a minor exception would be -4+14 mesh pyrophosphate.

It is interesting to compare the actual loss of total
potassium from the fertilizer particles with that representing
the difference between the water soluble fractions before and
after in the recovered particles. In general, the loss based
on total analysis are larger by values up to 2.7 percent.
This suggests that during lncubation some of the less soluble
potassium within the particle was changed to a water soluble
state, which would be evaluated as a higher percent of water
soluble potassium remaining in the fertllizer. The one
exception to this trend is the erratic behavior of the -3/8+4
mesh pyrophosphate particles.

When the several fertllizer materials were placed 1in
molst sandy soll, the distribution pattern of water soluble
potassium from soll at different distances from the fertil-
1zer band was quite similar to that found for organic soil.
With potassium pyrophosphate of smaller slze, a large amount
of potassium was concentrated around and below the place of
application of the fertilizer. From Flgure 5 1t can be seen

that 1in a volume of soil 2 x 2 x 10 centimeters in the center
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Depth in Centimeters

Distance in Centimeters

1 3 5 1 1 3 5 1 1 3 5l
78.7110.8]1.5 69.2|15.8] 3.2 64.9| 9.2| 1.6
X b's X 3
2.41 1.9(1.3 1.8] 1.8 1.9 3.9] 8.2] 4.4
5
0.9] 1.0]1.6 2.6 1.8] 1.1 3.3 2.6| 1.9
4 7
1 day 8 days 32 days
KQCa P207 - -4 4+ 14 mesh
1 1 3 5 1 1 3 5 1 1 3 51
80.1| 6.2} 2.7 57.6| 27.9 4.4 55.5(23.3]| 6.7
X X X 3
1.6 1.8| 1.8 3.0 4.3] 1.6 5.2] 5.7| 2.4
5
2.01 2.0} 2.1 0.8 1.7 1.7 2.5| 0.5] 0.4
1 day 8 days 32 days
KoCa PpO7- -3/8 + 4 mesh
Fig. 5. Cross-section distribution of potassium at

various distances and depths from place of
fertilizer application (x) with time in

sandy soil at 5% moisture, expressed as per-
cent of total water soluble potassium released.



Depth in Centimeters

Distance 1n Centimeters

1 3 5 1 3 5
74.518.7 2.4 57.9|28.0[2.8
X X
2.41 2.4] 2.7 3.71 1.8]1.8
2.41 2.41 2.1 1.6| 0.9{1.5
1 day 8 days
KPO3 - -4 4+ 14 mesh
1 1 5 1 3 5
91.5| 4.7]0.6 74.7(19.6]0.8
X X
0.6| 0.5]0.8 2.0] 1.2]0.5
0.3] 0.410.6 0.3] 0.3]0.5
1 day 8 days
KPO, - -3/8 + 4 mesh-
Fig. 5. Continued
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of which the fertilizer material was banded, almost 80 per-
cent of potassium was concentrated, and during 32 days of
incubation only 16 percent of this moved out. To a distance
of 1-3 centimeters from the fertilizer band about 10 percent
of the water soluble potassium moved out during the first
day of i1ncubation. 1In this area there was a gradual increase
of potassium with time. After 16 days incubation as much
as 30 percent of the water soluble potassium released was
concentrated in thils zone. But 3-5 centimeters from the
first sampling area, the amount of potassium recovered was
very small. Below 2 centimeters from the place of appli-
cation of the fertilizer there was very little movement of
potassium laterally or vertically.

With pyrophosphate of -~3/8+4 mesh particle size, about
80 percent of the migrated potassium was concentrated on the
first day in a volume of soil 2 x 2 x 10 centimeters in the
center of which the fertilizer was banded. After 8 days this
was reduced to about 58 percent after which further migration
was slight. Here agaln there was very little downward move-
ment of potassium below the fertilizer source. The puzzling
feature of the migration pattern 1s the concentration of
soluble potassium in the first sampling volume adjacent to
that enclosing the band of fertilizer. At this period ap-
proximately 28 per cent of the total water soluble potassium
migrated was concentrated in this 2 x 2 x 10 centimeter zone
as compared to only 3 percent immediately below the potassium

pyrophosphate particles.
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From a theoretical standpoint, potassium ions from a
fertilizer source should diffuse outward in equal concen-
tration for all directlions in a soil mass of uniform moisture
content. However, 1n these studles movement in the upward
direction 1is soon limited bty the presence of the soill surface.
Aséuming these 1lons concentrate near the surface, they would
then migrate laterally in perhaps the upper half centimeter
of soll to the adjuacent sampling volume.

In soill supplied with smaller sized potassium metaphos-
phate, 74 percent of the diffusible water soluble potassium
was concentrated in a volume of soil 2 x 2 x 10 centimeters
in the center of which the fertilizer was banded. There was
a gradual reduction in the amount of water soluble potassium
in this area till at the end of 32 day perilod only 50 percent
of potassium dissolved from the fertilizer was located in
this zone. 1In the sampling volume 1mmediately below this
position the potassium concentration increased from 2.4 per-
cent after one day incutation to 4.2 percent at the end of
the study. However, in the first layer of soll 2 centimeters
away from the place of application of the fertilizer, the
concentration of water soluble potassium increased from 8
percent of the total moved out in 1 day to almost 23 percent
in 32 days. This again 1s considered to be a reflection of
position of the fertllizer band relative to the respective

sampling volumes of soil.
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With the metaphosphate particies of larger size,
slightly more than 91 percent of the total water soluble
potassium dissolved was concentrated in the volume of soil
in which the fertilizer was banded after 24 hours of moist
incubation. Thirty-two days later, 61 percent was still
located 1n this position. 1In the laterally adjacent volume,
the concentration of water soluble potassium increased from
4 to 28 percent in 32 days time. Yet there was very little
change 1n the potassium content of soll below or to the side
of this volume of soil.

Similar migration patterns for potassium were obtained
with the fused potassium phosphate 1incubated in Oshtemo
sandy loam at the higher moisture level as shown in Table 20,
In all cases, the concentration of potassium in the volume
of soil in which the fertilizer was located was less on the
first day, whereas more potassium was located in the volume
of soll next to this. Slightly more downward movement of
potassium was also noted here.

In all cases studled, a large portion of the water
soluble potassium moved out in relatively short period of time.
Apparently, these fertilizer particles are hygroscopic. As
soon as they are placed in molst soil, they start absorbing
moisture from the surrounding medium.

Data presented in Table 2] show that when potassium
metaphosphate particles of -4+14 mesh size were incubated in
Kalamazoo sandy loam containing 2.1 percent molsture, the per-

cent water in an area immedlately surrounding the particles
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increased. In 12 hours time in this zone there was 3.8 per-
cent moilsture and in 24 hours time the moisture content
increased to 4.6 percent. Similarly when the soll mass con-
tained 5.2 percent moisture, within 24 hours time there was
an increase of moisture to 6.1 percent in the soil adjacent
to the fertilizer particle. This effect 1s similar to that
reported by Lawton and Vomocil (26) for superphosphate
granules.

Close examination of unweathered particles of pyrophos-
phate and metaphosphate under a microscope show that they
contaln rather rough or uneven surfaces, often wilth the
presence of pores or crevices. Some surfaces of potassium-
calclum-pyrophosphate particles appear quite dense with few
cavities, while others are extremely uneven with a multitude
of crevices and needle-like crystals bridglng the pockets.
The metaphosphate particles generally exhibit a more solid,
though rough surface with few visible pores. Many small
elonrgated crystals can be found 1n the minor depressions.
These observations indicate that water should be able to dis-
solve and penetrate these materials with relative ease.

It 1s believed that molsture movement to the fertilizer
particles 1s controlled by vapor diffusion as proposed by
Lehr, et al. (27) for granules of monocalcium phosphate placed
in moist soil.

With the entry of water into the particles the soluble

Ssubstances contained therein dissolve. This results 1n the
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TABLE 21

Moisture content of soill surrounding potassium
metaphosphate particles incubated 1n Kalamazoo
sandy loam at various molsture levels.

|

Percent Moisture in Soill Adjacent to Particle¥*

Time of Incubation in Hours

0 1 2 4 8 12 24
2.1 2.1 2.6 2.8 3.0 3.8 4h.6
5.2 5.2 5.2 5.4 5.8 6.0 6.1

12.0 12.0 12.0 12.4 12.8 13.6 14.0

*¥Sampling volume represented by a cylinder 20 millimeters in
dilameter and 20 millimeters in length.
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formation of a very highly concentrated solution in and
closely surrounding the fertilizer particles. Since water
has a very high dielectric constant, the electrical proper-
ties of the solvent weakens bonding forces between ions and
molecules resulting in the rapld dissolution of the particles.
In the case of the pyrophosphate, the matrix of the particle
remain relatively stable because of resistant P-O-P bonding,
whereas solubility of metaphosphate proceeds to completion
upon exposure to molsture.

The relationships between solubility and particle size
of compounds such as fertilizers is well known. If the
solvent comes 1n contact with a greater surface it will be
able to dissolve the solid more rapidly. 1In addition to in-
creasing the rate of solubllity, the particle size also influ-
ences actual solubility. The smaller the size, greater would
be the solubility.

The difference 1n concentration of the solution inside
and outside results in a diffusion process. In an ideal
sSystem, the osmotic pressure causes‘the ions or molecules
of the stronger solution to be transferred to the weaker
solution until the osmotic pressures are equalized, when
equilibrium is attained. In other words, the strong solution
gradually becdmes more dilute, so that the existence of
osmotic pressure causes the progressive dilution by the entry
of water. 1In an ideal solid-liquid or 1liquid-liquid system,

with time, equilibrium 1s reached whereby the concentration
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of the solutions becomes the same. But this is unlikely to
occur 1n a soll-water-fertilizer system. First of all water
may act as a limlting factor here. Free movement of dis-
solved ions of a s0lild can take place only if there 1is a con;

" tinuous water fllm outward from the dissolving solid. With

a relatively low water content in moist soil, water 1s drawn
as it were, from the surrounding soll towards the fertilizer
particles. Thils results in zones of progressively diminishinrg
molsture contents from the particles towards the outer mass

of soll. As a result the potassium released from the particles
tend to be concentrated in areas adjoining the fertilizer
source. Also the lack of continulty of capillary pores may
impede outward diffusion of dissolved salts. Equllibrium
between the solution within the fertilizer particles and that
in the surrounding soil may be difficult to establish due to
continued fixation of potassium by soil minerals, though in
this zone, fixation 1s probably overshadowed by an extremely

high concentration of potassium ions in solution.

Dissolutlion of particles of potash fertilizers under

field conditions. In another experiment an attempt was made

to study the dissolution and disintegration of fertilizer
particles placed on the soll surface under field conditions,
During the 40 day period which the particles were exposed in

the fleld, the area received a total of 3.84 inches of precip-
ltation.
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During the first 10 days, only 0.12 inches of rain fell
and particles of all materials were recovered. However, after
20 days exposure during which several 1light showers occurred,
the potassium chloride granules had dissolved and in addition
1t was impossible to recover the -4+14 mesh metaphosphate
particles. The next exposure period included heavy rains of
1.6 inches on June 1 and 2. After the beating action of these
rains, many of the fertllizer particles were embedded in the
soll surface, but 1t was still possible to recover the large
metaphosphate particles as well as both large and small pyro-
phosphate materials. After 40 days exposure to the elements,
all particles of potasslium metaphosphate had disintegrated
partly due to the physical action of an additional 1.26 inches
of rain. Particles of pyrophosphate could be easily recovered,
but they appeared to have undergone solvent action and some
physical disintegration.

The analysls of fertililizers after varylng exposure
periods to field conditions are listed in Table 22. At the
first sampling date potassium chloride particles contained
50.7 percent of the original potassium, while the -4+14 mesh
pyrophosphate and metaphosphate had lost 31.7 and 95.8 percent
of thelr water soluble potassium, respectively. The larger
particles of fused potassium phosphates retained about the
same percent of thelr water soluble potassium content. After
20 days exposure, about 70 percent of the water soluble

potassium from pyrophosphate particles of both sizes had bteen
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leached out. Virtually no water soluble potassium was present
at the end of the experiment.

Data presented in Figure 6 show that although there was
no water soluble potassium present in the granules after 40
days exposure in the field, 6.6 percent total potassium was
8till retained in the smaller size pyrophosphate granules and
13.7 percent in the larger ones. The pattern of dissolution
of potassium from the large particles of metaphosphate as
given in Figure 7 1s somewhat simllar to that for pyrophosphate
for the first 30 days exposure. However, 1n the 10 day period
thereafter, complete dissolution and/or disintezration of
these metaphosphate particles occurred. It 1s interesting to
point out that large potassium-calcium pyrophosphate particles
were recovered from a 1957 field experiment about 10 months
after a surface application. At thils time they contailned

3.54 percent Ko0, which was probably about 50 percent of their

original potassium content.



SUMMARY

Upon comparing the pyrophosphate, metaphosphate, and
chlorlide forms of potassium in the greenhouse in 1957, it
was found that the yleld of beans grown on Metea sandy loam
in which these various potassium fertillizers were mlxed was
significantly hligher from pots recelving pulverized potassium
metaphosphate materiais. However, the potassium content of
plants was not affected by the type of carrier or the particle
size. When bean plants were grown on organic soil, yileld
and potassium uptake were not éignificantly influenced by the
water solubllity of the potash source or the particle size.
The mixed application of the fertilizer resulted in signifi-
cantly higher yield and potassium uptake by plants grown on
this soil, indicating that to obtain maximum effectiveness
of fertilizer potassium it was necessary to mix the supple-
mental nitrogen and phosphate fertilizer throughout the
entire volume of organic soil.

Water solubility of the potassium carrier was not a
factor in the yileld of millet grown on Kalamazoo sandy loam
in the greenhouse in 1958. Application of finer particles
resulted 1n slightly better growth than did the use of
coarser ones, and banding of the fertilizer was more effective

than mixing. When the same plants were grown on Houghton

. we?

e e U Fub b

ez



89
muck soil, highest yields were obtained with applications
of metaphosphate. Potassium content of plants increased
with increase 1n water solubllity of the fertilizer, but
neither particle size nor placement had any significant
influence on uptake of potassium except in the case of the
metaphosphate material. 1In general, it can be concluded
that all the potassium sources were about equally effective
in promoting the growth of plants even though potassium
content of plants increased with increase in soluble
potassium content of the fertilizer.

The dissolution patterns of potassium-calcium pyro-
phosphate and potassium metaphosphate involving continued
leaching with water show that the water soluble potassium
content was rapldly released from both materials. No marked
difference was noted between the meta- and pyro- compounds
except that the small metaphosphate particles disintegrated
after continued leaching. Even after considerable leaching,
only a small release of the initially non-water soluble
fraction was noted in several instances.

When the fused potassium phosphates were leached with
water in soll column, recovery of potassium from the soil
was falrly well correlated with the original water soluble
potassium contents of the fertlilizer. A direct, though im-
perfect relationship was noted between particle size of a
specific potash source and the potassium released from the

fertilizer. The exchangeable and water soluble potassium

Tt S st |
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fractions, representing loss from fertilizers, were found
concentrated near the surface. Demarcation between the
advancing front of leaching potassium lons from fertillzer
and the uniform ion concentration of the soll mass below
was qulte sharp.

Studles of the dissolution and migration of potassium
from the metaphosphate and pyrophosphate fertilizers under
conditions similar to those in the field also showed that
the water soluble fraction rapidly diffuses out of both the
large and small particles. However, loss from the large
particles was found to be somewhat slower. After 1 to 2
days moist soll contact the release of potassium from the
fertilizer source was very slow during the following 30
days period. Some water soluble potassium remained in the
fertilizer particles largely as a result of equilibrium
with a high concentration of soluble potassium 1n soil
ad jacent to the fertilizer source. Only very minor conver-
sion of initially non-water soluble potassium to a soluble
form 1s believed to have occurred.

In incubation studies, approximately three-fourths of
the potassium dissolved out of the fertlilizers was recovered
from a volume of soil 2 x 2 x 10 centimeters in the center
of which the fertilizer was banded. Lateral movement of
potassium decreased rapldly with distance from the potassium
source. With an increase in time of incubation there was

an lncrease in the soluble potassium content of the lateral
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adjacent volume of soll but there was very little downward
movement of potassium.

When the several potash fertilizers were placed on
the soil surface in the field for a period of 40 days all
potassium chloride granules and potassium metaphosphate
of -U4+14 mesh particle size disintezrated after 20 days
exposure to weather. Large and small potassium pyrophos-
phate particles were recoverable even after 40 days. E
After 10 days exposure, potassium chloride was found to

contain only 50.7 percent of its original potassium.

During the same period -4+14 mesh pyrophosphate and meta-
phosphate lost 30.7 and 95.8 per cent of the water soluble
potassium, respectively, but llttle or no potassium from
thelr water insoluble fractions. After 20 days exposure
70 percent of the water soluble potassium was missing
from pyrophosphates of both sizes. Analysis of the large
pyrophosphate particles after long exposure periods indi-

cates the original water-insoluble potassium is released

very slowly.
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