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Raman G. Menon

ABSTRACT

The effect of high slumina nitric phosphate on the yield
end phosphorus uptake of crops was studied in the laboratory,
greenhouse and field.

Incubation studies were set up in the leboratory with
elght solls using fertilizers with their water soluble phos-
phorue contents varying from 10 to 85 percent. Further incu-
batlon studlies were conducted with one clay soil and one
sandy loam on the migration of phosphorus from the fertilizer
granule and 1ts movement in soil, with two fertilizers of 30
and 85 percent water soluble phosphorus content.

Corn and bean plants vers grown on acid muck soil in
the greenhouse with different rates of lime to give pH 4.5,
5.4, 6.5 and 7.5, using high alumina nitric phosphzts of low
and medium weter soluble phosphorus contents, so as to study
the effect of water solubllity of fertilizer phosphorus, soil
reaction and method of placcment on the yleld and composition
of plants,

Field experiments were conducted with tcmato and corn
¢rops grown on sandy solls with different ratio of fertili-
Zers with varying water soluble phosphorus contents,

The leboratory studies indicated that the extrectebility
of phosphorus increased with an increase in the water soluble
Phosphorus content of the fertilizer, increase in rate of
8pplication, and a decrease in organic mstter end clay con-

tents of soil. The movement of phosphorus from fertilizer
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granules decreacsed efter 24 hours incubaticn.

Greenhouse studies showed that the phosphorus uptake and
dry welght of plants increascd with increzse in water solubi-
1lity of the fertilizer phosphorus. The high alumina nitric
phosphates with medium weter soluble phosphorus content was
found to be as effective as concentrated superphosphate. A
pH of 5.4 to 6.5 was found to be optimum for corn on acid muck
soil,

The yleld of corn and tomatoes increased with increase
in weter solutle ghcsphorus content of fertilizer. The plants
treated with high alumina nitric phosphates with medium water
soluble phosihorus content, gave yields ccmparable to those to
which concentrated superphosghate agplications were mede.

Best results for tomatoes wesre obtained from 150 to 100 pounds

P205 per acre.
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INTRODUCTICN

Phosphorus is one of the most important cf the essentlal
elements found 1n all living organisms. ZEver since its dis-
ccevery in 1669 by Henning Srandt, men has been trying to eluci-
date the mysterious ways in which phosphorus functions in
regulating the activities of living organisms.

Since the role of pnosphorus in the mineral nutrition
of plants was expounded by Liebig, an enormous amcunt of work
has been done in developing suitable phosphate fertilizers for
crop production.

The utility of leached zone ores of Florida had attract-
ed the attention of scientists for some time. Yet little
emphasis has been placed on these deposits as a source of phos-
phate, since high grades of rock phosphate ere still easily
avalleble. These ores contain 10 to 15 percent of phosphorus
pentoxide which is present primerily in the form of wavellite
and pseudowavellite, with smell amounts of gpatite. In addi-
tlon, urenium can be recovered from these deposits. However,
at the present time, the bulk of the ore is being discarded.
The Tennessee Valley Authority 1s now studying processes of
Production of fertilizer from these leached zone ores.

Whether it will be economically feasible to use this phos-
Phorus source has not been fully determined to dete. Consi-
derable informotion is needed on the behavior of high alumina

Nltrie phosphate fertilizers under different soil and cropping

Conditions,
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The present study was underteken in order to study the
availabllity of phosphorus from high slumina nitrilc phosphates
to plants.

The objectives of the present study were:

l. To study the effect of water solubility of the ferti-
lizer phosphorus on the uptake of phosphorus end dry
welght of plants grown in the greenhouse.

2. To study the effect of water solubility of the phos-
phorus content of the fertilizer on the yleld and
composition of different crops in the fleld.

3¢ To study the chemical avallablility of phcsphorus
from different high alumina nitric phosphate ferti-

lizers.



KeVIEWN OF LIT-RATURZE

Since the year 1840, when Liebig gave his historic
address before the British Assoclation of Science on the role
of minerals on plant nutrition, extensive 1nvestigations have
been carried out on the agricultural importance of phosphorus,
its functions in the nutrition of rlants, the different
sources of phosphorus and factors that govern its availability.

For some time past, the sultability of iron and sluminum
phosphate as a fertilizer material had attracted the attention
of sclentists in many countries. Cne of the early workers in
this field was Kerril (25) who found that redondite, a phos-
phate of iron and sluminum, gave beeter results than did rock
pnosphate when epplied to grasses.

Iron end aluminum phosphates were found by Nagoeka (27)
to be as effective as superphosphate for rice plants, pasrti-
cularly during the first year of application. However, ferric
Phosphate became less avallable during the second and tnird
years.

Some of the most Important and extensive wo;k during
this early period was undertaken by Prianischnikov (33). He
established that precirpitated iron and aluminum phosphate were
readily avellable to plants. This worker also noted that
addition of 0.25% calcium carbonate decreased the availability
of phosphorite but did not affect aluminum phosphate. Data

obtained by Prianischnikov showed eluminum phosphate hydrolyses
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in water making phosphoric scid availablse to plants. This
fact was also confirmed by Cameron, Bell and others (9), who
found that a liter of pure water acting on a precipitated
phosphate of iron and aluminum could bring into solution by
hydrolysis up to O.1 gram or more of phosphoric acid,

Ellet and H1ll (12) compared ferric and aluminum phos-
phate with calcium phosphate and they found that under certein
conditions ferric and aluminum phosphates were superior to
calcium phosphate as a source of phosphorus to crops. Their
findings were later confirmed by Jorden (16).

Patterson (28) also obtained similar results. In his
work with reverted phosphate of iron and aluminum, he found
that they produced a higher yield than reverted phosphate of
lime. Florlida soft phosphz2te, a phosphate of iron and alum-
inum, was found to be a very satlsfactory source of phosphorus
for corn.

One of the most significant contributions to the study
of phosphates was made by Truog (39) in 1916. He found that
plants utilized eluminum phosphats to a consliderable extent.
Ferric and ferrous phosphetes were also used by plants, but
to a lesser degree. Earley thrived exceptionally well when
treated with ferric phosphate.

Like Prianischnikov, Truog believed the high avail-
ability of 1iron and aluminum phosphate to be due to the follow-
ing hydrolysis reaction:

X FePOy ¢ 3 Hg0 = HzPO, ¢ Fe(OH)z.( X-1) FePO,






S,

Truog further suggested that ss phospnoric acid 1is re-
moved by cropping or leaching, the original phosphzte becomes
more and more baslc and hence less aveilablz to plants. 1In
this way he explained the ezsrlier findings of Nagoaka that the
avallability of ferric phosphate became less with time.

Some interesting results were obtained by Narias (21)
who found thet not only were iron and aluwninum phosphates val-
uable sources of phosphorus to plants, but in some cases they
were even superior to calcium phosphazts. The nitrification of
urea with the consequent production qf acids acts very favor-
ably in releasing phosphoric acid. According to this worker,
chemically pure iron and eluminum phosphates were as valuable
to plants es calcium pnosphate. However, the minersl phos-
phate of iron and aluminum were not so readily aveilable since
most of them were hydrated basic phosphestes. Upon igniting
the aluminum phosphate Marias found a substzntial increase in
availability of the phosphorus. In addition, he observed that
aluminum phosphate weas best suited to calcareous soils.

Brious (7) reported that the capacity to assimilate
phosphorus from iron and aluminum phosphates depended to some
extent on the nature of the plants. Jhereas flax, spurry,
buckwheat and yellow clover could thrive well on eluminum
phosphate, iron phosphate was more suited for barley.

McGeorge and Sreazele (23) also found that wheat plants
absorbed phosphate very readily from iron and sluminum phos-

phates. “when equal amounts of iron and eluminum phospghates
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were used, a greater amount of pnosphorus was ebsorbed from
aluminum phosphate due to the fact that this phosphate is
more soluble than iron phosphate. ‘When cultures were pre-
pared with carbon dioxlde free water, wheat plant did not
absorb any phosphorus from lazulite, wavellite or dufrenite,
but was able to extract phosphorus readily from vivianite.
These workers noted thet absorption of phosphorus was greater
as the 002 concentration of water increased. In the presence
of calcium carbonate, 2l1 iron and sluminum phosphate except
wavellite reverted to extremely insoluble forms in soil.

Bartholomew snd Jacobs (3) found synthetic aluminum
phosphate and unignited ferric phosphate to be very satis-
factory sources of phosphorus for plants. Ignition had no
effect on citrate solubility of synthetic aluminum phosphate
but decreased the citrate solubility of synthetic ferric phos-
phate. On the other hand, ignition markedly increased the
citrate solubility of natursl, hydrated aluminum phosphate
from 9 to 63 percent. The yleld of sudan grass on soil
treated with synthetic aluminum phosphate and ignited, natureal
aluminum phosphate was similar to that where superphosphate
or monocalcium phosphate were used. |

As early as 1911, Patterson (30) reported thet iron and
aluminum phosphates form comparatively insoluble complexes
with organic matter. Later Truog (39) reported that the basic
Phosphate mey combine with acidic humic compounds or acid

8llicates and form very resistant and insoluble compounds.
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Consliderable work has been reported on the toxicity of
aluminum to plants. Soluble aluminum is toxic to plant growth
because, according to Szues (36), it acts on the protoplasm,
causing 1t to set. Aluminum salts were observed to thicken
the main root of plants and make it impervious to nutrient
solutions.

Fluri (14) noted that when aluminum is added to a nutri-
ent solution, starch formation is inhibited.

Magistad (20) found that aluminum in water cultures pre-
vented the formation of lateral rootlets on barley but not on
rye. Similar results were obtalned by Hartwell and Pember
(15), who found that eguivalent amounts of aluminum sulfate
and sulfurlc acid, when added to en optimum nutrient solution,
produced about the same growth depression of barley plants.
Treatments of acild solls with phosphate reduced the amount of
active aluminum in soils. These workers and Blair and Prince
(4) reported that adding phosphorus to soil, in addition to
increasing the phosphorus level of the soll, decreased the
injurious effect of aluminum.

McLean and Gilbert (24) classified plants according to
their tolerance to aluminum. The most sensitlive crops are
lettuce, beets and timothy whereas medium sensitivity was ex-
hibited by radishes, sorghum, cabbage, oats and rye. Corn,
turnips and red top grass were noticeably resistant to alum-
inum toxicity. First evlidence of the injurlous effects of

egluminum generally eppeared to be a dwarfing and injury to the
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rootlets. Aluminum absorbed by the plant accumulated in the
cortex, mainly in the protoplasm end nucleus.

According to Austin (2), the presence of sluminum in
acid soll does not make soluble phosphate insoluble, if other
compounds are present which may react both with aluminum and
phosphoric acid.

Wright and Donshue (40) grew barley plants in culture
solutions containing eluminum, to which radioactive phos-
phorus was added. They found that in plants grown in solutions
containing aluminum, p32 accumulated in the root systems,
whereas 1in the absence of aluminum, there was an accumulation
of P32 in the tops of barley plants.

The sections of roots showed that aluminum accumulation
took place on root surfaces and in the cortex, but very little
was found in the vascular systems. A considerable modifica-
tion of internel structure was observed. According to these
workers, aluminum primarily inactivates phosphorus within the
roots of plants and thus Interferes with the normal metabolilsm
of plants.

The usc of nitric phosphates as a source of fertilizer
has been studied recently. Rogers (35) received the results
of many experiments and compared the efficiency of NP and NPK
fertilizers made by treating phosphate rock with nitric acid
and phosphoric or sulfurlc acid followed by subsequent ammonia-
tion, with other phosphate carriers. He found that phosphorus

in nitraphosphate was as effective as that in commercial type
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mixtures of similar NPK ratios or superphosphate for corn,
cotton énd smell greins on acid solls in the Southeast. As
a factor affecting plant avallability of phosphorus, water
solubility was importent only in alkaline soils or soils ex-
tremely deficlent in phosphorus. Of these fertilizers,
Rogers concluded that particles of size -12 - 50 mesh gave
best results.

Byekowskil and Ostromecka (8) in their experiments with
nitric phosphate on coarse, ferrous sandy soll, acid sandy
soil, neutral clay soil and muck, in Poland, found that pul-
verized nitric phosphste produced the same yleld as superphos-
phate. Granulation of nitric phosphate decreased their
efficiency.

Mulder (26) experimented with nitric phosphate in the
field and greenhouse 1in the Netherlands and he came to the
conclusion that nitric phosphate is less effective than super-
phosphate, especlally on alkaline soils. The effectlveness
of nitric phosphate was increased by an increase in the water
8oluble phosphorus content or decrease in granule size.

Cooke (10) summarized experiments done in the United
Kingdom end Holland and concluded that nitric phosphates were
most efficient on acid scils, being 50 to 75 percent as
effective as superphosphate.

Thorne, et 8l. (38) reviewed the results of 130 field
and greenhouse experiments conducted in 11 states and they

found that, in generasl, nitric phosphates were as effective
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as superphosphate for crop production. The nitric phosphates
of low water solubility gave poor yleld but the same was the
case with commercial mixed fertilizers of the same water
soluble phosphorus content.

The Tennessee Valley Authority has been investigating
the use of Florida leached zone ores for the production of
fertilizers. These ores, according to DeMent and Seatz (11),
are low in phosphorus content and high in aluminum snd silica
contents, contailning 10 to 15 percent phosphorus pentoxidse,

8 to 16 percent alumina, 52 to 66 percent silica and 2 to 12
percent calcium oxids.

Starostka, et al. (37) compared the phosphztes produced
from Florida leached zone ores with land pebble phosphate.
They found that high slumina nitric phosphates with less than
10 percent water soluble phosphorus contents, were less
effective then land pebble materials. However, high alumina
nitric phosphates with medium phosphate water solubility com-
pared very well and gave crop ylelds comparable to those of
concentrated superphosphate. They determined that water solu-
bility of nitric phosphete wes a more lmportent source of
variation than the type of phosphate ore from which the product
was prepared.

Rapp and Hardesty (32) found that the storage property
of high glumina nitric phosphates was very good and thelr

drilling characteristics excellent.
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Prellminary greenhouse tests of high alumina nitric
phosphates conducted at the University of Tennessee on two
unlimed acid soils showed that the high alumina nitric phos-
phate produced as much rye grass as did concentrated super-
phosphate. Upon lianing these soils to pH 6.1, it was observed
that the high alumina nitric phosphates of low water soluble
phosphorus contents resulted in lower yields than when super-
phosphate was used. Further greenhouse trials were conducted
at Iowa State Collsge and it wes seen that high alumina nitric
phosphates were less effective than concentrated superphos=-
phate for oats.

Fleld studies comparing the effectiveness of high alumina
nitric phosphates with concentrated superphosphate have been
undertaken by Alabama, Georgia, Iowa, Kentucky, Mississippi,
New York, Tennessee, Virginia, and VWashington experimental
stations. According to DeMent and Seatz (11), high alumina
nitric phosphates were satisfactory sources of phosphorus for
cotton, small grains, and corn. High alumina nitriec phos-
phates, especially those with less than 5 percent water soluble
Phosphorus content, were not as effective a starter fertllizer
for corn as superphosphzte or nitric phosphate on acid or
neutral soils. The high alumina nitric phosphate containing
20 to 30 percent of its phosphorus soluble in water were 90

to 95 percent as effective as concentrated superphosphate.



METHCDS AND MAT-RIALS

In order to study under a variety of soil conditions,
the behavior of high alumina nitric phosphates, experiments
were conducted in the field, greenhouse and laboratory with
different types of solls. The physical and chemical proper-
ties of the soils are given in Tables 1, 2, and 3.

Greenhouse studles

Greenhouse experiments were initiated to study the
effect of variation in reaction of organic solils due to
liming on plant availebility of phosphorus from high alumina
nitric phosphates and other fertilizers. In addition, an
attempt was made to study the effect of rate of applilication,
water solubility of the fertilizer phosphorus, and method of
placement of fertilizers on dry matter production and total
phosphorus upteke by two different crops.

Rifle peat from Clinton County, Michigan, was used 1in
this study.

Lime rates:

O tons lime per acre « « « « « « « « PH 4.0
5 tons lime per acre . « « « . « +» « pPH 5.4
10 tons lime per acre « « « » « « « « PH 6.5
15 tons lime per acre « « « « « « « « PH 745

Fertilizers

Four different grades of fertilizers with verylng water

soluble phosphorus contents were used in this study.
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le 1.

Some physicael and chemical characteristics of the
eight solls used in the incubation studies

13.

Scil type pH Percent

Crganic Send 511t Cley

matter
Appling sandy loam 5.0 0.84 8l.2 12.0 6.8
Bearden silt loam 7.6 4,07 52.2 35.0 12.8
Clarion silt loam 5.5 5.54 50.2 35.0 14.8
Marshell silt loam 5.4 3.15 44.2 36.0 19.8
Memgchis silt loam 4.9 1.30 40.2 46,0 13.8
liiemi silt lozam 6.0 1.07 64.2 27.0 8.8
Oshtemo sandy loam Ted 1.28 85.2 10,0 4,8
Houghton muck 6.2

Table 2.

Total exchange czpacity and exchangeable bases of
the so0ils used in the incubation studies

Soil type BXxchange Exchangeable cations
capacity m.8. per 100 gms.
n.8. per Ca Mg K Na
100 gms.
Appling sandy loam 2.0 0.98 0.57 0.17 0.08
Bearden silt losm 24.2 14.8 B.12 0.72 0.09
Clarion silt loam 23.9 13.8 8.12 0.85 0.08
Mershall silt loam 23.5 10.3 7.0 0.79 0.06
Memphis silt loams 2.6 l1.24 1.23 0.18 0.01
Miami silt losm 8.8 6.1 2.7 0.14 0.04
Cshtemo sandy loam Te4 6.13 1.€8 0.90 0.01

“Low values



Phosphorus contents of soils used in the incubation

Table S

studies

14.

Soil typse Ppm, Total P Ppm P
Total Organic Inorganic savailablex

Appling sandy loam 593 162 431 12
Eearden silt loam 835 280 595 6
Clarion silt lcam 1032 682 350 16
ilarshall silt loam 682 381 301 lé
iemphis silt loem 750 412 3317 26
Miami s11t loam 562 375 187 20
Cshtemo sendy loam 592 3617 225 32
Houghton muck - - - 56

* Ignition method

¥¥Extracted with 0.025 N HC1l and 0.03 N NH,F
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Fertilizer Analysis TVA No. % P soluble
in water
High slumina nitric
phosphate 14-14-14 217 9.6
High alumina nitric
phosphate 15-15-15 21¢% 3l.8
Concentrated super
phosphats 0-49-0 179-194 95.0 NH NO- and
KC% in dry
mix added
Diemmonium phosphate 21-53-0 - 100.0 N and Ko0
adjuste& to

1:1:1 ratio
with NH4NO3
and KC1l "in
dry mix

N and K, O were adjusted to 400 pounds per acre in all

e
pots and phosphorus was the variable factor as far as the fer-

tilizer was concerned. The high alumina nitric phosphates were
applied at four levels equivalent to 0, 50, 200 and 400 pounds
P205 per acre, whereas superpnosphate and dlammonium phosphate
were applied only at a single level of 200 pounds per acre.

Fertilizer placement

The high alumina nitric phosphaetes were applied in both
mixed and banded placement, while with the superphosphate and
diammonium phosphate, only the mixed placement was used.

Cne gallon glazed porcelaln pots were used in this study
The soll was first mixed with the spproximate emount of lime
and 1lncubated in a molst condition for two weeks. The fertili-
zer was then thoroughly mixed with the soil or applied in a

circulaer bend two inches below the soll surface.
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Replications

Three replicaticns were used for each treatment.

Cultural practices

Four corn seeds were planted in each pot. The pots
were irrlgated by the addition of a measured quantity of dis-
tilled water at regular intervals. After two weeks, the stand
of corn was thinned to two plents per pot, and the other two
were removed for analysis. To find the effect of different
fertilizers on the growth of plants, the heights of plants
were measured at intervals during the course of the experirent.

The plants were hervested when they started to tassel.
The above ground portion of the plant was removed, dried in an
oven at 70° ¢ and welghed. The samples were then ground 1in a
Wiley mill and ardyzed for total phosphorus.

Fleld beans were planted 1n the same pot efter the corn
Crop was harvested without disturbing the soll in the pots and
wlthout any further sddition of fertilizers.

Eight seeds were planted in each pot. Two weeks after
Planting, four plents were removed from each pot, dried and
ground for anelysis. The pots were irrigated with distilled
%ater, Harvesting was done when the plants began to flower.
These samples were dried and ground for cnemical anelysis.
Fleld triels

Field trials were conducted to compare high alumina
Nitric phosphates with 1:2:2 ratio fertilizers of varying

%ater soluble phosphate contents as affected by yield and
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phosphorus uptake at different stages of growth of plants.
Both types of fertilizers were produced by the Tennessee
Valley Authority.

Experiment 1.

Crop: Corn

Soil 1: letea sandy loam, University farm, Inghem
County, Michigan. This 1s a light textured, well drained soil
with a pH of 6.8, which 1s low in available phosphorus.

Fertilizers: (Field disgram 1)

Fertilizer Anelysis TVA No. Percent P
soluble in
water
NK 21.5-0-21.5
Complete fertilizer 14.5-14.5-14.5 95
High alumina nitric phosphate 14-14-14 217 9.6
High alumina nitric phosphate 15-15-15 219 30.0
Complete fertilizer 10-10-10 25.0
Complete fertilizer 6-12-12 169 C-199 C 25.0
Complete fertilizer 7-14-14 200 C 6.0
Complete fertilizer 10-20-20 170 C 50,0
Complete fertilizer 11-22-22 171 ¢ 100.0

*Mixture of NH,NO;,KCl and superphosphate.

The first six were applied at the rate of 25 pounds and 50
Pounds per acre where ss the last three were applied only at

One level of 50 pounds PgOs per acre.



18.

Plot disgram 1
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W. K. Kellogg farm

High alumina nitric phosphate (TVA) experiment on corn.
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University Farm (letes sandy loan) enc we. K. Kellogg Farm
(Fox sandy loem)

Treatment Fertilizer Pounds PgCqg Fercent
number per acre water
soluble
phosphorus
1 21,5-0-21.5 - -
2 21.5-0-21.5 - -
3 14.5-14.5-14.5 e5 95
4 14.5-14.5-14.5 50 95
5 14-14-14 25 10
6 14-14-14 50 10
7 15-15-15 b15) 30
8 15-15-15 50 30
9 10-10-10 25 25
10 10-10-10 50 €5
11 T-14-14 50 6
2 6-12-12 50 e5
13 10-20-20 50 50
14 11-g2-22 50 1C0
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Experimental design
A randomized block design with three replications per
treatment was used. Each plot consisted of two rows of plants,
each row belng 50 feet long. The fertillizer was placed to the
slde and below the seed with an experimental corn planter.

Sampling and harvest

In order to study the uptake of phosphorus at different
stages of growth, samples were taken at regular intervals.

The first sample which was taken 24 days after planting, con-
eisted of 30 entire plants per plot. The second and third
samples teken 39 and 54 days respectively after planting, con-
sisted of 30 leaves per plot. The fourth leaf from the top
was taken in each case. The samples were dried, ground and
analyzed for phosphorus.,.

When the ears were ripe and dry, they were picked by
hand end weighed. Representative samples were taken from each
plot for moisture determination.

Soil 2: Fox sandy loam, W. K. Kellogg farm, Kalamazoo County.
It is a 1light textured soil, pH 6.3 and low to medium in avail-

able phosphorus.

Fertilizers:
Fertilizer Analysis TVA No. Percent P
soluble 1in
water

NK 21'5"'0’2105
Complete fertilizer 14.5-14.5-14.5 95 =
High elumina nitric

phosphate 14-14-14 2117 9.6
High elumina nitric

phosphate 15-15-15 219 30.0
Complete fertilizer 10-10-10 25.0

* Mixture of N H4N03,KCI and superphosphate.
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All were applied at the rate of 25 and 50 pounds P205 per

acre. A randomized block design was empgoyed with four replica-
tions per treatment. Each plot consisted of four rows of
plants, 35 feet long and 3.5 feet apart. The fertilizer was
slde dressed when the plants were 2 to 3 inches tall.

Sampling and harvesting

Preliminery plant samples viere taken 16, 30, and 50 days
after the applicstion of fertilizer. The first sample repre-
sented 30 entlre plants whereas the second and third samples
conslisted only of 30 leaves per plot. These samples were
dried and ground for analysis.

At harvest time the corn was picked by hand, and repre-
sentative ears were teken for molsture determincstion.

Experiment 2.

Crop: Tcmatoes

Soil 1: Metea sandy loam, University ferm, Ingham
County, Michigan.

Fertilizers: (Field dizgram 3)

Fertilizer Analysis TVA No. FPercent P

soluble in
water

NK 21.5-0-21.5

Complete fertilizer 14.5-14.5-14.5 95,0

High elumina nitric phos-

Phate 14-14-14 217 9.6

High alumine nitric phos-

Phate 15-15-15 219 30.0

Complete fertilizer 10-10-10 25.0

Fert1lizers were epplied at the rste of 100 and 200 pounds Py0g
Per acre.
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Plot diesgram 3
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University Farm

High slumina nitric phosphrte (TVA) experizent
on tomatoes
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Tomato experiment

University Ferm (ietea sandy loam)

Treatment Fertilizer Pounds Percent water
number PoCg soluble phosphorus
per _acre

1 21.5-0-21.5 0 -

2 21.5-0-21.5 0 -

3 14,5-14.5-14,5 1CO g5

4 14.5-14.5-14.5 200 95

5 14-14-14 100 10

6 14-14-14 200 10

7 15-15-15 100 - 20

8 15-156-15 200 30

9 10-10-10 100 e5

10-10-10 200 25

2
o
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Experimental design

A randomized block design, utilizing three replications
were used in this experiment. Ten seedlings were planted when
they were 4 to 6 inches tall, in single row plots 6 feet apart
with a 3 foot spacing between plants. Fertllizer was applled
in 9 inch diameter circulsr bands, 4 inches deep around the
plants, 4 days efter trensplenting. Individual plants re-
ceived a quart of water twice in the early season when the
s0oill became excessively dry.

Sampling and harvesting

Plant samples were taken two weeks end five weeks after
transplanting. These samples, consisting of thirty leaflets
per plot, were droed and ground for chemical analysis.

When the fruits were ripe, they were picked by hand and
sorted out into three grades, depending cn their size and
quality; nemely, grede 1 - 3 to 5 inches in diameter, grade 2 -
2 to 3 inches in diameter, and grade 3 - culls. The graded
tomatoes were then weighed.

Soill 2

Ccloma sandy loam, Jackson prison farm, Jackson County.
This is a light sandy soil with a pH of 6.1, heving medium
level of available pliosphorus.

Fertilizers (Fleld diagram 4)
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Field dizgram 4
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Jackson prison farm

High alumina nitric phosphate (TVA) experiments on
tomatoes



Tomato Zxperiment

Jackson Prison Farm (Coloma sandy loam)
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Treatment Fertilizer Pounds Percent
number Po0g water soluble
per acre phosphorus
1 21.5-0-21.5 - -
e 21.5-0-21.5 - -
3 £1.5-0-21.5 - -
4 14.5-14.5-14.5 50 95
5 14.5-14.5-14.5 150 95
6 14,5-14,5-14.,5 300 95
7 14-14-14 50 10
8 14-14-14 150 10
9 14-14-14 300 10
10 15-15-15 50 30
11 15-15-15 150 .30
12 15-15-15 300 30
13 10-10-10 50 25
14 10-10-10 150 25
15 10-10-10 300 25
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Fertilizer Analysis TVA No, Percent P
soluble in water
NK 21.5'0"2105
Complete fertilizer 14.5-14.5-14.5 85.0
High slumina nitric
phosphates 14-14-14 2117 9.6
High slumine nitric
phosphates 15-15-15 219 30.0
Complete fertilizer 10-10-10 25.0

The fertilizers were applied under three levels of 50,
150 and 300 pounds P205 per acre. The fertilizers were epplied
in 9-1nch circular bands, 4 inches deep around plants, several
days after the transplants were set.

BExperimental design

A randomized block design with three replications vwas
employed for the experiment. Lach plot consisted of 10 plants
in & single row, 30 feet long. Spacing betwesen the rows was
6 feet.

Sampling and harvest

Thirty leaflets per plot were taken two weeks and five
weeks after the application of the fertilizer. These samples
were dried, ground and analyzed for total phosphorus.

The tomatoes were picked by hand when they were ripe and
sorted and welghed into the following three grades: grade 1,
fruits 3 to 5 inches in dismeter; grade 2, fruits 2 to 3 inches

in dlemeter; and, grede 3, culls.
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Laboratory Studies

Experiment 1

Incubstion studies were set up with eight different soils
so as to study the relative chexrical availability of phosphorus
from high alumina nitric phosghates and other fertilizers after
different periods of incubation.

The solls celected were as follows:

Red a2nd Yellow soils - Appling

Gray trown Podzolic lilami, Oshtemo

Prairile - Clarion, Mershall
Chernozem - Bearden
rganic - Houghton muck

The pnysical and chemical proverties of these solls arse

given in Tables 1, 2, and 3.

Fertillizers:

12-12-12 - 854 of its phosphorus soluble in water
14-14-14 - 10% of its phosphorus soluble in water
15-15-15 - 30% of 1ts phos_norus soluble in water.

Fach material was epplied in amounts eguivalent to 100,
€00, 400 and 800 pounds Po0g per scre. Tach treatment was set
Up 1n duplicate.

&Xperimentel procedure

The necessary amount of fertilizer wes thoroughly mixed
%lth 300 grems dry soil end the mixture was kept in a deep
freeze, When the scill was sufficiently cool, a weighed amount

°f fine flakes of ice, equal to the molsture regquired for the
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fleld capacity of the soil, was mixed with the soil and the
mixture was put in a pint Meson jar and the Jjsr was sealed.
The Jers were removed from the freezer room end vwere kept at
room temperature. nen the ice flekes melted, a uniform mix-
ture of soil and water was obtalned.

The Jjars were lncubated ar room temperzture and samxples
were taken sfter 2 days, 7 days and 14 days incuostion. The
sem.les were extracted with 0.03 N NH4F and 0.025 N HCl and
analyzed for phosphorus.

Lxperiment 2

An experiment was set up to evaluate the diffusion of
phosphorus from fertilizer granules and its mizrstion in soil.
Two solls, Metea sandy loam and Broockstcon clay loam, were
selected for this study. Soll 1 was kept at 12 percent mois-
ture and soil 2 at 14 per cent moisture.

Two granuler rertilizers of =10 -12 mesh size were used
for this study, namely 12-12-12 with 85 percent of its phos-
phorus soluble in water and 15-15-15 with 30 percent of its
phosphorus soluble in water. Molsture cans vere used as con-
tainers for the soil. The cans were filled with molst soil
and a smell hole was made exactly in the center of the soil
mass. Twenty five weighed granules of the fertilizer were
placed inside the hole, which was then filled with soil. The
cans were covered tightly and incubsted 2t room temperature.

Individual cans were opened for sampling after 1, 2, 7,
14, and 28 days of incubstion. In order to be able to remove

the fertilizer grenules, the center of the soil mass in the
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moisture‘can was located using a palr of compasses and the fer-
tilizer granules were removed using a small cork borer. All
the soil particles sticking to the granules were removed, as
far as poesible, using a brush.

To study the migration of phosphorus in soil, soil
samples were taken at various distances from the fertilizer
source. Here again the cork borers were used to get an undis-
turbed soill column. Samples were taken from 0 to 3, 3 to 5,
and 5 to 8 millimeters distant from the center of the contain-
ere These samples were alr dried and extracted with 0.03 N
NH4F and 0.025 N HCl and anelyzed for phosphorus. The ferti-
lizer granules were dissolved in acid and the amount of total

phosphorus retained determined.

Laboratory Techniques

Solls

The soils for the laboratory experiments were analyzed
for pH, organic matter, sand, silt and clay, exchange capa-
city, exchangeable bases, avallable phosphorus, total acid
soluble phosphorus and organic phosphorus. Sclls used in the
greenhouse and fleld were analyzed for pH, sand, silt and
clay and available phosphorus.

Soll reaction was determined by glass electrode using a
1:1 soill-water retio.

Organic matter was determined by the dry combustion

method of Piper (30, 32).

Percent sand, silt and cley were determined by using

the hydrometer procedure of Bouyoucos (5).
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Exchange capacity was determined by the neutral ammonium
acoetate method of Peech (31).

For determining exchangeable potassium, calcium, megne-
slum and sodium, a Beckman DU flame photometer was used.

Avellable phosphorus was determined by extracting the
soil with 0.03 N NH4F and 0.025 N HC1l es outlined by Bray (6).

Orgenlic phospnorus was determined by the combustion
method of Legg and Black (19).

Fhosphorus in the fertilizer granules was determined by
dissolving the fertilizer in concentrated nitric and hydro-
chloric acid as discussed in the Handbook of the Association
of Official Agricultural Chemists (1).

In ell caeses after extraction, phosphcorus was determined
colorimetrically as molybdenum blue, using a Colesman Spectro-
photometer.

Plant Samples

The plant samples were wet ashed by the perchloric acid
method of Piper (32).

One gram sample was taken in a 125 milliliter teall form
beaker and 15 milliliters of concentrated nitric acid wes added
to it. The sample was digested in an electric hot plate until
almost all the organic metter was destroyed and a clear solu-
tion was obtained. Six milliliters of 70 percent perchloric
acld was then added to the solution and the digestion continued
until the oxidation was complete and a clear, colorless solu-

tion was obtained. The solution wes then evaporated almost to
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dryness, cooled, and the volume vas made up to 100 milli-
liters with 0,05 N HCl. The soluticn was filtered through
Whatman No. 42 filter paper.

‘ The phosghorus in solution was determined as molybdenum
blue. One milliliter of the sclution was diluted to ten
milliliters and six drops of ammonium molybdate-sulfuric acid
reggent was added, followed by the same amount of Fiske-
Subbarow (13) resgent. The soluticn was shaken, and after
fifteen minutes, the trensmittance of blue color developed
was measured in a Coleman spectrophotometer using a red filter

(650 mu) .



RESULTS AND DISCUSSION

Laboratory Studiss

Incubation studles were set up in the laboratory in
order to study the chemical avallability of phosphorus from
high alumina nitric phosphates and other fertilizers spplied
to solls having widely different propertles. Some of the
physical end chemlcal properties of these surface soils are
given 1in Tebles 1, 2, and 3.

Appling sandy loam is a soll from North Carolina, be-
longing to the Red and Yellow Pcdzollc Great Soil Group. It
is low in clay and organic metter and thus has a low cation
exchange capaclity. Avallable phosphorus in this soil is also
known to be low.

Data in Table 4 show the amount of phosphorus extracted
from the soil after different periods of 1ncubation. It
should be pointed out that this extraction procedure may in-
clude phosphorus in fertilizer residues at the time of
sampling and drying. The release of soluble phosphorus from
fertilizer and its sbility to remain in easlily extractable
form depends to a large extent on the water soluble phosphorus
content of the fertillizer and the fixing capacity of soil.,

After two days and seven days incubation, no definite
relationship was apparent between the phosphate water solubil-
1lity of the fertillzers and the quantity of extractabls soil
phosphorus. However, after two weeks, the quantity of phos-

phorus extracted from solls which received spplications

™
5

‘u.
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sandy loam




equivalent to 1CO and 200 pounds P205 per acre was closely
related to the solubility of the fertilizer phosphorus. Yet
this weas not the case where the two higher rates were used.

In the cese of H AL NP-10 systems there was an increase
in the extractable phosphorus as the incubation period ih-
creased only when the higher rates of phosphates were applied.
A similar increase in extractable phosphorus was found only
for solls treated with 800 pounds H AL NP-30. %ith each added
increment of phosphate supplied as 12-12-12 fertilizer, the
avallable phosphorus content of this soil increased with time
of incubation. These data suggest that phosphorus was con-
tinually diffusing out of the granules o1 tne nighly soluble
fertilizer. With the high aluminae nitric phosphates, only
when & large amount of fertllizer was applied, there was suffi-
clent soluble phosphete to more than satisfy the fixing capa-
city of the soil,

Bearden: Thils silty loam is from the Red River valley
bottom, North Dekota, belonging to the Chernozem group. It
has organic metter and clay contents of 4.C75 percent snd 12.8
percent respectively and is low in avalleble phosphorus.

The extrasctable phosphorus from soil fertilizer mixtures
after varicus periods of incubation is given in Table 4., A
comparison of the extractable phosphorus from soils to which
high elumina nitrlc phosphetes were applied shows that these
two fertilizers reacted rather similarly despite a difference

in phosphate weter solubility, et all incubestion periods.
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In contrast, considerable more phosphorus was removed
from soils treated with fertilizer having 85 percent of its
phosphorus soluble in water.

Conslidering each fertilizer, it can be noted thet there
1s a continual increase in the emount of phosphorus extracted
at different incubation periods. This 1s true for 211 rates
of phosphate application and this relation is exhibited in
Figure 2 as rather distinct, secparate curves within each
sampling time.

Clarion: This soil, a series within the Prairie group,
was developed on glaciel till in central Iowa. It has a clay
content of 12.8 percent snd contsins 5.94 percent organic
matter and 16 parts per million available phosphorus. The
quantities of the phosphorus fraction after incubestion with
different rates of fertillizers is glven in Table 4.

In general, the amount of extractsble phosphorus is
positively related to the degree of pnosphate water solubility
of the fertilizer for the two and seven day samples. However,
apparently sfter two weeks less phosphorus could be removed
from Clerion soll to which concentrated superphosphate had
been added. This condition suggests thet phosphate from the
more soluble material wes beling rapidly fixed.

For some unknown reason, the quantity of phosphorus re-
moved from the soll after one week of incubation was lower
than that from soil sampled after two or fourteen days. As

the rate of applied PoUg increased, extractable phosphorus

also increased, but not in proportion to the quantity added.
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Marshall: This Iowa soil is also of Frairie origin
developed largely from loess. It was found to contein 19.8
percent clay, 3.15 percent organic matter and 16 parts per
million available phosphorus. Table 5 shovis the aveailable
phosphorus after different periods of incubation. At the
two lower rates of phosphate gpplication, more phosphorus was
extracted from soll which had received the high alumina nitric
phosphate of lower solubility. Only when 800 pounds of P205
was applied did water solublility of these nitric phosphates
appear to be related to phosphorus removei. As the incuba-
tion period increased, ths quantity of extractable phosphorus
elso increased, except when concentrated superphosphate 1is
used., Although the Clarion and Marshell solls had the same
original avallsble phosphorus content, considerable more phos-
phorus was remcved from the Clarion soil.

Memphis: This silt loam is a representative of the Red
eand Yellow Podzolic group. It contains 13.8 percent clay,

1.2 percent organic matter and 26 parts per million available
phOSphorué.

The data in Table 5 and Figure 5 indicate thet phos-
phate solubility had 1lictle effect on the amount of phosphorus
removed by the weak aclid fluoride solution. In almost all
cases when H AL NP-20 was used, values for extractable phos-
phorus wes as high or higher than for fertilizer conteining
concentrated superphosphate. Another interesting point is

that there was little change in phosphorus removed as incubatlon



40,

stwet Jo0J wdd ow pus stydwen JoJ wdd g9z ‘i1r8ysaspy JoJ wdd 91 ¢STTOS

ut d T8T3Tutl (T1DH N G20°0 pue 4

HN N£O*O U3TM UOT3IOBJIIXO J99J8 PeujmIe3ep e38udsoyds

YLT S3T PPT 291 1T 091 0T 211 %01 008
y01 98 06 31l 2L 14] ¢8 8 147 00%
08 89 4% ¢8 a9 09 09 9 9g 002
8v ¥9 LY 19 ] 9y 1984 9¢ LE 00T o] ag1-21-231
Y01 1St 26 281 vl 14 AN 291 021 98 008
i40h8 28 eL 1T 98 AN £6 99 8S 00%
8 LS 18 08 9 8 g9 1°24 LS 002
Gg Sy 195 4 a9 9G 1S av 9¢ 63 00T og G1-G1-S1
121 GGl 801 1ST Tt all 931 86 g8 008
98 16 aL ¢6 a8 L8 08 89 ¥9 00¥%
YL 147 0s 99 6% v9 g9 as 2s 003
L9 44 145 61 34 e 62 o O% 00T 01 P1-v1-71
71 L 3 71 L 3 vl L 3
mzmvrMO JequmN gAep Jo Jgequni gAep Jo Jsquny
Weo T Weo T Weo 1 QI0B  yr sitnrog
3178 TWBIN 1118 studmen 4178 TTBYSJIBY zeq ¢ ML
*UO0T3BQqNOUT %024 J8ZT11T3d87
Jo spotJged juedsJJTp Je3Je eTqBj3oBJI3Xe J wdJg spunog queddsg JezZIITaded

S8I6ZTT1T73J8) Jeyzo pus sejsydsoyd
9TJ3TU sujuNIs Y3TY JOo Se3BJd 3US8JI0JITP POATOO8d UOTUM WeoT 3TT® TWOTK
pus weoT 3118 stuydwely ‘wsol 3TTS TTBUSJIBH ujl snaoydsoyd Jo A3TTTaeI}8AB OYJ

°g e1qe]



41,

2 400 pounds 800 pounds

2180 180

..:-': 2 days A

21316 L 1. deys 150 £ N

e | ----- 14 deys % <

[ // \\

Q.

~12q _ S A

P // e T
8. o SRRSO soL ________—’#__,_——
o // ‘l.

o —____'-——

e 6Q- e 60

')

S

= 3¢ 3Or-

(2

@

£

P 5 1 1 1 1
x O 36 85 0 10 30 85

-

Percent water soluble phosphorus content of fertillzer

100 pounds 200 pounds
&
S 18@ 180~
—~
—
-«
H150¢ 150
o
Q.
mlzoL 120F
o
2 g0} 90
i
a 60} 3 BOLS T o e et
: g Rl
0 — G -------
o 304 30
P
o
5 I 1 1 | 1 1
= 00 30 85 0 10 30 85

Percent water soluble phosphorus content of fertilizer

Figure 4, Effect of water solubllity of fertilizer phos-
phorus cn the extractable phosphorus from
Marshall silt loam.




4z,

o 400 pounds 8CO poun-s
2180, 18-

— 2 days

o

8150____ — 1T days 150

5 ———— 14 days

[oN

nl20p- 120

FS]

[ 5 —

- e -

90} =~ SO

<] _—

Ll \\\

60} 60+

o©

—

-

5 a0k 30—

Q

«

£~

4)-(’ l [ L | 1 A
@ 010 30 85 ¢ 10 30 85

Fercent water soluble phosphorus content of fertilizer

1C0 pounds 2C0C pounds

[@f
0180, 180
(aml
~
w4
£ 150} 1501
[ 9
S

1201 1201
n
s
5
a 9oL
=
o4
a. 60}
(0]
—
O
o J0L
Fe)
(S}
o]
—:; { | -J 1 | 1
i 010 20 85 0 10 30 8%

Percent water soluble phosphorus content of fertilizers

Figure 5. Effect of water solubility of fertilizer phos-
phorus on the extractable phosphorus from
Memphls silt loam



43.

increased. As might be expected, the relationship between
phosphorus extracted and solubility of phosphorus in the dif-
ferent fertilizers was not the same for Memphis and Clarion
solls,

Miemi: Miemi silt loam is classified as a gray brown
Podzolie soil, developed from glacial till in central Michigan.
This surface soil contained 8.8 parcent clay and was low in
orgenic matter content. 1Its gvallable phosphorus content was
found to be 20 parts per million.

Data in Table 5 and Figure 6 indicate that when 100, 200
and 400 pounds PgOg per acre of the three fertilizers were
mixed with Miemi soil, the influence of phosphate water solu-
bility was almost nil, especially after two weeks incubation.
However, with the highest phosphorus application, more phos-
phorus was extracted from soil which received the most soluble
phosphate, when the early and late sampling periods were con-
eldered. As a rule more phosphorus was removed as time of
incubation of fertilizer and soil increased, although again
there were exceptions to this relationship.

Oshtemo: Oshtemo sandy loam belongs to the gray brown
Podzollc group of soils. This wind blown sand from centrsal
Michigan has a very low clay and organic matter content but
the available phosphorus content was higher than that of any
other soil, being 32 parts per million,

From the data in Table 6 and Figure 7 there is some evil-

dence thzt extractable phosphorus increased as the solubility
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of applied phosphate rose. However, this was true only for
the lower fertilizer rates. The pattern of phosphorus removed
from soils which received the 400 and 800 pounds Pg0g rates

is rether disordered. However, one exception is that at the
earliest sampling date, the largest amount of phosphorus was
removed from soils treated with fertilizers of medium to high
water solubility. This trend indicates that phosphorus

moving out of the fertilizer particles was being fixed in
forms increasingly difficult to extract.,

Muck: ©Several trends in the availability of fertilizer
phosphorus from this organic soil are evident that are not
apparent for most of the mineral solils in this incubation
study. First, the quantity of extractable phosphorus in the
organlic soll 1is greater where the 400 and 800 pounds on5 per
acre rates were applied. Secondly, with all treatments except
the highest fertilizer rate, the amount of phosphorus extract-
able from muck after 14 days incubation was lower than that
removed from the seven day soil sampled. This condition
suggests some kind of fixation mechanism, which may be related
to the presence of iron compounds.

Phosphate water solubility, as a factor affecting evail-
ability of fertilizer phosphorus, appeers to have little in-
fluence at the lower rates of applied phosphate.

A comperison of the amount of available phosphorus from
these different soils treated with the three fertilizers indi-

cate that in some soils the rate of release of phosphorus was



48,

400 pounds 80C pounds
5489 __ 2 deys 48Q_
25 s e ] AAYE Sy
= — —=—=—14 days k. /
2404 tols B oo Lo
e \ o
= \
z2q 32d- /(\
2 N
o \ / N
£ v N
c24 Q. e4q
a
o
2, 16Q. 164~
)
l’—‘
= 8d. sd-
e}
(9]
@
b ] \ | | \ A o
é 10 S0 85 0 1C 30 85

Percent water soluble phosphorus content of fertilizer

100 pounds 200 pounds

40"
400#-\

@
O
al

o
(@)
I

4}
O
I
()]
N
=

40 2401~
60} 160} o
\\
~ e o 1 -
I e A R Clo o e

EXtI'&CtF;blE;_,P 1:}\,} partsg pt)I’Amill.éon

0 10" 30 85 0 10 30 85
Percent water soluble phosphorus content of fertilizers

Flgure 8. Effect of water solubility of fertilizer phos-
phorus on the extrsctable phosphorus from muck soil.



49.

maximum during the first two days after the epplication of
fertilizer after which the rate slowed down. After the first
two days, possibly the rate at which phosphorus 1is released
from the fertilizer is less than the rate at which the re-
leased phosphorus is fixed by the soil. Any further increase
in the available phosphorus content could take place only
after the phosphorus fixing capacity of the soil is satisfied.

The avallablility of phosphorus from H AL NP-30 was com-
parable to that from the fertilizer containing concentrated
superphosphate. In general the smount of phosphorus extracted
from the H A1 NP-10 was less than those from the fertilizer of
high phosphete water solubility.

The rate of release of phosphorus from fertillzer part-
icles of similar size depends on the vwater sclubility of the
fertilizer phosphorus, to a large extent. Tests show that
with the H A1l NP-30 and CSP-85, with almost &ll solils, the
complete release of phosphorus during the first Z4 hours,
after which the migration of phosphorus from the fertilizer
grahules slows down to & great extent.

The high alumina nitric phosphate with low water soluble
P phosphorus content 1is slower in releasing phosphorus. 1In
many soils studied, the meximum smount of available phosphorus
was found efter a weeks' incubation.

The extractability of phosphorus from soil fertilizer
mixture depends on the properties of the soil as well as those

of the fertilizer. The largest amcunts of phosphorus were
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removed from the Oshtemo sandy loam when the same rate and
type of fertilizer are compared. 'ith an increase in clay
content of soll, there was an increase in the amount of fixa-
tion of released phosphorus.

Another factcr which possibly influenced the fixation
of phosphorus was the organic matter of the soil. For Bearden
end Clarion soils, which had 4.07 and 5.94 percent organic
mgtter respectively, the chemicel avallability of phosphorus
was much less than with other solls of lower organic matter
content. Thils 1s 1in accordance with the findings of Truog
(39) and others that aluminum phosphate form irreversibly
fixed compounds with humus.

The varlation in extractebility of phosphorus elso de-
pends on the pH of soill, the guality and nature of iron and
aluminum compounds in soil, and several other factors. MNost
likely the interaction of 211 these factors control the ex-
tractabllity of phosphorus from these fertilizers.

Further incubation studles were held in the laboratory
with high alumina nitric phosghztcs with 30 percent of thelir
phosphorus soluble 1n water and the 12-12-12 fertilizer, 85
per cent phosphorus of which is soluble in water. The results
obtalned are given in Table 7.

The analysls of fertilizer particles showed that the
maXimum migration of phosphorus from the fertilizer granules
took place within the first 24 hours of the application of the

fertlllzer. After that comparatively very little migration



ol.

of phosphorus from the granules could be seen. with H Al
NP-30 in Metea sandy loem, 58 percent of 1ts water soluble
phosphorus was released during the first £4 hours whereas
during the next 28 days only 2.7 per cent more phosphorus was
released from the fertilizer. According to Lawton and
Vomocil (18), the high concentration of phosphorus surround-
ing the fertilizer perticle prevent further migration of
phosphorus from the granules.

It was observed thzt the amount of phosphorus released
depends on the water soluble phosphorus content of the ferti-
lizer. The migration of phosphorus increased with en increase
in the water solubility of the fertilizer phosphorus. The
neture of the soil also seemed to affect the dissolution of
phosphorus from fertilizer granule. With H A1 NP-30 in Metea
sandy loam, 58 percent water soluble phosphorus migrated at
the end of 24 hours, whereas with Srookston clay loam only
54 percent moved out during the same period of time.

After the phosphorus moves out of the fertilizer, the
distance to which it migrates in soll depends on time. The
analysis of soil taken from various distances from the place
where the fertilizer grenules viere placed indicates that
during the first 24 hours after the application of fertilizer,
the phosphorus is ccncentrated in a column of soil with 1its
diameter 3 millimeters surrounding the fertilizer. With the
high glumina nitric phosphate fertilizer in lletea sandy loam,

the mexliirum rate of diiffusion of phosphorus from the area of
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Table 7.

The migration of phosphorus from granules and its movement in
soll to various distances with time

Soll pH Fertlilizer Percent Time Ppm P in soll Percent
typesx fertilizer (days) at different water
P soluble distances soluble
in water from P source P re-
maining

0-3 3-5 5-8 4p
I mm DM grgnules

Metea 6.8 15-15-15
sandy (H Al NP-30) 30 1 602 110 53 42,0
loam 2 5628 193 64 41.6
7 5656 201 68 39.2
14 465 312 88 39.0
28 358 342 121 39.3
12-12=-12 85 1 530 121 44 31l.8
(csp-85) 2 468 182 35 30.2
7 411 221 58 31.6
14 386 229 136 29,3
28 312 323 116 29.8
Brookston 6.5 15-15-15 30 1 460 85 55 46.0
clay loam 2 580 115 50 46.1
T 621 181 63 45.2
14 382 270 109 43.8
28 298 305 121 43.0
12-12-12 85 1 470 165 50 36.2
2 455 185 65 36.5
7T 355 230 70 4.9
14 290 250 70 3543
28 282 262 77 33.0

*Initial avalleble phosphorus content of Metea and Brookston
801l1s was 12 and 16 ppm respectively.
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concentration took place during the first 14 days incubation.
Conslderable movement took place to a distence of 3-5 milli-
meters, and some to a disteance of 5-8 millineters. At the
end of 28 days there wvias en almost equal distribution of phos-
phorus et 0-3 and 3-5 millimeter distances, but only very
little movement took place to a distence of 5-8 millimeters.

iiith the 12-12-12 fertilizer also slmilar results werse
obtained. In Brcokston soll there was only slight movement
of phospnorus to a distsnce of 3-5 and 5-8 millimeters during
the first £4 hours with the 15-15-15 fertilizer. The move-
ment of rhosphcrus increessed with time up to a period of 14
days and then slowed down.

With the 12-12-12 fertilizer, hovdver,maximum diffusion
took place at the end of 7 days. After seven days there was

very little further diffuslion of phosghorus in the soils.

Greenhouse studies

The effect of high alumina nitric phosphates on the
growth of corn plants was evalueted in the greennocuse in terms
of dry mectter production, helghts of plants and phosphorus
uptake.

Dry weight

The dry welghts of corn plants grown in organic soll to
wnich éifferent amounts of lime and fertilizer were added are

presented in Tabls 8. These data were collected 8 weeks after

planting.
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A comparison of growtn response to the two high elumina
nitric phosphates applied in mixed and banded placement is
given in Figures 11 and 12.

In the eerly growth stages the phosphate water solubi-
lity of the fertilizer affected the size and helght of plants
consideratly. In genersl, growth of plants was directly rela-
ted to the solubllity of the fertilizer used, especially when
it was banded. However, corn grown in soils which received
H A1 NP-50, appeared to be as vigorous es that where ccncen-
trated superphosphete was used.

At harvest time, the dfference in height of plants as a
result of fertilizer treatment vwas less evident. Howsver,
there were marksd differences in dry matter production. A
cemparison of the data involving the two nigh aluiaina nitric
phosphates snows that with mlnor exceptions growth of corn
was petter where the material of hizh solubility was used.

If concentreted superphospnste is used as a standard of com-
parison, it is noted that the high alumina nitric phosphates
were somewhat less<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>