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Introduction

During recent years, the problem of declining net extraction

in the beet sugar industry has focused attention on factors which
influence the type and amount of nonsugars entering the process
(15, 16, 9).* Increased availability and use of commercial fer-
tilizers are known to be onc ol these factors (11, 13, 17). In
addition, new varieties have been introduced periodically with
little or no thought given to their possible effect on the process.
Since the upward trend in the use of nitrogen fertilizers con-
tinues and the possibility now exists for developing new varieties
with reduced amounts of certain nonsugars, there is need for
txpenmentdl data concerning the influence of nitrogen lertiliza-
tion and varieties on the pl(JdULll(}l‘! and processing of beet sugar.
Moreover, since production and processing of sugar beets are
commercial ventures, the above mentioned problems should also
be evaluated on a monetary profit and loss basis. With these
problems in mind the experiment reported herein was designed
to study the effect of three levels of nitrogen fertility and seven
sugar beet varieties on production and extraction of sugar. A
concerted effort was made throughout to obtain data which would
permit realistic dollar values to be assigned for an economic
appraisal of the results obtained.

Materials and Methods

The field selected for the test was a sandy loam soil located
in the Nyssa, Oregon district and had a cropping history of beets,
grain, and corn with no nitrogen fertilizer applied to the corn
crop. During the previous season the corn showed extreme
nitrogen deficiency symptoms indicating a low level of nitrogen
fertility.

The experimental design was a randomized split plot with
eight replications. Seven varieties were planted as the main plots,
18 rows wide and 40 feet long. Each main plot was divided into

1 Supervisor, Central Laboratory, Plant Breeder, Assistant Plant Breeder, Agronomist, and
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2 Numbers in parentheses refer to literature cited.
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three six-row subplots for the three separate levels of nitrogen fer-
tility. Each replication was separated by a three foot alleyway.

The plots were planted on April 7, 1955, using 22-inch row

spacing. The varieties included in the test were:

. SLC 824 (US 35/2) —An open pollinated, high sugar,
curly-top resistant variety.

2. G-51-1—A new potential commercial variety derived [rom
rigid selection for high sugar and low sodium content
within an open pollinated variety.

3. A2-90HO (CT9)-—The male sterile equivalent of a curly-
top resistant inbred line which is relatively low in sucrose
content.

4. US 22/3—A standard open pollinated tonnage variety with
excellent curly-top resistance but low sucrose content.

(41

US22S—Currently used commercial variety resulting from
a blend of SLC 824 and N47.

6. F54-2H—A monogerm hybrid.

7. 43238B—A “hybrid” between A2-90H0 and SLC 824 pro-
duced by blending the seed of the parental lines prior to
planting the commercial seed field.

During spring seedbed preparation of the fall plowed land,
126 units of P.O; and 65 units of nitrogen in the form of granular
fertilizers were disced into the soil. This was done to provide
an adequate level of P.O; for the season and sufficient nitrogen
to support early growth on all plots.

Additional applications of nitrogen were applied in the form
of anhydrous ammonia by side dressing in alternate furrows mid-
way between the rows and at a depth of six inches. A metering
pump was used to regulate the amount of fertilizer applied. On
June 9, 75 pounds of nitrogen per acre were applied to the
medium and high fertility plots thus raising the level on these
plots to 140 units per acre. Again on July 5, in two separate
applications of 70 lbs. each, 140 lbs. of nitrogen per acre were
applied to the high nitrogen plots. Thus, the three rates of
nitrogen fertilization were established at 65, 140, and 280 pounds
per acre.

Locally accepted practices of cultivation and irrigation were
followed. The alternate rows in which the fertilizer was injected
were used for irrigation until the last two irrigations when the
water was changed to the alternate set of rows.

Petiole samples were taken just prior to harvest according
to the method outlined by Ulrich (I8). Each sample consisted
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of 30 to 40 petioles taken at random from the two center rows
of each subplot,

Fhe plots were harvested on October 13, To reduce possible
border effects, 18 inches of row were discarded from each end of
all plots and only the two center rows of each subplot were har-
vested for yield measurements and to supply roots for processing.
Two ten-beet samples were taken from cach subplot to determine
sucrose content at harvest, An additional 130 pounds of bects
[rom each subplot were placed in cold storage lor the processing
studies conducted at Central Laboratory, win Falls, ldaho.

Beets from cach subplot were removed Jrom storage oy pro-
cessing at such a time as to provide an equal storage period for
each varicty-nitrogen level condition. Thus storage time did
not becowe a variable.

Upon removal from storage the beets were washed and sliced
nto cossettes which were thoroughly mixed. Samples of the
cossettes were analyzed for sugar, sodium, und potassium  (8).
Samples were also Furnished (o International Minerals and Chem-
ical Corporation, Research Laboratory, Woaodland, California,
for glutamic acid assays by the microbiological method (10) .
Juice prepared from the cossettes was analyzed lor apparent purity
(12}, rotal nitrogen including that in the form ol nitrate (1),
phosphate (7), total ash (2}, mvert sugar (3), and rallinose (4} .
The amino nitrogen compounds were estimated by boiling 10
ml. of the juice xxlt} three 1)6”({\ ol pure sodium h\dm\xdv
almost to dryness, de{crmlmng the nitrogen content o{ the residue
(1), and multiplying this result by a factor of 7.5

The cossettes were processed in a continuous, countercurrent
fow, pilot diffuser under the lollowing conditions:
Temperatures: First 159 ol cossette travel—82¢ (.
Remainder of cossetre travel 707 (.
Reutmion time: 30 minutes
]
Pulp, 9% Sugar: 0.18 o .
Draft: Varied as necessary to maintain desired sugar level
in pulp.
Diffusion juice samples were analyzed [or apparvent purity,
total ash, invert sugar, and amino nirogen compounds by the
same methods as used for the beet press juice.

Carbonation was simulated by pzepaxmu thin juice from dil-
fusion juice in the manner described by DBrown dlld Serro tor
beets (5). Thin juice samples were analyzed Tor apparent purity,
amino nitrogen compounds, ad monosodium glutnmate (MSG) .
The latter was determined by the decarboxylase method (14},
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Where samples of cossettes and juices were not analyzed im-
mediately after preparation, they were quick frozen for storage.

The economic evaluation was based on factual values. To
facilitate the calculation of realistic figures for growing and pro-
cessing each variety at each nitrogen fertility level, the sugar con-
tent and yield averages were applied to 20,000 acres and an
assumed slicing rate of approximately 3500 tons per day. The
processor’s various agricultural and processing costs used in this
study include beet freight, beet receiving expenses, beet labor
expense, general agricultural expense, operating supplies and
other raw materials, operating labor, maintenance:- and repairs,
local general expense, insurance, taxes, depreciation, and sugar
loss in storage. These costs were balanced against returns for
salable sugar (corrected for sales expense), molasses, pulp and
C.S.T. to establish a processor’s earnings for each condition tested.

The grower costs included only the harvesting and delivery
and the cost of fertilizer actually removed in the beets, using
current fertilizer prices. Other grower costs were deemed too
dependent on the type of operation and individual efficiency
to be included as fixed costs. It was assumed that the fertilizer
content of the beet tops would be returned to the soil.

To estimate sugar losses in storage a special method was de-
veloped. It was first assumed that there would be 10 days of
direct delivery, which allowed 35,000 tons of beets at no storage
loss. The remainder of the beets from 20,000 acres was con-
sidered in storage.

The tonnage entering storage was then converted to sugar
by applying the sugar content figure. An amount of sugar was
calculated to be removed daily from storage which was equivalent
to 3500 tons of beets plus a sugar loss in the pile. This procedure
continued until the amount of sugar in storage was eliminated.

The daily sugar loss value was taken from Figure 1 which
describes the rising losses (as percentage ol sugar entering stor-
age) against storage time. These data were plotted from the
results of storage tests conducted under conditions considered
ideal.

Storage losses calculated in these tests were found to compare
favorably with losses under actual conditions calculated by the
method of Cottrell (6) for the same acreage.

The final molasses apparent purity was assumed to be 62.0
at a brix of 79.5. This, together with a nominal sugar loss in
the process and thin juice apparent purity, provided the data
necessary for calculating extraction.
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Figure 1.—Daily sugar loss during storage.
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Results and Conclusions
Petiole Analysis:

Petiole samples taken at harvest showed highly significant
differences for both NO, and P.O; concentration (Table 1).
For NO, the differences were highly mgnlh(.ant for both varieties
and nitrogen fertility levels whereas differences in P.O; were
significant for fertility levels only. Although the variation in
P.O; in the petioles was relatively small in comparison to NO,
concentration, there appeared to be a slight decrease in P,O; as
the nitrogen applications were increased.

The generally accepted critical level for NO, in the petioles
is 1000 P.P.M. and 750 P.P.M. for P.O; (19). On this basis it
can be assumed that P.O; was well above the defciency level
for all plots whereas NO, was below the deficiency level for the
low and medium fertility plots at harvest. The high concentra-
tion of NO, in the petiole of beets grown on the high level of
nitrogen [ertility shows that an excess of nitrogen was available
to these plots at harvest time.
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Percent Sucrose, Yield and Gross Sugar per Acre:

Highly significant differences were found between varieties
and nitrogen levels for sucrose percentage, yield of roots, and
sugar per acre (Table 2). Since no interactions were found
between fertilizer levels and varieties, it is assumed that the
varieties performed similarly at each nitrogen level. Although
the differences between variety averages, over all nitrogen levels,
are significant these differences are small in relation to the differ-
ences between fertilizer levels. It is concluded therefore, that
nitrogen fertility had a greater effect on sucrose content. yield of
roots, and sugar per acre than did the varieties tested.

Beets grown on low nitrogen fertility plots were of high
sugar content, but the low root yield resulted in the lowest
yield of sugar per acre. In contrast, the roots from the high
nitrogen fertility plots had the highest yield, but the reduced
sugar content depressed the yield ol sugar per acre. The medium
level of nitrogen fertility produced a high yield of roots with
little reduction in sucrose content which resulted in the highest
production of sugar per acre. The fact that the medium level
of nitrogen fertility did not result in an appreciable reduction
in yield or sucrcse content suggests that the available nitrogen
was near depletion at or just prior to the time the beets were
harvested. Additional evidence from the analysis of NO, nitrogen
in the petioles at harvest likewise supports this conclusion and
which is in agreement with work done by Ulrich (17). In any
event, since the yield of roots was near that of the high level plots,
it must be assumed that for the major part of the growing season
the medium fertility plots had sufficient nitrogen available to
support normal growth.

Nonsugars in the Beet:

It is apparent from Table 3 that the amino nitrogen con-
stituents and ash make up a large portion of the total nonsugars
present in the beets. The remaining impurities are present in
relatively smaller amounts but certain of these are of special
importance in the process. For the purposes ol sucrose produc-
tion, invert sugar and raffinose are classed with nonsugars.

The effects of nitrogen fertilization and varieties on the
quantities of total nonsugars, amino nitrogen constituents, and
ash in the beet are given in Table 3. The concentration of these
impurities increased in the beet as the rate of nitrogen applica-
tion increased. The same marked effects of nitrogen fertilization
were noted for concentrations of MSG, total nitrogen, potassium,
and sodium. No significant difference was found in invert or
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raffinose content due to nitrogen fertility levels, although in the
case of the latter there was some difference due to varieties. The
effect on P.O; concentration was small although statistically
significant.

Table |.—Variety and Fertilizer Averages for Concentration of NOz and P20: in Petioles
at Harvest as Parts Per Million,

Variety NO: P05
SLC 824 1090 1270
C-51-1 1270 1180
A2-90H0 2050 : 1270
us22/3 1580 1300
Us22s 1410 1170
F54-2H 1860 1390
432358 1630 1230
LSD .05 278 N.S.

Nitrogen Levels

65 Ibs./acre 720 1370
140 1bs. /acre 700 1210
280 1bs./acre 3240 1200
LSD .05 504 72

.01 403 95
Test Ave. 1560 1260

Table 2.—Variety and Nitrogen Level Averages for Percent Sucrose at Harvest, Yield
and Gross Sugar Per Acre.

Sucrose Yield Gross Sugar
Variety Percent Tons/Acre Lbs./Acre
SLC 824 16.8 23.1 7780
C-51-1 16.5 26.0 8540
A2-90H0 15.9 24.5 7760
Use2/3 15.9 25.5 BOB0O
Us22s 16.6 23.6 7820
F54-2H 16.6 25.7 8560
432358 16.3 25.0 8140
LSD .05 0.3 1.4 480
01 0.4 1.9 660
Nitrogen Levels
65 Lbs./Acre 16.8 20.7 GAGO
140 Lbs./Acre 16.7 26.4 8820
280 Lbs./Acre 15.6 27.3 8520
L5SD .05 0.19 0.7 240
01 0.25 . 0.9 320

Test Ave. 16.4 24.8 8100




Table 3.—Variety and Nitrogen Level Averages for Concentrations of Nonsugars in the Beet as Pounds Per Ton of Beets.

Amino Total
Total Nitrogen Ash Invert Nitrogen

Varieties Nonsugars Constituents  Constituents Sugar (incl. NOs) P Sodinm Potassinm MSG Rafllinose
SLC 824 424 17.2 12,0 2.4 2.6 1.1 294 1.84 3.9 2.0
C-51-1 45.5 16.7 12.9 2.5 25 1.5 324 1.98 3.4 21
AZ2-90H0 42.2 16.4 12.2 24 2.5 11 579 1.85 3.0 1.8
USs22/3 12.1 16.5 13.6 24 2.4 1.1 A4 2.08 3.3 1.9
Us22s 43.7 17.0 12.7 29 2.6 1.5 L3351 1.86 3.6 1.8
F54-2H 40.8 15.4 12.2 2.4 24 L3 533 1.97 2.8 2.0
452358 426 16.8 12.9 24 26 1.3 479 1.93 5.5 1.7
LSD .03 NS, 1o 0.9 N.5. NS 0.14 043 0.1 0.53 0.25

.01 N.S. N.5. 1.2 N.S. N.S 0.19 058 0.15 0.71 0.30
Nitrogen Levels
65 Lbs./Acre 375 18.0~° 11.0 25 1.9 1.1 257 1.74 1.6 2.0
1400 Lbs./Acre 40.8 16.0 12.7 24 24 1.4 309 1.84 2.8 18
280 Lbs./Acre 49.2 20.7 14.3 2.6 5.2 1.3 497 2.13 Ly 1.9
LSD .05 j % | 0.6 0.6 N.S. 0.09 0.08 025 0.08 0.25 N.S.

.01 1.4 0.7 0.8 N.S. 0.12 0.10 053 010 0.33 N.S.
Test Ave. 42.5 16.6 12.6 2.5 25 1.4 354 1.90 5.4 1.9

01

'S 'S 'V dHL 40 TvNuno|
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In general, the nitrogen levels caused greater variations in
the amounts of nonsugars present in the beets than did the vari-
eties tested. This was particularly evident for total nitrogen
and amino nitrogen compounds. For example, in comparing the
range in variety averages to the range in fertility level averages
(Table 3) for amino nitrogen constituents, it is evident that
the effects of nitrogen fertility were greater than varietal effects.
The same is true for ash but the differences in ranges are not
nearly so striking. Two exceptions to this generalization were
raffinose and P.O; content for which varietal effects were greater
than fertilizer effects.

Sienificant interactions of varieties % nitrogen fertilitv levels
were found for sodium content. The interaction was primarily
due to the behavior of variety US 22/3 which had proportionately
higher sodium content than the other varieties under hieh nitro-
gen fertility. The indicated interaction for MSG as well as for
amino nitrogen was primarily the result of variety F54-2H being
proportionately lower than the other varieties under high nitro-
gen fertility, but the interaction F value only approached sig-
nificance at the .05 level of probability.

The data presented indicate that both varieties and nitrogen
fertility levels can appreciably influence the amount of nonsugars
present in beets. Excessive nitrogen fertilization is particularly
harmful because of the direct effect of nitrogen on the nonsugar
constituents as well as sucrose content.

Elimination of Nonsugars in the Process:

For the purpose of evaluating the processing tests, the results
were calculated on the basis of sugar rather than tons of beets.
Table 4 shows that on this basis the nonsugar load entering the
process increased 10.5 percent from the low to medium nitrogen
fertility condition and another 31.0 percent from the medium
to high nitrogen level. The maximum difference attributable to
varieties was 11.2 percent.

In general, as the nonsugar load increased with the nitrogen
fertility, the elimination by diffusion also increased, but not
proportionately. Elimination by simulated carbonation was gen-
erally the same regardless of the amount of nonsugars entering:
therefore, the total beet end elimination did not proportionately
adjust to increases in the amounts of nonsugars introduced. The
amounts and types of nonsugars remaining in the process will
determine the sugar and molasses production, upon which the
economics of processing sugar beets rests.

There were significant differences in total nonsugars remain-
ing due to varieties.
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Table 4.—Total Nonsugars Removed by Diffusion and Carbonation as Pounds Per 100
Sucrose.

Entering Removed Remaining

Diffusion C-lrbo nation Total

Averages Tor Varieties, All Nitrogen Levels

SLC 824 12.0 2.1 4.3 6.4 5.6
C-51-1 12.6 2.6 1.4 7.0 5.6
A2-90H0 12.9 25 3.9 6.4 6.5
Usz2/3 12.8 22 4.6 6.8 6.0
Us228 12.5 2.3 L5 6.8 b.7
F54-2H 1.6 2.2 1.3 6.5 5.1
132350 12.5 2.1 4.3 6.4, 6.1
LSD .05 1.38 0.43 0.56 0.95 1.06

Averages for Nitrogen Levels, All Varieties

Low 10.5 2.1 : 4.3 6.4 4.1
Medium 1.6 22 4.3 6.5 5.1
High 15.2 2.6 4.4 7.0 8.2
LsSD .05 0.6G8 0.40 0.27 0.47 1.22

Purity values also reflect the elimination of nonsugars. As
shown in Table 5, highly significant differences resulted between
varieties and nitrogen fertility levels. These differences appear
to be relatively constant for purities shown. As was the case with
the nonsugars studied, the effect of nitrogen fertility levels was
more pronounced than were varietal effects.

Due primarily to variety F54-2H. a significant variety X
nitrogen level interaction for purity was found (Table 5, thin
juice values for varieties at all nitrogen levels). This can be
traced to the indicated interaction found in MSG and amino
nitrogen constituents already discussed in the section concerning
nonsugars in the beet. Variety FF54-2H did not show an increased
concentration of these nonsugars in proportion to that of other
varieties under the high level of nitrogen fertility. The inter-
action also appeared in total nonsugars entering and remaining
in the process (Table 4) but approac hed sigmﬁmn(e at the 0'3
level of probability. Since purity is the ratio of sugar to total
dissolved solids (sugar plus nonsugars) expressed as percent, the
significant variety X fertilizer interaction found for purity might
be expected.

The amino nitrogen constituents were followed throuch the
process in the same manner as the total nonsugars. Table 6 is
a tabulation of the results. The increases in removal of amino
nitrogen compounds with the rise in nitrogen fertility levels are
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Table S.—Varicty and Nimogen Level Averages for Purities in Beet Juices with Individ-
uul Variety Nitrogen-Level Averages for Thin Julice,

Variety Syverages

Yariety Beet Diffusion Thin
SLOC B2 85 a90.9 G4.6
C-hl- 8.0 G0.9 446
AZ-GOH0 EERH 90.7 94.0
Us22/3 R¥.7 40.5 911
18228 HEH 407 9.5
P54 20 RiEG 914 a5.1
132858 {80 0.7 4.3
IsD 05 6.02 .51 . (.50
R .60 .68 048

4.5 92.2 96 .40

80.6 914 95.1

5.6 88.8 924
18D .05 .28 0.24 0.23%
At E 0,37 0.32 0.30

Pest Sve. 30.0 u6.8 945

Nitrogen Levels, Thin Juice

Vartety 65 Ths, 140 Ths. 2850 e
SEC 824 96.2 a5.1 42,6
C-nl- 96.2 952 925
AL-GH10 438 M7 G415
Us22/5 9549 0953 92.0
Uszes 95.9 a5 028
¥i4-2H 96.3 95.4 93,7
432388 954 94.8 92.0

LSD .05 between varietios within nitrogen levels = 070

significant, but again not proportional to amounts entering.
Varieties caused no significant differences in the elimination of
these compounds. The variety F54-2H was signihicantly lower
in amownts of amino nitrogen compounds entering the process.
which is in accordance with previous comments made on this
variety.

Because of its commercial mmportance, the amino nifrogen
compound mono-sodinn glutamate was measured in the beets
and thin juice. No climination of this compound was found.
This is possibly due to the fact that different methods were used
for the determination. Table 7 shows the amounts found in the
beet and in thin juice. Nitrogen fertilicy levels caused significamt
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differences in MSG whiles differences due to varieties were not
significant. Variety F54-2H showed the least amount of MSG.

The following figures based on averages for nitrogen levels,
over all varieties, show the relationship of MSG to the total
amino nitrogen compounds as measured in thin juice.

Nitrogen Fertility Levels
Low Medium High
24.39%, 81.9%, 42.1%

In these tests the ash constituents were measured in press
juice and diffusion juice. Little or no elimination was accom-
plished by diffusion. The ash content in both the beet and
diffusion juice showed significant differences due to nitrogen
fertility and varieties (Table 7). The ranges of the averages
show that the effects of nitrogen fertility are greater than the
effects of varieties.

The invert sugar content of beet and diffusion juice showed
a significant rise with the nitrogen fertility level which is also
shown in Table 7. There were no significant differences in invert
content caused by varieties. The over-all elimination of invert
sugar was 0.25 pound per 100 sucrose or 34.2 percent of the
average amount entering in the beet.

Table 6.—Amino Nitrogen Compounds Removed by Diffusion and Carbonation as
Pounds Per 100 Sucrose.

Entering Removed Remaining

Diffusion Carbonation Total

Averages for Varieties, All Nitrogen Levels

SLC 824 4.9 1.2 0.8 2.0 29
C-51-1 4.9 1.2 0.9 21 2.8
A2-90H0 5.0 1.2 0.8 2.0 5.0
us2z2/3 5.0 1.2 0.9 2.0 3.0
us22s +.9 1.2 0.8 19 3.0
F34-2H 4.4 1.1 0.8 1.9 2.5
432358 4.9 1.2 0.8 1.9 3.0
LSD .05 0.34 N.5. N.S. N.S. N.S.

Averages for Nitrogen Levels, All Varieties

Low 37 1.1 0.7 1.8 1.9
Medium 4.5 1.1 0.8 1.9 2.6
High 6.4 1.3 0.9 2.2 4.2

LSD .05 0.25 0.17 0.11 0.17 0.66
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Rafhinose content was measured only on beets. It is shown
in Table 7 for comparison with other nonsugars when calculated
on a sugar basis. As such there were significant differences due
to nitrogen fertility Tevels and varieties. The ranges of differences
show thar varieties had a greater influence on raflinose content
rhan did nirrogen Jevels, This was the only constituent measured
in which varietics showed a greater influence than nitrogen fer-
tility levels.

Table 7~—~Variety and Nitrogen Level Averages for Concentrations of Nonsugars as
Pounds Per 100 Sucrose,

M5 G Ash , Invert Raffinosc
Thin Diff. D,

Varieties Beet Juice Beet Juice Beet Juice Beet
SO 824 1.10 1.05 5341 3,95 67 47 3
¢ 51l .97 1.5 274 5.6% 72 50 K]
12090110 .00 98 373 3.63 75 A5 55
'522/8 89 1.04 ERIY 415 72 449 58
5228 104 1.04 367 3.5% 84 i 51
¥34-2H 75 88 150 3,486 60 A5 57
15278 1.02 1.10 357 2.68 72 45 49
1.8D .03 NS 0.30 0.29 NS, NS 07

ol NS 0.40 0.29 NS NS, N.S.
Witrogen Levels
64 lh< Jacve 43 A6 3.09 310 60 A5 35
110} acre 81 .84 3.59 345 0 46 52
280 Il)s’/:urc 1.74 1.76 143 182 A9 53 Rix)
15D .05 N.S. .30 0,22 N5, N.S. 07

K] 015 0.23 0.17 .09 06 N5
Test Ave, 0.98 1.02 3.70 5.62 78 48 55
Extraction:

Those nonsugars which remain in the juice alter carbonation
will enter the crystallization phase of the process, and as a group
will depress the crystallization rate of the associated sucrose to
the point where it becomes impossible to furrher extract sucrose
economically by crystallization. At his stage the moducr is
maolasses, not sugar. Net extraction 1s the rario of salable white
sugar produced to the total amount of sugar entering the process.
Mpmssed as percentage. It is actually an efficiency fgure for
the processing of sugar beets and as such is of prime importance
to the economics of sugar processing.

Fable 8 lists the net extraciion figures calculated from the
resulrs of these tests {sece Methods and Materials) . Varieties
caused no significant differences but every rising step in the
nitrogen fertility level caused a significant drop in net extraction.
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Table 8.—Percent Extraction.

Variety
Variety Low Medium High Average
SLC 824 91.9 90.0 85.3 80.1
C-51-1 91.9 90.0 85.1 89.0
A2-00HO 91.2 89.1 84.7 88.3
us22/3 91.2 90.2 84.0 88.5
Us22s 91.4 90.0 85.3 88.9
F54-2H 92.1 90.4 87.3 89.9
432358 91.4 80.4 84.1 88.3
N level Ave. 91.6 89.9 85.1 J 88.9

LSD .05 between variety averages = 1.7

LSD .05 between nitrogen level averages 0.9

It 1s of interest to note that although it is not significant at
the 5 percent level, the variety F54-2H led all other varieties
tested in net extraction at each nitrogen fertility level. The ranges
of averages show that the influence on extraction by nitrogen
fertility levels was far greater than by varieties in these tests.

Production of Sugar, Molasses and MSG.

Also of prime importance to the economics of the industry
is the over-all production of sugar, molasses, and concentrated
Steffens filtrate resulting from the growine and processine oper-
ations. Table 9 is a compilation of this information as calculated
from the results of these tests. This tabulation again shows the
tremendous effect of nitrogen fertility levels on both sugar and
byproducts, while varieties show significant difterences on the
gross sugar and salable sugar. It is of interest to note in this case
that each variety occupies the same position in production of
gross sugar and salable sugar.

Correlations:

The correlation coefficients (Table 10) show a definite inter-
relationship among all the variables correlated with the except-
tion of raffinose which was significantly correlated only with
sodium. Amino nitrogen constituents, MSG, and total nitrogen
appeared to show a higher degree of association with purity than
sucrose percentage, although percent sucrose was highly corre-
lated with purity. Also they gave correlation coefficients equal
to or higher than percent sucrose with extraction but of opposite
sign. In addition, the correlations of ash with percent sucrose,
purity and extraction were lower than for nitrogen constituents.
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Table 9.—Sugar and Byproduct Production Averages for Variety and Nitrogen Level
Before and After Processing as Pounds Per Acre.

Entering Leaving
Gross Non- Salable CSF

Variety Sugar Sugars Sugar Molasses Selids MSG
SLC 824 7780 994 6396 1395 422 89
C-51-1 R8540 1144 7174 1517 459 97
AZ2-90HO 7760 1046 6503 1483 475 82
Us22/3 8080 1099 6740 1494 452 92
Us22s 7820 1035 G619 1427 432 B8
F54-2H 8560 1053 7256 1359 411 79
432358 8140 1075 G809 1557 469 97
LSD .05 480 N.S. 666 N.S. NS. N.S.
Nitrogen Levels

65 Ibs./acre 6960 771 DRY] 900 271 34
140 Ibs./acre 8820 1074 7182 1394 j22 78
280 Ibs./acre 8520 1347 A8l5 2091 G4 156
LSD .05 240 176 764 272 56 42
Test Ave. 8100 1064 6811 1462 146 89

In brief, the nitrogen and nitrogen compounds in the beets appear
to be the most closely associated with quality factors ol any of
the beet constituents measured in this study.

Of interest also were the sienificant correlations found be-
tween NO, in the petioles and nonsugars constituents in the
roots. NO, in the petioles showed as strong a negative association
with percent sucrose as did the nitrogen compounds in the roots.

Economic Appraisal:

This section is an attempt to evaluate the effects of nitrogen
fertility and varietal differences by the most critical indicator
of all—that of profit. s

The influence of nitrogen fertility level and the individual
varieties chosen on the economics of growing and processing
sugar beets in this test is shown by the dollar return index values
in Table 11. This table shows that the medium nitrogen fer-
tility level was the most beneficial for both grower and processor
for all varieties tested. The high nitrogen condition was more
profitable than the low. Of the varieties tested, F54-2H and
C-51-1 showed the greatest profit possibilities for both grower
and processor considering all nitrogen levels tested, while. as
would be expected, the inbred A2-90HO offered the least return.

These figures show that the influence of the individual vari-
eties on the economics of the combined operations was less than



Table 10.—Correclation Coefficients Among 12 Variables Determined fr m Individual Plot Values. Where Applicable, Values Obtained for Con-
centrations in the Beet Were Used to Compute r Values.

Variables Sucrose Purity Nonsugar Ash Amino N MSG Total N Raffinose Sodium Petassium NO: in Pet.

O SUCTOSE —
e Sucrose

Purity .68 —_

Total non-sugars —.57 —.96 —

Ash —.46 —.65 .63 —_

Amino N —.52 —.89 .91 62 —

MSG (Thin Juice) —.58 —.80 88 50 89 =

Total N —.56 —.87 B8 64 92 .89 —

Raffinose .09 Il —.J14 —.11 —.18 —.15 —.19 -—

Sodium —.66 —.78 i 59 73 70 i) —.20 -_—

Potassium —A47 —.58 .54 55 .53 .58 52 —.03 49 —

NO:z in Petioles —.64 —.67 .61 42 60 .64 .64 .06 51 44 —
Extraction 75 .B8 —.73 —.56 —.72 —.76 —.73 04 I—.ﬁQ —.55 —.66

r = .16 for significance at .05

r = .20 for significance at .01

all
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that of the nitrogen fertility levels. This is exemplified in Table
11 for combined returns where nitrogen fertility levels was
responsible for a 22 percent range from the over-all test average
while varietal differences caused only 13 percent range in these
returns. This provides a total of 35 percent variation from the
lowest to highest fertility-variety combination.
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Figure 2 is a

graphic representation of the data of Table 11.

Table 11.—Index Figures for Variety and Nitrogen Level Averages.

Variety

SLC 824
C-51-1
A2-90HO
Us22/3
Us22s
F54-2H
43235B

Nitrogen

Combined Return  Grower Return

Levels

65 1bs./acre
140 1bs. /acre
280 1bs./acre

Test Ave

rage

97
106
94
98
97
107
100

89
111
100

100

97
106
94
99
97
107
101

88
110
102

100

Processor

Net Return

99

91
113
96

100

Index* of Returns, Dollars Per Acre

Averages For All Varieties

Combined Return

113

Processor Net Return

110

Grower Return®

Nitrogen Fertility
Level

Averages For All Nitrogen Levels

F54-2H
C-51-1

4323 sB
uszz2/3
usz2s

b g
o
©

A2-90HO

o
L]
"
o
m
<

us 2273

A2-90HO

F54-2H

4323 SB
us22/3

Us 22s

824

A2- 90HO

Combined Return

t Overall test avera

Processor Net Return

e set at 100.

* Less costs of fertilizer and harvesting

Figure 2.—Variety and nitrogen level averages.

Grower Return®
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The most profitable combination of variety and fertilizer level
for both processor and grower was the variety F54-2H grown
on the medium level of nitrogen fertility. This combination
resulted in an increase in combined returns of 18 percent over
the entire test average.

Discussion

The effects of nitrogen fertilization on the economics of sugar
production and extraction were more pronounced than the effects
of the varieties tested. This was the result of the greater effect
of nitrogen fertilization on yield, percent sucrose, and nonsugar
content.

The most profitable level of nitrogen fertilization for grower
and processor was the medium level which produced the maxi-
mum gross sugar and salable sugar per acre. The low nitrogen
fertility level effected a low root yield which resulted in the
lowest gross sugar in spite of the high sugar content and thus
depressed the production of salable sugar and byproducts. The
high nitrogen application resulted in the highest root yield, but
the gross sugar was depressed by the low sugar content. The ac-
companying nonsugars in this case caused a reduced net extrac-
tion and thus lowered the salable sugar but produced the highest
yield of byproducts.

The results of the economic appraisal pointed out the over-
whelming influence of salable sugar on the economy of the in-
dustry in comparison with the byproducts and signalled the im-
possibility of regaining from the byproducts what is lost through
reduced extraction.

The association of total nitrogen and nitrogen compounds
with reduced purity and extraction in the roots was pronounced.
This raises the question as to whether the nitrogen compounds
per se cause a direct reduction in purity and net extraction
through their melassigenic power or whether it is the result of
the melassigenic power of other nonsugars associated with the
nitrogen constituents. Considering the work of Rorabaugh and
Norman (13) and Haddock et al (11) and the increased non-
sugars accompanying increased nitrogen fertilization in this study,
it appears that both conditions are probably factors influencing
purity and net extraction. If both the nitrogen constituents and
the other nonsugars increase in the beet with increased nitrogen
fertilization, the crystallization process is bound to be affected.
In this study the relative importance of individual nonsugars
to the rate of crystallization has not been considered, but con-
sideration of this factor could only make the case for high nitro-
gen fertilization worse than has been shown by these results.
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Having a wide range of nitrogen fertilization as well as dif-
ferent varieties in the test produced a wide variation in the con-
centration of nitrogen compounds in the beets. This made it
possible ro obtain correlation coeflicients of variables affected
by a wide range of conditions. As a result, the r values obtained
in this study may vary from those obtained by other workers
studying primarily varietal variations.

There was evidence in this study ol interactions of varietics
and fertilizer levels in regard to corvelations. For instance, ash
increased with nitrogen fertilization as did the amino N con-
stituents resulting in a highly significant r value between ash
and amino N. On the other hand, the varieues high n amino
N were not necessarily high in ash (Table 3).

In the case of rathnose, variation was due primarily to vari-
eties rather than to the effects of nitrogen ferulization as was
the case with other nonsugars, This may partially explain the
low correlation coeflicients obtained with raflinose vs. other non-
SUGATS.

Although other factors of climate and soil undoubtedly affect
quality and production ol sugar beets, nitrogen lertility is so
eritical that every effort should be made to apply near “optimum”
amounts of nitrogen to the commercial beet crop. The “opti-
mum’ level may be defined as that level of nitrogen fertilization
beyond which increases in yield are not sufficient to justily the
cost of additional nitrogen applied, and the losses due to veduced
sucrose percentages and net extractions are not significant. To
be able to determine such a level for a particular field prior to
planting is a near impossible task because ol the factors that
influence the nitrogen requirements such as irrigation practices
and seasonal differences. However, through the aid of cropping
histories, fertilizer histories, and soil tests, control of high or
low nitrogen fertlization applications is practicable and should
be achieved.
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