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Many questions remain unanswered regarding the relative availability
of various phosphate fertilizers on calcareous soils. Results on acid soils
are not necessarily applicable to the irrigated soils of the West. Although
a number of experiments comparing source of phosphorus have been con-
ducted on calcareous soils, the results obtained vary with location and are
neither conclusive nor unanlmous on the relative availability of the various
fertilizers (3, 6, 9, 11, 12)° The introduction of the radioactive tracer tech-
nique to field experimentation with phosphate fertilizers provides a more
accurate method for comparing the availability of various fertilizer materials
(1, 10, 13) . In a single season, the radioactive method supplies considerably
more information on the availability of the fertilizer than can be obtained
by the usual yield measurements.

The effect of source of phosphorus, placement, rate, and time of applica-
tion on the utilization of phosphorus by sugar beets and its movement in
the soil are reported in this paper. A more comprehensive report including
other crops may be found elsewhere (8).

MATERIALS AND METHODS

The radioactive fertilizers used in 1948 are described by H|II 2,
and those used in 1949 were prepared in a similar manner®. These were
applied with a four-row belt-type distributor mounted on a tractor specialy
designed for using radioactive materials. The activity of the fertilizers at
the time of appllcatlon was about 0.1 millcurie per gram of P,0s.

Plant assays’ for P*2 and P** were made according to described procedures
(4.5 .

Detailed descriptions of the two experiments conducted in 1948 were
presented previously (7) .

Three new materials were added in the 1949 experiments: ammonium
phosphate (11-48-0), treble superphosphate, and liquid phosphoric acid.
Both 1949 experiments were conducted on the Fort Collins loam (Agronomy
Farm) described previously (7). Four materials were included in one ex-
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periment. The materials were ammonium phosphate, superphosphate (20%) ,
calcium metaphosphate, and alpha tricalcium phosphate. All were tested
at two placements; and one, the superphosphate, at two rates. The place-
ments were (a) phosphorus mixed with a rototiller in a band 4 inches wide
and 4 inches deep, and (b) phosphorus placed in a single band 4 inches
deep and 4 inches to one side of the row (the same as in 1948) . Phosphorus
was applied at the rate of 40 pounds of P,0s per acre and nitrogen at 80
pounds N per acre. One superphosphate plot per replication received 80
pounds of P,0s per acre. There were three replications for each placement.
Each plot was 8 rows wide and 64 feet long. Three rows 32 feet long received
radioactive fertilizer. These plots were irrigated July 5, August 5 and
August 31.

Another experiment was conducted to compare treble superphosphate
applied at planting time and on June 29 with liquid phosphoric acid ap-
plied June 29. Phosphorus was applied at the rate of 80 pounds of P,Os per
acre and nitrogen at 80 pounds N per acre. The dry fertilizer was placed
in a band 4 inches deep and 4 inches to one side of the row at planting
time and 4 to 5 inches deep and 6 inches to one side of the row on June 29.

The liquid phosphoric acid was applied in the irrigation water as
follows: The acid was mixed with water in 10-gallon milk cans placed on a
truck and applied to the furrow through a faucet and garden hose to 8-foot
sections of the row. The water was applied at the rate of one inch per acre.
The cans were filled with water by a hose from the municipal water supply.
All plots received a normal irrigation the following day. Two rows 32 feet
long received radioactive phosphate (3 furrows in the case of H3PO0,) ,
while the remaining rows received ordinary phosphate at the same rate.
The radiophosphorus was added to each can as a solution of radioactive
KH,P0,. There were 8 rows per plot 64 feet long and 6 replications. These
plots were irrigated on June 30, July 28, and August 24.

Dates of field operations are shown in Table 1.

Table 1.—Dates af field operatians.

Dare of Samplng Daaet
Locations FPlanting 1 2 ] 4 5

Sugar heety (doy fertillzer)

Agronomy Farm, 1948 April 21 May 28 June 24 Auwg 2 Sept. 13
Agronomy Farm, 1949 April 22 Juac 10 July | Aug. 10 Sepr, &
Heollinan Fann, 1948 April 27 May 23 Junec 30 Aug. 10 Scpo 14
Sugdr beets (liguid vs. dry)
Agronomy Farm, 1949 May 2 Juby 7 Aw 1 Aug, 2¥ Sepr. 14 Oct. WD
1 Lhe sampling dates corrt,swnd 1z the following stages of growih:

Sugar I:eela (dry fertilizer)
Thinning Lime.
2 Beyginning of grand period of g'mwtll
5, Middlr of graod pcnod of growth.
Nea har\-'cs 1m
Sumr beeu {lituid va. dred:
one week after Ilmud 25700 was appllad.
%8, 4 Inermediate stages.
B! Hiarvest thne,
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MOVEMENT OF APPLIED PHOSPHORUS

The movement of the radiophosphorus in the fertilizer can be followed
readily by measuring the activity of the soil itself. Successive samples were
taken July 23 from the bottom of the irrigation furrow to a depth of 18
inches on the sugar beet plots receiving liquid phosphoric acid.

Liquid phosphoric acid containing radiophosphorus was also applied at
80 pounds P,0s5 per acre to fallow land in 8-foot sections of furrows similar
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Figure 1. Percentage of Phosphorus Derived from Fertilizer as
Affected by Source of Phosphorus on Fort Collins Loam (1948).

to those used on sugar beets. The fertilizer was mixed with a volume of
water equal to irrigation rates of one-third, one, and three inches of water
per acre to determine the effect of dilution on movement. This was followed



320 AMERICAN SOCIETY OF SUGAR BEET TECHNOLOGISTS

b SUPEREHOSFHATE
2 CALCIUN METRPHOSPIATE

40— 3 DICALEIUM PHOSPHATE
4 TRIGALCIUNM PHOISPHATE
35—
¥
2
t
A
7]
E asM—
&
o
I
2
20—
n 2
ol 1
g :
5
Pt 4
19
sl-
1 1 —1
May 29 June 30 hug, 10 Sapl 18

Sampling date

Figure 2. Percentage of Phosphorus in Sugar Beets Derived from
Fertilizer as Affected by Source of Phosphorus on Cass Fine Sandy
Loam (1948).

by the application of water necessary to give a total of three inches of
water in each case. Horizontal as well as vertical movement was determined
by measuring the activity in soil samples taken between the furrows.

Movement of phosphorus from the band-placed dry fertilizer was de-
termined by measuring the activity from successive samples beneath the
band. All samples were taken with a rectangular sampling tool 1 inch wide,
1 inch deep, and 3 inches long. The soil was sampled parallel to the band.
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PHOSPHORUS ON FORT COLLINS LOAM

Figure 3.

The activity of all samples was determined as follows: Five grams of
soil were spread evenly in a flat container 34 mm in diameter and 5 mm
deep. The soil was tamped gently with a 100-gm. weight to give uniform
geometry, and the activity determined with an end-window Geiger tube.
Absolute amounts of fertilizer phosphorus in each sample were determined
by making comparisons with the activity of a 5-gm. sample containing a
known amount of radioactive phosphorus fertilizer.
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RESULTS AND DISCUSSION
Percentage of Phosphorus in Plant Derived from the Fertilizer

The results for 1948 are shown in Figures 1 and 2 and for 1949 in
Figure 3. At al locations and sampling dates, the absorption of phosphorus
from alpha tricalcium phosphate was the least. Superphosphate supplied
more phosphorus to the plants than calcium metaphosphate in the early
stages of growth and more than dicalcium phosphate at all sampling periods.
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Figure 4. Effect of Placement and Source of Phosphorus on Percentage
?f Ph)osphorus in Sugar Beets Derived from Fertilizer on Fort Collins Loam
1948).

The plants absorbed less phosphorus from ammonium phosphate than from
superphosphate the first sampling, but about equal amounts were absorbed
from these two fertilizers thereafter.

The uptake of phosphorus from the 80-pound rate of superphosphate
was approximately twice as much as from the 40-pound rate for the last two
sampling periods. This difference, however, was not reflected in the fina
yield of beets.

Comparing the results for both years, there is a marked difference in
the shape of the curves showing uptake of phosphorus, which is due probably
to differences in the amount of rainfall each year. In 1948, only 4.04 inches
of rain fell in May and June, whereas 9.31 inches occurred in 1949. Although
the first sampling dates are not the same each year, the relative stages of
growth are comparable. When the surface four inches of the soil were kept
moist almost continuously by the high rainfall in 1949, the plants absorbed
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considerably more phosphorus from the fertilizer than in 1948 when the
surface soil was usually dry.

After irrigation in 1948, the root activity in the surface four inches of
the soil probably was stimulated, causing a pronounced increase in the up-
take of phosphorus from the fertilizer. The effect of irrigation in 1949 was
not noticeable, since the plants had been well supplied with water all
through the early stages of growth. The downward slope of the curves
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Figure 5.

showing uptake of phosphorus with stage of growth (Figure 3) appears to
be quite typical when the crop is well supplied with water. As the root
system extends throughout the soil, the roots absorb relatively more phos-
phorus from the soil than from the fertilizers, although this effect probably
Is due, in part, aso to the conversion of the water-soluble phosphorus in
the fertilizer to less available forms.

Comparing the uptake of phosphorus from superphosphate and calcium
metaphosphate (Figures 1, 2, and 3) , it appears that the latter is less available
in the early stages of growth, but equal to superphosphate at later growth
periods. Possibly the calcium metaphosphate must be hydrolyzed to the
orthophosphate before it can be utilized by the plants. The rate of hydrolysis
would probably be slower if the soil moisture content were low, i.e., after
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Table 2.—Total uptake of phosphorus from the soil, from the fertilizers, and the per-
centage utilization of the applied phosphorus at the final sampling.

PFeOs in plande from F=0n in plants Irom
Foidx fertiliver, lhs./A. oil, Ibs./A. Prrcenlage
appliad  Sampling, daye after Sampllng, days alter  of ferdillzer
Fertilizer Lba./A. planting planting FPo: uscd
49 0 110 139 49 70 o ige
MNane - e 018 260 357 452 ——
Superphosphate 40 DO5% 045 302 ABD D823 265 6.7 448 0.76
Superphosphaie By 0087 073 78 BW 035 320 R72 473 108
Caleium
metaphosphate 40 0030 055 361 +87 024 2Z8% W5 453 2.2
Ammonium
phosphate 40 0043 048 365 423 020 277 285 455 121
Alpha tricaleinm
phosphate 40 0005 010 L1l 208 02 336 2BE 467 5,20
0010 D0as LIB 185 006 WED N5 NS

%5 4.2 262 MO 21,7 170 122 .08

not slaific
coeftleient oE v.n-lalian

June 24 (Figure 1) the plots were irrigated and the uptake from calcium
metaphosphate greatly increased

Effect of Placement on the Uptake of Phosphorus from the Fertilizers

The uptake of phosphorus from each fertilizer and placement is shown
in Figures 4 and 5. The seeds were planted in the rototiller band. Therefore,
the roots could contact the fertilizer from the beginning of growth. At
thinning time it appears that the roots had not penetrated to the locality
of the concentrated band in 1948, although some uptake had occurred in
1949. This comparison of early uptake from the fertilizer may be important
on soils low in available phosphorus when the need in early stages of growth
is large. In such cases, these data suggest the advisability of placing at least
part of the phosphate near the seed.

The effect of placement on uptake of phosphorus varies with the source
of phosphorus and with season. In a dry year (1948), the absorption of
phosphorus from superphosphate and calcium metaphosphate is much higher
from the band than from the rototiller placement, whereas placement has
little effect on either dicalcium phosphate or alpha tricalcium phosphate
(Figure 6) . In a wet year (1949) , the effect of placement at thinning time
was the same is in 1948, but afterward placement did not affect appreciably
the uptake from any of the fertilizers. These results indicate that when
comparisons of fertilizer materials or placement are being studied, the mois-
ture status in the surface 4 to 5 inches of soil is a very important factor. It
seems probable that when the fertilizer is placed in the top 4 to 5 inches of
soil, the effect of moisture will be dependent for the most part upon the
amount of rainfall, since in either year the plants were well supplied with
irrigation water. These relationships between moisture and phosphorus
uptake would be modified, however, by the frequency and manner of irriga-
tion, and the depth of placement of the fertilizer.
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Comparison of Liquid Phosphoric Acid and Treble Superphosphate

The percentage of phosphorus in sugar beets derived from the fertilizer
as affected by source and time of application is shown in Figure 7. The late
application of treble superphosphate supplied about one-haf as much
phosphorus to the plants as the early application. Except for the first
sampling period, the liquid phosphoric acid furnished about the same
amounts of phosphorus to the plant as the early application of treble super-
phosphate. These results indicate that, if late side-dressings of phosphate
are to be made, liquid phosphoric acid would be a better source of phos-
phorus than band-placed treble superphosphate. Application of the phos-
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phorus before or at planting time appeared to be the best method, par-
ticularly if the plants lacked phosphorus in the early stages of growth.
Yield increases of sugar beets were not significant; the yields ranged
from 11.2 to 119 tons per acre. Yield of sugar per acre was not affected by
the treatments.
Amount of P,0s Absorbed from the Fertilizer and from the Soil
Total uptake of phosphorus from the soil and from the fertilizer and

Table 3—FEffect of source of phosphorus on yield of sugar beets in tons/acre (1948).

Agroovmy Farm Halfiman Faeny
Treatment Auvgust 2 aciober 12 August 1§ Oceoher 0
Noow 874 1049 9.48 18.2
Superphosphate 9.68 20.7 9.68 16.72
Catelnm metaphosphate 2.H3 0.8 a.14 (LA
Dicaldum phosphate o.44¢ 208 .04 14.3
Alpha tricalcium phosphate 937 20.8 3.80 4.1

1 Sigmificant increage ac 5%, lovel compared to check.

s §igmificant increase at 19, level compared to check.
the percentage utilization of the applied phosphorus is shown in Table 2.
Except for alpha tricalcium phosphate, the utilization of the applied phos-
phorus was about the same for al other fertilizers. The crop absorbed 10
to 12 percent of the applied phosphorus. About 9 percent of the liquid
phosphoric acid and treble superphosphate applied in a separate experiment
was utilized by the sugar beets. At the first sampling date, the amount of
phosphorus absorbed from the soil in the fertilized plots was higher than
from the check plots.

Yields

The differences in the uptake of phosphorus due to source of material
and stage of growth should be reflected in yield, unless the plants can obtain
their maximum needs for phosphorus from the soil, or if some other growth
factor, i.e., moisture or nitrogen, becomes limiting. Moisture tension data
were not obtained from these experiments, but each year on the Agronomy
Farm a moisture-fertility experiment was conducted adjacent to the radio-
active experiment. Irrigations on the radioactive plots were made to corre-
spond with those plots in the moisture-fertility study which received the
highest number of irrigations, and were presumably well supplied with

Table 4—Yield of sugar beets at various stages of growth as affected by source of phos-
phorus (1949).

Sampling Dare

Juore 1P June 30 Aug. 10 Bepl. B Oee 11

‘Treatment Kt/ 06 sy LY T/ A, Tona/A. Tons/A,
Fow row

None 371 278 B.18 15.0 179
Superphosphate (403 58,5t B34 9,752 16.5 185
Superphosphate (B0) Bid.5% 4ng a9.637 1637 18.7
Caleiurm metaphosphate 53.41 336 9.65% 6.1 18.4
Ammonium phosphate 47.6 3450 9657 1700 19.5
Alpha tricaleiom phosphate E2.BL 580% o 25 159 18.8

*Significant increase 2t 597, level comparerd 1o check.
’Sli:'liﬁcanl incréase at ]% level compared o check.
* Whole plant sampled.
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Figure 7.

moisture. Nitrogen was probably not a limiting growth factor on the radio-
active plots, as indicated by nitrogen level studies in adjoining experiments
and by the color of the leaves.

Yields of sugar beets as affected by source of phosphorus at various
stages of growth are shown in Table 3 for 1948, and Table 4 for 1949. On
August 2 (Figure 1), when the plants contained the largest amounts of
phosphorus from the fertilizer, the yield was increased by those fertilizers
furnishing the most phosphorus to the plants on the Agronomy Farm. At
harvest time, however, the effect of phosphate fertilizer was not significant.
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The yields on the Hoffman farm were affected some by variations in stand,
but the final yields showed an increase due to superphosphate and calcium
metaphosphate. These two fertilizers also supplied the most phosphorus to
the plants.

In Table 4, the yields in 1949 tend to show an increase for all fertilizers
in the early stages of growth and up to the middle of the growing season.
The final yields, however, were not affected significantly by source of phos-
phorus. The data in Tables 3 and 4, and in Figures 1, 2, and 3 indicate
that the same conclusions would be made regarding the availability of

Table 5.—Percentage of phosphoric acid found at various depths applied to surface of
of soil (sugar beets).

Depth Proportion of total P added Depth Proportion of total P added
Inches found at various depths' Inches found at various depths®
mergent percent

o-1 55.0 a-9 100

1-2 2.2 810 .25

25 5.0 10-11 1.40

34 2497 -1z 0.52

4-5 253 12-13 Tl

5-6 1.4 13-14 o400

6-7 141 145 0.a7

78 144 15-15 0.1t

1

Each value represents the average of four samples.

the various fertilizers whether or not a yield increase was obtained.

It has been observed commonly that phosphorus affects plant growth
most markedly in the early stages of growth. If a soil is on the borderline
of deficiency in available phosphorus, the early stimulation of growth may
be overcome by the untreated plants after the root systems become well
established.

Table 6.—Percentage of total phosphoric acid added found at various depths applied
with varying amounts of water (fallow land).

Depih Acre inches of water applied with HaPOy
Inches three one one-third
percemt!t percentt prroeat?
L] il .7 485
12 Zl3 234 a8
3 640 B.BA A58
34 5.01 545 5.4l
4-5 4.26 5.89 2,08
5-6 2,84 2.80 204
G-7 1.85 2.10 1.79
7-8 0.9% 148 l1.a%
B-5 0.95 0.7 1.58
2-10 14% UA7 1% 1]
(LS 1.3 47 L
11-12 057 016 0.20
12-1% o.0% oo7 ol
13-14 005 0.07 0.05
1413 0.05 07 005
15-16 0.05 007 0.05

1 Each valye Lhe gc of Four
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Phosphorus Content of Tops

Analysis of the leaves for total phosphorus showed that the phosphorus
content was increased over the check plots by superphosphate and calcium
metaphosphate at the last three sampling periods on both locations in 1948.
The phosphorus content of the leaves varied somewhat with sampling date
in 1949. Only the higher rate of superphosphate consistently increased the
phosphorus content at all sampling periods. All fertilizers except alpha
tricalcium phosphate increased the phosphorus content of the leaves over the
check at the last sampling period (September 8) .
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Figure 8.

The phosphorus content of the leaves was not affected significantly by
the application of liquid phosphoric acid or treble superphosphate.

Movement of Phosphorus

The movement of liquid phosphoric acid applied to land in sugar beets
and on fallow land is shown in Tables 5 and 6. Movement of phosphorus
below twelve inches was very slight (Figure 8) . At least 85 percent of the
applied phosphorus was found in the top four inches of the soil. The amount
of water applied with the phosphoric acid had little effect on the move-
ment of the phosphorus. The results on the fallow land were essentially the
same as where the sugar beets were growing.

Tests were made under both conditions to eliminate possible contamina-
tion of the soil samples by the sugar beet roots, since radiophosphorus ab-
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sorbed near the surface subsequently could be translocated downward to
roots at lower depths. Ulrich, et al. (13) added phosphoric acid containing
radiophosphorus to the Aiken loam. The phosphorus penetrated about 12
inches and 75 percent was found in the top four inches of the soil.

The movement of phosphorus from band-placed treble superphosphate
(Table 7) was considerably less than from the liquid phosphoric acid.
Very little of the treble superphosphate moved beyond three inches. The
greater movement of phosphorus from the early application was caused
probably by an additional 931 inches of rain which fell between May 2
and June 29. The soil samples were taken July 23.

There was no appreciable horizontal movement of the liquid phosphoric
acid. Soil samples taken on top of the ridge between furrows, at the center
of the ridge, or in the ridge at a position horizontal with the bottom of the
furrows showed no radioactivity. The fertilizer would have to move from
4 to 7 inches in order to reach the center of the ridge. When the phos-
phorus was applied, the furrows were filled with water to about 50 percent
of their capacity.

able 7. Percenta%1 e of total treble superphosphate added found at various depths ap-
plled in a band four inches deep.

Depth Date of application
inches Below hand May 2 Juroe 20
percene? percent?
in band BG.¥ 7
0-| 7.5 2%
i-2 LX) 11
2-3 19 a8

) ~ Average of four samples
Average of six samples.

SUMMARY

The effect of source of phosphorus, placement, rate, and time of applica-
tion on its ultization by sugar beets was studied.

Calcium metaphosphate was less available than superphosphate in the
early stages of growth, but about equal thereafter. Ammonium phosphate
(11-48-0) and superphosphate were about equally available. Alpha tri-
calcium phosphate supplied the least amount of phosphorus to the crop at
all stages of growth.

Liquid phosphoric applied June 29 was about equal to treble super-
phosphate applied May 2, but higher than treble superphosphate applied
June 29.

Placement of the fertilizer near the seed increased markedly the uptake
of phosphorus at thinning time compared to band placement. In later stages
of growth, however, the band placement supplied more phosphorus than
the rototiller placement in a dry year, and about equal amounts in awet year.

The crop absorbed 10 to 12 percent of the applied phosphorus, except
with alpha tricalcium phosphate.

Phosphorus applied in the irrigation water moved downward at least
12 inches, although 85 percent of the total applied was found in the top
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four inches of soil. Phosphorus applied as treble superphosphate in a band
four inches deep moved downward about three inches below the band.
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