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. introduction

The practice of applying fertilizers to the soil by edding
the liguid form to the irrigation water is incressing in
populsrity. There are several advantages maintained for such
a method of application. GSome of the advantages are:

(4) Zase of application.

(B) %o syeeisl equipment is required for application.

(C) The fertilizer can be applied at sny stage of plant
growth without physical disturbanece of the plant,

(D) Penetration into the root sone may be greater thsn
the dry fertilizers,

Congiderable phosphate fertilizer is used on soile of
irrigated regions., If the behavior of liguid phosphoric acid
after its incorporation with soil is such that it penetrates
into the root zone and is otherwise &s efficient as dry
phos phate fertilizers in indueing favorable plant response,
then it would scem practical to utilize the other advantages
offered by applying the fertilizer in irrigation water.

Commereinl phosphoric acid (52% available PoOg) ie produced
by applying an excess of sulfuric aclid to ground rock phosphate.
This phosphorie scid is usually applied to an additional
amount of phosphate rock to make concentrated superphosphate,
A given quantity of phosphorie acid can 7ield more available
phosphorus by applying it to rock phosphate than by using it
directly as a fertilizer.

Because of its potemtial value in producing concentrated
superphosphate commercizl phosphoric acid has been used very

little as & fertiligzer. There is insufficient research in
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which the comparative value of the acid as a fertilizer has
been investigated. The purposes of the studies reported in
this paper are, to compares (A) the value of commercial
phosphorie nmcid and concentrated superphosphate as fertilizers
when applied in equivalent amounts and, (B} the differeant
methods of application and dilution of the ghosphoric aecid.

Beview of Literature

The fixation and mobility of phosphorus in the soil have
been studied extensively, Although the "dry" form of phosphate
fertilizers was used in most of the studies, the results and
principles involved should give an indication as to what might
be expected from the use of liquid phosphoric aecid.

The immobility of phesphorus in the soil is an important
factor in fertilizer practices. This fact was well established
as early as 1900, Crawley (3), in 1902, showed by analysis
of drainage water taken at different deptis in the soil that
the phosphorus was not being moved by the percolating water.
Many other researchers have since demonstrated the validity of
this prineiple (7, 20).

Due to the immobility of phosphorus it is generally
aceepted (4, 16) that phosphorus fertilizer should be so
placed 28 to be accessible to plant roots.

It has become a general practice to drill the phosphate
fertilizers in bsnds. This practice i®s based upon the apsump-
tion that there is a marked reduction in the amount of fixae

tion by plaeing phosphate fertilizers in concentrated bands,
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The supposed advantages for such a practice are not universally
aceepted. Jones and Green (10) maintain that phoephate
distrivution throughout the root zone is preferred. They
suggest that such a distribution is obtained by the use of
ocommercial phosphoric aeid ia irrigation water. It is assumed
that uader these conditions the phoaphorus is fixed in a slowly
available (reverted) form throughout the root zona., Crawley (3)
also maintains that the reverted phosphorus has practically
the same availability as the more water soluble forms,

According to Harrison and Das (8) the movement of phosphorus
compounds in caleareous soils ia not in rolation to their
gsolubility, but is related to their reaction with calcium
earbonate. These authors agree with others (12, 13) that the
ameunt of phosphorus held in the soil solution depends upon
the amount of ealecium present.

Gilligan (7) econcluded from a study with metaphosphates,
which have a low water solubility, and superphosphate that the
1esat e20luble phosphate was also the laast efficient as a
fartilizer. The mohility and availability of superphosphate
generally exceoded that of metaphosphate.

MoGeorge and Breazeale (12) maintain that the Importaant
factor in nutrition of phosphorus is not the amount that ie
water soluble, but the ability of the scil to supply phosphate
and earven dioxide in the zone of the growing root. (The
esrbon dioride aids in dissolving the phosphate.) They

concludad that enrbon dioxide muat be present in amounts
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sufficient to reduce the pH to 6.4 or 6.2 before phosphorus
solubility is materiaily affected. Carbon dioxide from organic
matter did not measureably increase the phosphate solubility
in the solls they studied. Rhoades (17) concluded that the
increage of phosphorus in soil solution due to addition of
organic matter was largely phosphorus released from the
organic matter and was not brought asbout by an increase in the
solubility of the native soil phosphorus.

MacIntire (13) gives the following explanation for the
action between phosphorus and lime in soil: One unit of PpOs
in combination with one of lime gives a water-soluble phosphate,
one unit of PoOg with two units of lime gives an intermediate
water-insoluble phosphate, and one unit of PoOs with three
units of lime gives a relatively insoluble tricalcium phosphate.
MeGeorge and Breazeale (12) maintain that the formation of
complex compounds such as carbonate apatite (3Caz (POq)gp.
CaCOx) results in low solubility of phosphates in calcareous
soils, Thus, on calcareous soils the phosphate is made
unavailable by the formation of the inmsoluble phosphate.

In acid soils the continued incidence of the quickly
formed dicalcium phosphate is considered to be an advantage.

If the acid soil has been limed, the slowly available
dicalcium phosphate is formed. On the other hand if the acid
o ils are deficient in lime the insoluble iron and aluminum

phosphates are formed instead of the calcium phosphates.
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Several workers have noted an increase in phosphorus uptake by
plents by the use of lime on acid soils (15, 5).

If liguid phosphoric acid is more mobile than the dry fa ms
of phosphate fertilizer now in general use, it may also be
more available to the plant, Tiedjens and Schermerhorn (21)
concluded that the application of dry fertilizers increases
the quantity of plant nutrients in the soil which may or may
not be available to the plant, but the nutrients supplied by
the liquid fertilizers are available., The results of their
experiments with mixed fertilizers indicate that in some
ingtances the response in growth by using liguid fertilizer
wag greater than equivalent amounts of dry fertilizer. Sweet
potatoes consisténtly showed & greater response to the liguid
form of fertilizer., On the other hand, it has been reported
that Rauterberg found very little or no advantage in the use
of liquid fertilizers (2).

MacIntire (12) and associates concluded from results
obtained in pot experiments, that phosphoric acid (C.P. 85%
Po0g) was poseibly less effective as a fertilizer than equive
alent amounts of treble superphosphate, Their work also
showed that dilution of the acid had no effect on the value of
the phosphoriec acid as a fertilizer.

Ensminger and Larsen (6) divided calecareous soils into
three groups according to their effect on soluble phosphates,
The division of the soils into groups on the bases of lime
content was as follows: 0.5 to 1.0% lime, 1.0 to 2.0% lime,
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and greater than 2.0% lime., They found no increase ia the
effect of lime on phosphate aval lability as the lime content
incressed above 2%. They suggest that 2% lime in the scil may
be just ne effactive as greater amounts in reducing the
quanity of eoluble prosphutes.

The effect of lime on phosphorus avallability is probably
the most important single factor to be considered in the use
of phosphatic frrtilizere on calcareous soils. There are,
however, many factors that effeet fixation and mobility of
pho sphorue.

Seils that fix phosphorus as tricalecium phosphate are
usually basie or very slightly acid and relatively low in
active iron and sluminum., A low pH favors combination with
iron and aluminum rather than calcium., It is not neceasary
for aluminum and iron to be in solution to reaet with and fix
phosphate (9).

MNethods of Frocedurs
Field Experimente
Deseription of fields

During the spring of 1947 several field plot experiments
were conducted to determine the relative value of commercial
liguid phosphoric acid as a fertilizer, Comparisons were made

with treble superphosphate* (43% available Po0s) and ligquid

“The treble superphosphate and the comnereial liquid phosphorie
acid used and referred to throughout this paper are the
products manufactured by the Anaconda Copper Company. The
treble superphosphate is #0ld under the trade name Treble
Superphosphate. Double superphosphate, double acid phosphate,
and treble superphosphate are all correctly used to describe
this and comparable producte.
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phosphoric acid (52% available Po0Os). The plots were placed
on fields of several different types of soil. The fields were
located at Price (Carbon County), Farmington (Davie County),
Petersboro (Cache County), North Ogden (weber County), North
logan (Cache County) and Garlend (Box klder County).

Various crops were produced at the different locations,

Established crops of alfalfa were being preduced at irice,
retersboro, and Farmington. The Horth Ogden field was seeded
to alfalfa in the spring of 1947; but due to the uneven stand
was not harvested., The North logan field was in perennisal
pasture on which rotation graging ie practiced. OSugar beets
were produced at the Garland plot.

There was some variation in field conditions at the several
locations. The aoil at Fetersboro was a clay loam high in
organic matter and high in lime, There was a deficieancy of
phosphorus in this soil as indicated by the chemical analysis
of the soil and the crop response to additions of phosphate
fertilizer., Irrigation water was not applied to this field
throughout the summer, The land is located at a level lower
than most of the neighboring land., The underground water
supplies sufficient moisture for crop production. It was
necessary to dust the alfalfa with two spplicutions of insect-
feide to control weevil, Ume application of grasshopper
peison was also necessary,

The soil at irice was a clay loam, low in organic matter

and very characteristic of the area (table 1). The salt



Table 1, Summary of soil analysig data
N
Use and Fhosphorus pH  [Conduectivity| Lime Organic|Texture
source of |(p.p.m. COp / (millimohe matter
the soil soluble) per om.) | (pet.)| (pet.)
Goils for
< ? <
i P
Frice* @ - .58 5.3 L elay
loam
Fetersboro¥ 2.0 8.1 72 28,5 5.2 clay
loam
Farmington 7.0 76 - 1.0 1.8 loam
Soils from
Farmington 18,0 7.9 «56 1.3 2.0 loam
North Logan LR 56 240 4.3 clay
< loam
Garland ORRE .47 3.0 2.7  loem

#*The soils used in the greenhouse from rFrioce and retersboro
were obtained from the same farm in proximity to the alfalfa

plots.
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content indicated by conductivity measurements, was not as high
as many of the soils in this area, This field was flood
irrigated with the aid of corrugations.

The soils at Parmington, Garland, and North Logan were
generslly in good agricultural condition. Flood irrigation
was practiced at Parmington and North Logan.

Alfalfs

Zach replication of ths alfalfa »lots consisted of seven
randomized treatments, There were three replications al each
location, Hach plot was 12 feet wide x 50 feet im lengih and
constituted about 1/72 of an mecre. Fertilizer applications
were made during the early spring of 1947.

The treatments consisted of three methods of aupylication.
The treble superphosphate was broadcast and drilled in bands,
The commerecial phosphoriec acid was diluted and syrinkled on
the soil surface. The fertilizers were applied at two rates
for each method of application. Cne plot in each replication
received no phosphate and was used as a control,

Treble superphosphate was avplied at the rate of 200
pounds (86 pounde FnOs) and 600 pounds (258 pounds Fe0s) per
agre to the drilled and broadecast plots. The broadcast
fertilizer was distributed by hand., The drilled fertilizer
was applied in bands four to five inches deep and about
fifteen inches apart. The bands were applied by means of a

small experimental fertilizer 4rill.
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The commereisl phosphorie ascid was applied at twe rates
whieh were equivazlent to those of the treble superphosphate,.
The desired amount of phosphorie aeid was diluted in fifteen
to twenty parts of water, It was applied to the svil surface
by the use of a hand eprinkling can. 7To preveant “"burning® a
sprinkling can full of water was used to remove the acid that
may have remained on the green rfolisge.

The samples, Tor yield estimation and chemical analysis,
were harvested just prior to the crop harvest made by the farm
cperator. An area of forty-five square feet (five guadrangles
of nine square feet each) was harvested from each plot. The
alfalfa was hand cut by the use of a eickle, The yield on a
green weight basie was determined in the field and a sample
tuken to the laboratoery for chemical analyeis. Data were
obtained for three crops at retersboroe and Varmington, and for
two crops at rFrice.

-

The treatment and harvest of the pasture plots were managed
in a similar manner to that of the alfalfa plots. (islots were
12 feet wide and 30 feet long). All treatments were surface
spplications and included nitrogen as well as phosphorus. KHixed
fertilizers in the liquid and dry form were also used. Ilarvest
was made with a mowing machine equipped with a catcher behind
the cutter<bar. Esach harvest took place just prior to pericdie
grazings, Thus a swath five feet wide and the length of the

plot was harvested for each crop. This method of harvest was
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not different from the usual practices since it is customary
to "elip” the pasture with a mowing maching after each psriocdic
grazing. Oreen weight wus determined and samples wers taken
to the laboratory for anal/sis.

Sugar beets

The sugar beets+ were planted in rows that were alternate-
ly 12" and 24% apart with beets 12" apart in the row. An
irrigation furrow was placed between the two rows 24" apart.
The two rows with a common irrigation furrow made up one plot.
The plots were thus each three feet wide and fifty feet in
length,

There were eleven treatmenta and four replications of each
treatment, Two hundred pounds of ammonium nitrate per acre
was drilled on each plot except those receiving nitrogen from
a liguid scurce., GSome treatments of thne liguid fertilizers
were applied with an applicator mounted on & tractor. The
applicator wvas so designed as to place the fertilizers in
drilled concentrated bands comparable to drilled treble super-
phogphate., An application of liquid fertilizers wae aleo
made in the irrigation water. The water containing the liguid
fertilizers was not allowed to rum beyond the plot so treated.
This was accomplished by turning the irrigation water out of
the furrow as soon as it had reached the bottom, The stream
was turned hack into the furrow us soon as the waster containing

the fertilizer had soaked into the ground.

# The sugar beet experiments were conducted inm cooperation with
Dr. J. L. Hadock of the United States Depertment of aAgriculture,
Buresu of Flant Industry, Soils and agricultural Industry.
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Samples of leaf petlioles of the near mature beets wers
teken September 3, 1947, for chemical analyeis. The total
weight of the sugar beets and tops produced ware determined
for each plot when harvested Qotober 18, 1947, Samples for
sugar content were also tauken, Due to a refrigeration mishap
which damaged the samples the results for sugsar conteant are not
considered reliable,.

Greenhouse ixperiments
Solls used in the greenhouse

Greenhouse experiments were conducted during the winter of
1947-48 to determine the effect of dilution of the liquid
phosphoric acid on its value as a fertiligzer,

The soils used in the greenhouse were obtained from rrice,
Petersboro, Farmington, and North Ogden, The scils from rrice
and Petersvoro were obtained from the same farm and a prox-
imity of the alfelfa experiments described above., The soil
frem Farmington was obtained from the same farm but not in a
proximity of the alfalfa experiment,

The four lots of scil used in the greenhouse were first
allowed to drv on a cement floor after which they were sereened,
The screen was of a heavy wire mesh (four mesh per sguare
inch) and did not btreak the scil into fine particles., after
screening, the soil was pluced in the pots in waich the plants
were to be grown., The same amount of soil was pleced in each
of the thirty-three pots containing say one soil,

The pots were arranged on tables in the greenhouse accorde

ing to replications. All pots of number one replication of all
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four so0ils were placed on number one tadble., 4ii the pois of
number two replication were placed on the sseond table, and
tlose of the third replication on a third table., The pots
of any one soil were pluced in a eingle row and randomized
within the row. Thus, there were four rows, each of one goil
on cach table,

Bortilizer treutmonts

There were eleven treatments and thres replications of
these treatments for euch separate soil lot., The treatments
consisted of two diffsrent rates of liguid phosphoric acid
and Tour different dilutions of each rate., Eguivslent rates
of treble superphosphate mixed with the top third of the soil
in the pot wsra also used, The liquid fertilizer was applied
to the surface of the soil, after application of the phose
phorie acid in the various dilutions, enough water wus applied
to meke the same totsl amount of water applied for sll treate
ments of any one soil.
Crops grown in the greenhouse

After the fertilizer treatment, tomanto meeds were planted
in the pots ani thinned to five or six plsnts per pot. The
plants were watered as needed. After six to nine weeks of
growth the plants were harvested. All pots of zny one scil
lot were treated alike in respect to the number of plants per
pot and the length of time the plants were wlloved to grow.
The green and dry weighte of the plant material harvested were

determined,
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after the harvest of the tomato plants the pots were
replanted to alfalfa. There waes no additional fertilizer
added. The alfalfa plants were thinned teo about tweanty plants
per pot. Although the number of plants for each pot wus not
uniform, it was necessary for the soil of each pot to supply
nutriente to the plants at ites maximum eapability. The
alfalfa orop was managed in a manner similar to that used in
handling the tomate crop.

Laboratory analyses

A sample of the alfalfa from each plot and one from sach
erop grown in the field was taken to the laboratory for
chemieal analysis. The sawmples were firet dried in the oven,
then ground in a mill and thoroughly mixed. & two gram ssmple
was digested in nitric and perchloric aecid and subseguently
total phosphorus was determined., The phosphorus content was
determined by the ammonium molybdate colormetric method, The
vrocedure suggested by Allen (1), in which amydol (2,4~
diaminophenol dihydrochloride) is used as the reducing agent,
was followed in this determination.

A similar procedure was used for chemical analysis of the
forage produced on the pasture. The percent moisture was also
determined for the green pasture forage. This latter informae
tion was used to calculate the weight of dry plant material
produced on the pasture plots,

The total phosphorus was not determined for the plant
material grown in the greenhouse, Green and dry weights were

determined,



=15«

Leaf petioles of the sugar beets wers amalyzed under the
direction of Dr. J. L. Hadock (see foot note, page 11). A
emall sample of dried plant material was extracted with 0.1 N
agetic acid, The extract wes filtered and evaporated to
dryness, The residue was taken up in distilled water. ihose
phorus content was then determined colormetrically. This method
is a modification of Ulrick (22).

Soil samples were taken from the field plotes at a depth
of 0 to 8 inches and also from the mixed soil used in the green-
house., The results of soil analyses are reported im table 1,

Zach of the laboratory determinations were made according
to the standard procedures used by the Utah Solls Laboratory
of the Soil Conservation Service. They are as follows:

(4) Salt content was determined by the conductivity of
the water extract obtained from a saturated soil (18).

(B) Percent lime was determined by neutralizing the
carbonates with an excess of standard sulfurio acid and back
titrating with standard sodium hydroxide. The method is
based on the assumption that the scid used rescted with
ecarbonate in the soil (18, p. ©3).

(C) The pH was determined on a paste of the soil using
a glass elecotrode.

(D) Organic matter content was determined by oxidizing
with sulfurie acid. The amount of chromate used was determined
by adding an excess of standard ferrous ammonium sulfate and

back titrating with standard potsssium permanganate. This
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method is & modification of the dichromate-permanganate
method of Smith and weldon (19).

(E) Availsble phosphorus was determined by the amount
of phosphorus present in water after bubbling carbon dioxide
gas through a water suspension of a soil sample (11). The
phos phorus content of the watar extract was determined by the
ammonium molybdate mesthod, Stannous chloride was used us the
reducing agent in devaloping color.

Regults*
Pield Experimente
Alfalfe

The application of phospiorue containing fertiliserse gave
an increase in the yield of alfalfa, at Fetersboro and srice
(table 2). The increase was particulsrly marked at rFetersboro.
There was also a measureable response in the yield of the plots
according to the method and rate of application at these two
locations, There wvas no response to the fertilizer applications
at Parmington, although the total production was greater than
at the other two locations,

At Petersboro, the first erop yiocld was benefited most by
the broadcast treble superphosphate, The brosdcast was only
elightly better than the liquid, and no better than the
drilled in incressing the yieléd of the second crop at this
location. There was 1ittle difference in the yield from the

% The difference in erop res onee reported in this paper and
the ecncluzions drawn are all bssed on the statistical
analysis of the duata collected.
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Table 2, The influence of phosphoric acid and treble super-
phosphate on the zreem forage produced by field
grown alfalfa* - 1947
Method of application and rate of Fp0§ per aer
location Broadcast Drilled Liguid Control
and erop Pounds PoOs | Pounds PoO5 | Founds FoOg
86 258 86 258 86 258
Farmington
First 11.,274511.65510,4.3a03,2 3.8310,82./:.0,6 30711.1322
Second 90,9457 9,327010,047 90,8239 9,62739,828% 9,3270
Third 6.7/ TeBL1R 847).771602.03 6.6/.9/ 6.7/ T.02-03
Hean 0.2267 9.42.77 9.02410,02-70 9,024/ 9,02-6/ 9,14
Price
Pirst 13.6%0015.9%0311.91ﬂ11.91¢512.8ﬁ310.81L311.433[
Second 9,14¢% 9,074/10,3277 8,955 9.3272 09,8287 a.:—é‘/ﬁ; [
n . . 6 T
o 5530t G52 ) 4322 /0 Fa2 10 55317000 52.99 1045 2.
Petersboro
Pirst 4,8/37 4,843 1,995 1.6 .4¢ 2,873 3.0 87 .8.23
Second Be7/65 5460 C2 5 ,4/57 649200 4,3/255,917/ 1,5.33
Third 2.6 .75 3,293 2,8.73 3,4 97 1,64 2,9-3¥ 4/
Mean 4.,4/29 84,4128 3,3.96 4,0//6 2,89/ 3,913 ,8-A3
Petersboro
first) 6.3/5F 5.8/63 A,9/928.,0/.7% 4,643 8,947/ 1,5 #F
1948

Kean difference necessary for significance:

Farmington
rrice

Fetersboro
fetersboro

«05

N.8.

9
1947 o6
1048 9

01

n.s,.
1.‘

.9
1.2

*The yield is expressed as ton per acre and is an average
of three replications at each location.

i\ ;,J;

A
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Analysis of variance for each location in table 2.

Farmington (1947) A
Source Degrees of Frsedom MKean Sguare
Treatments é <78
Replicat ons 2 o34
Brror (a) 12 +52
Crops 2 T2 .43%%
Crops x treatment 12 <82
Errors (b) 28 <21
Total 62 2.74
Source Degrees of Freedom Hean Sguare
Treatments [} 1.19%
Replicatione 2 3.58%%
Error (a) 12 +38
Crops 1 63.,10%%
Crops x treatmont 6 2.190%%
Zrror (b) 13 .36
Total 40 2.49

Letexrsboro .(ml%
Source Degrees of Freedom Mean Sguare
Treatments (-} 6.29%=
Replications 2 «63
Error (a) 12 28
Crops 2 30,02%%
Crops x treatment 12 1.90
Error (b) <8 «26
Total 62 2.49

E
Sourece Degrees of Freedom Mean Sguare
Treatments 6 4,98%%
Replications 2 «256
Error 12 «13

Total 20 1.60
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several plots receiving phosphorus in the third erop.

The plots at rrice followed somewhat the same order of
response ss did those at retersboro.

The rosponse of yield to the eeveral treatments at all
locations may be summarized as follows: The total yield of
comparable plots treated with liquid phosphoric acid was never
greater and often less than those plots trested with treble
superphosphate, Broadeast treble superphosphate induced a
greater totsl yield than did drilled or the liquid form eof !
fertilizer.

On those plots which showed a response to the form of
fertilizer, the dry form always gave a higher percent of
phosphorus in the plant than did the liguid (table 3). There
was also s greater phosyhorus percentage in the alfalfa grown
on the plots receiving the highest rate of fertilizer.,

At Petersbore the phosphorus content of alfalfa was
higher on those plots which were drilled than on these which
were brosdcast., The snalyeis of the plant material produced
at FParmington indicated that the phosphorus content was the
highest on those vlots which received broadeast fertilizer,
lowest on those whieh received phosphoric acid, and inter-
mediate on those which received drilled fertilizer. There
were no differences attributed to method of fertilizer applica-
tion, in the phoschorus content of the plant material produced
at Price,

The total phosphorus uptake for all locations was greatest
on those plots which were broadeast. Thi.s method of application
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Table 3. The influénce of phosphoric acid and treble super-
phos phate on the, phosphorus content of field grown
alfalfa - 1947% ‘“ Yo

Method of application and rate of PpOg per acre
location Broadcast Drilled Liguid @ {Contrel
and erop Pounds FpOg |Pounds Polg |Founds FPolg

86 258 86 258 86 258
Farmington

Second .288 «286 «271 L285 270 .271 253
Third «280 +288 «263 265 «261 .238 «252
Mean 284 «287 «263 .2785 +268 L2556 «253
Price
First «149 +167 «143 ,163 162 .183 <147
Second «216 o213 «205 o213 o219 <220 +189
Hean 182 «190 «174 ,188 «191 .201 «168
retersboro
First «218 «211 «215 .R28 «200 217 «150
Second «174 «176 +«191 .191 172 .184 +118
Third +138 «159 «177 .204 «137 .159 128
Mean «177 <182 «194 ,208 «170 .187 «130
Fetersboro
Firet <1656 192 «169 L1857 +189 .176 «138
(1948)
Mean difference necessary for significance: .05 «01
Farmington n.s. NeBa
Price 018 «025
Petersboro (1947) .017 024 | ¢
Fetersboro (1048 017 +026 |

#The phosphorus content is expressed as percent phosphorus and

is an average of three replications at each location,.
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Analyeis of variance for each location in table 3.

Souree
Treatments
Replications
Error (a)

Cropa
Crops x treatment
Error (b)

Total

Sourace
Treatments
Replications
Error (a)

Cropa
Crops x treatment
Error (v)

Total

Sour ce
Treatmente
Replications
Brror (a)

Crops
Crops x treatment
Zrror (b)

Total

Source
Treatments
Repli cations
Error

Total

Farmington
Degrees of ifreedom
]

2
12

1
6
13

41

Degrees of Freedom
6

2
12

1
6
13

40

Dog’of‘?%o%%zl

2
iz

2
12
28

4

Eetersboro
Degrees of ireedom

6
2
12

20

Hean dguare
«001102
+00015
+000583

«001511 %%
+000205
«00011C

+00044

Mean Square
«000770%
«000739
+000805 -

«028184 %%
«000179
000427

+001084

Kean Sguare
« 005359 «#
«000287
«000276 ~

«012886%%
«000435
+000308

«001220

Hean Sguare
«001047%%
«000096
000088

«000378
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gave & greater uptake or an uptake equal to the other methods
of application on all soils. There was very little difference
between the drilled treble superphosphate and the liguid form
of fertilizer as far as total uptake was concerned.
Easture

The perennial pasture at North Logan was treated with
nitrogen fertilizer, and mixed fertilizer as well as the
fertilizer containing phosphorus, The treatments and yield
are given in table 4, The treble superphosphate induced greater
yvields for the three crops (total and also each crop individuale
1ly) then equivalent amounts of phosphoric acid. This was also
true when a nitrogen fertilizer was added to each form of
phosphate fertilizer.

There were no measureable differences as indicated by the
response in plant growth among the mixed fertilizers in the
1iguid or the dry form.

The phosphorus content of the plant material from the
several plote did not differ materially, except that there was
a greater percentage of phosphorus in the plant as the season
progressed (table 5). It should be noted also that the second
erop yielded the largest smount of forage and the third crop
the least,

Sugar beet

Fertilizer treatment had no effect on the yield of tops and

roots in the experimsnt with sugar beets (table 6). In general,

the form of fertilizer, liquid or dry, had no effect on the



Table 4,

The influenge of liguid and dry fertilizers on the MV

yields ofdry forage on the pasture of-North

Logan - 38% af
Treatment Average® tons per acre of, dry forag
1st crop | 2nd crop [3rd crop kean
1. Control «80 «99 «58 72
2., Ammonium Hitrate 1.07 1.14 «57 «93
200 1bs. per acre O
3, Treble superphosphate ;, .78 1.06 55 «80
200 1bs., per acre - \
4, Phosphoriec acid Ar «55 «87 «56 66
165 1bs,. per acre
5. Treatment Wo. 2 )/, 1.46 1.29 «857 1.11
plue-Nov 3
6., TreatmentHe+2 )/ . A, 1.05 1l.22 .52 «93
plus—Hos 4
7. Liguid fertilizer «75 «99 «58 77
15~-8-4 12 gal./acre
8, Dry fertilizer «85 1.08 «56 «83
Equive. No. 7
9. Liguid fertilizer «70 1.08 64 «80
10-10-5 12 gal./acre
10, Dry fertilizer 64 «98 «60 «74
Equiv. to No. 9
L. 8. D, «08 156
01 «20

*Aversage of three replications,

inalysis of Variance

Source Degrees of Freedom Mean Square
Treatment -4 o 3444%%
Replication 2 04859
Error (=) 18 .05220
Crops 2 4,2038%*
Crop x treatment 18 «14690%#
Error (b) 40 05139
Total a9 «19373
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Table 5. The influence of liguid and dry fertilizers on the
phosphorus content of/ dry pasture forage at Neorth

logan - 1947
Trestment Average* percent phosphorus
let orop | nd crop| 3rd crop| lean

1. Control 259 252 «293 «268

2, Ammonium Hitrate «245 272 «330 271
200 lbs. per acre

2, Treble superphosphate .268 «208 « 268 277
200 lbs. per acre

4, PFPhosphoriec acid «269 «286 «313 «280
165 1bs. per aere

8. Treatment Ho. 2 o248 276 « 299 «276
plus Ho, 3

6, Treatwent No. 2 258 «260 291 «270
plus Ho. 4

7. Liguid fertilizer « 260 +£56 «297 ) +271
16-8-4 12 gal./acre T

8., Dry fertilizer 242 «238 297 «260
Equiv. to No. 7

9. Liguid fertilizer 229 272 \ 328 «280
10=10~5 12 gal./acre [

10, Dry fertilizer « 246 272 | +«307 «275
Bguiv, to No. 9

*Average of three replications. There was no statistieal
difference between treatments.

Analyels of Var ience

Sour ce Degrees of Freedom Mesn lgquare
Treatment 9 000819
Replication 2 «000954
Error (a) 18 0002173
Crops 2 «018063%%
Crop x treatment 18 +000845
Brror (b) 40 «000553

Total 89 00133
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The effect of type of fertilizer and method of appli-
cation on sugar beets at Garland & 1949

Table 6.

¥ertilizer and method rFhosphorus | Tons per Toms per
of application¥* in petiole | aere cof acre of
(percent) | green tops | sugar beets

Appliecator

1. Phosphoric acid +083 16 30
(165 1be./acre)

2. Fnosphorie acid .104 15 31
(495 1bs,/acre)

3, Ligquid 10-10-8 082 15 27
(15 gal./acre)

Drilled

4, Treble sup-rphosphate 105 16 g7
(200 1ve./acre)

5, Treble superphosphate <140 17 33
(sﬂﬂ 1bs./acre)

6e Nod'4 plus potass ium «109 18 28
chloride (100 1be./A.)

7. No« 6 plus nminor 092 18 20
elements

Irrigation vwater

8, Phosphoric aecid «104 15 30
(165 1bs./acre)

9. Phosphoric acid 147 16 3z
(495 1be./acre)

10 Liguid 10-1'-5 +060 15 27
(16 gal./ncre)

1L Control +076 16 29

Lo 8¢ Be 05 «033 N GARe"

«01 .044

#Asmmonium nitrate was applied

at the rate of 200 1lbs.

per

aere to all plots not receiving nitrogen fmm a liquid

souree.
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phosphorus content of the leaf peticle, Chemical composition
of sugar beet peticles was similar for all high application
rates of treble superphosphate and liguid phosphoric acid in
irrigation woter., Both methods of phosphate application gave
a greater phosphorus content than all other treatments include-
ing the high rate of phosphoric acid in the irrigation water,
Both methods of phosphate application resulted in a greater
phosphorus content of leaf petioles than all other treatments
ineluding the high rate of phosphoric aecid applied by the
applicator. The phosphorus content of the leaf petiole taken
from beets on the upper part of the lower part of the plots was
the same where the phosphoric acid was apylied in the irrigation
water.

Greenhouse Ixperiments

The yields of the tomato and alfslfa crops grown in the
greenhouse responded similarly. The application of phosphorus
to the soils resulted in a definite response in the growth of
the plants, The response was greater for the tomatoe crop.

The plants growing in the soil not receiving phosphorus could
easily be detected by phosphorus deficiency symptons. The
heavier rate of application of fertilizer consistently gave the
largest plaant yield,

In the greenhouse experiments, there was no discernible
effect due to diluting the phosphoric acids The treble super-
phosphuate mixed with the scil gave a lower yield than equivae
lent amounts of liguid phosphoric acid, This effect was

especially true with the Fetersborc soil (see table 7).
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Table 7. The effect of dilution of commercial phosphorie
acid on ite value as a fertilizer in pot experi-

wments
Dilution - Lbe. FoOg | North | Farme | frice | Yeters- | Hean
surface inches|per acre | Ogden | ington boro
of water
Alfalfa Crop*
Concentrated 8s 13.8 16.1 12.9 16.4 14.8
258 16.9 16.8 13.8 18.8 16.6
1 inch 86 15.2 15,5 12.2 17.6 16.1
258 17.9 18,0 14.8 21.5 18.0
3-5 inches 88 16.3 16,7 11.9 15.2 1540
258 17.1 15.0 15.2 19.6 16.7
Treble super- 86 15.4 15,0 16.3 14.8 15.4
phosphate (dry) 258 17.7 16,8 13.5 15.9 16,0
Centrol 1%.1 16.9 12.6 2.8 13.9
Hean difference necessary for significance: .08 1.9
+01 2.6

Tomatoe Crop*

Concentrated
1 inch

2«3 inches
2«5 inches
Treble super-

phosphate (dry)
Control

86
258

&6
258
258

86
258

4,9
5.4

5.7
4,3

33
‘.2

38
5.9

‘.‘
5.0

1.7

ean differance necessar  for significance:

NE 00 s o2 O

N 9 Ve o9 e oG

-
he

201

H Ak s 00 WO OO
-
A e OO0 9O b

«08

- .

= P oad s O Oe oo
- - .
GO D HFY N o O® o

. . e

*Yield of dry plant matorial expressed as grams per pot.




28

Analysis of variance for table 7.

Source

Solls
Replications
Zrror (a)

Treatments
Rate
Method
Rate x method
Po0g vs. check

Treatment x soils
Hate
Yethod
Hate x method
Pols vs. check
Error (b)

Total

Source

Soils
Replications
Error (a)

Treatments
Rate
Hethod
Rate x method
Po0g vs. check

Treatment x scile
Hate
Hethod
Rate x method
PpOs vs., check
Error (b)

Total

o

Srop =
Degrees of Freedom Mean Iquare

38

10

(T

30

ks

80
131

52.25%#%
181.70
2.978

18,4817

B86,18%*
8,30
4,338

56.,09%*

8,43
4.71
6.158
4.12
38,.88%%*
5.815

10.88

Tomato ;
Degreee of Freedom Mean Sguare

oA

10

(o

30

9 3 I

131

18.91%
10.59
2.94

19,73%%
12,152%%
2.09
3.00%
147.,60%%

3.,005%%
3.75
1.76
1.58
1.472

3.93
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Discussion
Field Lxperiments

rhosphate fertilizers applied in concentrated bands beneath
the eoil surface are generally considered to give better response
than those applied to the scil surface., According to the alfalfa
field experiments reported in this paper band sprlications were
never better than, although in some instances they did equal,
broadcast applications. The advantage of the broadcast ferte
ilizer is partieularly marked in the first orop of the year,

The crop responses to the several treatments may be inter-
preted as follows, Root injury due to the mechanics of drilling
"set back" the growth of the plants on the drilled plots. Thie
resulted in a smaller yield in the first erop. Later in the
year this set back was overcome, and the yield of the drilled
plots egualled the yield of those plots which were broadocast.
Such as interpretation may account for a portion, but not all,
of the differences obtained in yield by the two methods of
application,

The plote treated with liguid phosphoric aeid very often
gave yields which were smaller than those obtained by the use
of treble superphosphate. There was visible evidence that high
rate of liquid phosphoric acid slightly "burned® some of the
alfalfa grown on the plots so treated at rrice, But the decrease
in yield, due to the elight burning, would have very little
effect on total production. It is, therefore, concluded that
the liguid phosphoric acid is no better than treble super-

phosphate in thie experiment (and usually not as good).
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The results obtained on the perennial pasture experiment
indicates that the broadcast treble superphisphate is superior
to phosphoriec aecids The treble superphosphate resulted in a
greater yield but there was very little difference in the
phosphorus content of the forage. IThere was nc such advantage
of the dry form of mized fertilizers in comperison with the
liquid form, Although the experiment with mixed fertilizer
is limited, it is evident that the liquid form does not have
the advantage that some theories imply,

One of the major factors against the application of liguid
fertilizers in irrigation water is distribution of the water
bearing fertilizers. Wwhen irrigation water e applied to row
erope distribution may not be much of a problem. It is
indicated by the phosphorus content of leaf petioles in the
sugar beet oxperiment that the liquid is distributed through-
out the row. The information from this one experiment le very
limited and is not sufficient to form a general conclusion.

The yield of sugar beets did not show a response to the
fertilizer applications.

Greenhouse Experiments

Agcording to the greenhouse experiments, dilution had no
effect on the value of pho-p-hoﬂe acid. It may bve pointed out
that the dilutions used im the experiment reported in this
peper, were greater than those used by Maclntire and asecciates
(8). The greater dilution approximated dilutiom in sn irriga=
tion stream., Regardless of dilution, the conclusions are in

agreement with those made by the above named muthors,
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The phosphorie acid applied to the soil surface was superior
to equivalent amounte of treble superphosphate mixed with the

s0il in the greenhouse experiment. It is likely that complete

mixing of the treble superphosphate with the scil in the pot
inereased the amount of fixation.
Summary

Studies were conducted during 1947 and 1948 on the compar=-
ative value of commnareial phosphorie acid as a fertilizer.
There is a lack of experimental evidence to support the
advantages maintained for liquid fertilizers.

Commereial phosphoric acid (B2 sercent PoOg) is an intere
mediate produet in the manufaecture of traeble superphoephate,

On fields produeing forage crops diluted phospheric =acid
arplied to the soil surface was compared to equivalent smounts

| of broadeszst and drilled treble superphoephate. On a field

producing sugar bests a limited study was made on the apylicae
tion of phoephoric acid in “"bands” and in irrigation water,

Greenhouse experiments were conducted to determine the

\ effect of dilution on the value of the acid as & fertilizer.
There wore no measureable effects due to the dilution of the
phosphoric acid,

The yield end phosphorus content of the plant material
produced on the field plots treated with phosphoric acid were
never greater, and very often less, than comparative plots

treated with treble superphosphata,
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From these experiments it is concluded that commercial
phosphoric acid ie no better and often inferior to treble
superphosphate 28 & fertilizer. It is also concluded that
dilution of the noid, suoh as applying in an irrigation stream,

should not alter its fertilizer wvalue,
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