Resume of Commercial Fertilizer Studies
With Sugar Beets'

A. W. SKUDERNA?

Commercial-fertilizer studios with sugar beets have been in prog-
ress in the Arkansas Valley in Colorado since 1909. During the per-
iod 1909 to 1920 inclusive, various fertilizer constituents and soil
amendments were used in numerous trials conducted on the company
properties near Rocky Ford. For the greater part, fertilizer re-
sponse was not sufficiently great to be profitable. On the other hand,
factory-waste lime applied as a soil amendment in irrigation water
over a large acreage to refractory soil types resulted in definite im-
provement in soil structure and tilth. This practice has been limited
to acreages immediately adjacent to the factory.

In 1921, and continuing through 1928. a comprehensive study
of commercial-fertilizer response was undertaken cooperatively with
the Tinted States Department of Agriculture. Division of Soil Fer-
tility Investigations.®> During this period, 31 experiments with com-
mercial fertilizers were made on various soil types, irrigation condi-
tions, and fertility levels, and the effects of various fertilizer combi-
nations, sources of plant food in the fertilizer mixture and rates of
application were studied. The soils on which these fertilizer studies
were conducted ranged from neutral to highly alkaline reactions.
During the first 4 years of study, 21 different fertilizer combinations
of nitrogen, phosphoric acid, and potash Avere used in varying pro-
portionate amounts in each test to determine trends, and to ascer-
tain in which portion of the fertilizer triangle the response from
fertilizer application was most pronounced.’

From this exploratory work it was determined which fertilizer
constituent was productive of better results, and the rate of applica-
tion most likely to produce profitable returns. Therefore, in the
tests conducted during the years 1923 to 1928 inclusive, only those
fertilizer constituents, or fertilizer combinations found most promis-
ing in the earlier studies were used. In general, fertilizer response
was correlated with soil type and certain cropping practices. For
example, on the lighter-textured sandy loam soils, a 4-16-0 and 4-12-4
fertilizer mixture produced the better results. Soils intermediate in
texture, such as the silt loam and loam types, responded best to 0-16-4
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and 4-16-4 mixtures. For the heavier-textured clay loam and clay
types, the 0-16-4 and 0-20-0 fertilizers were the best. As a rule, beets
following alfalfa, responded to an application of superphosphate and
especially so. when this was made in conjunction with manure. In
this connection, it is worthy of note to record that large scae fertil-
izer usage, principally treble superphosphate, was commercialy
adopted in this Valley in 1926.

Fertilizer-placement studies were also made during this period.
With the amounts of fertilizer applied—25 to 50 pounds plant food
per acre—the greater response was obtained from a direct applica-
tion of fertilizer in the row with the seed, and promptly furrow irri-
gating the planted field. This practice is an extensive one in this
Valey, although occasionally some damage is caused to the germinat-
ing stand where prompt irrigation is not resorted to. In general,
heavier applications of commercial fertilizer, beyond the 50 pounds
plant food per acre were not profitable, unless the field was in a
high state of fertility, which condition will be discussed later in this
paper.

It is interesting to observe the source of the various fertilizer
constituents used, either singly or in combination, in these fertilizer
mixtures. The nitrogen was derived principally from three sources,
although in some mixtures as many as four sources were used. Gen-
eraly, sodium nitrate, ammonium sulfate, and either cottonseed
med or tankage or dried blood were used, one-third each as nitrogen
carriers. The organic nitrogen gave the best results on the lighter-
textured soils, and the inorganic nitrogen was best on the heavier
soils.  Sodium nitrate produced consistently better results than am-
monium sulfate, although the differences were small. Another inor-
ganic source of nitrogen was cyanamid. This did not produce the re-
sponse obtained from either sodium nitrate or ammonium sulfate.
Further, its use in the fertilizer mixture in excess of 80 pounds per
ton is not generally recommended, since it especialy reacts with sup-
erphosphate.

It was early observed that the percentage of inorganic nitrogen
in the fertilizer formula could be quickly overdone with detriment
to the germinating stand. In general, when fertilizer is applied with
ihe seed, not more than 4 percent of the total plant food used in a
complete fertilizer mixture should be nitrogen, and the balance pri-
marily phosphoric acid.

Since a high percentage of phosphoric acid in the fertilizer used
produced the best results, the sources of phosphoric acid in the fer-
tilizer mixture received considerable attention in these experiments.
Superphosphate containing 16 percent P,Os and treble superphos-
phate containing 44 to 45 percent P,Os were compared in 20 tests
made in a number of locations and on various soil types during 1923-
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1027. Due to the injurious effects upon stands of beets resulting' from
the excess free acidity of the treble superphosphate as manufactured
at that time, the superphosphate consistently outyielded the treble
superphosphate in practically every test. An attempt was made to
neutralize this excess free acidity by the addition of factory-waste
Lime, so as to make a mixture equivalent to the 16 percent superphos-
phate. This worked very satisfactorily, resulting in significant sug-
ar-per-acre increases.

This suggests the possible use of lime as a filler in the treble-
superphosphate fertilizer instead of gypsum. On soils highly charged
with sodium salts, which is a condition frequently met with in many
irrigated soils in the Arkansas Valley and undoubtedly elsewhere,
there is a possibility that 1he phosphoric acid in the fertilizer may
be affected adversely b\ the accumulation of salt. This suggests
also the advantageous use of lime as a light top dressing on such soils,
and for which purpose existing supplies of factory-waste lime might
be beneficially drawn upon.

Potash as potassium sulfate was primarily used in these tests,
although some applications were made with potassium chloride. While
its moderate use favorably influenced purity values and to some ex-
tent the storing quality of heels, the yields were not materially
greater. Therefore, during this period of fertilizer tests, it was con-
cluded that potash was not essential to successful sugar-beet growing
in the Arkansas Valley.

In addition to these fertilizers, special mixtures as ammo-phos
A and potassium ammonium phosphate were used, the latter with
especially favorable results. In 1926, Steffens molasses was added
to the superphosphate-lime mixture at the rate of 2Y? percent of the
total mixture. After drying and grinding, the mixture was applied
with the seed at the rate of 40 pounds P,Os per acre. An increase
of 500 pounds of sugar per acre was obtained from the use of this
mixture compared to the superphosphate-lime treatment alone. Dur-
ing this period various minor elements were used singly and in com-
bination with the lhree essential plant-food elements used in the body
of these tests. The results for the greater part were inconclusive.
Similarly, this was found true for such soil amendments as sulfur.
iron sulfate, and gypsum.

As a result of these tests, in the Arkansas Valley area in Colo-
rado, it was concluded that phosphoric acid is the plant-food element
most needed by the sugar beet, all soil types considered. Nitrogen
in addition to phosphoric acid is also needed for best results when
beets are grown on the lighter-textured soils. The use of potash in
small amounts appeared to be beneficial but not essential.

It was further observed, that the efficiency of a commercial
fertilizer is increased materially by an abundance of organic matter
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in the soil, either in the form of animal manures or crop residues re-
sulting from good cropping practices. The studies indicated quite
definitely that larger quantities of plant food could be applied with
profit in fields of higher fertility than in fields low in fertility.

The conclusions reached were, that for more fertile fields, a rea-
sonable increase could be expected in most cases from commercial-fer-
tilizer application if needed, at the rate of 60 to 80 pounds of plant-
food per acre. For soils of average fertility a 40-pound plant-food
application was found most profitable. The most outstanding results
were obtained from well-farmed and properly rotated fields where a
combined use of treble-superphosphate fertilizer and manure was
made. This was particularly true, where part of the treble-super-
phosphate fertilizer was applied to an 8-tons-per-acre application of
well-rotted manure made in the fall immediately prior to plowing,
and the remainder applied with the seed at planting time.

During the period 1909 to 1928 inclusive, a wide range in annual
precipitation was experienced, and with it the inevitable fluctuations
in quantity and quality of irrigation water. This is especially true
in this area where almost entire dependence is placed upon the direct
flow from the river for irrigation requirements.

Of interest to the farmer is the quality of the irrigation water by
months, during the irrigation season. For example, in years of copi-
ous rainfall, it might be well to pass up an irrigation run in the event
water is not of suitable quality for building up the soil-moisture sup-
ply. Obviously, such procedure is out of question in years of water
scarcity, when poor-quality water must be applied, regardless of its
effect upon soil structure, fixation of certain plant foods, nitrifi-
cation, and the inevitable increase in soluble alkali salts in the soil
surface.

From studies conducted by the writer on accumulated alkali
salt residues per acre during the 7-year period 1919 to 1925), this
amounted to .25 ton annually. It is evident that in irrigated areas
the problem of maintaining a high organic-matter content in the soil
as a buffer against excessive alkali salt-accumulation is of extreme
importance.

As a general premise, commercial-fertilizer response is greater
in years of more abundant rainfall than when a deficiency in mois-
ture exists. Due to the general distribution of precipitation, the
winter and early spring months are generally dry and soil nitrifica-
tion is at its lowest ebb at beet-planting time. This condition makes
it profitable to apply at planting time on lighter-textured soils, a
suitable commercial fertilizer containing some nitrogen.

The period 1929 to 1956 was one during which efforts were di-
rected primarily at consolidating gains made in commercial-fertilizer
usage, principally treble superphosphate, rather than instituting new
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work. However, a cycle of abnormally dry years prevented obtain-
ing full benefits from the fertilizer applied, and reduced rather than
increased The number of growers using commercial fertilizer.

With the advent of rapid methods of soil testing for N-P-K and
other essential plant-food deficiencies, an extensive soil-testing pro-
gram was undertaken in 1937 in cooperation with the Anaconda Com-
pany and also with the American Potash Institute. Using Mor-
gans' Rapid Chemical Method, a large number of soil samples pro-
cured from fields located in various parts of the Valley were tested.
In general, it was found that 78 percent of them were deficient in
phosphoric acid, 38 percent showed nitrogen deficiency, and 29 per-
cent were deficient in potash. Prom previous experience in the field,
the results in phosphoric acid and nitrogen deficiency were expected.
However, the large increase in soil samples showing some potassium
deficiency was apparently a new development.

Accordingly, this phase of study was investigated further, and.
samples to a depth of 7 to 12 and 13 to 24 inches were obtained from
139 fields selected at random from sugar-beet-producing areas in this
Valley. The La Motte Rapid Chemical Method for Potassium was
used. Of the number of samples tested, 58 percent showed some de-
ficiency in potassium.

To confirm these results, a number of fertilizer tesls were con-
ducted in 1938 in the field on fertile soils, using- treble superphos-
phate, a 4-16-4 complete mixture, and a 4-16-0 fertilizer. In these
treatments, the amounts of plant food applied per acre were the same.
While all three fertilizers outyielded the unfertilized check by more
than 25 percent in pounds of sugar per acre, there was no appreciable
difference in yield produced by either of these three treatments.
However, the results again demonstrated the importance of organic
matter in the soil in increasing the benefits accruing from commer-
cial-fertilizer application.

To check further on the need of some organic matter in the soil
in increasing the efficiency of commercial-fertilizer application, a
comparison test was conducted in 1939 with an organic base (packing-
house waste product). Both the treble-superphosphate fertilizer and
the 4-16-4 fertilizer mixture received organic waste as a filler, and
each applied with the seed at rate of 40 pounds of mineral plant
food per acre. In a field of low fertility, the results were greatly
in favor of both fertilizers receiving the organic-base filler. In the
field of higher fertility, there were no significant differences in
yields produced by these treatments.

In 1940, 12 different fertilizer treatments were used in a field
of average fertility. Again, the outstanding treatments were the
complete fertilizer mixture 4-24-4, and treble superphosphate, to both
of which organic-base fertilizer had been added as a filler. Another
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promising treatment was Soil Aid, a treated coa product, reinforced
with phosphoric acid and nitrogen.

From the results obtained during 1938 to 1940 on soils of vari-
ous levels of fertility, rather definite conclusions can be drawn: (1)
That the importance of organic matter in our irrigated soils cannot
be overstressed, and (2) that the more fertile soils generally respond
more favorably to commercial fertilizer than soils low in fertility.
The results of earlier work done during 1921 to 1928 are thereby
confirmed.

This dtill left the question of potash fertilization open for fur-
ther work. A study of this phase of the problem was therefore un-
dertaken, and the plan of experiment modified somewhat. Three
fields of varying levels of fertility (as adjudged from previous crop
results) were selected. All were of silt-loam type and similar crop-
ping practice. The treble-superphosphate fertilizer was used at rate
of 45 pounds P,Os with the seed for tests 1 and 2. Side dressings
were made immediately after beet thinning, with the kind of fertilizer
as outlined in the plan of treatment. The application was 4 inches
away from beet row, and about 3 inches deep. The results follow :
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In this test the complete fertilizer treatment (142) produced
significantly higher results than obtained from the other fertilizers
under test. More effective utilization of commercial fertilizer, as
conditioned by the fertility level of the field, is evident in this test.
It is unfortunate that in this test as in the other two to be presented,
hail damage was such as to defoliate completely the plants and ab-
normally depress sucrose and purity values. Further, record-break-
ing rains occurring in September and October tended to prevent nor-
mal recovery in sucrose.

The results of a test conducted on an intermediate level of fer-
tility are shown in table 2.

In this test, the 0-30-15 and 15-30-0 fertilizer treatments were
the most efficient in their response, from the standpoint of unit of
fertilizer plant food applied. A trend is seen in increases in sugar-



144 AMERICAN SOCIETY SUGAR-BEET TECHNOLOGISTS

TabIeZ—IntermedlaIe fertility field—| Rocky Ford, Colorado 1941
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per-acre yields resultlng from additions of potash in the side-dressed
applications of 40, 80, and 120 pounds K0 respectively. It would
appear from these results that lesser amounts of K,0 in the com-
meeerocl:ial-fertilizer mixture, if needed, are sufficient for present crop
needs.

A third test was located in a field of lower-fertility level. In
this test, 45 pounds of plant food, all from treble superphosphate,
was applied per acre with the seed. One side-dressed application of
100 pounds K,0 was made to treatment 4 immediately following beet
thinning. The results are shown in table 3.
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It is of interest to note that in the side-dressed treatment which
received a total of 190 pounds of plant food, no significant yield dif-
ference was demonstrated. For that matter, none of the treatments
produced yield differences sufficiently large to be profitable.

Conclusions
Despite an apparent increase in the alkali salt residue left in the
soil as a result of irrigation-water use over a 50-year period, it ap-
pears that the changes which have occurred in the soil under nor-
mal cropping conditions are as yet not sufficient to cause wide-
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spread mineral plant-food deficiencies. The greatest single need in
the building up and maintaining; of fertility in irrigated soils is
organic matter.

Second in importance is the increasing need for phosphoric acid.
As indicated in this resume, 78 percent of the fields tested showed
need of phosphate fertilization. Even so. the symptoms are not as
sharply pronounced, as in some other sugar-beet growing areas
where blaekheart, a phosphate-deficiency disease, may become so
severe as to completely kill the plant.

From the point of view of most efficient application of treble
superphosphate, it would appear that applying it in conjunction with
barnyard manure at time of fal plowing, and a light application
with the seed at time of planting deserves increased consideration.
For alfalfa fields showing phosphate deficiency, broadcasting the
fertilizer, and either disking it in or working it into the soil with a
renovator have proved successful.

In connection with phosphate application to sugar beets, certain
varieties have shown selective preference for this plant food com-
pared to others. It would, therefore, appear that in borderline cases
of phosphate deficiency, variety tests in conjunction with fertilizer
tests will need to be conducted to determine the best practice to fol-
low. Side dressings with treble superphosphate after thinning have
not generally shown large returns for the fertilizer dollar expended.
There is reason to believe, however, that this practice may develop
into sizeable proportions, when the right conditions are provided.

Addition of nitrogen to the fertilizer mixture has been shown
to be a profitable practice on light-textured soils, and especially so
in years of deficient rainfall in the spring, resulting in decreased
nitrification in the soil. Experience in the Arkansas Valley indicates
that the percentage of nitrogen in the fertilizer mixture must be kept
fairly low if injury to germinating stand is to be avoided. Side
dressings with nitrogen after beet thinning have not been found prof-
itable as a general rule.

The application of potash in the fertilizer mixture is as yet in
the experimental stage. Results obtained thus far indicate that for
the heavier-textured soils well supplied with organic matter, the
general use of this element is not yet required. However, on the
lighter-textured soils, its use in a complete fertilizer mixture such as
4-16-4, or 4-24-4, or eventually even in a 4-36-4, may be frequently
justified. Even where tangible increases in sugar per acre yield have
not been shown, the effect upon the keeping quality of the beet in
storage has been demonstrable.
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In these immature soils of the irrigated West, the use of certain
soil amendments may well be considered. Sulfur as a soil corrective
is receiving increasing attention, and under the load of increased
accumulation of mixed alkali salts in the soil it may have to be given
a more prominent place in our fertilizer practice. Agricultural prac-
tice in Arizona and in part of New Mexico is already aware of the
potential possibilities of sulfur on highly alkaline soils, as witnessed
by a rapidly spreading usage of this plant-food element.

Another plant-food element that has shown surprisingly good
results, and especially so on highly alkaline soils, has been lime. Not
only has it been proved a good flocculating agent under such con-
ditions, but yields have been measureably increased. This suggests
the need of further study in determining areas where it is needed,
and possible use as a filler for certain fertilizer mixtures where dan-
ger of reaction in the mixture is not too great. In this connection,
symptoms of overliming as evidenced by boron deficiency are quite
generally lacking in this Valley.

The use of minor- elements such as copper, manganese, zinc, boron,
and others, either singly or in a fertilizer carrying these rare ele-
ments, has not as yet been productive of outstanding results. Pos-
sibly there are areas in the irrigated areas where the reverse holds
true. From studies conducted on use of copper-lime sprays in con-
trol of leafspots, there are indications at times that copper may be
utilized by the plant as evidenced by increased sugar-per-acre yield
under non-leafspot conditions. Also, certain varieties apparently
show a selective preference for this element.

Finally, there is need for more critical testing of newer fertil-
izers that are on the market. Some of these have decided merit,
while others have nothing to recommend them except the claims of
the manufacturer or sales agent. With a rapidly maturing soil and
with a heavy production load as evidenced by the large yields of
crops grown per acre under irrigation, the conclusion is, that in-
creased attention will not only have to be given to proper cropping
sequence, crop rotations, and maintenance of high organic reserves in
the soil, but to intelligent and efficient use of commercial fertilizers
as well.



