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Atternpts to harvest and store beets in a manner and at a
time to get optimuni SUgar Trecovery per acre or per ton are
commoenplace m the sugar beet industry. 1t has [requently been
claimed without specific experimental evidence, and ravely been
shown, that beets of higher sugar contents and higher purity
store with less deterioration than beets of inferior quaht}. The
purpose ol this paper is to explore the practicability of quickly
identitying truck loads of beets in the delivery line that are
high or low in sugar content so that they may be directed to an
appropriate point ol unloading. The general relationship between
the specific gravity ol individual bects or lots of beets and the
sugar content has frequently been pointed out. 'This paper shows
the mathematical possibilities of such a sorting method, together
with experimental figures for over 100 commercial samples ol
one variety and 40 samp es with wide genetic diversity, The
cffects of mud and hollow beets are shown.

Litevature Cited

No comprehensive review ol papers concerning the general
relationship between specific gravity and sugar content of beets
seems necessary, However, in a study with about 3,000 indi-
vidual mother bects, Down (M. Agr. thesis Michigan State Uni-
versity, 1922) showed a correlation of about 0.7 between sucrose
content and specific gravity even with these beets ol numerous
genetic backgrounds. He found that by using one salt solution
e could divide his mother beets, almost without eyvor, into two
groups: one containing all superior beets and the other almost
all inferior in sucrose content. Dexter and Frakes (1) separated

pile of beets of one variety into three groups on a specific
gravity basis, with sugar contents of about 18, 16, and 149
respectively.  In storage ex [)61i1]16‘11t% the higher quality beets
were found 1o lose a smaller percentage ol recoverable sugar.
Similarly in an experiment xuz} beets grown with different
amounts of nitrogen, the beets with Inohu sugar content stored
better (2). Silin {8) 1q\&1t(‘dl) ermp hasized the fact that dam-
aged, immature or late planted beets should not be stored.

* Journal article 3859 Michigan Agricultural Experiment Station. Faxt Lansing, Michigan.

2 Professor of Crop Scicnce, Michigan State  University and  Divecior  of  Rescareh,
Michigan Sugar Company, rcspectively,

FNumbers in parentheses yefer to Hrature cired.
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Mathematics of the Method

Sugar beet roots have a specific gravity ranging mainly he-
tweenr 1.03 and 1.07. For purposes of calculation, a sample of
40 pounds of reasonably dirt-lvec beets will be assumed in the
equations below, and a specific gravity of 1.02. By converting
the 40 pounds to grams, the calculations may be more evident.
The purpose of the caleulatiens is to show the weight of a 40-
pound sample ol beets when it is submerged in water, as related
to the specific gravity of the roots. Weight in air minus weight
ol water displaced = weight in water,
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Assuming a specific gravity of .02 and clearing, we have
0.02 (433.59 7 40)
1.02
= 300g — weight in water of 40 pounds ol roots
with sp. gr. of 1.02,

Table L—Weight of beer sample submerged i water, in grams and pounds,

Weight of sample in pounds, in air

Specific 38.0 5.0 0.0 41.0
gravity g b o Ih S 1 [
102 338 745 547 765 356 ARG RIS
103 503 [T 5th 1K 526 LP7 312 119
104 665 146 630 [.50 [ 15t 715 !
103 327 1.81 812 1.86 864 191 886 195
1.06 975 213 1001 2,21 o027 227 o3y 232
1.67 1128 244 157 255 1187 2,62 1217 2068

Table 1 is intended to bring out the point that with specific
gravities close to 1.00, a slight difference in specific gravity re-
sults in a large relative dlﬁelen(e in the “submerged” welghts.
Thus. between 1.02 and 1.03 specific O'm\fitv the ‘;uhmerged
weights change 509 between 1.03 and 1.04, 33% and so forth.
The accwracy of taking the original :s;tmple weights becomes
almost insignificant in the separation of samples into their proper
groups. The submerged weight of a sample weighing 42 pounds is

42 — . . .

98 of that of a 38 pound sample in every case with a given
specific gravity, a difference of about 109, The accuracy of the
determination of the “submerged™ weights is far more mlpm tant
than that of the weight of the sample. From examination of
Table 1 it appears that for most practical purposes, the sub-
merged weight of a standard container filled with about 40
pmmds of bcua (uanweighed) might he adequate.
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Methods and Results

In the firse trial, 10-beet samples from fertilizer and manage-
ment trials were used. While the beets were all of one varicty,
they had been grown under a wide range of cultural practices.
The beets were washed. weighed to the neavest 0.1 1b in air,
and submerged in water. For the weight in water, a scale that
could be read to 0.01 was used, but (by mistake) only the read-
ing to the nearest 0.1 1 was recorded. One-hundred ten samples
were used, ranging from 15.6 to 85.1 Ih, with five of these samples
less than 20 and 10 more than 30 b in weight. "The sugar con-
tent and clear juice purities were determined in the routine
manuer. Since, in this particular year, purities were almost
aniformly very high. no attention was paid to the cffect of purity
on the density of the juice.

Figure 1 is a graph of the 110 samples, when specific gravity
was determined from weights taken to the nearest 0.1 1b. In
this experiment. reasonably good separation on a sugar content
basis could be made in spite of the rather small samples, and
beets about 1.060 in sp. gr. might have been piled for long
storage, those somewhat less [or shorter storage, while the samples
with specilic gravity below 1050 might have been routed for
immediate processing. The three circled points show the com-
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SPpsCIFIC GRAVITY OF BEETS

Figure l.—Relauon of specific gravity to sucrose content ol sugar
beets, X's are samples rom the piles. Correlation Coellicient = 0.898,
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puted speciiie gravity onoa 342 1h »vmlplc, which weighed 2.0
Ih submerged, {conter point, while the other two pomnts indicate
the sp. gr. il the st thimerged vetght had been recorded as 1.9
or 2.0 Ibs. FThe ervor is considerable and on smaller samples
would e mores In Figure 1 cerrelation cocflicient between
pereent sucrose and specific gravity - 0.808,

similarly about 44 samples of beets of different varienies were
usec, Phese samples ranged in weight from 12 1o 21 pounds,
with three samples over 200 and 12 less than 15 1h, With these
samples, results weve similay to those of Down when he worked
with individual mother roots. Although the separation was rea-
sonably good. the vavietal chavacteristios were evident. These
samples weve o small to avoid constderable errar in weighing
mnowalter,

A thivd experunent was run with beets from a commercial
pite. Larvge, muddy heets were selected with their erowns com-
pletely mtact, 1o give lour smpples of approximately 40 pounds
cach, The expernment was intended to determine:  the S}')Q(‘ii’!(‘
eravity of I)(‘(ts before and alver the removal of mud: of beets
with air-filled hollow erowns versus the same beets with no air
in the m)Hmvi versus the same beets with no arowns and the
spectiic gravity of crowns alone,

Weights in air and in water were deternmuned on unwashed
beets. "The beets then were washed and roweighed both in air
and submerged in water. To open the hollows in the crowns,
the beets were sawed in bvo lengthwise and veweighed in air
and water, 'The bret was ased for a sugar k‘tcnninati(m {in cach
ol the smmples, @ out of 11 beets had hollow crowns). The halved
beets were now topped to remove the crowns, and }ewmghed in
aiv and water. Finally, the combined crowns from the 4 samples
were weighed m :m and water and a sugar analysis was made
of the crowns alone. "Table 2 shows the results of this experiment.
he specihie gravities of muaddy beets were, in all cases, higher
than when washed, Similarvly, when the beets were sawed to
aveid the buovancy of the air pockets in the crown, the specific
gravity invariably increased. And when the crowns were re-
moved, the specific gravity was again inereased, so that the
topped, washed beets had almost the same specific gravity as the
muddy untopped onese Al of these samples would have fallen
i the group for immediate processing.

Uccasional samples were taken {rom the piles, after delivery.
Fach of the samples fell within the specific gravity group that
was indicated 1))‘ s sugar content,



Table 2.—The cffect of mud, hollow intact crowns, sawing lengthwise and topping on the specific gravity of sugar beets.

Muddy After washing, only Ater sawing After topping
Weight in Weight in Weight in Weight in
Sample Afr ‘Water Sp. Gr, Alr Water S8p. Gy, 9 Mud ¢ Sucrose  Air Water Sp. Gr. Adr Water Sp. Gr.
1. 40.03 175 LO457 39.80 162 1.0404 3.1 12.25 38.15 1.60 1.0438 28.42 1.35 10464
2 43.03 1.97 1.0458 42.45 1.68 1.0412 1.4 285 41.65 1.68 10423 51.72 1.38 10138
3. 42.15 L.71 1.0423 42.05 1.55 1.05383 0.25 11.80 40.35 1.62 1.0418 3178 1.35 Lot
4. 40.60 1.75 1.0457 40.35 1.50 1.0386 0.6 11.80 5800 1.53 1.0409 27.45 1.20 10157
Crowns 10.30 26.02 (.85 1.038%
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Discussion

Further calculations of the ratio of weight in air to weight
lost by subwmersion will enable one to calculate the degree of
accuracy in weighing required [or his purposes. In general, with
satnples ahout 40 pounds in weight in air, an crrov of 0.5 pound
in the sample weight mtroduces about the same error in the
caleulated specific gravity as does an error of 0.02 pounds in
the “submewed" weight. Rounding off the submerged weight
te the nearest 0. pmmd as for {\ampie 2.05 = 0.05, introduces
the same errvor as an air weight of 40+ 1.0 pounds. If" it should
appear desirnb}c to sort loads for immediate processing, long
storage, cte.. the specific gravity method is worth considering.
With a litde practice, loads might be classified with nothing
more than a weight in water., With a small scale, on which a
tare for the we mEn of the container in water could be adjusted
and assuming a 40 pound sample, some such figures as those
shown in Table I might he used, For example

Weight in water

Selow 1.7 ths. process immediately {perhaps the Towest 14)

Above 1.7 but below 2.2 store to (perhaps the middle 14)

process before mid-campaign.,

Above 2.2 store for late precessing. (perhaps the top 14)
The equipment required is inexpensive and fool-proof, and if
suitably mechanized. the determination need take no more than
one minute per load.

Il considerable accurucy were desived, 1t would be desirable
to record the air-welght to the nearest 0.1 pound, and the “sab-
merged” weight to the nearest 0.01 pound, and read the specific
eravity from a table. In any case, for high accuracy, with one
sample (both in sampling and mathematically) it is suggested
that a sample consisting of aboutr 20 beets, and weighing about
40 pounds should be used, rather than a smaller one, and that
the scale used for determining the submerged weight should be
capable ol reading to 0.01 pounds {or b grams). Suitable halances
with these charactevistics ave available in the low range nceded
for “submerged” weights.

Beets are now clenned and accurately weighed in the tare
house to obtain tave on farmer’s loads of beets. With the addition
of one accurate scale, the finished tare samples could be weighed
in water and the weieht printed on the present tare ticket. Both
pm(cm tare and specific gravity could then be calculated for each
sample. After a standard regression equation has been established
for specific gravity vs. sucrose content the specific gravities ob-
tained from each sample could easily be used (o obtain an esti-
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mate of percent sucrose. Such an estimate of the average sucrose
contents for a farmer’s bects factored to the average estimate
for all growers may agree so closely with laboratory analyses
that the expense of a sugar laboratory could be eliminated. For
companies not now making individual sugar analyses, informa-
tion relating to the accuracy of such an estimate would be of
considerable nterest.
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