Drying Temperatures and Storage Problems
of Sugar Beet Seeds
Care AV, Harr!

Sugur beet seed Tor Michigan growers Is grown in the West and shipped
into Michigan for processing and planting. All of the two-million pounds
of sugar beer sced for the castern sugar beet producing arca, which indudes
Michigan, s grown in California and Oregon. (1) During transportation
add storage the moisture content ol the seeds changes because ol humidity
and temperature variations. An increase in moisture comtent above eleven
or twelve percent occurs in Michigan sced during some years, cuusing
difficulty in decorticating the seed, The engincering properties ol sugar
beet seeds were determined to aid in solving the problem of exeess moisture,
Al tests were run using sugar beet seeds of variety 216 x 226 from the 1953
Iarvest, initially ae 15 to 145 percent (wet basisy moisture. Conventional
airoven methods were used for making the moisuee determinations,

Equilibrium Moisture Content

Sugar beet seeds will go o a cortain meisture content, known as the
cquilibrium moisture content, depending upon the temperature and rela-
tive humidity ol the smrrounding armosphere. The cquilibrium data can
be used to determine the moisture content changes which will ke place
during transporting and storing.  Each sample of scads of approximately
10 grams was placed in a glass container in which the relative hamidity was
niintained by 2 saturatedsalt solution. Salts woere selected which maine
tained approximately the same relative humidity ar dthe different test tem-
peratures as follows:

Relative Humidity,

Percent Chemical {salty
90 Ba C1,.2H,0 Bariom chloride
75 Na (1 Common salt
53 Mo CLAHL0 Manganese chloride

The glass container for cach sample was then placed in temperature-con-
trolled wooden boxes which maintained 100°, 85°, 60¢, and 40 F. = 19 F
With four diflerent temperatures and three different relative humidities,
there were 12 samples in a test. The test was run three times, There was
a maximun variation of the equilibrium wvalues of approximately three-
fourths percent moisture {romn those reported in Figure L

Germination of Sugar Beet Seeds
H heated air is 1o be used for drving sugar beet seeds, it iy important
to know the ctect ol the heated air on the germination, Tests were run
with the sceds in a thermostaticallyconwolied oven at 100°, 110°, 1207,
130, and 1400 ¥ with exposure times of 1020 5, 4, 5 and 6§ hours at
each of these tomperatures. Duplicate tosts were made for cach time and

T Professor of Agricultural Epngineering, Michigan State University, Fast Lansing, Michi-
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¢ Wumbers in parenthoses refer to literature eited,
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Figure l.—Equilibrium moisture content of sugar beet seeds (216 x 226).

temperature. Two samples were aken from cach of the original samples
giving a total of four samples for three-day and sevensday germination tosts.
The time of exposure began as soon as the seeds were within 10 F. ol
the oven temperature, At the end of cach exposure period the samples were
air cooled to room temperature, weighed accurately, and all except 50 grams
used for germination tests. The 50-gram smnple was used for determining
the moisture content. ¥rom the information obtained by using a mercury
thermometer and thermocouples, it appears that the sample temperature
was 17 1o 5° F. below the oven temperarurc.

The three- and seven-day germination tests did not show impairment
with oven remperatures of 110% Fo for 2 hours and 1209 F. for an exposure
of 1 hour. For expaosures longer than 2 hours, at oven temperatures of 110°
and 120° F. the germination was reduced to 47 percent for the three<day
and 52 percent lor the seven-day gormination tests for 6 hours at L10v I,
For exposures at 130° and 1409 F. the germination was impaired for
exposures of 1 hour and longer. Subsequent tests av 1157, 1167, 1177, 118°
F. did not reduce the sevensday germination, but did decrcase the three-
diay germination, particularly ac 13179 and 1189 F. for 2 hour cxposure and
longer.

Ailr Flow-Static Pressure-Depth Tests

A rectangular bin 8 feer high with a crosssection of 20 inch by 20 inch
connected to a variablespeed fan was used for making the air-flow tests.
The quantity of air was determined on the discharge side of the bin with
a vane ancemometer. Alr flow readings were taken with sugar beet seeds at
4 moisture content of 135 percent, wet ‘basis, at one-foot intervals from one
to seven-loot depth in the bin, Static pressure dita were obtained from a
pressure tap near the entrance of the air to the bin. The relationship of
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Figure 2.—Resistance of sugar bzet sceds to air flow.

air flow in CFM per square foot to the static pressure in inches of water
for a onefoot depth of sceds is shown in Tigure 2. The data obtained for
cach one-foot depth were averaged 1o obtain the line shown in Figure 2,
To obtain the static pressure for any other depth, muli,iply the value for
one foot times the depth in feet. Thus, for a three-foot depth of sceds the
static pressure for a given air flow would be three times the vilue obtained
from Figure 2. The airflow data represents the average values obained
when filling and emptying the bin in oncldoot increments. Thas, the static
prossure values given in the graph are slightly higher than the values
which would be received for loose fill only. At a given air flow lor sugar
beer seeds the static pressure is shightly less than for soybeans and sheled
corn. The air flow data arce valuable for specilying a fan for moving air
through deep layers of sugar beet sceds,

Exposed Drying Rates

The exposed drying rate of a product can be used lor determining the
cffect of temperature and air flow on dryving. A thin layer of sceds (the
thickness of the diameter of the seedy was placed on the bottom of a three
inch diameter drying chamber.  Heated, forced air was sopplied by an
clectric hair dryer. The temperature of the air was changed by varying
the resistance of the heater elemene in the hair dryer. The seed-drying
chamber was removed and weighed periodically to determine the amount
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Figure 3.—Exposed drying rate of sugar beet seeds. Or xgmal unheated air
had: RH 60 percent, average 78¢ I, atr flow—90 {eet per minute.

ol maoisture removed ¢ hn*iw{ any given time period, A three-inch diameter
tvpe velocity meter was placed on the top of the chamber to determine air
velocity, Both the original and final moisture contents were determined
by a gravity ovenedry analysis with the oven set at 212° F. for three days,
The exposed drying rates are shown in Figure 3. Adr onginally at 78° F.
and 60 pereent relative humidity wis heated o 957, 1057, 1209, and 8% I
Note that a logurithm scale is used for representing the percent of moisture
on a dry basis.

Laver Drying
Under practical drying conditions the seeds would be placed in depths
greater than a onesced dimmeter. Tests were vun wsing a Jd-inch depth of
beet sceds, The average percent moisture alter various periods ef drying
with heated air s shown in Figure 4, for dyying air at 1007, 120°, 1438°
50 T

Coeflicient of Friction
The cocficient of (riction of sugar beet seeds at 6.3 and 165 percent
moisture on several surfaces was obtained by placing the sceds inoa small
frame, wiich did not touch the surlace being tested, and dlting the table
until the sceds slid on the required surlace, The wngent of the angle at
which the sceds will just slide s the cocllicient of [riction. The data in
Tuble 1 are the average of five wsts
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Figure 4.—Drying sugar beet seeds in {ourinch laver in labo ratory bin.

Table l.—Cocificicnt of Friction of Sugar Beet Sceds.

Treatment Percent moisture Wer basis

6.3 16.5

Seeds on seeils .78 .81

Sceds on concrete (wouod float) .81 .84

Sceds on findshed plywood {with grain) 0.69 071

Secds on finished plywood {(across grain) 0.70 0.75

Seeds on smooth galvanized ivon 0.50

Sceds on oxidized galvanized iron {1.66

Sceds on rough cut famber 0.90

Conclusions
L Sugar beet seeds will go to a moisture content above 19 percent
(w.b.y as the rclative bumidity goes above 50 pereent and the temperature
below 609 F.

2. To remove excess moisture with heated air, 110% ¥ oair is the maxi
mum temperature which should be used il the sceds are exposed o the
heat for over 1 hour. The exposure dme will depend on the moisture
vontent of the product ae a given air flow, To reduce a d-inch fayer of sceds
from 14.5 to 11 pereent moisture (w.bl) with air ar 80 feer per minute
required 28 minutes. I accuraie conirols were used on the heater, and
sceds cooled guickly alter drying so that the sceds were not heated for
more than 1 hour, 120% T, oaily could be osed o dry seeds with 145 percent
moisture 28 minutes.

3. The static pressure at a given air How through the sceds s shightly
less than for shelled corn. Similar dryving procedures und cquipment can
be used for sugar beet seeds and shelled corn,
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4. The cocthcient ol Iriction of sugar beet sceds is considerably higher
than for the common cerenl grains. More slope is needed to provide move-
ment of seeds in pipes and on various surfaces,
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