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The high cash investment required to grow the sugar beet
crop makes it necessary for the grower to obtain high yields if
he is to make a profit. Good qm]lty is nearly as important as
yield. Some of the many factors affecting the growth and quality
of sugar beets behave one way under one set of conditions and
in quite another manner under other conditions. -In order for
man to direct and control effectively the growth of plants to his
advantage, he must not only know that a certain response will
occur but also why it occurs.

The objective of this paper is to report some observations on
factors affecting yield, quality, and nutrient content of sugar
beets, which have been made in the course of an experimental
study on a rotation of a number of crops including sugar beets.

Few crops are more sensitive or responsive to the quantity
and quality of fertilizers provided for them, than sugar beets. It
has been shown (2) (3)° that method of irrigation and soil mois-
ture condition affect the availability of plant nutrients and in
turn the yield and quality of this crop. There is some evidence
(3) (4) that top : root ratio of sugar beets may indicate the
proper balance of plant nutrients necessary for optimum yields.
Chemical analyses of soils and plants have been made in profusion
in an effort to determine optimum nutritional conditions. A
number of these factors and their interrelations are discussed.

Experimental Materials and Methods

Sugar beets were grown in a crop rotation of canning peas.
'tlfai[d alfalfa, potatoes and suoar beets which were estahlished
at Logan, Utah, in 1949 on Millville loam. This is a deep, well-
drained, highly calcareous soil low in soluble salts. T'wo methods
of irrigation, sprinkler and furrow, with four soil moisture con-
ditions superimposed on each method were studied (available
soil moisture remaining in root zone allowed to approximate
90 (W,), 70 (W,), 40 (W.,), and 20 (W,) percent between
irrigations) . Soil moisture plots were further subdivided for
nitrogen and phosphorus fertilizer treatments. Nitrogen was
broadcast and harrowed into the soil before plantine at the rate

L Contribution from the Western Soil and Water Manazement Research Branch. Aevienl-
tural Rescarch Service, United States Department of Agriculture, and Utah Agricultural Ex-
periment Station, cooperating. Western Regional Rescarch Project W-29,

2 So0il Scientist, Logan, Utah,
3 Numbers in parenthesis refer to literature cited.



Vor. X, No. 4, Janvary 1959 845

of 80 pounds N per acre as ammonium sulfate and phosphorus
at the rate ol 44 pounds of P per acre as treble super-phosphate.
Nitrogen and phosphorus fertilizers were applied in 32 combina-
tions to peas, potatoes, and sugar beets.

The Sachs-Le Docte (1, p. 363) cold digestion of rasped beet
pulp was used as the basis for determining sucrose and purity.
The method of Ulrich (6) was used for nitrate-nitrogen and phos-
phorus. Potassium, sodium and calcium were determined by
means of the Perkin-Elmer flame photometer. Sodium bicarbon-
ate-soluble soil phosphorus was determined by Olsen’s (5)
method. :
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Experimental Results and Discussion

Yield of Sugar Beets

The yield data are shown graphically in Figure 1. The
importance of irrigation is readily seen by comparing yields under
soil moisture conditions W, and W, with W, and W,. While
yields are closely associated with quantity of irrigation water
applied there appears to be no yield advantage for quantities
greater than 25 inches (see Table 1 for information on quantity
of water used).

The influence of nitrogen and phosphorus fertilizers on yield

of sugar beets under sprinkle and furrow irrigation is illustrated
in Figure 2. While nitrogen alone. was of little value it was
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significantly advantageous in the presence of added phosphorus.
This was particularly true under furrow irrigation. Phosphorus
appeared to be of more value under sprinkle than furrow irri-
gation. The reason for this differential response of sugar beets
to fertilizers under the two methods of irrigation is undoubtedly
related to the greater nitrogen losses by deep percolation under
furrow irrigation. It has frequently been observed that nitrogen
nutrition is better under sprinkle than furrow irrigation. This
would account in part for the better phosphorus response and the
lower nitrogen response under sprinkle than furrow methods.

Table 1.—Yield and Quality of Sugar Beets as Affected by Irrigation and Fertilization
(1956).

Treatment
_— — e Yield Yield
Irrig. Water Beots Tops T/R Sucrose Purity
Symbol  Interval  Used T/A r/A Ratio  {Percent)  (Percent)
(Days) (Inch)
Method of S 10 23 18.93 12.71 692 17.35 92.75
Irrigation F 10 26 17.93 10.52 589 17.55 93.54
“LSR at .05 N.S. 1.11 044 NS. 0.35
Soil Wi 19 16,1 16.19 11.87 JT44 16.50 92.01
Moisture We 13 16.6 17.32 12.01 702 17.24 92,63
Condition  Wa 5 25.7 20.14 11.19 562 17.97 93.64
W, 2.7 40.1 20.07 10.98 556 18.10 93.88
LSR at .05 1.67 N.S. 067 0.59 0.54
Four year O 18.30 11.65 652 17.47 92.98
Residual P 18.65 11.29 617 17.38 93.25
Fertilizer N 18.19 11.63 657 17.48 93.01
NP 18.57 11.48 638 17.47 92.94
LSR at .05 N.S. N.S. .033 N.S. " NS
One Year O 17.58 10.95 635 17.49 92,03
Residual P 19.28 11.28 604 17.56 93.53
Fertilizer N 17.18 11.45 684 17.31 92.89
NP 19.67 12.37 642 17.45 92.83
LSR at .05 1.03 0.61 033 0.20 0.41
Current O 17.46 10.24 507 1742 93.50
Fertilizer P 18.98 10.92 .585 17.61 93.57
N 17 .41 12.04 721 17.42 92,58
NP 19.87 12.85 660 17.57 92,52
LSR at .05 1.08 0.61 033 0.20 0.41

#Duncan’s multiple range test.
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The fact that yields of sugar beets were about 18 tons per
acre without any added fertilizer indicates that the soil used in
this study was not particularly deficient in available nitrogen and
phosphorus. Nevertheless, 44 pounds of phosphorus per acre
under sprinkle irrigation produced an additional yicld of 1.8 to
2.6 tons per acre (see Figure 2). As will be seen subsequently
80 pounds of nitrogen also produced increased beet yields of
about 114 tons of beets under the moist conditions of treatments
W, and W,

The question is frequently asked: How long will fertilizers
remain cffective after application? The answer depends on the
fertility level and nature of the soil as well as the quantity of
fertilizer added. U'nder the conditions of this experiment it
appears that phosphorus applied to the soil the year previous to
growing sugar beets is equally as effective in producing high
yields as when applied the current season. It has been observed
for a number of years that sugar beet yields have not only been
higher when phosphorus was aPplled to the previous crop but
better phosphorus nutrition was observed in beets from pre-
fertilized soils than when phosphous was applied in the current
season. The influence of nitrogen and phosphorus fertilizers on
sugar beet yields when they are applied four years previous, one
year previous, and directly to the sugar beet crop is shown in
Figure 3. It is estimated that the four previous crops had removed
120 pounds nitrogen and 36 pounds of phosphorus per acre more
than the additions through fertilizers, crop residues, and micro-
biological nitrogen-fixation. A yield stimulation would not be
expected to result from 80 pounds of nitrogen and 44 pounds of
phosphorus fertilizer under these circumstances.
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Figure 3.—Yield of
sugar beets as af-
fected by residual
and currently ap-
plied nutrients, 1956.
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One may be inclined to conclude from the data presented
in Figures 2 and 3 that nitrogen is of no value under the con-
ditions of this experiment. That such a conclusion is unsound
is shown in Figure 4. It will be observed that under dry condi-
tions (W) nitrogen is determined to high yields, and under mod-
erately dry conditions (W.) it is of no advantage. However,
under moderately moist soil conditions (W,) and moist soil
(W,) nitrogen is beneficial. This is a good illustration of im-
portant moisture fertilizer interactions which are too [requently
overlooked. Since it was noted in Figure 1 that it is under soil
moisture conditions W, and W, that yields are most satisfactory,
one must conclude that both nitr ogen and phosphorus fertilizers
are needed if high yields are to be expected.
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Yield of Sugar Beet Tops

The relation between top growth and sugar production is
not well established. While it is recognized that top growth
itself is not a good indication of sugar yields, it is not unrelated.
Data on yield of tops are presented here for the purpose of in-
dicating nutritional status of the sugar beet plant as related to
cultural treatments.
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Figure 5—Yield of sugar beet tops as affected by method of irrigation
and soil moisture condition, 1956.

The data in Figure b show conclusively that top yields are
related to method of irrigation. The yield of sugar heet tops for
sprinkle vs. furrow irrigation becomes greater as soil moisture
is increased. As will be seen when we examine the nitrogen
content of plants grown on sprinkle and furrow irrigated plots,
the increased yield of tops under sprinkle irrigation is probably
a response to better nitrogen nutrition under sprinkle than fur-
row irrigation.

The yield of tops is affected by plant nutrients in quite a
different manner than roots. Although top growth is stimulated
by phosphorus under the conditions of this study it is affected
to a much greater extent by nitrogen. This is illustrated in
Figure 6. It may be of interest to compare the response in root
yields to applied phosphorus as shown in Figure 3, to the response
in top yields to applied nitrogen as shown in Figure 6.
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Figure 6.—Yield of sugar beet tops as affected by residual and currently
applied fertilizer, 1956.
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Figure 7.—Yield of sugar beet tops as affected by residual and currently
applied fertilizer, 1956.
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The data presented in Figure 7 show the effect of residual
and currently applied nitrogen and phosphorus in various com-
binations on sugar beet top growth. While the graph is a little
complex it can be readily understood if each line is first studied
separately. Looking at the no treatment line one would conclude
that without phosphorus 80 pounds of nitrogen per acre applied
to potatoes (F) was effective towards increasing yields of green
tops. Eighty pounds of nitrogen applied to the current sugar
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beet crop (H) was much more effective than when applied the
previous season to potatoes. However, when 80 pounds of
nitrogen was applied to the previous crop (potatoes) and also
to the current sugar beet crop (FH) there was no top yield
increase above that obtained when nitrogen was applied to the
current sugar beet crop only. Actually the tendency was to
depress top yields.

Forty-four pounds of phosphorus increased top yields sig-
nificantly without and with nitrogen treatments. The greatest
yield increase for phosphorus occurred when 80 pounds of
nitrogen was applied to the potato crop and an additional 80
pounds was applied to the sugar beet crop (FH). There is no
tendency for large applications of nitrogen to depress yield of
sugar beet tops as long as the available soil phosphorus is in
good supply.

Phosphorus stimulated top yield with and without nitrogen
fertilizer. When phosphorus was present in the soil from resi-
dual or currently applied sources current season applied nitro-
gen resulted in greater top growth than residual nitrogen. Top
growth was greatest when available phosphorus was kept high
and available nitrogen was also high,

Some of the relations between cultural treatments and sugar
beet root and top yields have been shown graphically in Figures
1 to 7. In order to conserve space and to facilitate comparisons
between quality factors (sucrose and purity percentage) and
nutrient composition of petioles (NO,N, P, K, Na, Ca) with
yield of roots and tops, data are presented in Tables 1 and 2.

Effect of Cultural Practices on Top : Root Ratio

It will be observed in Table I that the top : root ratios show
a small but significant range between treatments. The top : root
ratio under sprinkle irrigation is higher than under furrow.
Yields of tops and roots are likewise higher under sprinkle than
furrow treatments. Dry plots produce beets with a higher
top : root ratio than moist plots. Here the yield of tops is re-
lated positively and roots negatively to top : root ratios. Nitro-
gen-fertilized plots show a higher ratio than plots not treated
with nitrogen. There appears to be no consistent relation be-
tween yield of roots and top : root ratios as affected by residual
and current season applied fertilizers. These strong positive re-
lations shown between current season applied nitrogen fertilizers
and top : root ratios suggest that the higher top : root ratios
noted in the comparison sprinkle versus furrow irrigation and
dry versus moist soil conditions may result from increased nitro-
gen nutrition.
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Table 2.—Chemical Composition of Sogar Beet Petioles as Aflected by Irrvigation and
Fevtilization 8/4/536,

Soluble Constituents in Sugar
Beet Petioles 8/4/56 (p.p..} NaHCO Sol. P

in Soil p.pam,

Treatment NN P K Na Ca
Method of  § L8035 1004 39,991 7881 24625 2552
Trvigation T 2841 az? 40,847 73587 2087 2060
ISR at .05 1098 NS NS, NS NS,
Soth W /132 576 41,841 G304 2022 28.86
Moisture Wy B RBO7 41824 8458 3348 28.51
Condition Wy 1863 1106 39,623 6727 2887 2218
W 1720 1344 38,588 3Ry 2669 19.01
1677 WS 1334 NS, NS
Four vear O 3859 340 10,292 74490 EAE 23587
Residual ¥ 121 1005 30,858 7855 2082 2519
Fertitizey o 1581 920 11.685 7520 280 23.80
NP 3430 1028 39.860 TA76 25.50
AR ar 06 NS, a1 NS NS 1.73
One year O Sl B4R 12,462 THRY 3019 21.85
Residual B 3962 1121 37,603 7710 2019 27.04
Fertitizer N 4730 831 42 6692 TH22 2079 2165
NF 3560 1092 38.388 7578 2915 28.24
LSR at 65 1201 01 2,005 NS hY 1.73
Current O 3044 ®is 1045 7601 2015 21.66
Season P Pyl 1074 8.1t 85 2038 27.64
Fertilizer hY RS B85 41068 009 2010 20.28
NP 5592 1074 39.018 7452 2465 28,74
18R ar .05 12681 41 2465 399 NS L73

Cuoltural Practices and Sucrose and Purity

It has been established that nitrogen content of plant tissue

is inversely relared to sucrose and purity pereentages inosugay
beet voots. In almost every instance when sucrose and purity
are low, top @ root ratios are high (sce Table 1y, The only
exception is undey condivions of “four years residual fertilizers
where the mmfluence of nitrogen 1s small. The negative relation
between sucrose and purity and mtrogen content of petioles
will be emphasized subscequently,

Nitrate-Nitrogen Content of Petioles and Cultural Treatments

Suspicions thar high soluble nitrate-nitrogen content of sugar
beet petioles or high nitrogen nutrition is alosch related il not
responsthle Tor h{g\ rop @ root ratios, high yield ol 1 rops, and low
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sucrose and purity percentages appears to be confirmed when
we examine the column showing the nitrate-nitrogen content of
sugar beet pct‘iolcs m Table 2. Here we tind high NON under
prmi\c wrigation, high NO,-N with dry soil moisture condi-
tion (W, ami W, ),and high NO.-N under conditions of current
season nitrogen icrl,mmrmn positively related to data in Table ]
showing yield of tops, and top : root ratic and negatively related
to sucrose and purity percentages.

Cultural Treatments and Phosphorus Content of Petioles

Phosphorus composition of sugar bect petioles is positively
related to yields of sugar beet roots under all treatments studied.

Cultural Treatments as Related to Soluble Porassium,
Sodium and Cualcium Content of Petioles

The relations of consequence shown in Table 2 are the nesa
tive ones between phosphorus application and potassium content
ol petioles. also phosphorus content ol petioles and potassium
content of petioles. These data indicate that fertilizer phos-
phorus has significantly depressed the potassium composition of
beet petioles. Moist soil appears to have depressed sodium uptake,
current season applied phosphorus appears to encourage the up-
take of sodium, and current scason applied nitrogen appears to
depress sodium uptake. Soluble calcium composition seems to
be unaffected by any of the treatments studied. Neither does it
appear to be related to yield or quality.

Cultural Practices and NaHCO,-Soluble Soil Phosphorus

Diata showing sodium bicarbonate soluble soil phosphorus in
Table 2 were obuained from soil swmples taken in the spring
ol 1957 lollowine the sugar beet crop in 1956, Although soluble
soil phosphorus content is not significantly different Letween soil
plots rsmtul with sprinkle and {urrow methods of irrigarion
(S and ¥y or between soils [rom dry and moist plots (W, W,
W., W) yu there is a trend which suggests the larger the bect
31(](% the lower the available phosphorus content of the soil for
succeeding crops.  This peeds further study before any definite
conclusions can be drawn.

The relations between vield of beet roots as shown in Table
1 and available soil phosphorus in Table 2 for four year resi-
dual, onc year residual, and currently applied phosohorus appear
consistent.  Similarly, the relation between soluble phosphorus
in sugar beet petioles and availuble soil phosphorus for these
same treatments as shown in Table 2 are what one mught well
expect from the fertilizer treatments. These data appear to sup-
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port the conclusion of the author that 22 p.pan. or 50 pounds
per acre six mnches of soil, of sedium bicarbonate soluble phos-
bhorus should be considered a minimum value for soils simifar
in behavior to Millville loam on which sugar beets are to be
Qrown.

Summary

1. Under conditions of a rotation of crops including canning
peas, allalfa, alfalfa, potatoes, and sugar beets primary attention
was divected to the effect ol method of irrigation, soil moisture
condition, and ferrilizer treaunents (hoth residual and currently
apphiedy on yicld, quality, and nuwrition of sugar beets. An
attempt was also made to show the relation between available
soil phosphorus and yield and phosphorus content of sugar beet
petioles,

2. Sprinkle irrigation increased the yield of sugar heet tops,
top : root ratio, and nitrate-nitrogen content of petioles but
decreased purity percentage when compared to furrow irrigation,

3. Increasing soil moisture condition favored high yield of
roots, high sucrose, purity, and phosphorus content of petioles
and decreased top growth, top : root ratios, nitrate-nitrogen
and sodium content of petioles.

4. One-year residual phosphorus fertilizer was as effective
in increasing yield of roots, phosphorus content of patmlc s, and
available soil phnsphnrm as currently applied phosphorus. Four-
year residual phosphorus was effective in decreasing top @ root
ratio and in increasing the phosphorus content of petioles and
available soil phosphorus.

A srrong interaction was observed between current season
nitrogen fertilization and soil moisture condition as these affect
yield of sugar beet roots. .

6. The vield ol sugar beet wops appears to be negatively
related to sucrose and purity percentages and positively related
Lo nitrate-nitrogen content ol sugar beet petioles.

7. While the data are not conclusive they lend wentative sup-
port to the use of 25 parts per million (50 pounds per acre six
inches of soil) of sodium bicarbonate soluble phosphorus as a
minimum level of available phosphorus for the growing of sugar
beets on caleareous soils similar to Millville loam,
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