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A STUDY OF FACTORS AFFECTING ELECTRIC SOIL STERILIZATION

Introduction

The sterilization of soil is becoming & common practice throughout
the country, chiefly because of the greenhouse industry, market garden-
ers, and florists near large cities. As practically every square foot
of soil in greenhouses, hotbeds, c¢cold frames, flats, a;md pote is kept
in production during the winter at considerable expense and effort, it
ie necessary to contrel destructive plant enemies such as nematodes,
damping off and inseot lir‘c. of wvarious kinds,

Soil may be ntogiliud by three different methods: steam, chem-
icals, and dry heat. Steam is the most common method, but it is not
available to meny érmur-. Chemicals are used to some extent, but
they have Lheir limitations. Dry heat is considered the most effec-
tive disinfectant for sterilization. It is used extensively for the
sterilization of tobacco beds, being produced from large fires builg
on the seed bed.

Due to the rapid expansion of rural electrification within the
past decade with the increasing availability and economy of electric
‘eurrent, the sterilization of soil with electricity is receiving
considerable attention. Two types of portable electric sterilizers
have recently been developed to convert electric emergy into heat for
controlling seed bed diseases. The first of these was advocated by
the Wew York Power and Light Company, Albany, New York. It consisted
of an insulated metal box of one cubic yard capacity with 15 heating
elements im 1/2~-inch metal pipes extending across the box and placed

to produce uniform heating. 7The box, whieh is mounted on legs, has
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a hinged top and bottom. The infected soil is shoveled into the top
of the box and, after sterilization, is removed by dropping the hinged
bottom. The second type was proposed by the Puget Sound Power and
Iight Company of Seattle, Washington. The current is passed through
the soil and the resistance which the soil offers to the flow of
current causes the soil and soil moisture to be heated., The soil is
added and removed as in the first type.

Much information is needed regarding the use of electricity as
a source of heat for soil sterilizetion. Oreenhousemen are continually
confronted with the problem of selecting the proper method of steriliz-
ing scil. The small op;rator is not usually equipped with live steam
for sterilization but he does have electricity aveilable. If he is
equipped with sufficient information concerning the factors involved,
he can take care of his soil sterilization needs with electricity.
Therefore, a study of ele¢tricity as a source of heat for soil sterili-
gation has been undertaken in an effort to make electric soil sterili-

zation practical and efficient.



SCOPE OF INVESTIGATION

- This investigation 1nc1udu§ a study of factors affecting electric
soil sterilization under actual greenbouse conditions where steam is
available. The soll used for testing was taken from various greenhouse
benches being infested with & number of common pathogenes, including
bacteria, nematodes, black root rot, and weed seeds.

The data compiled from various tests includes records of both
room and soil temperatures, watt-meter records of power demand, kilo-
watt hour records of powey conmsumption, ammeter records of current, and
sumnarized records of plant growth in various samples of sterilized
goil which received different treatnents during sterilization.

Comparative tests were run on both types of sterilizers for deter-
mining the most economical, practical, and efficient method of sterili-
zation.

The portable resistance sterilizer was given a praetical test by
sterilizing soil in an ol&etric hotbed located where steam was not

available.

Be
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OBJECTIVES

With the sbove facts in mind, this investigation was planned
around the following objectives:

le To determine the cost of operation and the efficiency
of two types of sterilizers under identical operating
condit ions.

2., To evaluate the factors of temperature, time, and soil
moisture.

3. Belection of the moet practical and efficient method of
electric soil sterilization that ean be recommended to

greenhougemen, market gardeners, and f{lorists.



EQUIPMENT

The following equipment wag used in carrying out this research
project: heating element sterilizer, resistunce sterilizer, record-
ing thermometer, recording ammeter, voltmeter, watt-meter, kilowatte
hour meter, and eight mercury thermmometers.

Heating Element Sterilizer ~ This sterilizer resembles a large
box of 5 cubie foot capacity mounted on legs. The top and bottom of
the box are hinged to make loading and unloading easy. Four ﬁoo-jwatt
strip heaters enclosed in tin nhlsiaa extend acrose the box and are
pheod to produce uniform heating throughout the soil. The fromt of
the box has holes located at points through which mercury thermometers
can be thrust to observe the various temperatures in different parts
of the sterilizer.

Ruis€anoo Sterilizer - The external appearance of the resistance
sterilizer is identical to that of the heating element sterilizer.
Two 24~inch by 30-inch electrodes are placed horizontally in the box,
one on the top and one on the bottom. These electrodes are connected
to opposite sides of a 230-volt eircuit,

A simple safety device in the form of an extension to the arm of
an enclosed knife switch opens the switch before the lid can be
raised.

Resistence Test storilizci- - A smll resistance soil sterilizer
‘of 1/4 cubic foot capacity was designed and built for experimental

purposes only. The electrodes were spaced vertically and the plate

5.



Figure 1.

Layout of equipment used for taking data on slectrie
g0il sterilizers.
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Heating element sterilizer showing location of heaters.
This sterilizer has & capacity of 8§ cubic feet and g
sonstant demend of 2000 wetta.



Plgure 3. Reslstance %&sﬁ sterilizer showing electrodes spaced
% inches apart. The plate spacing may be varied from

1 to 12 inches by inserting additionsl plates in
Erooves.

8e



spacing could be varied from 1 to 12 inches, Holes were put in the top
~ at points through which mercury thermometers could be thrust for taking
temperature readings.

The temperature rise of the soil mass was recorded on charts of
& Bristol's recording thermometer. Ae the current was flowing through
the soil in the resistance sterilizer, it was necessary to insert a
large test tube in a hole drilled in the side of the sterilizer to insu-
late the thermometer buldb from the soil. ;I’hin instrument was set to
record temperatures within the zone of 60 and 180 degrees Fahrenheit
which covered the range used in this investigation.

A General Electriec recording ammeter was used to record the varia-
tions in current during each test.

A Sangema Blectric watt-hour meter which measures energy in terms

of the nearest hundredth of & kilowatt hour was used in all experimente

where energy was recorded.

A voltmeter and watt-meter was used to check the line voltage and

power demand respectively.

%



PROCEDURE

The electric soil sterilizers used in this investigation were
built in the agricultural engineering laboratory by J. L. Calhoun, a
graduate student, in 1935, 'r'im emall resistance test sterilizer was
recently designed and bullt to be operated for experimental purposes
only.

The sandy loam soil used for testing was taken from various
greenhouse benches being infested with a number of common greenhouse
pathogenes; weed seeds, black root rot,* and nemetodes.*® This goil
was sprinkled and allmaﬁ to stand over-night to get an even distri-
bution of moisture throughout the soil mass. The next morning this
soil was carefully screened and both sterilizers were filled with the
same quantity of soil by weight. The sterilizers were then operated
until uniform temperatures of arbitrarily chosen values were obtained
before the soil was dumped. During this time, data was recorded from
readings taken with the volimeter, ammeter, kilowatt hour meter, and
mercury thermometers equally spaced throughout the soil mass.

In order to test the pragticability of the portable electriec
sterilizer, a ruﬁt&naa sterilizer was placed in a 6 f£t. by 6 ft.
electric hotbed (Figure 4)., The sterilizer was filled with soil from

the outside, heated to a minimum Temperature of 70 degrees Centigrade

¥ 7K plant disease which causes the root system to rot off.

#% 4 small organism which attracts roots of most common plants
resulting in the formation of galls in the last stages. The
root system of the plant completely disappeara and the plant
withers away (Figure 6),

10,
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Pigure 4. Portable resistance sterilizer used for
storilising soll in electric hotbeds.



and dumped directly into the bed. Two sterilizers of soil was sufficient
to £1ll the bed to a depth of & inches.

Temperature of the soil mass in each sterilizer was recorded on
charts of & Bristol recording thermometer. The pointer was set back 70
degreen Fahronhsit'to record the maximum temperature. It was necessary
to insulate the thermometer bulb from the soil in the roni_atanoi.-tus-
lizer by placing a test tube in & hole drilled in the center of one end
and inserting the buldb in thag test tube,

The energy consumption was measured with two kilowatt-hour meters.
One meter was calibrated to hundredths of a kilowatt-hour and the other
meter was used as a check on the first.

Samples of s0il sterilized by both methods were placed in steri-
lized potss These potes were sterilized with steam to be gure that all
harmful organisms were absent.

All samples were seeded in yellow mamouth tobacco and the plant
growth of each was checked to determine the most efficient method.
Tobacco was chosen because the controlling of nematodes on tobacco roots

is & serious problem now facing the south.
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RESULTS

The following tables show the results of this investigation:

Table l. Typical data sheet for heating element sterilizer,
showing time, current, energy, voltage, and temperatures in different
parts of the soil.

Table 2, Typical data nhont‘for reeistance sterilizer showing
the heating time, demand, energy consumption, and temperatures in
different parts of the soil.

Table 3. Approximate kilowatt-hours required to raise one
cubie foot of sandy loam soil through certain temperature ranges.

Table 4, Summary of test data on electricity consumption with
various plate spacings.

Table 5. The effeect of temperature and time upon efficiency

of sterilization.

Table 6. Length of time required for sterilization.



Table 1.

l4.

Typical Data Sheet for Heating Element Sterilizer, Showing
Time, Current, Energy, Voltage, and 'l‘empmturu in

" Different Parts of the Soil

(sandy Loam Soil, Moisture Content 25%, Room Temperature 16° C)

. o0

Thermometer Rted:lnga

*e

*
>

*
®

£3
2

3
-

chua : Readings :
:?1 T T : T : T ¢ :v:ﬂt-zm:i : Watt @
G . z 3 : 4, iMeter:Meter:meter : mster: Remarks
1:00 PMe316 :156 :15 :14 :16 :87.6 : 231 : 8.85 : 2080 :
2310 - * 16 :18 :18 :)8 116 :58,0 : 231 : 8.8 : 2040 :
1:280 " :16.8:18,5:18.5:158 :17 :58.,85: 231 : 8.9 : 2080 :
1:30 " :16,5:16 :17 :18.5 :281 :68.05 : 238 : B.75 : 2045 :
1:40 "® 319 :18 :20.5:18 :27 :58.85: 230 : 8,75 : 2000 : #5 Sweating
1:48 " :19,8:19 :83,5:20 :831 :59 : 230 : 8.6 : 2000 :
1:60 " :20.5:20,5:86 :20.5 :38 :59.15: 229 ; 8.6 : 1980 : #3 Sweating
1:56 " :82 :22 :87.5:8¢ :34 :59.25: 230 : 8.6 : 2000 :
2:00 " :22 :24 :30 :25 :59.5 : 232 : 8.7 : 2040 : #4 Sweating
8:08 " 24 :86 :33 87 :59.,7 : 233 : 6.78 : 2020
B8:10 = :85.05:88 :835 50 40 :59.95; 230 : 8.6 : 8010 :
2:18 v :25.5:80 337 38 360 : 338 : B.7 : 2045 :
B0 " 138 58 138 147 :60,15: 832 : 8.7 : 2040
2:26 * 330 :34 43 37 :50 :60.25: 251 : 8,80 : 2020 :
£:30 * 32 36 485 :89 52 :60.5 : 252 : 8,65 : 82010
2:35 " 3:34 38 :48 :42 58 :60.7 : 280 : 8.6 : 2000 :
2:40 " :36 42 51 45 87 61 . : 2830 : 8.6 : 2000 :
B:48 " 337 43 53 46 59 :61.25: 231 : 8.6 : 2010 :
2;80 " 345 47 :57 850 61 :61.,5 : 231 : B.6 : 2010 :
2:56 " :49 3850 359 3562 62 :61.6 : 231 : 8.7 : 2010 ;
B:00 " 80 528 61 54 161.7 : 231 : 8.7 : 2010 :
3:00 " :58 :54 :63 356 366 :61.85: 2831 ;: 8.6 : 2010
$:10 " 51 66 :65 59 367 :61.956: 230 : 8.6 : 2010
B:18 * 52 59 67 :60 :69 68 : 233 : B.7 : 2040
3:80 " ;55 :60 369 868 70 62,1 : £33 : 8.7 : 2040 : Current Off
B:27 ¥ :86 366 :78 3688 78
5:08 ® 09 67 74 68 73
$:37 " 360 68 :70 69 :73
B:42 " 361 :67 376 169 72
S:80 " 62 3392 176 M N0
B3890 " 368 0 78,5270 368
4:07 * 361 :70 378 :70 66
5:36 =~ 389 71 67 :67 156 3
3




Table 2. Typical Data Sheet for Resistance Sterilizer Showing the
Heating Time, Znergy, and Temperatures in Different Farts
of the 8Soil

(2 inch Electrode Spacing, Sandy loam Soil, Room Temperature 22° ¢)
. . 14 . T

i § 1 Y | T

. Time ; T i Ty i Ts f T4 f u f Tﬁ : Wetts : Meter : Remarks
. 10,87 | 28 : 22 ; 23 : 22 :22,5: 22 : 450 9,648
, 10.59 : 27 : 22 :29,5: 27 :27 : 29 : 510 :9.66 :
s 11.02 @ 34 : S 248 Ly 56 37 ¢« 3B 1 680 19,89 t
¢ 11,04 : 42 :23.5:59 :48,5:50 : 49 : 740 :9.71
. 11,08 : 49 :25.5:756 :58 63 : 69 : 840 :9.74 :f 3 steaming
. 11.08 : 55 :28,5:88,5:58 :78 : 69 : 810 :9.765 :# 5 steaming
. 11,10 : 62 :31 :97 :63 :99.5: 80 : 990 :9.795 :¥ 6 steaming
s 11412 : 70 :35 197 :66 :97 : 90 : 940 19.83 :§ 2 & 4 not
s 11.14 : 79 :41 :97 70 :85 : 91 : 700 :9.87 iMaking good
. 11,16 : 93 :48 :97 :78 :85 : 82 : 560 :9.88 :Contact
, 11,18 : 95 85 :97 76 :82 : 79 : 400 :9,90 :Heating slowly
. 11,82 : 93 168 06 76 77 175.85: 830 :19.9%
, 11,86 : 87 :67 193 :786 :75 : 72 : 130 :9.85
. 11.29 : 82 :70 :89.5:75 :73 :69.8: 100 :9,935 :Current off

: : s ! : 1 t : !

e se

a8 &F S s 30 xe A% SF e sF S ee 64 a se v

15.



THE COST OF OPERATION AND THE EFFICIENCY OF TWO TYPES OF STERILIZERS
UNDER IDENTICAL OPERATING CONDITIONS
It is rather difficult to determine the cost of operation because
many variables enter which change with each test run. Therefore, the data
from 150 test runs has been summarized in Table 3. The kilowatt-hours per
cubiec foot for various temperatures rises e given in this table.
Table 3. Approximate Kilowatt-Hours Required to Raise One Cubiec

Foot of Sandy Loam Soil Through Certain Temperature
Ranges

Initial Soil Temp. ____Final Temperature in es Centigrade
3 55 70 78

Degrees Cent. 50 : : 6 3 66 : W
Heating Element Sterilizer
15 Y @03 8 238 ¢ B s 1eBl3 Lt
21 L Solls e b Ly A s el
25 SR Y T O, I RO R
! . ﬁu.iztanu S‘:oriliu; :
T e
20 o851 o7 1 <8k 1 496 ¢ 1023 Lol
25 RN PR TR Sl B SR
i H H : : :

The resistance sterilizer appears to be a little more economical
than the heating element and under ordinary conditions soil can be safsly
sterilized with a consumption of from 1 to 1.5 kilowatt-hours per cubie
foot by either method of sterilization. If power is avajlable at a 2 cent
rate, it would cost approximately 2 to 3 cents per cubic foot. As a

cubie foot of soil will £ill four B-gallon orocks, it would cost e



17,

maximum of .37 cents a crock. This compares favorably with steam in cost,
being much cheaper for the small operator who does not have asteam
| available,

The resistance sterilizer is more efficient than the heating ele=-
ment sterilizer because the heat inmput is direet. In the heating element
sterilizer heet is lost in transmission from the heathrs to the soil and
much heat is stored in the heeters which is dissipated into the surrounding
air when the soil is dumped.

Resistance test sterilizer - The electrodes of this sterilizer
were varied from 2 to 6 inches apart to determine if the plate spacing
had any affect on the snergy consumption. The s0il for each ﬁost was
weighed carefully so that the same quantity of soil was heated during
each test. The summarized data for these tests are shown in the table

below.

Table 4. Summary of Test Data on Electricity Consumption with
various Plate Spacings (Average of ten runs for

each spacing)
Plate Spacing 8" 3" s v
XWH .215 22 225 o215
Time 18 min. 20 min. 17 min. 36 min.
Temp. rise 49° ¢ 5230 ¢ 52% 48
Watt-range 642-1504 4601300 460-1400 220-480

KWH cu. ft. «86 +88 « 90 «86
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EVALUATION OF THX FACTORS OF THMPERATURE,
TIME AND BOIL MOISTURE
Temperature:

It was very essential to know the lowest safe sterilization
temperature at which mil should be sterilized in order to know the
minimum temperature at which the current could be turned off. This
temperature was found to be 65 degrees Centigrade but 70 degrees
Centigrade was chosen so ag to allow a small safety factor. This was
accomplished in the following way: so0il infested with both nemstodes
and black root rot was heated to various temperatures by both methods.
Samples of all test runs were placed in sterilized pots and seeded in
tobaeco., Ths resulte of the growth of these plants as summarized in
Table & indicate that & minimum temperature of 70 degrees Centigrade
for ten minutes is sufficient to kill both nematodes and black root
rot. |

Uniformity of hanugg - The goil temperatures in various parts
of both sterilizers were found to be within reasomnable limits,

In the resistance sterilizer, the temperature variation betwesn
maximun and minimum ie approximately 80° Centigrade. Figure 9 gives
temperature curves for the soil im the small test sterilizer. The low
temperature eurve represents the low point of the sterilizer taken

near the corner. This was due to the heat losses near the corners
and edges. However, after the power was cut off this low temperature
continued to rise, finally becoming egual to that of the main body of

the soils This low temperature was due partly to poor contact in the
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The Effeet of Temperature and Time Upon
Efficiency of Sterilization

(Growing Period - Dec. 11, 1937 to Mar. 7, 1938)

19,

$ H iTime After: s 3 s 3
Pot;Temp: Time : Steriliz-: s : Kind :Height:
Noe: €% :8terilize: ing :Nematodes:Root: Plant:Plant : Remarks

: s dng ¢ : E : : s
14 : 44 ]l hr.28 m: Dumped : Severe : - :Tomato:16" :Unsuocessful
144; 45 :1 hr.40 m: Dumped : Severe : = :Tomato:4"-12%:Unsuceessful
104: 46 23 hr.30 m: Dumped : Heavy : Bad:Tobace: = :Unsuccessful
9 2+ 47 :18 hrs, : Dumped : Nome : - :Tomsto:lH" sSuccessful
12 : 50 :1 hr,87 m: Dumped : Severe : - :Tomato:7"-12":Unsuccessful
14B: 50 :1 bre852 m: Dumped : QSevere : - :Tomato:3"-1l";Unsuccessful
15 : 50 :1 hre4l m: Dumped : Bad : = :Tobace: =« ;Unsuccessful
6 : 51 ;1 bre 2m: 17 hre. : None : = ;:Tomato:8"33":Successful
10B: 52 :4 bred4l m: Dumped : Heavy : Bad:;Tobacs: = émmwudﬂ

7 3 54 :6 hre30 m: 21 hrse : None : = :Tomato:ld4"=-21:Successful

100: 54 :5 hre30 m: Dumped : Trece :None:Tobac.: = iUnsuccessful
154: 66 ;1 hreBSl m: Dumped : Many : - :Tobace: =~ iUnsuccessful
10D; 68 :19 bhrs., : Dumped : Few sHone:Tobace: =~ :Unsuccessful
11 ; 59 :1 hre40 m: Dumped : Light : - :Tomato:l0"-l4fUnsuccessful
14C: 60 32 hey S m: Dumped : Light : - :;Tomato:;6"-8" ;Unsuccesaful
15B: 60 :2 hre 6 m: Dumped : Light : - :Tobae.: +« iUnsuccessful
11A: 64 :2 hye S m: O hrse : Nonme : = ;:Tomat0:18%16:Successful
14D: 65 :2 hrol5 m: Dumped : Nome : - :Tomato:7"-l2";Succesaful
150; 65 :8 hrol3 m: Dumped : None 3 = :Tobage:6"=17":Successful
148: 69 :8 hre30 m: Dumped : MNone : » ;Tomato:l2%"-1R838uccessful
150: 70 :2 hre26 m: Dumped : Nome s = :Tobagce:t O :Successful

3 3 3 g g 3 $ $
Check - RBoot Rot Seoil s : Bad: : s
Check - Hematodes Soil s Heavy 3 : : 4




Controlling Black Root Rot

Plgure 5. Showing the contrast between tobaceo plante grown in
the unsterilized check pot front center and the
sterilized pots.
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Unsterilized Sverilized

fontrolling Rematodes

Pigure 6. The root system of plants grown in unsterilized soil
compared with the roots of plints grown in sterilized
80ile Hote the newatodes on the roots of the plants
at the left.
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Healthy Plants Grown in Sterilized Soil

Figure 7. Flat of soil heated to 709C for one hour
in the heating element aterilizer.
Compere with check flat of unsterilized
soil belows

Plants Grown in Cheek Flat of Unsterilized soil

Figire 8, Showing the grass, oxyalis, and smapdragone
growing smong the tobaceo plants,
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gorners. The high temperature curves begin to fall immediately after
the peak is reached throughout the soil mass, sfter which the fall is
gradual.

The temperature variations in wvarious parts of the sterilizer
ean be partially overcome by observing the following points:

l. Covering the sterilizer with a canvas was found very help=-
ful in checking radistion. When the sterilizer is to be operated in
the open on a cool windy day it is impossible to get a temperature rise
without this because the heat loss will be greater than the heat imput.
For this reason, the better the sterilizer is insulated, the better is
the chance of preventing the cormers from lagging behind, If the |
sterilizer is to remain loaded for several hours after the current is
off, the canvas will help hold a wniform temperatures

2. A wniform moisture content is desirable because dry soil
is & -poor conductor of electricity. If the moisture content is uneven,
more current will flow through the part highest in moisture content,
thereby heating it while the dryer portion lags by several degrees
and may never reach a desired sterilization temperature.

3¢« The corners have a tendency to lag behind the main body of
s0il, This can be overcoms by padk,xng the g0il in the corners,
sprinkling the ca;'nora. or eliminating the cornerse by dbullding a
eylindrical sterilizer with horizontal electrodes.

4, It is very essential to have good contact between the

electrodes and soil if a uniform temperature is to be obtained;



28,

otherwise, the temperature rise will take place between the parts of
the soil and electrodes which are msking contact. QCood contact can
be obtained by the addition of weight to the cover of the sterilizer.
Bvidence of this is clearly shown in Figure 10, A weight of 50 pounds
per sterilizer was found to be sufficient.

S Lumps give a very uneven temperature rise because the
moisture content in the lump is not the same as the surrounding soil
and the electrode contact is very poor. A minute air gap tends to
interfere with the passage of the current and retards heating, There-
fore, it is very desirable that all soil be screened before sterilizing.

In the heating element sterilizer it is rather difficult to get
a uniform temperature distribution. When water is heated, the solution
in contact with the heating surface becomes less dense with tmmtum
rise and moves to the top while the heavier colder water replaces it and
the process is continued. Thua, the ﬁaﬁor is heated by convection,
conduction and radiation.

Unfortunately, soil does not behave this way when heated. Soil
being a solid, is dependent upon conduction and radiation for heat
transfer. This results in an almost impossibility of securing a uni-
form temperature distribution throughout the soil mesa. The s0il near
the heaters reaches an exireme tempsrature, burning out all organic
matter and killing beneficial bacteria, The conduction propertiss of
804l are very poor but can be made fairly satisfactory with the proper

moisture content. Figure 1l gives the minimum temperature curves
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between the heaters. The maximum temperatures were too high to record
with the thermometers available.

The temperature differential is great emough to give an 8° ¢
to 10° ¢ temperature rise in the minimum parts of the sterilizer after
the current is cut off. This will result in & saving of energy if it
is closely watched by the operator.

Curve Wo. 5 represents a point in the lower right corner. Note
the quick temperature rise and fall., Curve No. 1 represents a corner
near the top with the lid cracked. The heat loss was considerable at
this point. The other curves represent points in the front center of

the sterilizer.

Time:

Tests run on both sterilizers show that it is necessary to
maintein a soil temperature of 70° ¢ for a minimum length of 10
minutes to efficiently sterilize soil. If lower temperatures are to
be used, the length of time required to eliminate nematodes is much
longer. The table below gives the results of tests in which the soil

remained in sterilizer for & period sfter the current was cut off.

Table 6, Length of Time Required for Electric Soil Sterilization

“Final Temperature Time Time After
Degrees Centigrade Sterilizing Sterilizing
8O 1 hr. 17 hra.

85 4 hrs. 12 hrs.

60 3 hrs. 9 hrss

85 2 hrs. 3 hrs.

70 30 min, 10 min,

2%,
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It is not practical to let the soil remain in sterilizer for
many hours because the amount of soil that could be sterilized in a
given time would be very small,

The length of time required to elevate soil through certain
temperature renges with the resistance sterilizer varies with the
powey demand, moisture content, soil type, and temperature rise of
soil. Therefore, it is rather difficult to state any definite period
required to sterilize a given quantity of soile The time required
can be estinated if the initial demand ie known by substituting in
the formula belows

Time (Hours) = Kilowatt hours per cus ft. (Table 3) X Vol. Box (cueft,)
. ilowatt demand (initial)

Example: OGiven ~ Sterilizer sapacity - 5 cu. ft.
Initial demand « .8 k. we
Initial soil temperature - 200 C
Desired soil temperature - 70° C
To Pind - Time required in hours

Time = 14,02 X 8 = 4.25 hours
2 X o

The time required to elevate sandy loam soil through 50° ¢ with
the heating element sterilizer is slmost constant, the moisture content
making the variations in the different tests. A formula has been worked
out by Cornell University Agricultural Experiment Station for estimating
the time required for sterilization. This is illustrated in the formula

and example below:
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Time (Hours) = Kilowatt~hours per ou.ft. (Table 3) X Vole. Box (cue.ft.)
Kilowatt capacity of heaters

Exsmple: Given - Sterilizer capacity - § cu. ft.
Kilowatt capacity of heaters = 2.0 k.we
Initial soil temperature - 21° ¢
Desired soil temperaturs - 70° C

Time = 108 X 5 = 2,7 hours
*"T.‘-.

dMoisture Content:

4 certain initial moisture content (20 - 30%) was found to be
essent lal for the satisfactory operation of both types of sterilizers
although for different reasons in each.

A certain initial soil moisture is essential in the resistance
sterilizer to give electrical conductivity. Sandy loam soil with
various moisture contents was tested to find the relation between the
proper moisture content and time. It can be shown that by the addition
of a small amount of water the sterilizing time can be cut in half.

The relationship that soil moisture has on demand and time is illustrated
in Figure 12, With an initial moisture content of 15 percent it was

next to impossible to reach a sterilization temperature. The reason for
this iz very interesting., When the sterilizer is started, the kilowatt
demend rises steadily, increasing the temperature until the boiling
point is reached. As the point of contact between the electrodes is
always a 1ittle hotter than the main s0il mess, naturally steaming
occurs at this point first. This immediately dries out the soil,

breaking the contact and results in the demand dropping lower than the
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original start. In some messure, this is a safety feature, auto-
matically turning off the power without overhsating the soil. However,
if the moisture content of sandy lcam soil is below 15 percent, this
drying out of soil will cut the asterilizer off before heating has
taken place. Figure 12 shows the proper moisture content to be between
20 and 30 percent far sandy loem soil. This is usually soil with the
proper moisture contents for planting. OSandy loam soils with moldsture
contents above 30 percent are dangerous because the wiring system is
likely %o be overloaded.

Due to the inecresse in demand with increase in moisture comtent,
the length of time required for sterilization is greatly shortened.
Figure 13 illustrates the affect various moisture contente have on the
temperature and time., The length of time required for sterilization can
be cut in half by doubling the misturq content.

A certein initial soil moisture is required for the heating
element sterilizer to give thermal conductivity. Ury soil is a goeod
insulator and without the proper moisture the heater will dburn the
soil to a point where all organic matter and bensficial bacteria are
destroyed without the main body reaching a mafe sterilization tempera-
ture. Ths soil is then in worse shape than before sterilization. The
water holding capacity is reduced to a minimum and the remaining
harmful becteria can thrive with their enemies absent in the heated

ayes
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SELECTION OF THE MOST PRACTICAL AND EFFICIENT EETKOD QF S0IL
STERILIZATION THAT CAN BE RECOMMENDED TO GREENH !
MARKET GARDENERS, FLORISTS

It is esseniial that a good sterilizing method possesses certain
important qualities of operation. The following requirements are listed
in the order of their importence: (1) Capebility of producing a uniform
temperature throughout the soils mass; (2) Safety of operation; (3)
Simplicity of operation; (4) Well insulated for hest and electricity;

(8) Constant electrical demand; (6) Comparatively cheap to operate; (7)
Reasonable in forst cost; (8) Light in weight.

Both types of sterilizers have advantages and disadvantages which

may be listed as follows:

The Resistance Sterilizer has the advantages of (1) uniform

temperature distribution throushout the soil mass; (2) Lower operating
cost; (3) Simple construction; (4) lower first cost; and (5) Light weighte

It has disadvantages as follows: (1) Power demend varies with
moisture content, temperature rise, soil type, time and organic matter in
soil; (2) Hazard of electric shock; (3) Contact between plates difficuls
to maintain; (4) Proper moisture fesr content necessary to prevent cutting
off.

The Heating Hlement Sterilizer has the advantages of (1) Constant

demand; (2) Less dangerous; (3) Simplicity of operation; (4) Moisture

content of soils & minor factor in operation.



It has disadvantages as follows: (1) NExtreme variation in soil
temperature; (2) Higher first cost; (3) Heavier.

If the advantages and disadvantaeges of both sterilizers are
carefully weighed, esccording to the qualifications, the author believes
that the heating element sterilizer would be favored for its great

safety and simplicity of operation.

Cautions:

1. Figure 14 shows the ralafion between the power curves of
the two sterilizers. The final demand of the resistance sterilizer
is always two to three times the initial demand. It is very essential
that the wiring syatqn be of large enough capasity to take care of this
variable load, The average greenhousemen should, therefore, consuls
his local power company before making this installation.

2s The danger from electric shock is very great with the
resistance sterilizer although a safety device is installed to prevent
the operator from coming in contact with the live elsctrodes. One
should be very careful that the legs are insulated from the ground and
that they are kept dry becgause wel wood ceases to be an insulator.
Hever touch wood of sterilizer while standing on ground whem current
is on.

B¢ Never try to sterilize soil in the plant bed becsuwe the
neutral wire of the transformer is usually grounded which results in

a direct short.
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CONCLUS IONS

The author believes that from this rather broad study of
factora affecting electric soil sterilization the fundamental results
of this report are as complete as could be devised within the time;
that some of the results are of great importance and warrent definite
conclusions; that some results are probably only possible trends and
need to be verified by more extensive data on these phases of the
problem; that while some of the results seem quite definite, they vary
slightly from published material on this subject. The following con-
clusions are listed in the order of the objectives of this report:

1. A 50°C rise in tempereture (20°C- 70°C) requires from 1
to 1.5 kilowatt~hours per cubie foot.

2., The resistance sterilizer is more economical on power
consumption than the heating element sterilizer becsuse of the direct
heat input to the soil.

3. A saving in power consumption can be had with the heating
slement sterilizer by cutting the switech when the temperature is 10°¢
below the desired soil temperature.

4. Changing the plate spacing in the resistance sterilizer
does not affect the power consumption.

5. BHvidence is shown in this report that a temperature of
70°C is sufficient to kill all plant seed, nematodes and black root
rob.

6. Good heat insulation is essential to obtain a uniform
temperature near the edges and corners of both sterilizers.

7« 4 uniform moisture gontent is essential in the resistance
aterilizer to give uniform conductivity, thereby producing uniform
heating.

8¢ Soil in corners of resistance sterilizer should be temped

lightly to prevent temperature here from lagging behind temperature
of main body,

37



9. All soil should be sereened to eliminate air gaps when
sterilizing with resistance sterilizer,

10, Weight should be added to the top of the resistance
sterilizer to make and maintain good soil contact,

1l. If more time is employed, soil can be efficiently
sterilized at & lower temperature with a saving of current,

12, A temperature of 7090 must be mmintained for at least
10 minutes to effectively sterilize soil.

13, An initial moisture content of from 20 to 30 percent
is necessary to sterilize sandy loam so0il by either method.

14, The length of time required for sterilization by the
resistance method varies directly with the moisture content,

18. A large variety of variables affeect the operation of
the resistance sterilizer and the author is of the opinion that
ite use is limited to research work wherse the operator is thor-
oughly familiar with electricity.

3a.
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