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Commercial-fert i l izer studios with sugar beets have been in p rog -
ress in the Arkansas Valley in Colorado since 1909. D u r i n g the per -
iod 1909 to 1920 inclusive, var ious fertil izer cons t i tuents a n d soil 
amendments were used in numerous t r ia ls conducted on the company 
proper t ies near Rocky F o r d . F o r the g rea te r p a r t , fertil izer re-
sponse was not sufficiently great to be profi table . On the other hand , 
factory-waste lime appl ied as a soil a m e n d m e n t in i r r iga t ion wate r 
over a large acreage to ref rac tory soil types resul ted in defini te im-
provement in soil s t ruc tu re and ti l th. This pract ice has been l imited 
to acreages immediately adjacent to the factory. 

In 1921, a n d con t inu ing th rough 1928. a comprehensive s tudy 
of commercial-fert i l izer response was under t aken cooperat ively with 
the T in ted Sta tes Depar tment of Agr i cu l tu re . Division of Soil F e r -
t i l i ty Invest igat ions.3 Dur ing this period, 31 exper iments with com-
mercial ferti l izers were made on various soil types, i r r igat ion condi-
tions, and fert i l i ty levels, and the effects of various fert i l izer combi-
nations, sources of plant food in the fert i l izer mix tu re and ra tes of 
appl icat ion were s tudied. The soils on which these fertil izer s tudies 
were conducted ranged from neut ra l to highly alkal ine react ions. 
Dur ing the first 4 years of s tudy , 21 different ferti l izer combinat ions 
of ni t rogen, phosphoric acid, and potash Avere used in va ry ing p r o -
por t ionate amounts in each test to de termine t rends , and to ascer-
tain in which por t ion of the fertilizer t r i ang le the response from 
fertilizer appl icat ion was most pronounced. 4 

F r o m this exp lora tory work i t was de te rmined which ferti l izer 
const i tuent was product ive of bet ter results , and the ra t e of applica-
tion most likely to produce profi table r e tu rns . Therefore, in the 
tests conducted d u r i n g the years 1923 to 1928 inclusive, only those 
fertilizer const i tuents , or fertilizer combinat ions found most p romis -
ing in the earl ier s tudies were used. In general , fertilizer response 
was correlated with soil type and cer ta in c ropp ing pract ices . F o r 
example, on the l ighter - tex tured sandy loam soils, a 4-16-0 and 4-12-4 
fertil izer mix tu re p roduced the better resul ts . Soils in te rmedia te 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 scale fertil-
izer usage, principally treble superphosphate, was commercially 
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 
Valley, 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-
erally, sodium nitrate, ammonium sulfate, and either cottonseed 
meal 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 especially 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 P2O5 and treble superphos-
phate containing 44 to 45 percent P2O5 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 in jur ious effects upon s tands of beets result ing ' from 
the excess free acidi ty of the treble superphospha te as manufac tu red 
at tha t time, the superphospha te consistently outyie lded the t reble 
superphospha te in prac t ica l ly every test. An a t t e m p t was made to 
neutral ize this excess free acidi ty by the addi t ion of factory-waste 
Lime, so as to make a mix tu re equivalent to the 16 percent superphos-
phate . This worked very sat isfactori ly, resu l t ing in significant sug-
ar-per-acre increases. 

This suggests the possible use of lime as a filler in the treble-
superphospha te ferti l izer instead of gypsum. On soils highly charged 
with sodium salts, which is a condi t ion f requent ly met wi th in many 
i r r iga ted soils in the Arkansas Valley and undoubted ly elsewhere, 
there is a possibility that 1 he phosphoric acid in the ferti l izer may 
be affected adversely b\ the accumulat ion of salt. This suggests 
also the advantageous use of lime as a light top dressing on such soils, 
and for which purpose exist ing suppl ies of factory-waste lime might 
be beneficially d rawn upon. 

Potash as potassium sulfate was pr imar i ly used in these tests, 
a l though some appl ica t ions were made with potass ium chloride. Whi le 
its modera te use favorably influenced p u r i t y values and to some ex-
tent the s tor ing qual i ty of heels, the yields were not mate r ia l ly 
greater . Therefore, d u r i n g this period of fertil izer tests, it was con-
cluded that potash was not essential to successful sugar-beet growing 
in the Arkansas Valley. 

In addi t ion to these fertilizers, special mix tu res as ammo-phos 
A and potassium ammonium phosphate were used, t he lat ter with 
especially favorable resul ts . In 1926, Steffens molasses was added 
to the superphosphate- l ime mix tu re at the r a t e of 21 /2 percent of the 
total mix ture . Af te r d r y i n g and gr ind ing , the mix tu re was appl ied 
with the seed at the rate of 40 pounds P2O5 per acre. An increase 
of 500 pounds of sugar per acre was obtained from the use of th is 
mix ture compared to the superphosphate- l ime t rea tment alone. Dur-
ing this per iod various minor elements were used singly and in com-
bination with the 1hree essential plant-food elements used in the body 
of these tests. The results for the grea te r par t were inconclusive. 
Similar ly, this was found true for such soil amendmen t s as sulfur . 
iron sulfate, and gypsum. 

As a result of these tests, in the Arkansas Valley area in Colo-
rado, i t was concluded that phosphoric acid is the plant-food element 
most needed by the sugar beet, all soil types considered. Ni t rogen 
in addi t ion to phosphoric acid is also needed for best resul ts when 
beets are grown on the l igh te r - tex tured soils. The use of potash in 
small amoun t s appea red to be beneficial bu t not essential. 

It was fu r the r observed, tha t the efficiency of a commercial 
fertilizer is increased mater ia l ly by an abundance of organic ma t t e r 
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in the soil, ei ther in the form of animal manures or crop residues re-
sulting from good c ropp ing pract ices . The s tudies indicated qui te 
definitely tha t larger quant i t i es of p lant food could be app l ied with 
profit in fields of h igher fer t i l i ty than in fields low in fer t i l i ty . 

The conclusions reached were, tha t for more fer t i le fields, a rea-
sonable increase could be expected in most cases from commercial-fer-
tilizer appl ica t ion if needed, at the r a t e of 60 to 80 p o u n d s of plant-
food per acre. F o r soils of average fert i l i ty a 40-pound plant-food 
application was found most prof i table . The most ou t s t and ing resul ts 
were obtained from well-farmed and proper ly ro t a t ed fields where a 
combined use of t reb le -superphospha te fertilizer a n d m a n u r e was 
made. This was pa r t i cu l a r ly true, where p a r t of the t reble-super-
phosphate fert i l izer was app l ied to an 8-tons-per-acre appl ica t ion of 
well-rotted m a n u r e made in the fall immedia te ly p r io r to plowing, 
and the r emainder appl ied with the seed at p l an t i ng t ime. 

Dur ing the period 1909 to 1928 inclusive, a wide range in a n n u a l 
precipitat ion was experienced, and with i t the inevitable f luc tua t ions 
in quant i ty and qual i ty of i r r igat ion water . This is especially t r ue 
in this area where almost entire dependence is placed upon the di rect 
flow from the r iver for i r r iga t ion requ i rements . 

Of interest to the fa rmer is the qual i ty of the i r r iga t ion water by 
months, d u r i n g the i r r iga t ion season. F o r example, in years of copi-
ous rainfal l , it might be well to pass up an i r r igat ion run in the event 
water is not of sui table qua l i ty for bui ld ing up the soil-moisture sup-
ply. Obviously, such procedure is out of question in years of water 
scarcity, when poor-qual i ty water must be appl ied, regardless of its 
effect upon soil s t ruc tu re , f ixation of certain plant foods, n i t r i f i -
cation, and the inevitable increase in soluble alkali sal ts in the soil 
surface. 

F r o m studies conducted by the wr i te r on accumula ted alkali 
salt residues per acre d u r i n g the 7-year per iod 1919 to 1925), this 
amounted to .25 ton annua l ly . It is evident t ha t in i r r iga ted areas 
the problem of ma in t a in ing a high organic-mat te r content in the soil 
as a buffer against excessive alkali sa l t -accumulat ion is of ext reme 
importance. 

As a general premise, commercial-fert i l izer response is grea ter 
in years of more abundan t ra infal l t h a n when a deficiency in mois-
ture exists. Due to the general d is t r ibut ion of p rec ip i ta t ion , the 
winter and early sp r ing months are general ly dry and soil n i t r i f ica-
tion is at its lowest ebb at bee t -p lant ing t ime. This condi t ion makes 
it profi table to app ly at p lan t ing t ime on l igh te r - t ex tu red soils, a 
suitable commercial fertilizer conta in ing some n i t rogen . 

The per iod 1929 to 1956 was one d u r i n g which efforts were di-
rected p r i m a r i l y at consol idat ing gains made in commercial-fer t i l izer 
usage, pr incipal ly t reble superphospha te , r a t he r than ins t i t u t ing new 
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work. However, a cycle of abnormal ly d r y years p reven ted obtain-
ing full benefits from the fertil izer appl ied, and reduced r a t h e r t h a n 
increased The number of growers using commercial fertilizer. 

Wi th the advent of rapid methods of soil tes t ing for N-P-K and 
other essential plant-food deficiencies, an extensive soil-testing p ro -
gram was unde r t aken in 1937 in cooperation with the Anaconda Com-
p a n y and also with the American Potash Inst i tute . Using Mor-
g a n s ' Rapid Chemical Method, a large number of soil samples p ro-
cured from fields located in various p a r t s of the Valley were tested. 
In general , it was found tha t 78 percent of them were deficient in 
phosphoric acid, 38 percent showed nitrogen deficiency, and 29 per-
cent were deficient in potash. P r o m previous experience in the field, 
the resul ts in phosphoric acid and ni t rogen deficiency were expected. 
However , the large increase in soil samples showing some potassium 
deficiency was appa ren t ly a new development . 

Accordingly , this phase of s tudy was invest igated fur ther , 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 mix ture , and a 4-16-0 fertilizer. In these 
t rea tments , the amounts of plant food appl ied per acre were the same. 
While all three fertilizers outyielded the unfert i l ized check by more 
than 25 percent in pounds of sugar per acre, there was no apprec iable 
difference in yield produced by either of these three t r ea tmen t s . 
However, the resul ts again demons t ra ted the impor tance of organic 
ma t t e r in the soil in increasing the benefits accru ing from commer-
cial-fertilizer appl ica t ion . 

To check fur ther on the need of some organic mat te r in the soil 
in increasing the efficiency of commercial-fert i l izer appl ica t ion, a 
comparison test was conducted in 1939 with an organic base (pack ing-
house waste p r o d u c t ) . Bo th the t reble-superphosphate fertilizer and 
the 4-16-4 fertil izer mix tu re received organic waste as a filler, and 
each appl ied with the seed at r a t e of 40 pounds of minera l p lant 
food per acre. In a field of low fert i l i ty, the resul t s were grea t ly 
in favor of both ferti l izers receiving the organic-base filler. In the 
field of higher fert i l i ty, there were no significant differences in 
yields produced by these t r ea tments . 

In 1940, 12 different fertilizer t r ea tmen t s were used in a field 
of average fert i l i ty. Again , the ou t s t and ing t r ea tmen t s were the 
complete fertil izer mix tu re 4-24-4, and t reble superphospha te , to both 
of which organic-base ferti l izer had been added as a filler. Ano the r 
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promising treatment was Soil Aid, a treated coal 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 still 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 P2O5 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 : 

In this test the complete fertilizer treatment (1-4-2) 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-
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Table 2.—Intermediate-fertility field—Rocky Ford, Colorado, 1941 

per-acre yields resulting: from additions of potash in the side-dressed 
applications of 40, 80, and 120 pounds K20 respectively. It would 
appear from these results that lesser amounts of K 20 in the com-
mercial-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 K20 was made to treatment 4 immediately following beet 
thinning. The results are shown in table 3. 

Table 3.—Low-fertility field—Rocky Ford, Colorado, 1941 

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 fall 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 immatu re soils of the i r r iga ted West, the use of cer ta in 
soil amendment s may well be considered. Sul fur as a soil correct ive 
is receiving increas ing a t ten t ion , and u n d e r the load of increased 
accumulat ion of mixed alkali salts in the soil it may have to be given 
a more prominent place in our ferti l izer pract ice . A g r i c u l t u r a l p r ac -
tice in Ar izona a n d in par t of New Mexico is a l ready aware of the 
potent ia l possibilities of sulfur on highly alkal ine soils, as witnessed 
by a rap id ly sp read ing usage of th is plant-food element. 

Ano the r plant-food element that has shown surpr i s ing ly good 
results, and especially so on highly alkal ine soils, has been lime. Not 
only has it been proved a good flocculating agent under such con-
dit ions, bu t yields have been measureably increased. This suggests 
the need of fur ther s tudy in de te rmin ing areas where it is needed, 
and possible use as a filler for cer ta in fertil izer mix tures where dan-
ger of reaction in the mix tu re is not too grea t . In this connection, 
symptoms of overl iming as evidenced by boron deficiency are qui te 
general ly lacking in this Valley. 

The use of minor- elements such as copper, manganese , zinc, boron, 
and others, ei ther singly or in a fert i l izer ca r ry ing these ra re ele-
ments , has not as yet been product ive of ou t s t and ing results . Pos-
sibly there are areas in the i r r iga ted areas where the reverse holds 
t rue . F r o m studies conducted on use of copper-l ime sp rays in con-
trol of leafspots, there are indicat ions at t imes that copper may be 
utilized by the p lant as evidenced by increased sugar-per-acre yield 
u n d e r non-leafspot condit ions. Also, cer ta in variet ies a p p a r e n t l y 
show a selective preference for this element. 

F ina l ly , there is need for more critical test ing of newer fertil-
izers that are on the marke t . Some of these have decided meri t , 
while others have no th ing to recommend them except the claims of 
the manufac tu re r or sales agent . Wi th a r ap id ly m a t u r i n g soil and 
with a heavy produc t ion load as evidenced by the la rge yields of 
crops grown per acre under i r r iga t ion , the conclusion is, t ha t in-
creased a t ten t ion will not only have to be given to p r o p e r c ropp ing 
sequence, crop rotat ions , and main tenance of high organic reserves in 
the soil, but to intel l igent and efficient use of commercial fert i l izers 
as well. 


