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Technicians directing the operation of beet sugar factories,
as well as farmers producing sugar beets, have been concerned
m recent years with the downward trend in the quality of the
sugar beet crop. On the other hand, agriculturists take pride in
the yield records obtained cduring the past twenty. years while
using American-grown varieties.

Quality is used in rhis paper to refer to sucrose and purity
percentages.

SUGCROSE N COSSETTES (PERGCENT.

15 N M L i L N L I S N |
193 37 A 33 40 4 42 43 44 45 46 47 48 43 50 51 52 53 54 885
YEARS

Figure l.—Variation in yearly sugar percentage in cossettes in the Clarks-
burg District ol California (American Civstal Sugar Company, Downie).

Average beet yields in the United States have increased_from
10.8 tons in 1937 to 17.2 tons in 1957. These phenomenal ton-
nage increases, however, are not accompanied by increases in
sugar content. The national average percentage sucrose in cos-
scttes in 1937 was 16.19 percent and has declined to 15.98
cent in 1955, with a lower figure for the 1957 crop. The remtd
of decline in sugar content and refined sugar recovered from
sugar beets in California, Montana, and the U'nited States dur-
ing the past two decades is clearly iliustrated in Figures 1 to 3.
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In 1939 the recovery ol refined sugar on beets sliced in the
United States, amounted to an average of 92.7 percent. In the
last year of record, 1955, it was exactly five percent less. This
means a serious reduction in the quantity of sugar extracted, and
naturally results in substantial economic losses.

During the period 1936 to 1956 yields ol sugar beets have
increased and quality has decreased in most sugar beet growing
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Figure 2—Yearly variation in sugar percentage in beets and percent ex-
traction in Missoula, Montana (American Crystal, Downie).

Figure 3.—Varia-
tion m sugar PCI‘CEH(-
age and percent cx-
traction by four year
periods, U. 8. Sugar
Beet Industry.
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areas. One may reasonably inquire: Is there a negative relation
between yield of sugar beets and quality? Does a farming practice
which increases yield always decrcase quality? What are the
practices which have contributed to increased yields ol sugar
beets? How are these specific practices related to sugar beet
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quality? Is there some way by which farming practices may be
manipulated 1o give high yield and quality simulianeously?

Students of sugar beet quality have vecogunized that a large

number
apinion

of farming practices influence beet quality.
of the authors that most of the practices which affect
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quality also affect available soil nitrogen and nitrogen concen-
trations it the sugar beet plant. Although the precise relation
of nitrogen concentration in the sugar beet plant to sugar per-
centage and purity is not clear, there is no doubt that a negative

relation exists.
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Cultural Practices
Fall plowing and scedbed preparation: Fall plowing as an
aid to carly spring scedbed prepavation and planting is recog-
nized as @ desirable practice i most sugar beet growing arcas.
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A growing scason of 150 to 200 days places a hunitation on the
vield of sugav beets. Fall plowing favors carly planting. Farly
planting makes it possible 1o take full advantage of short growing
seasons.  Nuckols (1) made a study of the aftfect of planting
date on vield and quality of sugar beets. 'he data in Figure 4
show how importanc earlv planting can be towards increased
yield of becets and sugar. However, the influence of carly plant-
ing on sucrose percentage is not conclusive.
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Plant population: Althongh the sugar beet plant has o wide
range of adaptability in space requirements, yield and quality
are adversely affected by field spacings which ave [requently
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Figure 8.—nitrate-
nitrogen concentra-
tion in sugar beet
petioles as alfected
< by plant population.
(Garland, Utah.
Haddock, 1953.)
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found in commercial helds. The data shown in Figure 5 are
evidence that over the range of plant spacing studied, yields are
not incompatible with quality.

The graphical data presented in Figure 6 indicate that as
between-row spacings increase above 20 inches, the yield and
quality decrease. Tolman (2) reports observations which suggest
that yields increase as within row spacings increase from 8 to 12
inches (Figure 7). Although quality tends to decrease as spacing
between plants increase these data are not conclusive for the
Sagar’s farm at American Fork.

Why should sucrose content increase as plant population in-
creases? The answer to this question is implied in the data
given in Figure 8. These data show that the greater the plant

/
WL,

FITO 0/9—

P
Figure 9.—Influ- /n/,\o-o/ﬂ

ence ol harvest date 3 /°
- . - H 153
on the sugar content apie
of sugar beets. (Colo- 'é
rado, 1953. Smith.) H
160
155
7 ; |lI i‘) I; l; I‘ﬂ 21 23 2'5 1.? 29 3 ZI 4 6

OCTOBER



Vor. X, No. 4, Janvary 1959 295

population the lower the nitrate-nitrogen content of petioles. As
will be shown subsequently the nitrate-nitrogen concentration
in beet petioles is inversely related to sucrose percentage.

Mechanical harvesting: In most sugar beet growing areas
climatic conditions favor improved quality as the harvest season
progresses from early to late periods. The data shown in Figure
9 illustrate the importance of season on quality of beets. The
range of two percent in sugar content from early to late season
is worthy of consideration. Mechanical harvesting may be used

L]
| 5 20
7 \3\_ Ly s Figurs 10.—Yield
o~ " .
Y| A LA L and quality of sugar
i S\, e g | 2 bects as allected by
i, . 5 & T = ye -
¥ N H g nitrogen fertilizer (7
I 4 Ny , L T - e 3
/ ~ b g | & varieties), (Amalga-
s ~ e 2 E .
3 / Y T g E mated Sugar Com-
S 2| p A sucmosey SN, . for panv. Jensen, 1957).
S - ~
’ / -
3":‘ : L1}
i}
| — e = PR [ ST |
(1] 40 we

NITRQGEN APPLIED 45 FEATILIZER 'LBS/A)

to take advantage of this seasonal quality improvement. The
rapidity of mechanical harvest allows some delay in the onset of
harvest and thus a prolongation of the growing season. Although
mechanical harvesting probably results in a saving of total sugar
from prompt field-to-factory movement, machine topping leaves
a little more of the crown tissue on the beet than hand topping
and thus tends to lower the sucrose percentage. Therefore, the
net influence of mechanical harvesting during the past decade
has probably been in the direction of decreased quality. With
improvements in harvesting and storage techniques it would
appear that mechanical harvesting may result in a slight yield
increase without a depression in quality.

Nitrogen fertilization and quality: While the importance
of supplemental nitrogen fertilizers in increasing yield of beets
has been adequately demonstrated, too little attention has been
given to the adverse affect of excessive nitrogen on beet quality.
The relation among yield, quality, and nitrogen-fertilization is
shown in Figure 10. Doubling the fertilizer nitrogen from the
initial 65 pounds increased the yields of beets six tons per acre
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without seriously depressing quality. However, where nitrogen
additions were again doubled yields were only shightly henefited
while quality fell precipitously. These data emphasize the im-
portance of supplying nitrogen to the precise requirements of
the sugar heet crop.

R(‘Iafmnshlps similar to those shown i Figure 10 ave given
in Figare 11, Under the parricular conditions under which Lh(‘sc
data were obtained, vield of sugar was substantially increased as

Figure 11.—Rela-
tionships among ni-
trate-pitrogen  con-
centration in beet
petioles, sucrose per-
centage and yield ol
gross sugar. Utah,
Haddock, 1953,
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nitrogen fertilizer was added up to 40 pounds per acre. Little
change in yield or quality occurred as nitrogen additions in-
creased from 40 to 80 pounds. When larger quantities were added
or when additions occurred later in the season both yield of
sugar and quality decreased rapidly. Simultancously, with the
decrease in quality there was an increase in nitrate-nitrogen con-
centration in petioles. Not only is the total quantity of nitrogen
fertitizer an important factor in beet quality but the time of
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Figure 12—Effect ol time and method of nitrogen dpplimtinn on vield
and quality of sugar beets (average of 19 fertilizer tests in 1956, Great West
ern, Smith).
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Figure 13.—Yicld,
quality and chemical
(‘()mp()silion of sugar
beets as alfected by
nitrogen fertilization
in Rocky Mountain
District. (Holly Sugar
Corp.—Alexander.)
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oreatly stimulated. However, as shown in Figures 10 and 11,
there Is no justification for spending money for nitrogen fer-
tilizers which give reduced yields of sugar.

Some interesting relations among nitrogen application treat-
ments, nitrate-nitrogen in sugar beet petioles at harvest, yield of
beets, and sucrose percentage are shown in Figure 13. Yields do
not continue to increase with nitrogen additions. Beyond a
maximum usable quantity, yields are depressed over the entire
range of nitrogen fertilizers used in these studies. There appears
to be a negative relation between sucrose percentage and nitrate-
nitrogen concentration in beet petioles.

Irrigation and quality: Since more than 70 percent of the
sugar beet acreage in the United States is under irrigation it
may be well to examine the influence of irrigation practice on
beet quality. After studying the effect of a number of cultural
practices on the quality of sugar beets the authors have tentatively
concluded that the quantity of available nitrogen is a dominating
factor controlling quality.

In what way does irrigation practice effect the available
nitrogen supply and hence beet quality?

Under reasonably efficient furrow irrigation practice, from
10 to 40 percent of the water entering the soil surface may pass
through the root zone and be lost in deep percolation. It is not
unusual for deep percolation losses to exceed 50 percent of the
net application particularly on coarse-textured soils. Under less
efficient systems, such losses are relatively greater. Under sprinkle
irrigation water losses by deep percolation may be small. Since
available nitrogen is largely in the nitrate form, water lost by
deep per colation depletes the supply of nitrogen available to
the beet crop. The more efficient the irrigation system, the lower
the fertilizer nitrogen requirement for optimum yields.

The data presented in Figure 14 illustrate the relation among
method of irrigation, quantity of irrigation water used, soil
moisture condition, nitrate-nitrogen concentration in beet pet-
ioles, and sugar beet quality. These data show the strong nega-
tive relation between nitrogen concentration in beet petioles and
sucrose percentage. The data also show what an important role
irrigation regime can play in modifying yield and quality of
sugar beets. In the course of this experiment and many other
studies involving irrigation regimes, it has been observed that
at soil moisture levels too low for good growth of sugar beets
nitrate-nitrogen is released in the soil by the activity of soil
micro-organisms. These released nitrates are taken up by plant
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roots and accumulate in plant tissues. As soon as adequate soil
moisture is available to the plant these heavy concentrations of
soluble nitrogen stimulate heavy leaf or top growth, using avail-
able carbohydrates in the process. This is the basis for the nega-
tive relation observed between beet quality and soluble nitrogen
concentration in beet petioles (W5, W,). It is the basis for the
observations shown in Figure 14 between dry soil conditions and
high soluble nitrogen concentrations in beet petioles (W; W,).

The data in Table 1 show the relation between irrigation
regimes, yield ol beets, beet quality, and nitrogen concentration
of beet pulp. It is evident that with low moisture, yields were
limited, sucrose and purity percentages were lowered, and the
concentration of glutamine-nitrogen in the beet root was in-
creased. Sprinkle irrigation has pElnlIll‘t‘d the use of less water
than possible under furrow irrigation with a tendency for higher
ylelds. However, the conservation of nitrogen under sprinkle
irrigation has depressed sucrose and increased the concentration
of glutamine-nitrogen.

Table |, —Yield, Quality, and Chemical Composition of Sugar Beer Roots, 1950,

Glutamine
No. Water Dry N
Irrigation Regimes Irrig. Used Yield Matter  Sucrose Purity  Dry Wi
Inches T/A Percent Percent  Percent P.P.M.
Wi Low moisture 9 16.3 14.74 22.90 16.05 88.38 1738
W Med-low moisture 16 18.3 17.75 23.62 16.73 80.80 1448
Wa Med-high moisture 18 26,5 19.20 23.091 17.01 90.28 1246
Wi High moisture 39 50.9 18.38 23.99 17.06 90.80 1018
Sprinkle 221 24.5 17.93 23.34 16,43 89.03 1602
Furrow 191 3.4 17.10 23.87 16.99 90.60 1114

1 Average of four soil moisture levels (Wi to Wa).

Discussion and Summary

The widespread concern of the beet sugar industry in the
persistent downward trend of sugar beet quality is ample justifica-
tion for considering the influence of cultural practices on beet
quality.

In some sugar beet growing areas natural climatic conditions
provide sufficient control on factors affecting quality to produce
high quality beets with little attention to cultural practices. Under
these conditions major attention is given to practices which are
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cflective in increasing vields, In most of the sugar beet growing
area there is a conflict, scemingly, between practices which result
in large yield and those which end in high quality. Tt is the
opinion of the authors that it we could understand the effect of
cultural practices they could be manipulated so as to vesult in
optimum yield and quality simultancously.

Length ol growing season is a lanitation on high yield in
most sugar beet arcas. This can be extended by fall plowing
and timely seedbed preparation. Quantity, time, and method ol
nitrogen  {ertilization must be adjusted 1o season and  other
cultwral practices employed. Ar the present time soil test infor-
mation is not sufficiently precise to determine nitrogen supply-
ing power ol soils within the range desived. Until some uselul
measure of the nitrogen-supplying-power of a soil s standardized,
petiole analysis in conjunction with yield and quality data may
be employed to furnish a best approximation ol supplenwental
nitrogen requivement, County agents and feld men should be
consulted relative 1o the best estimuates for nitrogen fertilization
in various beet-growing arcas. The beetgrower’s knowledge of
the behavior of a particular beld, combined with his knowledge
ol how culeural practices influence yield and quality of beets
will assist the grower in deciding on the optimum guantity of
fertilizer-nitrogen to use,

Plant population modifies slightly the need for nitrogen fer-
tilizer. The greater the plant population the greatey the need
for fertliver nitrogen.

Although mechanical harvesting has been blamed for decrease
in beet quality and with some justification, it can be a means
of extending the growing scason. When the harvest scason s
conducted in a systematic and orderly manner, mechanical har-
vesting can result i improved yields withont diminishing quality,

Trrigation practice 13 inherently wasteful of available nitro-
gen. The efficiency of the frrigation svstem must be considey
in moditying the needs for fertiliver nitrogen. Wastelul irviga-
tion practice makes the need tor fertilizer nitrogen more pressing.

Although available nitrogen near harvest time is the key to
sugar beet quality. the quantity of avatlable nitrogen through out
the growing scason plays a significant role in yield. Suagar bect
quality can be improved if full advantage is taken of the Hinited
erowing seasons in most sugar beet areas, by early planting, and
delayed harvesting.  Although soil temperatures at harvest time
in many beet growing areas exert a benelicial effect on sucrose
percentage, the sugar beet grower can help by using only that
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quantity of commercial nitrogen, which will be completely util-
ized by his beet crop two to three weeks previous to harvest.

All cultural field practices except fertilization with commercial
nitrogen, should be employed in such a way as to obtain the
maximum yield ol sugar beet roots for the season under which
the grower operates. Commercial nitrogen should then be ad-
justed as near as possible to the precise need for maximuun yield
of sugar.
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