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Sugar beet production is predicated upon a compromise involving
an apparent inverse relationship between root vields and the sucrose
concentration in the root. Itis well documented that additions of nitro-
gen from any source can, and usually do, increase root and sucrose
vields, and may decrease the juice purity and sucrose percentage in
the roots (4, 6, 9, 14, 20, 22, 23, 24, 28, 29, 34, 36, 39, 40)2. While the
sugar beet processor is not without his problems (41), his continued
existence is testimony to the fact that there must be some degree of
compatibility between high yields, high sucrose content, high quality,
and the use of nitrogen fertlizers (2, 14, 18, 26, 29, 34, 41).

Many researchers have investigated the use of petiole analyses as
a means of monitoring the nitrogen status of the plant in relation to
rates of nitrogen fertilization, sugar beet yields, sucrose content, and
quality (5, 13, 15, 23, 28, 29, 36, 38, 39, 40). While the research in
general now makes it possible to predict yield responses to addirions
of nitrogen fertilizer, it is still difficult to predict sucrose concentra-
tions, juice purity percentages, and brei nitrate readings at the time of
harvest. In addition, it is still difficult to apply this research as a means
of gaining some insight as to the nature of such problems as low
nitrate-N levels in the petioles with accompanying low sucrose per-
centage in the beet root at harvest; or low petiole and brei nitrate-N
levels with acceptably high sucrose concentrations, but with low
crystaline sugar recovery. These problems are very real ones to the
beet processor. In an attempt to identify some of the factors respon-
sible for these problems, Holly Sugar Company in Brawley, California,
and the writer conducted a survey on beets grown under ammonic-N-
or nitrate-N-dominated fertilizer programs. The decision to use this
approach was influenced by Viet's discussion of the plant’s need for,
and utilization of, nitrogen (43). He indicated that certain plants may
have the capacity to store for future use large amounts of soluble
nitrogen as amino acids and acid amides. The decision was further
influenced by Alexander’s comments regarding factors that affect
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quality (2). He pointed out that soluble nitrogenous compounds and
organic acids are among the non-sucrose substances that prevent
crystalization to the greatest extent.

While the data obtained in the survey represent only one growing
season, they nevertheless provide an indication as to the possible
causes of low sucrose concentrations in beet roots, and low sugar-
recovery problems, in the Imperial Valley. They also may indicate
the need to develop research from a new or different approach that
will permit more accurate interpretations of nitrogen constituents
and nitrogen concentrations within the beet plant in terms of nitrogen
fertilization rates, ni rogen sources, sucrose content, quality, and most
important of all, crystaline sugar recovery.

Methods

Ten sugar beet fields were selected for petiole and root sampling
by the Holly Sugar Company. The selection was made on the basis of
the managerial capabilities of growers and kinds of nitrogen fertilizer
programs being used on the fields. Total amounts of nitrogen applied
per acre and nitrogen source distribution are shown in Table 1. Six
fields received all ammonic-N fertilizer as dry 11-48-0 preplant and
supplemental aqua and/or anhydrous ammonia. Six different growers
were represented by the six ammonic-N fields located at different
points in the north end of the Imperial Valley. Four other fields re-
ceived a combination of ammonic nitrogen and nitrate nitrogen in
the form of liquid 10-34-0 preplant, and liquid calcium ammonium
nitrate side dressings. Although these fields were managed by only
one grower, they were widely separated within the central portion of
the Imperial Valley. Two ammonic-N fields were dropped from the
survey: one because of erratic petiole root and sucrose analysis data

Table 1.—Nitrogen fertilizer rates and nitrogen source distribution in fertilizer
programs on sugar beets in the Imperial Valley, California, 1973.

Total N NH,"-N NO3; -N
in Fertilizer in Fertilizer in Fertilizer
Field Number Program Program Program
(Lbs/A) (%) (%)
NH,"-N Programs
1 155 100 0
2 247 100 0
3 283 100 0
4 280 100 0
Average 241 100 0
NO4~-N Programs
5} 293 42 58
6 285 45 57
T 325 41 59
8 2493 42 58

Average 299 42 58
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that indicated extremely high residual soil nitrogen levels, the other
because it was harvested early without petiole and root samples taken
prior to harvest.

Root and petiole samples were taken at approximately one month
intervals, except for the last sampling date. A shorter interval was
necessary because each of the fields under observation was scheduled
to be harvested shortly thereafter. Holly Sugar Agriculture Depart-
ment personnel collected petiole samples according to prescribed
methods (38). Roots of the plants from which the petioles were taken
were also taken. On the first sampling date the entire root was taken
as a sample; on subsequent sampling dates only a /4" longitudinal slice
was taken from the root for analysis. Petioles were dried and ground
at the Holly Sugar Company laboratory. Part of the petiole sample
was also analyzed in the company laboratory for NO, -N by the specific
ion electrode method. The remainder of the sample was sent to the
Chevron Chemical Company Agronomy Laboratory for total nitrogen
analysis by the Kjehdal method that reduces nitrites and nitrates to
ammonia. Sucrose concentration of the root samples was determined
by the Holly Sugar Company laboratory. The root samples were then
sent to the Chevron laboratory for drying, grinding and analysis for
total nitrogen by the modified Kjehdal method, and NO, -N by the
phenoldisulfonic acid method.

“Other nitrogen” concentrations were determined by the differ-
ence between total nitrogen and NO, -N concentrations for both
petiole and root samples.

Yield data were obtained by the Holly Sugar Company Agricul-
ture Department. Final sucrose concentrations in the beets were the
average field run concentrations determined from tear samples at
the time of harvest. Juice purity information was not obtained..

Results

Sucrose

On the first sampling date, sucrose concentrations in beets grown
with 58% nitrate-N in the fertilizer program were 2.7% higher than
beets grown with all ammonic-N (Fig. 1). Sucrose concentrations in
nitrate-N beets remained higher than those in ammonic-N beets until
near the end of the sampling period. It is quite probable, however,
that the sucrose concentration in the nitrate-N beets would have been
2qual to or slightly higher than those in ammonic-\ beets on June 4,
had sucrose concentration data been obtained from Field 7. (Field 7

had the second highest sucrose content in [h:s survey at harvest time,
Table 2.)

Sucrose accumulation was quite rapid in nitrate- N fertilized beets
until about the end of the second week of April. At this time, accumu-
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Figure 1.—Sucrose content and diphenylamine ratings of sugar beets
grown under NH, -N and NO; -N dominated fertilizer programs.

lation began to taper off, and finally leveled off about May 1. (“Leveling
off” may not be an accurate term because of the lack of sucrose data
for Field 7 on June 4.) Sucrose accumulation was also rapid in all
ammonic-N fertilized beets during the first half of the sampling
period, and was even more rapid during the latter half.

Table 2.—Yields of sugar beets and final sucrose concentration as affected by
ammonic-N or nitrate-N dominated fertilizer programs, Imperial Valley, California,
1973.

Total N Sucrose
in Fertilizer Yield of Concentration
Field Number Program Beet Roots At Harvest
(Lbs/A) (TJAL) (Av. %)
NH, ‘N Programs
! 155 235 16.20
2 247 ] 15.58
3 283 17.3*% 16.52
4 280 27.0 14.30
Average 241 24.7 15.65
NO3™-N Programs
5 293 29.6 17.31
6 2485 41.7 15.69
7 325 30.4 17.04
B 293 34.7 14.09
Average 299 347 16.03

*Field replanted.
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Brei nitrate ratings

Beets grown with cither fertilizer program had high NO, levels
in the brei on the first sampling date (Fig. 1). Nitrate concentrations
in beets grown with either fertilizer program decreased throughout
the sampling period. Brei nitrate in beets receiving some nitrate-N in
the fertilizer program decreased rapidly. Beets grown with some
nitrate-N also were consistently lower in breit NO,  than were beets
grown with ammonic-N throughout the sampling period.

Average nitrogen content of petioles and roots

The average NO, -N concentration in petioles of beets grown
with ammonic-N fertilizer was greater on all sampling dates than it
was in beets grown with 58% nitrate-N in the fertilizer program (Fig.
2). On the second sampling date (4/18 for ammonic-N beets; 4/27 for
nitrate-N beets) the average NO; -N concentration in ammonic-N
beets was double that of nitrate-N beets.

Both ammonic-N and nitrate-N fertilized beets reached their
lowest NO; -N concentration on May 17. The average NO,; -N level
in petioles thereafter remained constant in ammonic-N fertilized
beets, but more than doubled in nitrate-N fertilized beets. This oc-
curred because the grower applied additional nitrogen to Field 8 when
the petiole NO, -N concentration began to fall off sharply after the

first sampling date.
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Figure 2.—Average NO; -N content in petiole tissue in NH, -N and
NO; -N dominated fertilizer programs.
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The average NO; -N content in root tissue was lower than that
found in petiole tissue.

The average NO, -N content with respect to the different ferti-
lizer programs maintained the same relative position in roots as it did in
petioles (Fig. 3). The average NO; -N content remained consistently
higher in ihe roots of beets grown with ammonic-N fertilizer than it
did in roots of beets that received some nitrate-N in the fertilizer. On
the first sampling date, the average NO; -N contentin the ammonic-N
roots was more than 85% highcr than that in the nitrate-N roots. The
average NO; -N levels in roots of beets grown with ammonic-N
dropped off more sharply during the first three harvest dates than it
did in the nitrate-N beet roots. Beets grown under both fertilizer
programs reached their lowest average NO, -N content on May 17.

Of special interest is the comparison of the configuration of
petiole (Fig. 2) and root (Fig. 3) NO, -N curves. Both NO; -N curves
in Figure 2 are concave, but in Figure 3, only the NO, -N curve for
ammonic-N grown beets remained slightly concave until May 17. The
NO; -N curve for bects grown with some nitrate-N in the fertilizer
program is distinctly convex until May 17. Additionally, on May 17,
when the NO; -N concentration in both roots and petioles began to
increase, there appeared to be a lag in the increase of NO, -N concen-
tration in the petioles of beets grown with either fertilization program.
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Figure 3.—Average NO; -N content in root tissue in NH, -N and
NO; -N dominated fertilizer programs.
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The increase in NO, -N content in the petioles in the beet plants
grown with ammonic-N was quite small. Increases in the NO; -N con-
centration in roots of beets grown with either program were very rapid
after May 17.

The total N content in petiole tissue was higher throughout the
sampling period in ammonic-N grown beets than it was in beets
fertilized with some nitrate-N (Fig. 4). Total N concentrations in peti-
oles taken from beets grown with ammonic-N did notdrop as rapidly as
it did in petioles of beets that received some nitrate-N in the fertilizer
program. The total N i petioles of ammonic-N fertilized beets
dropped to a level of 1.58% on May 18 and remained at that point for
the remainder of the sampling period. Total N in petioles from nitrate-
N fertilized beets dropped to an average of 1.20% on May 18, but
increased sharply by June 4 to an average ot 1.47%. On June 4 there
was only a slight difference in total N content in the petioles of beets
grown under e¢ither fertilizer program.

The total N content in root tissue was lower than that found in
petiole tissue (Fig. 5).

Total N content in roots of beets grown with some nitrate-N in
ihe fertilizer program was slightly higher than that in the ammonic-N
fertilized beet roots on the first sampling date. Thereafter, the am-
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Figure 4.—Average total N content in petioles in NH,"-N and NO; -N
dominated fertilizer programs.
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Figure 5.—Average total N content in root tissue in NH, -N and NO, =
N dominated fertilizer programs.

monic-N fertilized beet roots consistently contained the greater
amount of total N. Differences in total N content in roots of beets
grown under either fertilizer program were very slight at the end of
the sampling period.

Total N concentrations in the roots of beets fertilized with some
nitrate-N dropped lower and faster than the total N in roots of beets
fertilized with ammonic-N, but had increased more sharply by June 4.
Total N content in roots of beets receiving ammonic-N also decreased
throughout the sampling period.

The “other-N” concentrations in petioles of beets fertilized with
ammonic-N produced an unusual curve configuration over the
sampling period (Fig. 6). Starting much lower than the content in
petioles of beets fertilized with some nitrate-N, petiole “other-N"
from ammonic-N beets increased sharply, peaked out on April 18,
dropped sharply until May 17, and then declined very slightly toward
the end of the sampling period. “Other-N" concentrations in the
petioles of beets fertilized with some nitrate-N, on the other hand,
dropped sharply until May 15, then increased sharply toward the end
of the sampling period. While the “other-N" content of petioles for
beets fertilized with ammonic-N never fell below 14,925 ppm, the
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Figure 6.—Average “other-N" in petiole tissue in NH,'-N and NH; -N
dominated fertilizer programs.

“other-N" content in petioles of beets with the 58% nitrate-N fertilizer
program dropped to 11,713 ppm, but rose to 13,813 ppm by June 4.

Average “other-N" in root tissue was lower than that found in
petiole tissue (Fig. 7).

On the first sampling date the “other-N" concentration in roots
of beets grown with 58% nitrate-N in the fertilizer program was con-
siderably higher than that found in roots of beets grown with am-
monic-N. On March 12, however, the decrease in “other-N” concen-
tration in nitrate-N beet roots dropped sharply and continually
throughout the sampling period. On the other hand, while the “other-
N concentration was initially lower in ammonic-N fertilized beets,
the decrease in “other-N" concentration was slow and remained con-
siderably higher than that in the nitrate-N fertilized beets. At the end
of the sampling period, ammonic-N beet roots contained 1,732 ppm
more “other-N" than beets grown with some nitrate-N in the fertilizer
program.
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Figure 7.—Average ‘“other-N” in root tissue in NH, -N and NH, -N
dominated fertilizer programs.,

Harvest results

Yields of beets grown with 58% nitrate-N in the fertilizer program
were 10 tons higher than the yields produced with ammonic-N
fertilizers (Table 2). There was also a trend toward higher sucrose
concentration with the fertilizer programs containing an avergge of
58% of the total nitrogen as nitrate-N.

Implications

It is believed that NO3; -N and “other-N" data more clearly reflect
responses to the two fertilizer programs than do total-N data, Total-
N data are included in this report for those who may desire reference
points. The following discussion, then, will interpret the responses to
the fertilizer programs in terms of NO,; -N and “other-N” content
of the petioles and roots.

The survey tends to agree with the conclusions of Ulrich and
others (1, 16, 18, 21, 37) that there are no important differences be-
tween yields of beets fertilized with different sources of nitrogen.
Although there appeared to be a difference in beet root yields as a
result of nitrogen source differences in the fertilizer programs, the
yield loss from replanting Field 3 penalized yield data for ammonic-N
fertilizer programs. It would therefore be difficult to state in terms of
yields that one fertilizer source is superior to the other.

Since replanting Field 3 would be expected to have the effect of
yield reduction, as did occur, it would also be expected that there



VoL, 18, No. 2, Ocroser 1974 173

should be an increase in sucrose content in the roots. This effect on
sucrose content did occur, but not to the extent anticipated. The aver-
age sucrose content for beets harvested from Field 3 was only 2.22%
higher than the lowest concentration found in Field 4 and only 0.32%
higher than the second highest concentration found in Field 1. On
the other hand, the averagc sucrose concentration in beets receiving
58% of the total nitrogen as nitrate-N surpassed that contained in
ammonic-N fertilized beets. It appears, then, that the observations
made in this survey do not fully agree with results found by various
research workers.

The fact remains, however, that research reporting yields of
roots and final sucrose concentrations apparently does not fully serve
to provide logical explanations for the problems defined earlier in
this report. Sugar beet processors are making a concerted effort to
counsel their growers as to how much nitrogen should be applied.
University Extension Agronomists, Farm Advisors, and Industrial
Agronomists are also addressing themselves to the problem of the
effect of nitrogen on yields and quality of sugar beets. Thousands of
dollars are spent annually for soil nitrogen surveys and petiole testing
programs to monitor nitrogen levels in the plant, but the problems
remain. With operating costs increasing, net returns for processed
sugar are diminishing.

It is not the intent of this report to even remotely infer that
research data is inadequate. To the contrary, there is an abundance
of information that does shed light on the source of the inplant
problems encountered by the sugar bect processor. What appears to
be overlooked are the inter-rclationships between various areas of
research.

Work by Benda and others (3, 7, 8, 10, 11, 12, 13, 15, 17, 19, 25,
27, 30, 31, 32, 33, 35, 43, 44, 45, 46) complements soil and plant
nutrition research and assists in interpreting some of the information
acquired in this survey. .

If the responses to the two fertilizer programs are indeed real
ones, then it would appear that growers, beet processors, and agrono-
mists may have misinterpreted the meaning of petiole and brei NO; -
N tests. Because of the relative ease in determining NO,; -N in petiole
tissue and brei, NO, ions appear to be the sole constituents respon-
sible for low sucrose concentrations in the beet roots. While NO; -N in
the petiole does indicate the degree of nitrogen accumulation in the
beet plant, italso represents only a portion of the total nitrogen content
of the plant.

NO, -N concentrations provide no indication of the other kinds
of nitrogenous compounds in the plant that would affect sucrose
recovery. The NO,; -N concentration in the brei similarly provides
some indication as to the amount of crystaline sugar that may be
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recovered. It also does not, however, tell the processor what effect
other soluble, non-nitrate, nitrogenous, organic compounds will have
on sugar recovery. It is suggested that the misinterpretation of the
significance of NO; -N in petiole tissue and in the brei has resulted in
the concept that NO; -N in sugar beet fertilizer programs is something
to be avoided. Yet, at least as indicated in this survey, the best pattern
of sucrose accumulation, the highest sucrose content at harvest, and
in both petioles and roots, the lowest NO,; -N, total N, and other N
concentrations were found in beets fertilized with some nitrate N in
the fertilizer program.

Research by Viets (43) and Vickery, et al. (42) appears to provide
good reasons why NO, -N should not be considered detrimental to
sugar production. While it has been shown that some NO, -N is re-
duced in the roots at the expense of sugars and organic acids, most of
itis translocated to the tops. The researchers also state that NH," ions
in the roots are quickly metabolized into amino acids or amides. It is
then conceivable that beets fertilized with all ammonic-N could absorb
NH," at rates high enough to accelerate the detoxification mechanism
of combining oxidized NH," with sucrose to produce nitrogenous
organic compounds such as amides and free amino acids. Since NO; -
N per se is usually not considered toxic to the plant, and since plants
rapidly detoxify NH," oxidation products, it could be expected that
NO;™-N, in the presence of excess NH, " uptake, might not be as quick-
ly reduced, and would have the tendency to accumulate. This conjec-
ture seems to be supported by the data shown in Fig. 2, where NO; ™ -N
is higher in petioles of ammonic-N fertilized beets; in Fig. 3, where
NO, -N apparently has accumulated in the roots of ammonic-N
fertilized beets; and in Fig. 7, that shows “other-N” in roots of am-
monic-N fertilized beets to be considerably higher than that in beets
receiving some nitrate-N in the fertilizer program.

The concentration and rates of change in concentration in both
the sucrose and brei NO,;™-N in beets grown under each fertilizer
program further supports this view (Fig. 1). It seems logical that
sucrose concentrations in roots of beets grown with nitrate-N
dominant fertilizer programs accumulated more rapidly and in
greater amounts than the sucrose in beets fertilized with all ammonic-
N nitrogen because excess NH, " uptake did not occur. It also appears
that NO, -N fertilized beet plants may have absorbed and metabolized
both NH," and NO, at rates that were not conducive to high NO,"
accumulation at the end of the sampling period. On the other hand,
the NH," from the ammonic-N fertilizer programs apparently pro-
vided the greater portion of the plant’s nitrogen needs. If this were
so, nitrate reduction could be less rapid and this, then, could account
for the nitrate accumulation in the beets grown with all ammonic-N.

The information obtained in this survey also raises some question
as to the value of petiole analysis in predicting sucrose concentration
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accumulation and nitrogen depletion in the beet root. The curves in
Fig. 8 show what would be expected to occur in terms of NO,;™-N con-
centrations in the petiole with changes in sucrose concentrations in
the root. As the sucrose concentration increases, petiole NO, -Nde-
creases. Similarly, the curves shown in Fig. 9 follow the expected
pattern. As sucrose decreases, or remains static, petiole NO,™-N in-
creases. Deviation from the expected pattern is apparent, however,
in Fig. 10. As the sucrose concentration increases in the root, so does
the NO; -N concentration in the petioles. It is this example of discon-
formity that plagues sugar beet processors, their fieldmen, and
agronomists.

Analysis for “other-N" in beet roots, while admittedly more labor-
ious, time consuming, and costly, appears to provide a more accurate
assessment of the sucrose nitrogen concentration relationship in the
beet plant. Fig. 11 shows a definite decline in the “other-N” concentra-
tion in the roots as the sucrose concentration increases. Similarly, in
Fig. 12, an increase in the “other-N” concentration in the root is re-
fiected by a more or less static sucrose concentration accumulation. In
Fig. 13, the “other-N” concentration is sharply decreasing while the
sucrose content is increasing rapidly. Fig. 10 shows the corresponding
petiole NO, -N concentration changes for Field 7. This information
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Figure 8.—NO; -N and sucrose content in sugar beet petioles and roots,
field No. 6.
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Figure 9.—NO; -N and sucrose content in sugar beet petioles and roots,
field No. 8.
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Figure 11.—*‘Other-N"" and sucrose content in sugar beet petioles and
roots, field No. 6.
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Figure 12.—“Other-N"" and sucrose content in sugar beet petioles and
roots, field No. 8.
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Figure 13.—*“Other-N" and sucrose content in sugar beet petioles and
roots, field No. 7.

suggests that there may be a need to re-evaluate the role of petiole
analysis as a means of predicting nitrogen responses in terms of yield
and quality factors in the sugar beet. Since the beet processor deals
with the root portion of the beet plant, it would seem to be more logical
to understand more clearly the biochemical relationships occurring
within this organ.

It is suggested that attempts to suppress the formation of nitro-
genous compounds in the beet root may not be an entirely desireable
undertaking. With the world demand for food, particularly-that of
protein, increasing sharply, the nitrogenous compounds in sugar beets
may afford an opportunity for beet processors to augment their
income. Food technologists have developed texturized vegetable
protein from soybeans. Wouldn't it be possible to do the same with
amides, amines, and amino acids in sugar beets? Benda, et al. (3) at-
tempted to obtain the required amino acid composition and mineral
content of sugar beet roots used for animal feed by fertilization with
nitrogen. But protein conversion by animals is inefficient. Why not
prepare edible proteins from the sugar beet? Fowden (8) reports that
the enormous scale of the sugar beet industry makes available very
large quantities of nitrogenous compounds. One million metric tons
of beets could yield about 500 metric tons of a mixture of free amino
acids. Hac, et al. (11) studied the effect of fertilization on glutamic
acid in beets in relation to sugar production. From their work it would



VoL. 18, No. 2, OcTtoBer 1974 179

appear that fertilizer programs could be established that would pro-
duce beets containing the optimum compromise of sucrose and free
amino acids. Walker, et al. (44) studied rates of nitrogen fertilization
in relation to glutamic acid and sucrose content. They observed an
inverse relationship between glutamic acid and sucrose concentration
with respect to nitrogen fertilization. They also observed that beets
grown with NH," as the source of N in the presence of high sodium
had a considerably greater increase in glutamic acid than those grown
at equal nitrogen rates on nitrate. It is clear, then, that it is the nature
of the sugar beet to store nitrogen. While beet processors view this
characteristic as detrimental to the production of sugar, italso presents
the sugar beet industry with a challenging and golden opportunity
to investigate the merits of turning a lemon into lemonade: the profit-
able conversion of beet amino nitrogen into edible and nutritious
vegetable protein.
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