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INTRODUZTION

The consuners of fertilizers are concerned with the
nutrient supplying powver of a fertilizer material. The nutri-
ent supplying power of a fertilizer 1s determlned to a large
extent by 1ts conposition but 1s also dependent upon the
avallability of the nutrient elements to the crop grown under
field conditions. Thls avallabllity may be considered the
"efficlency" of the nutrlent source. Hence, in fertility
studies the problem of evaluatinz the relative efficiency of
fertilizer materials is an important one. Methods of improv-
ing the efficiency of the materials vhich supply the nutrients
necessary for the production of crops are continually being
proposed.

The application of new measuring technigues using radio-
active tracer elements to the problems of plant nutrition has
recently renewed interest in the problem of improving the
effliciency of fertillzer materials. The techniqﬁe of adding
materlal =2s a rsdioactive isotope provides a means of separat-
ing quantitatively the nutrients utillzed into two fractions;
the native or soil contained fraction and the fertilizer or
added material. On the basis of this separation, the amount
of nutrient materlal obtained from the fertilizer can be
readily determined.

Two methods of regulating the effilclency of a fertilizer

are granulatlion and placement.
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Theoretically, the efficlency of a material like super-
phosphate should be affected by granulation if it 1s assumed
that only dlissolved nutrients are utilized by the plants,
H11l (11) has shown that granulation reduces the dissolution
rate of superphosphate in water. The reductlon of the digso=-
lutlon rate should cause an increase in uptake if the rate of
dissolution is macde to more nearly correspond with the rate of
phosphorus uptake by the plants. The closer correspondence of
the two rates would result in lowered phosphorus concentration
in the so0ill solution at any one time, and this in turn would
decrease the fixation of phosphorus by the soill. Hence, 1t
would appear desirable to decrease the dissolution rate of
the soluble materials and, as previously stated, this can be
acconpllshed by granulation.

Upon consideration of the effect of placement upon the
uptake of phospnorus from a given source, it is noted that by
concentrating the maoterial in a band, the material in the
center of the band may not come in contact with the soll and
thus escapes fixation. Also, the fertilizer may be prevented
from dissolution because of the nresence of a saturated so-
lution surroundinz it. These considerations become important
only vhen the movement of an lon in the gsolil 1s very slow, as
18 the case with phosphorus. Secondly, there 1s the possi-
bllity that wvith band placenent more of the phosphorus is
in the root zone when the plants are growing most rapidly.

Band placement is especlally effective when the plants are



younz and have small root systems. It has been shown by
many investigators that the advantage of localized place-
ment diminishes as the plants age, and may disappear by
the tlme the plants reach maturity.

Collings (5) points out thot it 1s generally accepted
that localized plncement may promote a heavier growth of
roots within the fertilizer zone, but this does not greatly
restrict the extension of the root system in all directions
outside the fertlilizer zone. On the other hand some worxers
have argued that band or locallzed placement may reduce the
uptake of water or nutrlents not contained in the zone of the
placement by the concentration of the roots near the fertili-
zer band.

A greenhouse e:xmerinent was designed to test the effect
of granulation and placenment by measuring the uptake of phos-
phorus by two lmportant liichizan crops, wheat and field beans.
Radiotracer technicues were employed as a more direct approach
to the problem with the hope that data of a different sort
which would be of some value in the solution of the problen

of fertilizer efficliency might be obtained.



REVIEY CF LITZRATURE

A. Granulation

Granulation is defined by Hardesty and Clark (10) as
the process by which a material 1s formed into small gralns
or masses. As applied to fertilizers, the term "granular!
1s commonly used to describe products which have mean par-
tlcle slzes greater than are custonarily associated with
such products and vhich contaln relatively small portions
of fine particles. Thus a fertilizer 1s classed as granu-
lar vhether the increase in mean size results from cement-
ing together of individual particles, or from mechanical
sevaration of smaller particles from the body of the
material.

The practice of granulation has been used for many
Years for improving the physlcal condltion of fertilizers.
Granulation reduces caking and dusting losses, and mekes 1t
easler to obtain a more uniform distribution in the field.
Large scale comnerclal production of granulated superphos-
phate has been carried on for about fifteen years in the
United States. t was greatly stimulated by the work of
Ross (17) and hie assoclates in the United States Department
of Agriculture about thirty years azo. Agronomic experiments
testing the effect of granulation on avallability of super-
phosphate in the United States started about 1530,



Sherman and Hardesty (20) have recently prepared a
review of experiments conducted with granulated sources of
phosphorus durinz the years 1231-1250. This work reviews
52 experiments concducted in 15 states, Canada and 7 European
countries. Thelr paper was in turn suanarizedby Starustkza(22).
The pertinent parts of the latter sumeryarereporitea here.

In the 47 e:periments in vhich granulated materisl was
compared with non-granulated under conditions of localized
treatments (band placements), about 50 percent of the exper-
iments showed no significant differences due to particle
slze. About 25 percent of the experiments showed an increase
in crop yield due to the use of large granules (10 mesh or
over) or briquets. llost of these experiments vere on pod-
zollc, lateritic, or low FPoOg soils. About 10 percent of the
experiments favored a medium sized granule (10-40 mesh). lMost
of these were on loamy soils. About 15 percent of the exper-
lments, most of which were on sandy loam soils or in pot
trials, indicated either a powder or very fine granules (40-
150 mesh) to be a superior source. ot all of the results wvere
statistically analyzed.

During the years covered by the summary, 22 experiments
were reported vhich s-udled the effect of particle size in
mixed placement. Of these, 65 percent reported no significant
differences in crop yleld due to particle size. The remain-
ing 35 percent favored s large particle size. All of these

were eilther in pot experlments or podzolic soils. Not all of



- the results were statistically anslyzed.

. Expé#imental work done 1in laryland in 1949 by Borland,
et al (2) 1s similar to the work reported here. In this
experiment halry vetch was grown on Evesboro sandy loam and
Cecll clay loam under greenhouse condltlons. According to
the econclueions from the Maryland experiment there was no
significant difference in yleld due to granulation. With
band placement, there were no significant differences in the
percent of plant phosphorus derived from the fertilizer, but
with the mixed placement, the percent of phosphorus derived
fron the fertilizer incresced with particle size from 69
percent for regular superphosphate to 92 percent for the gran-
ular material of 4-6 mesh.

Several experiments conducted in the VWestern states in
1950 using a range of particle slzes of calclum meta-phosphate
tagged with P52 have been reported. Fuller and licGeorge (8)
reported little difference in the uptarxe from celclium meta-
phosphate as influenced by particle slze. The only signifi-
cant difference at the 5 percent level in the percent phos-
rhorus derived from fertilizer was found in the third cutting
of alfglfs and wes in favor of -100 mesh over -10 mesh ma-
terial. Thils experiment was carrled out on a calcareous
Lavgen clay loam soil.

Schmehl, Olsen and Gardner (19), working on a Las Animas
clay soil in Colorado with sugar beets, showed that the ab-

sorption of phosphorus increased as the particle slze



decreased. However, differences were not statistically sig-

nificant at the 5 percent level for all dates of sampling.

B. Placement

Around 1220 widecspread interest developed in the possi-
bility of increasing the efficlency of fertilizer materials
by placement which resulted in the organization of the National
Joint Committee on Fertilizer Avplication. This committee has
been respongible for the leadershlp in experimentation on
placement and the compllation of experimental results. The
ultimate purpocse of these summaries 1is to enable the investi-
gators to make fertillzer application recommendations to the
farmers. The suggestlons made by this organlzation are based
on experiments conducted by investigators in virtually every
section of the United States durlng the twenty-four year pericd
between 1924 and 1943.

In November 1248, the Natlonal Joint Committee on Ferti-
lizer Application made the following recommendations for the
two crops involved in this experiment. For fileld beans, the
most effective placement is 1n a single band approximately
one inch to one side and one and one-half inches below seed
level. For wheat, it is recommended that the seed and ferti-
lizer be drilled simultaneously witih the grain drill. This
Places the fertilizer closge to and in portial dontact with
the seed. Id the trials on wheat, no side-band placement had
been investigated. These recommendations are for fertilizers

in general and for reoresentative soil and climate conditions.



The sbove recommendations imply that the net result
of these experiments was to favor band placement on these
crops.

In 1934 Cook (6) conducted an experiment comparing band
application of mixed fertilizers with drill application ahead
of planting. Fleld beans were grown on several important
Michlgan soils, including liaml loam. The yleld results in-
dlcated that band application was superior.

illar (14) and coworkers found that on Prootston clay
loam fertilizers placed one-half inch from the seed produced
a slgnificantly larger lincrease in yleld of cannery peas
than d1d the same fertilizers broadcast or placed 1n bancs
two inches from the seed. The fertllizers were 4-16-8 and
0-16-8 at 300 1lbs per acre, and 0-20-0 at 240 1lbs per acre.

Frazier (7) working in Maryland with lima beans reported
that band placement of 448 1lbs of 3-10-8 caused 21 percent more
Yield than a broadcast application of 800 lbs of 3-10-8. These
data were obtained in 1936 on a silt loam soll.

"hittaker (25) has stated, as a conclusion from a ferti-
lizer placement experiment, that the effect of band placement
appesrs to be proportional to the solubllity of the salt used.
The greater the solubility of the fertilizer source, the more
the efficlency is improved by band placement,

Not all of the comparisons of band versus mixed sppli-
cation have resulted in favor of band placement. The summary

by Starostka of the Sherman and Herdesty review included the



reports from the twenty-three experiments conducted in the
period 1931-1950 in which locallized and mixed placements
were compared. Of these twenty-three esperiments, about 50
percent reported no significant difference due to placement.
Almost 50 percent of the experiments showed that localized
placenent gave an increase in yleld over mixed placement. Not

all of the results were statistically analyzed.
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EXPERIMENTAL MATZRIALS AND INETHCDS

A. Boils

The two solls chosen for this experiment were Conover
loam and l’laml sandy clay loam collected from the R.L. Cook
Farm, Ingham County, liichigan by talking the top six inches
from several areas selected at random. Although these two
solls are very similar in many cheracteristics they differ
in thelir capacity to retain phosphates against dilute acid
extraction.

The Conover series is described by Veatch (24) as dark
colored loams ané silt loams underlaln by yellowish and
mottled gray massive gritty clay to depths of several feet.
Generally, these solls are non-acid or only slightly ecid and
are of high fertility. They are found on smooth plains and
swales intermedlate in drainage between liiaml and Brookston
types. The original vegetation was hardwood forests; large
individual tree growth, nainly of elm, hickory, ash, and bass~-
wood. he chief agricultural value of these soils 1s for the
production of hay, graln, beets, alfalfa, and pasture. The
larger bodies of these solls constitute first class egricul-
tural lands.

The Milami serles is described by Veatch as light brown-
ish loam and silt loam over brownlish compact and retentive
but granular gritty clay. The clay substratum extends to depths

of several feet. These soils are moist but not excessively
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wet. The surface 1s usually somewhst acid but the profile is
limy at shallow depths and, in general, these solls are consid-
ered of relatively high fertility. The land characters where
these solls are found are gently rolling unland clay plains,
assoclated swales of wet darker colored clay land, and laXes
and muck swamps. Locally, the slopes.are steep. The original
vegetation was dense forest of suzar maple and beech with
variable proportion of oaks and hickory. Agriculturally these
soils rank high and are used extensively for general farming
purposes.

Several physlical and chemlcal properites of the two solls
are tabulated in Table I.

B. BSuperphosphate

The two superphosnhates used 1n this experiment were
radioactive materials supplied by the Unites States Department
of Agriculture, Beltsville, llaryland. The specific activity
of each materizl was reported as 0.2 millicurles per gram of
P205. The plle date for each materlal was February 28, 1351.

The granulated superphosphate was 21.0 percent P50g by
analysis made at the United States Department of Agriculture,
Bureau of Plont Industry,Soilsjand Azricultural Engineering
laboratory whille an analysis performed in the Soil Scilence
laboratory by the author indicated the material to be 20.7
vercent P205. The material was reported by the Beltsville
laboratory to be 14-20 mesh.



TABLE I

S0E PHYSICAL AND CHEMICAL PROPERTIZES OF
7HE SOILS USED IN THIS EXPERIMENT

Miami

Property Conover

Mechanical analysis (hydrometer)

greater than 50 microns. 50.4% 50.9%

5 to 50 microns 29.2% 27.1%

2 to 5 microns 3.4% 4,4%

less than 2 microns 16.8% 17.6%
Organic matter content (C X 1.724) 3.229 3.05%
Cation exchange capaclty 11.70 me.e. 10,10 m.e.

per 100 gm per 100 gm

Avallaeble P level

Spurway, reserve method (21) 46 1b/A6in 25 1b/A8in

Bray, total availlable (4) 87 1b/A6in 93 1b/A6in
pH (by glass electrode) 6.28 5.74
Percent applied P not extractable

after incubation
Spurway, reserve method (21) 84.0 90,0
Bray, total avallable (4) 75.6 82,1




The non-granulated material was renorted to be 19.1
percent PoOg by the United States Departaent of Agriculture
laboratory whlle an analyslils of the material at East Lansing
indicated the Po05 content to be 18.4 percent. The particle
slze distribution of this material was determined with the

following results:

8-20 mesh 165
20-40 2173
40-100 465
100-200 1175
less than 200 %

C. Procedure

Greenhouse. In the greenhouse work, field beans and

wvheat were grown in three-gallon glazed clay pots having an
lnside diameter of 9.5 inches and a height of 10.75 inches.
The pots were placed at random on the greenhouse benches.
The treatments, replicated four times, were as follows:
1. Granulated superphosphate placed in bands one inch be-
low and one inch exterior to the ring of seeds.
2. Non-granulated superphosphate placed the sane way.
3. Granulated supervhosphate mixed with the top four inches
of soil.
4. DNon-granulated superphosphzcte mixed in the top four inches
of soil.
Each treatuent was at the rate of 1000 pounds per acre as
0-20-0 and was repeated for each of the two soilsg, Conover and

Miamil, and each of two erops, Michelite Beans and Henry variety

of spring vheat.
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fufficient supplementary nutrients were applied to each
pot to simulate per acre applications as follows:
1. 200 lbs of N as NaNO3z
2. 500 1bs of K50 as KC1
3. 5 1lbs of borax as HzBOz
4. 20 1bs of CuSQ4
5. 5 1bs of ZnS0y4
6. 20 1bs of lnS0y
These applications, as well as those of superphosphate, were
made on an areal basis - the calculated value of 1.13 x 1079
acre per pot. The supplenentary nutrients were added in dry
form and mixed with the top four inches of soll 1n each pot.
Molsture content was adjusted regularly by bringing the
welght of the pot, soll, and moisture up to field capacity.
Depregsions for the planting of the seed and the bsnu appli-
catlon of sunerphosphate were nade by pressing the rim of a clay
pot into the moist soll. The ring for the seed was five and
one-half inches in diameter and three-quarters of an inch deep.
That for the fertilizer was seven and one-half inches in diam-
eter and one eand three-quarter inches deepn. Care was taken to
use only a minimun of vressure to avold comnaction of the
adJacent soil.
The seeds were planted on April 11, 1951 and the vheat
and beans were thinned to six plants per pot on April 20 and
23 respectively. The above ground plant materlal froa this

thinning was retained for analyses for total phosphorus content
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and radioactive phosphorus. 8Soll samnles were collected
from the "mixed placement" pots on April 23.

Harvests were made on May 17, May 29 and June 21 and soil
samples were collected from the "mixed placement" pots on
approximately the same dates. In each harvest, excent the
last, one plant was harvested from each pot. In order to have
sufficlent dry matter for radloactive countingz it was neces-
sary to composite the material from the four replicates of
each treatment. In the laet harvest, the four plants remain-
ing in each pot were harvested for yleld data and for chen-
ical analyses. Analyses were made for total and for radio-

active phosphorus as with the previous sampnles.

Laboratory - plant phosphorus. For the determination

of phosphorus in the plants vhich was takeh up from the ferti-
lizer, one gram samples of material were ashed in the muffle
furnace which was maintained at 500°C for twelve hours. The
ash was dissolved in one and one-half to two milliliters of
2 normal HCl, transferred to a three milliliter volumetric
flask and made made up to volume with distilled water. In-
soluble silica was retained with the sampnle. A large eye
droprer was used to facillitate the washing and transferring
of material.

Aliquots were prepared for counting by transferring one
milliliter (33 1/3 percent sample) of the shaken suspension
to a weighed aluminum disk nine centimeters 1in dlameter. A

drop of deliquescent salt solution (20 percent CaCly) was
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added to each disk and allowved to dry in open air. The
CaCl, was added to pre&ent dusting of the sample. In order
to facllitate calculating the area of residue, a thin coat-
ing of stop-cock grease was placed around the border of the
disk to keep the liquid in a more clrcular pattern.

"men the disks were dry, radiation was measured with g
Tracerlab Auto Scaler - lari II using a Tracerlab tube
TGC-2/1B84 with a mica window; absorption thickness of 1.9
mg/cmz. To assure uniform geometry for different samples,
two concentric depresslons were turned into a lucite block.
The deeper one vas made to fit the aluminum disk contalning
the samdle vhereas the second was cut to fit the tube shield.
With thls arrangement the tube could be centered over the
sample with a distance of about three millimeters between the
sample and the mica window. Thls procedure was sultable for
counting of plant ash samples up to about eight half lives
with reasonable precision. At least five serles of 256 counts
each were made for each sample. Correction for mass abegorp-
tion was made on each average count. The counts from a given
sample were compared to those from a known standard for the
calculation of concentration. The standard was counted at
the beginning and end of each period of counting which was
usually about four hours. The counts wvere made following the
directions outlined in the Auto Scaler Manual (9).

For the radiation measurements on materials collected on
the fourth sample, it was found that the precision of count-

ing could be improved by use of a different procedure. Trials
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revealed that by conpressing the ground air-dry plant mater-
1al into small pellets, larger samples could be effectively
concentrated into the deflned counting volume and thereby
increase the counts per minute which could be obtained fron
a given sample. This method also proved much simpler, more
ranid, and more accurate by reducing the nunber of steps in
the procedure.

The procedure used was an adaptation of the method devel-
oped by Dion and described by liacKenzie (12). However, with
the use of the Gleger-ilueller tube with a very thin mica win-
dow (T3C-2), it was found that sufficient area to get a satis-
factory counting rate could be exposed to the tube by press-
ing the material into a pellet instead of hollow cylinder (as
developed by Dion). The dlameter of this pellet was made
equal to that of the mica window.

The pellets were presgsed in a speclally designed and
constructed form using a Carver press. Several pressure and
time combinations were tried and the coublnation of 12,000 1lbs
per square inch for one minute (least rigorous tried) was
found to be as effective as any tested.

The pellets were one inch in diameter and five-sixteenths
of an inch thick, containing six grams of alr-dry plant mater-
lal. The weight and thickness of the pellet is not critical
if the absorption thickness 1s sufficient to completely absorb
the beta radistion emitted by atoms furthest from the tube.

Standards for this analysis were prepared by nmixing an aliquot
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of standard P°2 golutlon vith a portion of check material.

The counting was carried out in the manner described above.

Laboratory procedure for total phosphorus. The portions

of samples remalning after the aliquot for counting was re-
moved (2 milliliters) were filtered to remove the solid silicon
dloxide and dlluted for the determination of total phosphorus.
A number of aliquots were dehydrated to remove soluble silieca
and 1t was found that this procedure has no effect on the
accuracy of the determination. Thls is 1n agreement witih the
findings of Truog and leyer (23) even though a different re-
ducing agent was employed for the Denlges' blue reaction.

The total phosphate wes determined colorimetrically by
the Deniges! blue reactlon. The procedure followed was as
outlined by Bray (4) using the Fiske-Subbarow reduclng agent
vhich 1s a mixture of sodium sulfite, sodium bilsulfite, and
amino-naphthol-gsulfonic acid. The color was allowed to develop
for fifteen minutes and then its intensity was measured with an
. Evelyn Colorimeter using a 620 millimicron filter. Standards
for comparison were prepared from mono-potassium phosphate.

Laboratory methods for soil characterization. The most

important soll characteristics in this experiment were the
avallable phosphate levels at the different sampling dates
and the phosphate fixing capaclties. The avallable phosphate
levels were determined by two rapid test methods. These two
differed only in the method of extraction used.

One procedure was that of Spurway for the "reserve" soil



phosphorus 1n which phosphorus 1ls extracted with 0,135
normal HCl. Two gram samples of soil were sheken with eight
milliliters of the ektracting solutlion for one minute, filtered
and diluted 5:1. Extracted phosphorus was measured colorimet-
rically with the Evelyn Colorimeter. |

The second method of extraction used was that of Bray (4)
for removal of "total available" soil phosphorus. Two gram
samnles of soll were shzken with twenty milliliters of a so-
lution of 0.1 normel with respect to HCl and 0.03 normal in
NH4F,filtered,and diluted 12.5:1 for colorimetric determination.

The phosphate fixlng capaclties of the two solls were
measured by adding several different increments of phosphate
as mono-potassium phosphate to soll samples in tumblers in the
laboratory and incubating for several weeks, then extracting
with the methods described above. The phosphate was added in
amounts calculated to simulate application of 60, 120, 300,
600 and 1200 1bs per acre of phosphorus in duplicate for each
80il. The cultures were incubated for six weeks under labor-
atory conditions. During this perlod, the soil was molstened
to 35 percent water and allowed to dry to 7 percent three times,

The mechanical analysis of each soll was made using the
hydrometer method as described by Bouyoucos (3).

Organic matter content was determined using the carbon
train method with ascarite (sodiuvm hydroxide asbestos) as the
COo absorbent.

The cation exchange capaclty was measured according to



the method of Peech (16). Normal neutral ammoniun acetate

was used to saturate the complex with ammonium lons, which were
then replaced with 10 percent sodium chloride solution and de-
termined by the KJeldanl method.

801l reaction values were cdetermined with the glass
electrode and the Beckman pH meter, model H-2, using 1l:1 soil-
wvater suspensions. The soll-water mixtures were allowed to
gtand for fifteen minutes before readings were made.

All of the above mentloned soll properties were determined

on duplicate samnles with a third determination made vhen needed.

Laboratory method for superphosphate analysis. The super-

rhosphate used was analyzed for total phosphorus in its origi-
nal condition and after it had been in band placement in the
soll for the period of plant growth. The material recovered
from band placement was carefully removed from the soll with
tweezers and sorted under a hand lens to remove soll particles.
A reasonably pure sample of the resildue was obtained in this
manner. Phosphorus in this recovered material and in the ori-
ginal fertilizer was determined usinz the standard A.C.A.C.
method (volumetric option) (1) for fertilizer phosphorus.
Briefly, this method conslsts of digestion of the samples in
HNOS and HCl1l, filtration, dilution, and precipitation of phos-
pnorus as ammonium phospho-molybiate. The precipltate is
dissolved in standard NaOH and the excess NaOH titrated with
standard HCl using phenolphthalein as an indicator.



The particle size distributlion of the non-grenulated
superphosphate was determined by sheking at one-quarter speed
a 50 gram sample in an appropriate nest of sieves fitted to

the Cenco-lfelnzer sieve shoker (catalog number 18480) for

fifteen minutes. The residue on each sleve ves brushed into

a weilghing can and welighed.



RZSULTS AND DISZUSSION
A. Soll phosphorus
Original phocsphorus level. As shown 1n Table I, the

Conover soll contained 46 lbs of phosphorus extrectable with
0.135 normal HCl, vwhile the liaml soll contained 25 1lbs per
ecre six 1inches.

Spurway and Lawton (Z21) have reported the critical
level with this test to be gbout 40 1lbs per acre. Soll con-
talning less than this amount of acid extractable phosphorus
can be expected to respond to phosphate fertilization, wnile
those containing more usually do not. Using this hypothecis,
only small yield response of crops to phosphate on these soilé
would be expected with a greater plant response on the lMiami
than on the Conover soil. It was found in this e:iperiment
that there was more response on the liaml soll as shown by
the yleld data in Tables VII, VIII, IX and X.

Bray (4) has develorved a system for predicting the re-
sponse to fertilizers. According to this system, the soil
nutrients have a variable availabllity which depends on the
mobility of the nutrients in the soil and on the nature of
the plant. Those with little mobllity such as phosphorus, tend
to follow the Baule percentace yield relationship.

The soils used in this experiment were found to contain
87 1bs per acre six inches of total avallable phosphorus for

the Conover and 93 1bs for the Milami according to the method



of Bray. These values are both high according to Braj's
criteria and consequently very little i1f any response to
fertllization would be expected. From the yleld data 1t A
may be noted that there was no apnreciable increacse in yield.x

Fixatlion studles. 8Since the laboratory extraction pro-

cedures used to determine the levels of avallable phosphorus
in the so0lls have been found to have good correlation with
vileld and response measurements, these procedures could also
be used to measure the caracity of solls to fix phosphorus in
unavallable form.

A great many phosphate fixation studies have been carried
out by investigators, and from thelr rcoorts, it would apvear
that the process of phosphorus fixation is probably a combi-
nation of chemnical pfecipitation reactions, replacement re-
actions, and physical and chemical sorption. It seems, that if
fixation 1s effectively such a combinaticn, the caﬁacity of a
given 01l to "fix" phosphorus should be definite, and that 1t
should be possible to ;;turape each of the capaclties indivig-
ually and therefore possible to saturate the total capacity.

The large quantities of phosphorus (un to 2830 lbs Po0g per
acre) used in the fixation trials in this experiment vere used
in an attempt to saturate the capsciﬁies of the two solls used.

The criterion used to determine saturation was that the .
percentage of the applied phosphorus not extractable chould
decrease vhen the saturation level was attalned. Several appli-

catlon rates were used. The data for these trials sre given

in Tables II, III, IV, and V.



TABLE II

PHOSPHORUS FIXATION BY CONOVER SOIL AS MEASURED
BY THE SPURVAY RESERVE EXTRACTICN METHOD*

]

Phosphorus Extractable P Applied P Applied P not
applied - -1bs/acre/6" recovered recovered -
lbs/acre/6" -lbs/acre/6"
o 40
61 48 9 85.2
123 59 19 84.6
131 56 16 87.8
309 86 46 85.1
317 8l 41 87.1
626 165 115 8l.7
632 150 110 82.6
1228 271 231 87.6
1239 280 240 83.4
average 84,0

®All values expressed as elemental phosphorus (P).

TABLE III

PHOSPHORUS FIXATION BY CONOVER SOIL AS MEASURED
BY THE BRAY TOTAL AVAILABLE EXTRACTION METHOD*

—_— ]
Phosphorus Extractable P Applied P Applied P not
applied - -1bs/acre/6" recovered recovered -
lbg/acre/6" -lbs/acre/6"
0 88
61 103 15 73.8
123 120 32 74,0
131 118 30 7.1
309 163 75 75.7
o3 g 163 75 76.4
626 248 160 74.4
632 253 165 73.9
1228 368 280 78.4
1239 380 202 76.2
average 75.6

®All values expressed as elemental phosphorus (P).



TABLE IV

PHOSPHORUS FIXATION BY MIAMI SOIL AS MEASURED
BY THE SPURWAY RESERVE EXTRACTION METHOD¥

Phosphorus Extractable P Applied P Applied P not
applied - -lbs/acre/6" recovered recovered -
1bs/acre/6" -1lbs/acre/6"
0o 21
61 26 5 92.1
127 29 8 94.3
128 33 12 91.6
305 51 30 90,8
308 48 27 91.2
628 84 63 90.7
635 87 66 90.1
1230 177 156 88.%
1244 186 165 87.9
average 90,0

®*All values expressed as elemental phosphorus (P).

TABLE V

PHCSPHORUS FIXATION BY MIAMI SOIL AS MEASURED BY
THE BRAY TOTAL AVAILABLE EXTRACTION METHOD*

__ _ |
Phosphorus Extractable P Appllied P Appllied P not
applied - -lbs/acre/6" recovered recovered -
lbs/acre/6" -1bs/acre/6"

0 95

61 107 12 81l.7
127 117 22 83.2
128 122 27 79.5
305 150 55 82.1
308 145 50 84.3
628 200 105 83.8
635 208 113 82.4
1230 327 232 8l.2
1244 344 249 80.7
average 82.1

®*All values expressed as elemental phosphorus (P).



Inspection of the data in Tebles II, III, IV, and V
shows that the percentage of applied phosphorus not recov-
erable remained essentlally constant over the range investi-
gated. Varlations which did occur are probably within exper-
imental error. Thus, 1t can be assumed that eltker some
factor not considered gbove enters into the fixation capacity
of a soll, or the total phosphorus retention capacity was not
saturated even at the highest level of apnlication of some
seven and one-half tons of suverphosphate per acre six inches.

Effect of crop crowth on avallable phosphorus level. Soil

samples were collected at the different sampling dates and
analyzed for available phosphorus by both methods. Data from
these analyses show that the change in available phosphorus
during the growing period was small. The available phosphorus
levels for each condition on each date are given in Table VI.
It should be noted that in some cases a decrease did occur
and that in some cases the reductlion amounted to about 10 per-
cent in the "Spurway extractable", and often somewh=t more in
the "Bray total available". The fact that the amounts of ex-
tractable phosphorus is hicher for non-granulated treatment
than for granulated treatment probably 1s related to the dif-
ferences in dissolution rates of the two materials. This dif-
ference had virtually disapneared by the second sampling date
and consequently, an indication of the effective 1life of the
granules or the length of time during which particle size has

an effect on dissolution rate of the materlal is ziven.
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Crop growth during the 2§’§§15;from April 20rd to May 17th

could scarcely account for the large decreases in avallable
phosphorus noted in some cases. Hence, the difference must be
due to a chance of state; that 1s, from a soluble salt at the

first date to a reverted or "fixed" formia on the second date.

B. Yield

Yield measurenents were made on the materlal collected
on the fourth sampling date when the nlants were 71 days old.
At this time the fruit of both the beans and the wheat was
well deYeloped but not sufficiently ripe to allow thresﬁing.
For this reason, fruilt weights lnclude the entire fruiting
body in each case. The frulting bodies were sgenarated frbm
the folilage when the materlal was first harvested to avoid
shattering losses. Yleld measurements are reported as
follows:
- 1. Total weizht per plant.
o Number of fruits per plant.

Teight of frult per plant.

.

2
3
4. Welgnht of follage per plant,
The data are recorded 1n Tables VII, VIII, IX, and X.

The values given represent the average for sixteen plants from
four pots in each case.

The data reveal that the treatments had a greater effect
on the yields of plant material from lilamil than from Conover
8011 but, as was expected, in nelther case was the increase

very large.
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TABLE VII
YIZLD OF FIEZLD BEANS QN COIlIOVZR SOIL

wt./  frults/  fruit/  follae/

plant plant plant plant
Treatnent grams nuaber crams gramns
check 8.70 5.50 4.15 4,55
gran. band 8.64 5.75 4,03 4,61
gran. nixed 8.79 5.56 4,05 4,74
non-gran. band 8.40 5.13 3.83 4,57
non-gran. nixed 9.06 .50 4,05 5.01

no siznificant difference at 575 level

TA3LZ VIII
YIZLD OF FIZLD BZANS O lIANI SOIL

wvte/ frults/ frult/ foliage/
Treatment plant plant plant plant

orams nunber cramns Ssrams
check 8.14 5.50 4,51 3683
gran. band 8.39 6.94 5.46 383
gran. mixed Q.27 6.50 4,33 4,94

no significant difference at 5% level



TABLE IX
YIZLD CF SPRING WHZAT Ci CCNOVZIX SCIL

wt./ frults/ fruit/ foliaé:7

plant plant plant plant
Treatment grams hunber grams grams
check 5.58 3.50 2.58 3.00
gran. band 6 .36 3.69 2.74 3462
gran. mixed 6.01 3.86 2.74 3.27
non-gran. band 5.36 3.52 2.57 2.79
non-gran. mixed 6.4 3.87 3.01 323
no significant difference at 53 level

TA3BLE X
YIELD OF SPRING WHEAT ON KIAII SOIL

wte./ fruits/ fruit/ foliage/

plant plant plant plant
Treatment orams nunber gramns orans
check 4,39 3438 2.28 2.13
gran. band 6.30 4,31 2.80 3.50
gran. mixed 642 4,38 3.05 3,37
non-gran. band 5.80 4,02 3.00 2.80
non-gran. mixed 6.51 5.27 3.02 J.49

no significant difference at 5% level
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Statlistical analysis of the yield data failed to reveal
any significant differences between treatinents because of the
great variability within a single treatment. Certain trends
can be pointed out in the yleld data. It 1s noted that the
values clted are usually higher for mixed placement than for
band placement. This is true excent in the case of spring
wheat on Mlaml soll. In the comparison of granulated and
non-granulated material, the yleld differences are inconsis-
tent, consequently very little can be deduced from the data.
From a suninary of all yield compnarisons it would appear that
the non-granulated material may have been sligzhtly superior
on both solls for both crops.

Attempts vere made to measure the early effects of the
treatments by making height measurements of the plants at
the ages of thirty-six and forty-eight days. Again the
great variation between individuals became a problem but by
discarding the individuals with extreme deviations from the
mean in each pot, average heights were obtalned which could
be considered reliable indicators. These averages are gilven
in Table XI, and it is noted that the differences due to
treatment were small. They were of about the same order of
magnitude as the differences in final ylelds.

During the growlnz season some general observations were
recorded. There were no marked differences in the vigor of
the plants, nor in the rate of growth. Blossoms appeared on

811 plants at about the same time. lost wheat plants were
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TABLE XI

{ENT ON THE HIIGHT

OF PLANT

Average helight

Age - 36 days

per plant - lnches

Age - 48 days

Treatment (average of 18 (averaze of 14
plants) plants)
Conover Loam
Wheat
check 14.1% YA
gran. band 14.7 26
gran. mixed 14.9 26
non-gran. band 14.9 25
non-gran. mixed 14.8 26
Beans
checx TJTH 25%®
gran. band 9.7 22
gran. mixed 9.7 23
non-gran. band 943 22
non-gran., mixed 8.7 24
Mlani Sandy Clay Loam
Wheat
check 14.1 25%#
gran. band 14.5 24
gran. mixed 14.5 25
non-gran. band 15.2 e
non-gran. mixed 14.6 26
Beans
check 6.8 20%w
gran. band 8.5 24
gran. mixed 77 22
non-gran. band 9.3 22
7.8 22

non-gran. mixed

* average of 10 plants
** gveraze of 8 plants
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Jointing at or about the ege of 36 days, and the beans had
an avera~-e of seven leaves per plant regardless of treatment.
At the age of forty days, heads were apwnearing on the wheat
plants, but the order of appearance of heads wvas apparently
not related to treatnent. Blossons appeared on nany of the
bean plants at the age of forty days but again the apnearance

of blossoms seeningly wes unrelated to trestment.

C. Phosplhiorus content of »nlant materizl

Total phosvhorus content. The values for total phos-

phorus content appear in Table XII for wheat and in Table XIII
for beans. In spite of the high phosphorus level on which the
test crops were ~rown, the total phosphorus contents were not
much higher in the mature nlants thian those reported as aver-
age values for these crops by Morrison (15). These data were
analyzed statistically by the analysis of varlance method and
it was found there was no significant difference at the five
percent level altiough certaln trends are 1ndicated. For the
last sampling date, as in the total yleld data, mixed ol~ocenent
resulted in slightly higher phosphorus content than band place-
ment for both crons and both solls. There annears to be no
consistent effect of granulation in the last date of sampling.
In the data for the third sampling date, band placenent
avpears superior for the wheat on both solls. However, the
beans grown with mixed nlacenent are slightly hizher in phos-
phorus content. Granulated phosphorus resulted in a higher

total phOSphorﬁs content in the wvheat growvn on Conover soil,



TABLZ XII
CCNCEITRATION OF PHCSPHORUS IN DRY WHIAT LATZRIAL

Soil Conover | lani
Fertilirer Gran. Non-gran. Gran. Non-gran.
Placenent band mix  band mix banéd mix  band mix
milligrans per gram # millicrans per gram ¥
April 23 5.40 7.56 4,74 6.45 6.15 4.5 5.25 3.92
ay 17 3.60 3.90 4,35 4.35 4,07 3.90 3.68 4,05
Hey 29 3.856 2.,70 2.70 2.48 3.00 2,17 3.37 2.85
June 21 2.22 3.34 3.88 3.33 3.43 2,61 2.84 3,12

* to convert to percent phosphorus, divide by 10

no significant difference at 5 percent level by anslysis
of varlance

TABLE XIII
COINCELITRATICON OF FHCSFPFORUS IN DRY ERAN IIATERIAL

Soll Conover iaml
Fertilizer Gran. Non-gran. Gran. Yon-gran.
Placement band mix  band mix band mix band mix
millicrans per gran ¥ millisrams ner oram ¥
April 23 | 5,02 4,71 5.8l 5.37 7.38 5.22 5.28 5,94
May 17 2.24 2.25 3.60 2,29 2.70 2.48 4,57 2.957
May 29 2.40 2,70 2,50 2.72 2.43 2,40 2.48 2.62
June 21 3,883 3,98 3.90 4.06 3.85 4,12 3.82 3.85

* to convert to percent phosphorus, divide by 10

no significant difference at 5 percent level by analysis
of varilance



vhile non-granulated superphosphate resulted in a higher
phosphorus content in the wheat growvn on Iliami soil. The
effect of granulation was inconszistent for the bean rlants
of the third sampling date.

An inspection of the dats in Table XII, for the second
sampling date, reveals that for vheat grown on Conover soil
the non-granulated superphosvhate gave a somevhat higher phos-
phorus content, while for wheat grown on liaml the granulated
fertilizer gave cslightly higher values. The effect of place-
ment was inconsicstent.

According to the data in Table XIII for the second
sameling date, phosphorus content of beans, at the age of
thirty-six days, was appreciably higher in those grown with /
band placenent on both soils. It also arpears that the uptale
of phogphorus from non-granulated superphosnhate was greater
vhere the band placement was used.

On the first sampling date, mixed placement resulted in
Ligher phosphorus content for the wheat growvn on Conover,
lower phosphorus for the wheat grown on lilemi, and lower phos-
phorus content for the beans grown on elther soil. The effect k
of granulgfion was somevhat 1nconsistent on the first sampling
date, as shown in Table XII, bdt granulated materlsl increased
the uptake of phosphorus by wheat, reduced uptake by beans on
Conover soil and increased the uptake by beans on }Mlami soil.

For all combinations of soll, cron, and treatment the

total phocphorus content was high in the young plants, de-

creased to a minimum at the third sampling, and then increased
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again but never attained the hizh level found in the young
plants.

Phosphorus from fertilirer. The content of fertilizer

phosphorus in the plants was determlned as described in the
vrocedure by measuring the radiztion due to the radiolsotope
content. The values obtained by this measurenent are given
in Table XIV for vheat, and in Table XV for beans. It may be
seen from the tebles and also from Filzures 1 to 4 that the
content of fertilizer phosphorus in the tissue was low at
the first sampling, increaseé to a maxlmum by the time of the
second sampling, and then gracdually and almost linearly
diminished. This trend was true regardless of the soil, crop
or treatment and 1s entirely as would be exrected. The first
sampling was made vhen the plants were only eleven days old.
At this time, probably an apprecisble portion of the phog-
phorus in the tiscue came from the reserve in the seed from
which the plants grew. #As the plants grew older, more of
their phoscphorus came fron the fertllizer untll such time as
the root system extended beyond the zone of influence of the
fertilizer phospnorus. Thils condition should be expected to
occur earlier with the band than with the mlxed placenent,
but this difference ¢1ld not show up in this exveriment.
Probably sampilngs were not made with sufficlent frequency
to find such a relationship.

It will be noted thet the increase in fertilizer phos-

phorus from the first to the second sampling was always greater
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TABLE VI

CONJZENTRATICN OF FERTILIZER PHOSPIORUS Il DRY IZSAT !ATERIAL
5053 Conover - Miaml
Fertilizer Gran. Non-gran. Cran. Mon-zran.
Placement band mix band mix band mix  band mix

millizsrams per cram % millicrams ver granm %
April 23 1.21 1.87 0,73 1.96 1.853 1.15 1.33 0.95
Hay 17 3.,26 3.01 4,34 3.20 4,03 3.24 3.53 2,99
May 29 2.86 1.84 2.51 2,29 2.8 1.78 3.10 2.03
June 21 1.92 1.70 2.22 1.62 2.24 1.36 1l.81 1.40
* to convert to percent, divide by 10

CONCENTRATICH OF FZARTILIZZR FHOSPIORUS

TAEBLE XVII

W IRY BZAXN IATZRTAL

Soll Conover Miaml
Fertilizer Gran. Non-gran. Gran. Non-gran.
Placement band mix band mix band mix band mix
milligrams per gram ¥ millicrams per gram %
April 23 0.78 0,70 1.06 0.60 0.93 0.51 1.29 0.48
Hay 17 2,83 1.85 3.10 1.21 2,76 1.28 2.81 1.5°
May 29 2.52 1.73 £.15 1l.87 2.26 1l.57 2.25 1.61
June 21 1.63 1.38 1.45 1.56 1.61 1.55 1.01 1.24

* to convert to percent, divide by 10
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for the band placenent than for the mixed placement. This
wvas especlally triie in the case of wheat. This fact suggests
that a fully effective root system had not developed to in-
clude the fertilizer band (one inch below and one inch to the
slde) within tvelve days.

The concentration of fertilizer phosphorus was Zenerally
somevhat higher in the mature vhest than in the mature beans,
slthough this trend 414 not follow for total phosphorus.

This was »robably due to the difference in the root systems

of the two drops. The beans foraged more effectively in the
soll below the fertilizer level (fertilizer phosphorus never
epplied to depth greater than four inches). lHowever, the
decreascse in radioactive phosphorus content in both crops after
the second date, regardless of placement, would indicate that
both crons undoubtedly derived consicderable phosphorus out-
side of the zone of fertilizer influence.

The effect of placement on the concentration of ferti-
lizer phosphorus in the plants may be noted from Tebles XIV
and XV. It 1s readily seen that the band placement was
superior in 21l excent the first sampling date in the case
of wheat zrown on Conover soil. Here, for some reason, mixed
Placement produced greazter plant absorption of phosphorus.

The effect of placenent dild, however, show some variation with
time, being greatest at the second samoling. Thils tendency is
graphically 1llustrated in Figures 1 to 4.

Figures 1 to 4 also 1illustrate the effect of granulation



on the concentration of fertilizer phosphorus in the plant
material. The effect of granulation i1s inconsistent and
although no analycis of varliance was made of these data, there
probably was no significant difference due to granulation.
From the conclusions made in the sectlon on soll phosphorus
studlesg, such a result would be expected and certainly no
differences due to granulation would be evident after the

first saapling date.

Fraction on plant phosphorus derlived from fertilizer.

Among the experliments 1n recent years usinzg radloactive phos-
phorus for evaluating a fertilizer source or practice, the
most comnonly used basis has been the percent of total plagnt
phosphorus derived froin the fertilizer. This criterion is
also included in this experinent although it is bellieved that
the basis discussed in the last section (page Z6) 1s_more
suitable for measuriny the efficliency of the treatments, sen-
arately and in comblnation.

The percent plant phosphorus derived from the superphos- .

—_—

phate 1s civen in Table XVI for wheat and in Table XVII for
beans. The values presented were calculated froan the dats in
Tablesgs XII, XIII, XIV and XV. These data are graphically de-
pleted in Fizures 5 to 8.

The data indicate that band placement resulted in g larger
percentage of fertilizer phosphorus in the plant in all cases
excent at the first sampling of wheat. Here the mixed place-
ment produced the hizher efficiency. It is interesting to note

that in the first sampling the percentage fertilizer phosphorus



PERCZNT

PHOSPHCRUS Il "THIAT

TABLE XVI

ERIVEID FRO:I FERTILIZZIR

Soll Conover iami
Fertilizer Gran. Xon-gran. Gran. Non-gran.
Placenent band mix band mix band mix band mix
April 23 22,7 24,7 15.% 30.4 24,9 26.4 256.4 26.1
May 17 80.6 77.2 92.6 73.7 98.8 83.4 96.1 73.9
lay 29 80.6 63.3 96.7 84.0 83.4 82,1 ¢S2.1 73.1
June 21 64,2 51.0 57.2 48.0 65.4 52.2 61.8 45.0
TABLE XVII
PERJENT PUOSPYORUS IN BEANS DZRIVED FROM FERTILIZER
S

Soil Conover {lami

Fertilizer Gran. Non-gran. Gran., INon-gran.

Placenent band mix band mnix band mix band mix

April 23 15.5 14.8 18.3 11.2 12.8 9.8 24.4 8.1

May 17 96,4 82.3 86,2 83.4 100 51l.7 6l.5 66.6

Hay 29 100 62.3 86,1 69,3 91.2 65.5 90.9 61.4

June 21 43,4 34.6 37.2 38.6 42,0 32.8 26.6 32.2
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in the total phosphorus of the vheat was lower for band place-
ment than for mixed placement on both solls, wvhile the total
plant phosphorus concentration was lower for band placement for
wheat only on the Conover soll. This situation probably results
froa the difference in the orlzinal available phosphorus levels
of the two solls.

It may be noted from Table XVI that on the second sampnling
date (plant age - 33 days) over 90 percent of the total phos-
phorus in vheat was from the fertilizer when placed in bands.
“"hen the fertilizer was mixed vith the top four inches of soil,
about 75 percent of the phosphorus in wheat came from the su-
perpnosphate.

Beans, on the average, were not quite as effective in
the utilization of fertilizer phosphorus and in three lnstances
the peak utilizatlion anpeared on the third sampling date in-
stead of the second. The average top utilization percentage
for beans was 87 percent on Conover soil, and 81 percent on
the Miami. These peaks are appreclably lower than those for
wheat and 1t appears that the greatest utilization for both
crops 1s somewhat hlzher on Conover than on lilaml soll, This
difference 1s undoubtedly due to the fact that Illamnl soll has
about 10 percent higher "fixing" capacity than the Conover
soil.

As seen from Tables XVI and XVII and Figures 5, 6, 7 and 8,
the effect of granulation on the percentage of plant phosphorus

derived from the fertllizer was inconsistent, but in general
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granulated material produced slichtly hizher results on the

final sampling date.

D. Cbservations of fertilizer - root relationship

Concentration of roots in bands. The use of rather heavy

application in band placement made 1t possible to inspect the
band after the plants were harvested. It was noted that there
was a very heavy concentration of roots growing within the band
of fertilizer material. Good distribution of roots outside the
band was also noted. It was 1lmpossible to ascertain when the
heavy concentratlion of roots in the bands develoned, but since
the soll phosphorus levels indicated an early dissolution and
fixatlon of the fertilizer phosphorus, 1t would seem probable
that this concentration of roots did not develon until after
a majJor portion of the fertilizer phosphorus had dissolved and
was "fixed". It 1is extremely difficult to decicde vhether the
effect was due to chemobtronism or simnly to the fact that the
roots were following the path of least physical resistance.
The fertllizer band wrobably provided the path of least
physical resistance for two reasons. Flrst, althouch extrene
care was taken to avold conpression of the soll, sone probably
d1d occur vhen the depressions were formed for the fertilizer.
Secondly, the dissolving of phoaphate material might leave
pores for root elongation and enlargement. Also, in the case
of the granulated mzterial, the averaze size of the particles
was much larger than the averaze slze of the soll particles
and as such would cause the band to provide a more porous

medlum for growth than would the surrounding soill. It was
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observed that the concentration of roots in the bands of
granulated material was greater than in the bands of non-
granulated naterial.

Photomraphs were taklen of the roots in the fertllizer
bands and are included here as Figures 9@ and 10. 1In Flzure O
there 1s eviience of heavy eccunmulation of bean roots in a band
of superpnhosphate. It may be noted that the soil 1s massive
in structure. The slze of some of the bean roots found in
the fertilizer band can be seen in Flgure 10. The two large
roots shown perpehdicular to the stem were in the band of
fertilizer. The presence of fertllizer granules cllinging to
branches of the main roots can also be noted.

Contact of roots and fertilizer narticles. licrophoto-

granhs were nade of plant roots vhicn were recovered from the
bands in an attemnt to show more clearly the close contact of
the fertilizer particles with the plant roots. These photo-
graphs are pregsented as Fizures 11-19.

Fizure 11 shows a bean root in very intimate contact wlth
several cranules of granulated superphosnhate. Some rootlets
are shown growing into and throuzh the sunerphosnhate granules.
“hether thls nenetratlon occurred before or after the dissolu-
tion of the major portion of the easily soluble phosphate salt

cannot be accertained. The large zranule in the center of the

vhoto aprnarently caused a bendinz of the root branch going
tovard the uprer richt hand corner of the photo. Ifultiple fine
rootlets are shown going into or around each of the granules.

It 1e interesting to note that soll particles are not clinging
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Fig. 9

Accumulation
of roots of
bean plant in
band of granu-
lated super-
phosphate.
(Miami soil)

Fig. 10 Large bean roots growing in band of
8 granulated superphosphate. (Conover soil)



Fig. 11 Veathered granules in intimate contact
with root of bean plant.

Fig. 12 Particles of non-granulated superphosphate
adhering to wheat rootlets.



Fig. 13 Contact between bean root and granule of
superphosphate. Note enlargement of root
at contact.

Fig. 14 Root passing through eroded-out cavity of
granule.
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Filg. 15 Granule vhich had not been in soil.

Fig. 16 Cluster of several granules. Note erosion
of large granule on right.
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Fig. 17 Granule removed from band. Note effect
of dissolution.

Fig. 18 Granule removed from band. Note effect
of dissolution.



Fig. 19 Two granules removed from band. Note
difference. A small root is seen in
cavity of granule on left.
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to the root in a similar manner.

In Fizure 12 a wvhest root 1is shown removed from a band
of non-granulated superphosphate. The ropulation of rootlets
found on the roots recovered from the band vas extremely
dense. Practlczlly every rootlet present hag attached to it
one or seversgl particles of superphosphate. The two large
particles shown (upper left and lower center) were macroscop-
ically identified as soill particles ratlhier than superphosphsate.
Study of the plcture indicates that some of the roots are vis-
ible in outline in the interlor of the particle.

A large granule Just slizhtly below the focus of the
camera 1ls evident in Ficure 1Z. The large root chowmn extend-
ing from the lover richt hand corner is in contact with it
and possibly groving into it. The root aprears to be enlarged
at the point of contact. The smaller granule at the center of
the picture 1s atteched through fine rootlets to both of the
large roots shown.

Fizure 14 shows a large root passing through an eroded
cavity in a single granule. Both the vhite masses on opposite
81des of the root are of the same fertilizer granule and are
connected under the root. It 1s also possible to see fine
rootlets growvin: into the cavity in the portlon of the granule
shown above the root.

The manner in vhich fertilizer particles eroded in the
soll is presented in Figures 15, 16, 17, 16 and 13. In Fizure

15 a granule 1is shown which had not been in the soll and is in
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1ts original condition. The surfaces are not entirely smooth
and regular, but a few small depressions and partition planes
are visible. Filgures 16, 17, 18 and 19 1llustreate granules
recovered from the soll. The particles shorn in thece figures
11lustrate ceveral types of dissolution but it 1s apnarent in
each case th=t the dissolution was not linited to the external
surface of the varticle. As shovn by the chenical anslysis
data, about two-thirds of the phosphate had dlssolved from these
particles, hence the residue was probably essentially gypsun.

Filzure 16 shows a cluster of ceveral large particles and
a number of small ones about a plant root. Some soll particles
are also present which nay be dlstingulshed by their derker
color. The large granule at the right shows appreciable inter-
nal dissolution.

Changes 1n phosgnhorus content of superphos»hate. Dupli-

cate samples of the materials recovered from the soil were
analyzed for total phosphorus to determine the effect of incu-
bation in the soil on the analysis of the materlals. These
sanples were comnosites of material collected from both solls.
The pote from which they were collected had grown both crogs.
The values are reported in Table XVIII along with the original

phosphorus contents,
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TABLE VIII

EFFECT OF ONZ SEASON IN SCIL O THZ
P205 CCUTEIT COF SUPZRPHCIPEATZI
— — ———— = —
Material percent PoOs
before after difference
Granulated super 20.7 6.1 14.6
Non-granulated suner 1¢.4 5.2 13.2

The totzl phosphorus content changed about the same amount
in both states of agsrecation. Avallable phosphorus content of
the extracted samnles vacs not determined. The total phosphorus
data indicate that granulation had no apnreclable effect on
- the phosphorus remalninz after one perlod of plant growth.

This 1s the same conclusion made by Sayre and Clariz (1R8)
who made a test of this sort in 1937. However, these investi-
gators found there was very little change in the avallable
vhosphorus level of the material even after one year. The soil
used was Ontario lcam withr a pH of 6.9. No plants vere grown
on the flelds vhere the trizls were made an¢ the precinitation

duringz the period of the experiment was not reported.
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SUILIARY

A greenhouse experiment was conducted to test the effect -
of granulation and placement on the efficlency of uptake of
phosphorus from superrhosphate. Conover loan and liaml sandy -
clay loam solls vere uced and field beans and spring wheat
were grovn as 1ndlcator crops.

Both solls were relotively high in availlable phosphorus \
before the fertllizer applications were made. Phosphate fix-
ation studies showed that the tvo solls differed appreciably ”
in their ability to fix phosphates. The "fixation" by liiami
soil was anpreciadly greatef than by the Conover soil.

The growth of the crops was found to have very little
effect on the availablé phosphorus levels of the soils. The
only general trend noted wvas the reduction in the avallable
pnosphorus level between the first and second sampling dates.
This fact indicates the completion of the discolution of the
fertilizer phosphorus and its conversion to a non-extractable
fornm.

Yield and plant heignt data falled to reveal any statis-
tically significant difference due to placement or granulation.
However, 1t was observed that mixed placement gave slizhtly
kicher yields 1n more cases than band placement. The differ-
ence was very small. In the comparlson of granulated and non-

granulated material, the difference was varlable and very
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1ittle can be deduced from the data.
Differences due to placement did show up by measurinz
the radioactive plosphorus content of the plant tissue, and
in the percentaces of plant phosphorus derived from the ferti-
lizer. 2Eand placemnent resulted in higher fertilizer phos-
phorus contents 1n all cases e:xcent that of the first sampling
of vheat (plant age - 11 days). The effect of granulation
on thecse parameters was thorouchly inconsistent, and zlthoush
no analysls of variance was made of these data, 1t was con-
cluced there was no significant difference due to granulation.
Some microphotozrarhs are presentec to illustrate the
characteristics of the dissolution behavior orf the superphos-
rhate granules, and to indicate the iIntimate contact between
the zranules and the »nlant roots. llo attempt was made to de-
termine Just when the hich frequency of intimate contact
between the roots and fertilizer particles cdeveloped, but it
is believed that this occurred after the major dissolution

rate of the monocalcluia phosnhate had passed.
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