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A STUDY OF FACTORS J\Fll'ECTING ELEcTRIC SOIL STl£RlLlZATIO!J 

Introduction 

The sterilization ot soil 1a becoming a common practice throughout 

the country , chietly because ot the greenhouse industr y., market . ,ga.l"den-

ars, and tlor1ata nee.r large ci ttea. Aa practically every aquare toot 

of soU in greenhouaea , hotbeds , cold frames , tl.ate, tll!l.d pots 1a kept 

in production during the winter at oona1derable expenee and ettort, it 

1a neoeaaary to aont rol deatructiTe plant enemies such as nematociea, 

4alap1ng ott and lneeot lite ot wrtous ldntbt . 

SOU -.y be •ter111zed by three different methcxle: steam, cbam-

ioala , and dry beat. steam ta th'CJ JAOet common method , but it 1a not 

aTs1lable to J¥111 growera . Cheloala a:re uaed to some extent , but 

t hey have ' heir l11lltat1ons. Dry heat 1·• con.a14ered the moat ettec-

t i Te di a1nteotant tor aterUizatton. It ia '-ed enenaively tor the 

·ateriltzation ot tobacco beds , being produced tl'Om large tires built 

()n the seed beet. 

Due to the rapid expaneion at rural eleotr1t1cat1on within t he 

past decade with the increaatng ava1lab1lit7 and eeonomy of electric 

current , th<e ster1li.zat1on of soil with electricity ia rece1Y1ng 

oonaide:r&bl e attention. Two types ot portable electric ater111zera 

have recently been developed to convert electric energy into heat tor 

controlling seed bed dtaeaaea. Tbe first ot these waa advocated b;y 

the New York }>ower and Light COmpanJ, lbany, New York. It con.aiated 

ot an insulated metal bo~ ot one cubic yar d capaoit;y with 15 heating 

elements in l/2-1nch etal pipea extending acroaa the box and placed 

to produce unitom heating. The box , which ia mounted on lege , haa 
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a hinged to.p and bottoa. The 1utected eo11 1a ehoveled into the top 

Qt the l,lox and , atte~ ater1llzat1on, 1a r81ll0Ted b7 dropping the hinged 

bottCII!Il. The aeoond qpe was proposed by the Puget Sound Power and 

Light Oo•pa.nJ or see.t tie, aah1ngton. The current ia paeaed through 

t he .ail and the resiatanee which the soil otters to the tlow ot 

ourret oauaes the soti and eoil aoiatUl"S to be heated. The soil il 

added axul removecl as 1n the t1r8t type. 

Much intormotion is needed. regarding the us•· ot electr1c1ty as 

a &OUJ"C;e ot heat tor eoll ster111~at ion. Greenhouaem.en are continually 

·cont~nte4 With t he problem ot aele.cting the proper met d ot ster111z-

1ns aoil. The anaU operator Ia not UII\U'lllJ equipped wtth ,l.i'V'e ateam 

tor sterilization 'tn~t he does have eleotr1o1ty available. It he 1• 

equipped with autt1c1ent 1nto:rmat1on concerning the tactore involved, 

he oq take care ot hh soU et el'1l1zat1on nee.ds wUh electricity., 

Therefore , a atudy ot eleotr1o1t7 ae a source ot heat tor eo1l ater111-

aat1on baa been undertaken 1n nn ettort t o 11'J8ke electric eo1l eter111-

aaUon praot1oal and etticient. 

a. 



· 'l'b.ia inveatlgat lon inoludea a study of tactors at:tecting elee1:r1e 

soil eteriUzation w:ulezt actual greefthoua,e cond1UO¥~e where et-..n 11 

available. The soU. uee4 tor testing was taken from var1o,.ae ~re.ahouse 

benchea being l!lfea'tod with a nwnber ot eoJSOa patb.Qgenes , lncluding 

bacteria, nematodes, black root rot , and weed seed.s. 

The data COIIlJ1le4 ·:troll vartou. teet·• include• recorda ot both 

roo• and ao1l tempel'a.turea, watt .. aeter recorda ot powe;r demand, kilo-

watt ho·ur records ot power coaaumptloJl• aume~er reoor<ta ot current, and 

aW'IIIIIlrizecl reooxodo Qf plant gro1ftll in various sa;mplee ot atel"ll.ized 

ao1l which rec,tel:recl <Utterent treatments during· sterilization. 

Compa:rat1Ye tena were run on both types ot eterUtzere tor 4eteJ"• 

mniag the most economtoa\ pra ctical, and etttcient method ot ster1l1• 

zation. 

The portable reeillftanoe sterilizer was given a practical teat by 

ater:lliz1118 soU i n a n electric bot.bed located where steam wae not 

a.vail.able •. 



With the fl'bove taote· 1a a1nd, t hia 1uveettgatton •• p.blnned 

aro11J14 the toUowlng o'bjeotiv": 

1. 'ro 4etel'ldne the ~·t or opei'Clt1on ana the ettiotencr 

ot two t7P8a ot eter1Uzere lU14er identical ope!'&ting 

cond1 t lone. 

a. 'l'o e.T&luate t he taotora ot teapel'f.lture, ·ume, and eoll 

s1eture. 

·3. Selection of the moat practical and efticient method ot 

electrl<s ao1l at.er1Uzat1oa t hat can be reco•ended to. 

greenhouse•n, raarket gardener• • and tlorbte. 



The toll.owing ·equipnent wa.a ue4 1n carrying out tbia reeearch 

ho\11' mater , and eight mercury thellllOmetera. 

Heating 1Uei~J.•t Sterilher - This ater1Uzer reaeablea a large 

box ot 6 cubic toot capacit1 -.ounted ou l.ega.. 'i'he top en.a bottom ot 

the box are h1ngt;d to make loading and unloading easy. Four 500-watt 
I 

placed to prod:uoe unttor'lll beBting throlagbout the aou. 'l'he tl"On't ot 

the box haa holes located at pointe through which meJ"CW"Y ther.,..ten 

can be thru.t to obeene tbe various t,.pere turee in ditterent parte. 

ot t he ater1Uzer. 

R•htanoe Sterilizer - The external appearance ot the re.aiat·anoe 

aterlliztr 1a identical to that ot the heating element ater1ltzer . 

Two M-1noh by 30 .. 1nch elect;odea are placed horizontally 1n the box , 

one on the top and one on the bottom. These electrodea are connected 

to oppoatte s1dea ot a 23Q-Yolt circuit. 

A abaple sai'nJ device in the to:rm of an extenaton to the a~ ot 

an encloee4 mit e nltch opene t he switch before the lid ea.n be 

raised. 

Reai.stanoe Test sterilizer - A &P18ll reeietance soil eterilize,.-

ot 11• oubic toot capa city na des igned and built for ~erhaenta.l 

purposes only. The eleotrodea were apa.ced. Tert1cally and the plate 



Figure 1. Le.yout o:t equipment used f or taking data on electri c 
soll sterilizers . 

6. 



Fi~ 2. Jleetins element sterilizer showing location ot heate~s. 
This ateril1.-r has n oapao1ty or 5 cubio teet and a 
oonetsnt demand ot 2000 WQ.tta .. 

7. 



P'igUJ/'8 3. :Re&1stuce te,st stertUael' showi~ electrodes i :pace4 
3 inches apart . 'lhe plat• spaci,ag may be varied tram 
1 to 12 inohea by inserting additional pl ates in 
. ooves. 

a. 



epe.ctnt coUld be varied: trom 1 to 12 inohe1 . Holes were put l:n the top 

at pointe through which merc,vy thermometers eo\lld be thrust for taking 

tem.perat~e read:il'lge. 

The temperature rtae ot the. eo11 maea was recorded on cha,.-ta ot 

a Bristol • a recording t ltermometet. Aa the current wa1 tlowtng through 

tb.e eoU 1l1 the resistance ater111aer, it waa neoeeeary to 1nae~ a 

large teat tube tn a hole drUle4 in the .etde ot t he at81."111zer ta, tnau-

late the thelWiJJeter bulb trom the soil. Tl'lia instrument •• set to 

record t~ereturea wtthln the tone ot 60 8l14 180 d~ea Fahrenheit 

which eoverecl the range uae4 tu. this tnveatigatton. 

A Generel lUeot:rto l"GOOrdtng t¥$8ter waa W!l:ed to reco~ the yaria-

tiona in cvrent d~tng each teat. 

A sa.nswaa lU.ectr1o ntt-hour meter whiCh •••UJI'ee energy 1n terms 

ot the nearest hWldredth or a kilowatt hol,ll" na ueed in all espertmente 

where energy was reoorded. 

A yolt.lll8ter and. watt""'l'leter was waed to check: the line voUage eutd 

power dflllll!lnd reapeotiTely. 

'· 



tluU~ tn t .he agricultural engineering iaboratory by :r. L. Calhoun, a 

.-eoently dea.igned and built to be o:pe:rnted tor experimental p1.¢poeea 

only. 

p~thogenea; weed aeede , blaak root rot ,, • ud n_.todea. •• This a oil 

we sprtmcled and allowed to ataltd ove:r• .night tC> get Elll even d1atr1• 

but ton ot 1'110iat\U'8 throughout t he eo.il maaa. The next morning this 

ao 11 was ca.l'$tu.lly screened and both ater 1ltzera nl"e filled w1 th the 

aame quantity ot ao11 by weight . The. eterlll:zera were then operated 

unt 11 unito~ t-.peraturet of arbl tftrlly chosen 'fa lues were ob~atned 

betore the ao$.1 was dU~JPed• Durlllg thia ttlle,. data •• r ecorded troa 

readings taken w1th the YOl~aeter,, aaete:r, kl.lowatt bour .meter .• and 

lr.t order to teet the praot1oabil1ty o.t the portable eleotr1o 

sterilizer, a realatanoe a1ier111zer • • placed in a 6 tt. by 6 t t . 

electric hotbed (Fi gare 4 ) • The aterUtze.r waa .filled with a oil t:rom 

t he Gutatde , lteated to a Dl1nimum temperatl.U'e ot 70 depoeea Centigrade 

' A plaa t disease which caullea t he root st etem to rot ott. 

** A small orp.nln which attracts roote ot moa.t oo~~~~Dn plaate 
resulting in the f ormation ot gnlla 1n t he last atagea. The 
root ayatem ot the plant cOIIplet ely d1aap:p•r• and the pl.am:t 
withers any (Figure 6) ,• 

10. 



J:I.SJ.lte 4. rtabl~a J'•l• • eten11:ar uaed fol' 
te:rU1~l:nc oU ln leetl'lO hot d.l . 

11. 



and dumped directly into the bedp Two ater111zen ot aoll waa autt1c1ent 

to .ti ll the beet to a dep·th ot 6 1nchee. 

T8Dlperature ot the aoll .aaa ill each sterilizer waa reoord.ad on 

charta ot a Briatol reoording ther.ometer. The pointer waa .aet back 70 

.degr .. n Fauenhe1t to r.eoor4 t he uexU.• teaperatue. It was neceesaJ7 

to insulate t he thel."JKJ•ter bulb trom the 1011 111 t he ree1•tanoe atvt-

lizer by placlng a teat tube 1a e hole 4r1lle4 ll:l the center <l!r o11e end 

aDd 1naert1ng tlla bulb in thle teat tube, 

Th• ener11 conataptlon waa lll!laaue4 wi, th two ld.lowatt-hour metere. 

One Jlleter •• oallbrate4 to tiWldredtha ot e kilowatt- hour ud the other 

metw waa ueed aa a cheok on the tlrat. 

Saaplea ot aoll ater1l1ze4 by both methods were placed 1.n •ter1-

11ze4 pots. These pots were aterillzed w1th et~ to be sure that all 

bal"'ltul organt._. were absent~ 

All e.aapl:ea were seeded ln yellow II&JbDuth tObacco and the plant 

growth ot each wae checked to determine the moat etticient method •. 

'l'obacco was chosen because t he controlling ot nematode• on tobacco roots 

is a aertoua problem now taotng the aou:th. 



RESULTS 

The toUowtq tablea ahow the reaulta ot thia inveatigatl,OB: 

Table 1. Typio-1 data abee\ tor heating element ater1lizer, 

allow~ tiM • c"~UTent • one~Q, yoUage, and te.m,p•l'8tuna in CU.ttetent 

parta ot the aoi.l. 

Table 2. '1'Jp1c;al 4ata peet for reatatanoe aterll1zco ahowina 

the heaUng Uae, 4MBn4, enerQ conelllptton,. and t._peraturea in 

d1~terent p~rta ot the soU. 

Table 3. App:ro:daate kilon.tt-~ura require4 tG ra1ee one 

oub1o toot ot aancly loaa aoU, tlu'ough oe:rtaln t-.pel'flture. rangea. 

Table '· . Sullalry ot teet data on eleotr1o1ty conaUBption with 

varlou• plate apacbga. 

Table e. 'l'he etteot ot temperature and time upoa ettto18tlOY 

ot tter1lbat ion. 

Table 6. Le~h ot time required tor eterll1zat1on. 



u. 

Table l. Typical Data Sheet tor Heating lUcent Ster1l1aer, ShoWing 
Time. Current , Energy, Voltage, and Temperature• 1n 
D1tterent Parte ot t he Soil 

(Sandx to am So1l1 Noleture Content ~. RQom . 'I'!!Re.-at~e 16° C) . 'l'hel'l11QJ!leter Readirlga : : . . De~· 0 Readlye • 
:fl . T : '1'8 

. ,. • '~'e ;Volt-:AD- . Watt : . .. . . 
~ ' . .: Meter :Me-.!J!' :mete~ . m•ter: Re•rte :: l ; : • . 

1:00 P.M.:l6 :15 :lS :lf, :16 :5'1 .. & : a1 : e.ae : .2080 . . 
\ 1:10 ,. :l& :liS :15 :15 :16 :tSS.O 251 . 8.8 2060 : % • 

1 :20 " :16.2 :1&.5: 1.5.5:.15 :1'1 :58.21: &51 . a.,f . 101 . . 
1130 " :16.5:16 :1'1 :15.5 :21 :58.5 : 233 . 8.'15 8()65 • • . 
.1:4.0 • :19 ~le :20.5;18 ·:87 :58.81: 230 ; .e.'15 : 2000 .. 10 SWeat1ng • 
l:-'5 " :19.5:19 ;22.5:10 :31 :59 280 8.6 : 1000 . ¥ • 
l:t50 "' :aO.fh20 .e: • :ao.s :sa :159.15: 829 : 8~6 : l9e0 #3 Sn&tlng 
l:!St5 It :22 :22. :1'1.5:S. :36 :59.2&: &!JO • a •. e . 2000 . • 
a:.oo " t22 :M ::50 :85 =~ ~59.5 • as a . 8.'1 20410 ,, S'natbag • • 
2:01 ft :M .:16 ::53 :2'1 :It& :IS9. 'I .. en • 8.'18 202() : . • 
lhlO " :IIS.ese :30 :30 :415 :59.95: 230 t 8.6 • '2010 . 
2:15 " :81.5:80 :3'1 ;33 :46 :60 2:58 . 8.'1 . SOd • • 
2:20 .,. :29 :~a :60 :315 :67 :60.1&: &52 8.'1 : 2M() 

2:25 • :SO :M :6:5 :3'1 :50 :60.21 z 8$1 . 8.65 . 2080 . • 
8:30 .. ;~2 :56 :4.5 :39 :52 ;60.5 . 852 9.65 • 8010 . • 
2:31 .., ::M. :sa :te :4t2 :65 :&0.1 . 230 : 8.6 2000 .. • .. 
2:to • :,6 ,,a :11 :fd$ :0'1 :61 . 230 . e .. e ' 2000 . .. • • 
8:60 " :3'1 :.a :53 :.a :D9 :61.25: 131 8o6 SOlO • • 
2:50 " :66 :4.'1 :5'1 ·;10 ;61 :$1.5 : l3l : e.& • 1010 • 
2:55 lit :69 :50 d59 ~15~ :68 :61.6 : 23.1 : a.? : 2010 
5 :00 tt :50 :52 :61 :M :Me :61.'1 : au . 8.7 ~10 • • • 
3:05 'It :$6 :M · :63 :56 :66 .:61-.80.: Dl . 8.6 101.0 : • 
3:10 lit :51 :56 :65 :59 :6'1 ;61.95: ISO . 8.6 2010 : . 
3:15 ... :52 :19 :6'1 ;60 :69 :68 . SA 8.7 204.0 • 
5:20 lit :515 :60 ;69 ,,. :70 :62.1 • t,aS .. 8.'1 • BOf.O· . Current Ott • . • • 
3:2'1 • :56 :66 :72 160 :'18 • 
3 :38 It :59 :6'1 :'14 :68 :7S . • 
3:3'1 It :60 :68 :'15 :69 :73 .. • 
3:<62 " :61 :6'1 :'16 t69 :'12 
S:DO It : ~2 :'12 ;'16 :'10 :'10 : 
3:59 'it :62 :70 :'15.5:'10 :68 
,:0'1 " ,61 t'IO :V5 : '10 ;66 
5:36 " :59 ~'11 :6'1 :6'1 :56 

·• . 



Table 2. TYpical gata Sheet t or Resistance Steri lizer Showing the 
He~ttng TiJNh ~nergy , and Temperatures in Ditterent Parts 
ot th• Soil 

{2 Inch li!leot:rode Spacigg , Sandy Lown. SGil , Room Te.mre?a ture 22° C) 
t I " : ! : t • Time Tl Tz t T3 . T4 .: T : T Watts ~ 'Meter Remarks . 5 6 . . .. . 

10. 57 : 22 a.e : 22 : 2,2 :22 -·5: .22 450 : 9, 645 
10 .• 59 . 27 22 :29 . 5: 27 : 27 29 t 510 :9. 66 . 
11 •. 02 34 .. 23 :4:3 : 34 :3-7 38 650 : 9·, 59 
11.04 42 123 . 5:!59 .: 48 . 5~50 4? ?40 :9 . 71 : 
11. 06 49 :25 .5:?5 :~2 :.63 59 840 :9·. 74 : I¥ :3 s t eaming 
11. 08 55 :.28. 5:8f? ,.5: 5S :?5 69 910 :9 . 765 :# 5 s ·teeming 
11. 10 62 :31 :97 :63 t99 ... 5: 80 990 :9. '795 ·II· . 6 steaming 
11. 12 t 70 :35 :97 ;66 :97 ; 90 940 :9 .. 83 ·# . 2 &. 4 not 
11. 14 79 t41 :97 :70 t86 91 700 :9 . 87 JMa.k i ng good 
11. 16 .. 93 :48 :97 : '7:3 H35 82 560 :9 .. 88 ;Conta.ct 
11 .• 18 ~; 95 :55 : 9'7 ;75 :82 ?9 400 :9 . 90 :.Hetating slowly 
11 . 22 9:5 :63 :96 :76 t77 :75 . 5: 230 :9 . 92 
11 . 26 87 :67 :95 :76 :75 : 72 • l~O :9,93 • 
11. 29 82 : '70 :89.5:75 :'73 : 69. 5: 100 :9 . 935 :Current Of'f 

1 5 . 
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THE COst OF OPERl'riON AND THE EFFICIENCY OF ' _0· TY.Pl!S OF STERILIZERS 
UNDER I .Dl!:rt'ICA.t OPER TING CONDITI ONS · 

It 1a r at her ditticult to determi ne t he coat or opet"atlon bec~use 

many var iables ent er which change with each teat )l'un. Theretore, t he. ttata 

t ram 160 teat l"Uns has bee·n 11\UIIIIal"i.Zed in Table :s.. The kilowatt-hours per 

cubic toot tor var i ous t emperatures rises are .gh ·en 1%1 th1• table. 

Table s. pproxi.mllte lUlowatt-Mours Required to Rabse One Cubic 
l oot of Sandy Loam Soil Thl'Qugb Certain Teperature 
Ray•• . 

I nl ttal SO 11 Temp. 
DeE"• cent. 

1!5 

21 

: 

: 
• • 

. .. 

f inal T!S'erature in J?!Eeea Cea·U.sre.de 

. ·• 

• '13 : 

•. . 

o•80 

. • •'8 
. • 

.86 . . . • • • 

. • 

•'3 

. • 

. . 
1 .•. oa : 

1.08 

. • 

. • 

1.ao 

The res istance sterilizer appear .a to be a little more economical 

than the heating element and under ordinar y condt tiona soil can be aatel1 

.sterilized w1 th a consUilpt ion ot troa l to 1.5 k ilowait•houra per cubic 

toot by either ethod ot sterilization. It power 1a available at a 2 cent 

rate , it would coat appr oximately 2 to 3 cents per cubic toot . As a 

cubi c toot ot soil will till to'U' 2- gallon croolca, U would coat a 

16. 



maxla\D ot .37 cents. a crook. '!'hie compares tavorabl.Y With at~ in ooet, 

being much cheaper tor the BIQBll operator who does not haTe ateam 

available, 

The r•iatanoe ater111zer 1a aore etticlent than the heating ele-

ment aterU.izer because the heat input 1s d1reot. In the heating element 

much heat 1a stored in the heaters wh1oh ie cUaa1pated into the aurrowding 

Reaiatanoe teet sterilizer • The electrodes ot this sterilizer 

were varied 1':t0ll1 2 to 6 inches apart to deteJ'mine it the plate .-pacing 

had any attect on tbe energy cona\l'llpt1on. The aoU tor each teat was 

weighed earetull;r ao that the same q~ntl.t7 ot soU waa heated during 

each teat. he e\UIIn.larized data tor t heae teat a are shown in the table 

below. 

Table '· SUIIIIIary ot Teat Oata on tnectricity COnsumption with 
rtous Plate Spacings (Average ot ten rune tor 

each •P!cteel 

Plate spac1ns a• 3" ... '" DR .ai.S .22 .ams . 218 

T1118 18 min. 20 udn. l'l min. 36 min. 

Temp. rise •to 0 5260 c ~ai .a 
att - ran.ge 642-1504 .ao-1300 46o-l400 220.~0 

KWH cu. tt •. .86 .88 .90 .86 



Tamper&t\ll'.et 

WI W TI ON 0 '!'fl • FAO'li<HtS Oil T 

TD.m. I ND BOIL WISTUBE 

It waa Y~ry essentia l to know the lowest safe ateriltzatton 

temperature at which ao1l should be ster111eed in ozder to mow t he 

mlnlmum ~-pel"tlture at wh1oh t he C\UTent co1Ud be turned ott.. This 

~emperature was teund to be 66 degre•a C&ntigrade but 70 degrees 

Cem:Ugrede was· chosen eo a.s to allow a $llfill safety t act or. Th1a was 

aocompliahe4 1.11 t he tollowtng way: ao.il infested w1 th both nematodes 

and, black root rot waa Mat.a. to var1o'U.s teJJlpel'Qturea by both methods. 

Bamplea ot all teat rune were pl eed in ater:Uia.a pQt.s and :eeede4 1n 

tobncao. a results ot t he growth. ot these plants ae su&aarize4 tn 

'!'able 6 indio te t hat .S.Diml»B tarnpeatue ot ?0 «•eretta Centigrade 

tor ten min tu 1e eutticient to till both n~todes and black root 

Un1tol':llj.ty Ot heatf.ng .., The a<OU tEillperatu;re•. in Yarioua ·parts 

ot oth ater111zen ware found to be Within reasonable 11illit~h 

In the res1.atenoe ster1l1zer. t l:te 1Hmperatve 'Y&riatton between 

maxiauan nd a1n1m 1a pproXiJilately 800 Centigrade. · igure 9 g1Yes 

tempernttll"e ounea tor the soU 1n the small teat aterllbe.r. The low 

temperature curYe J"ep:tesenta t he· low point ot the ater111zer t aken 

near the corner. This waa due to the heat loaaes .near t he corners 

and edgee. weye;r , arter t he power lfaa cut ott th:18 lc>w temperature 

continued to rise, t 1nall y beccni~ag equal to that or t he main boq ot 

t he soil,. 'f'h.is low temperature was due partly to poor contact in the 



Table 5~· The Ett••• ot feaperature and· 'time Upon 
Ettt.cleJJ:e>Y ot ster.llb:attoa 

:T'i.me Atter : ; : 
POt ;Temp: 'l'llH : Ste'r'tl"""' : : :, Klnd sBelaht: 
No .: c0· : Ste:r1~1 ... : tag :Nematodu:Root : Plant :Plant Remarka 

l!f , : ; .: : . • . . 
,14 : t' : l tu-.,. m: 
1 : 48 i l hr.te m: 
10 : .a :'3 br..30 m: 

9 : 47 :18 hra. 
12 c 50 :1 h:r.37 m: 
1e: ~ :1 hr.sa a : 
15 : 50 :1 hr.-61 m: 
6 : 51 :1 hr. 2 m: 

lOB: &2 :4 hr.&). It: 
7 ; M :5 hr•SQ 11: 

100: M :IJ llr.80 ·m: 
15A: 55 :1 br .. &l m: 
lOD: 16 :19 hnt. 
11 : 01 : 1 hr•f.O ·= 
14C: 60 : 2 hr. I a : 
15B: 60 :2 hr. 6 a: 
ll.A; &• : 2 hr"" I a .a 
1•1): 61 :2 hr1>l6 JIU 
.150: &5 : 1 u.ls a : 
lfrlt $9 :8 br.ao a : 
l5D: 70 : 2 hl'• 2& • : 

: : . . 
0 ok .. Boot Rot aoU 

• . 
~4 : 
Dula~d 

~" Dumped 

• .• : . . : 
snare : - : 'l'QIII8to :ll"' :U.euo·oeaatul 
SeTee : * :~lil8to :j;•-la.• :Uneuooeaatul 
He&"f'1 c Bad;Tol)ao.: • :Unaucoeaatul 
· one : • :Tomato :l5" :Suoo.,..rul 
Suere : - :Tomato :7"-la":Unauoceaatul. 
severe - ;foma11o :3"-ll.":Vnau.eoeaetul 
Bad : - :Tobac.: ""' :Unauoceaatul 
Hone : • :Tomato :9....,33":Sueloeastul 
He&YJ : Bad:Tobac.,: • :Uneuccuatlll ... 
Noae ~ • r'l'oma,o:ll"•2l:.Sucoeaatul. 
Tleoe :Rone :Tol>ao. : - :Unsuoceaatul 
Ma~· : - : Tobao.,: .... .:Vnno~eatul 

Dumped 
Dumped 
))aped : 
1'7 h:ra •. 
'J)aped : 
21 n.r •• 
a,ap.ect : 
~4 
lluDJpe4 
Dumped 
JMD.pe4 
l:laped 

: ..,.,. :HOne:'robac.: :UJtsuoo•atul 
: Ltght : - :Tomato : 10"-lCftinauoceeatul 
: Llght :: • : 'l'omQ.tf> :6"-8" :VnBU.OONiltul 

S bra. : 
Dwaped . : 
Durapecl : 
DQmped : 
~eel .. • 

. • 

Light :. - :Tobac. : - :Unauooe•atul 
Boa. : .. : 'l'ometo :11"-l6:SUcoea.rul 
None : • :~to:f"·l2• :auocNitul 
None : · • :Tobao. ;&•-l!ltt .:Succeutul 
lone : ... :tomato :12•- a:aucoeeat\\l 
None : ""' t 'l»baOe l · 0 : sucoeea~ 

·:, .. .. 
: BAd: . : • 

Check -Naatodel Soil : li•!l .. .. . •. • • • • ... 



Controllins Black Root Rot 

fi«Ure 6. Showing the Ol)ntrtiSt between tobacco plants CJIVIl1 ill 
th unsterUized eht.1ok p,ot front center ant the 
sterilized ~ote. 

20. 



21. 

Unst till 4 

Oontrol11 · 

• 



Beelthy Plante orown 1n :stertll~ed .50.11 

f1gure v·. Fla't ot aotl h•te4 \o fOOC tor one ~»v 
1n 'he :n•at1r~g element ate:i'tlize.--
Oom.p&l'e w.tth cheek t l.at c>t unatal'lllze4 
•U belOw. 

F1glre e. ShoWing the g:ra:aa , oxralta• &rld aap4J"agQ1'18 
grn1ng &lJ!Qng the tobacco plfltltt., 
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oornera. The ~1gh temperature curves begin to tall tmmed1atel1 at~er 

the peak ia reached throughout the ao11 maea, attar which the tall ia 

gradual . 

The temperature Tartat1one in wrloua parts ot the &ter111zer 

oan be part tally o't'ercome by observing the toUowing .I'Qlnta·: 

1 . Covering the sterilizer wt th a oanvaa was round very help.. 

ful to checking radiation. When the sterilizer ia to be operated 1n 

the open on e. cool windr day it ie impoaeible to get a tefDllerature r1ae 

without t his because the hea.t loee wtli be greater. than the heat lDput. 

,for thh reaaon, the better the sterilizer 11 :lnaulated, the better 1a 

the chance ot pr.ventlng the conere troa lagging behind. · It the 

eterUtzer 1• to rema1l1 loaded tor aeveral hours after the current ill 

ott • the canvas will help hold a unito:rm temperature• 

2. A uniform mS.sture content is desirable because dry soil 

ts a poor oontiuotoJ> ot electricity. It the moteture . content 1• une'f'en, 

more current w1U tlow through the part highest 1n molstwre content, 

thereb7 heating it while the dryer portion lags by sneral degreee 

a·nd lD!lY ne'f'er reach a deaired atexo111eation t~rature .. 

3. The oornera haTe a tendenoy to lag behind the main body ot 

eoll. "tbie ean be OTercome by IX' cktng the eo11 1n the corners, 

sprinkling the cornel"S • or ella111B ting the co mere by ;building a 

cyl1n4r1ca.l steriliZer w1 th horizontal eleotrodea. 

4. It ·ts Yery eeeential to haTe good contact between the 

e lectrodes and eoil it a unitorm temperature 1e to be obta1ne4; 



otherwt .. , the teraperature rtae , w1ll take place ~etween tht,t partta ot 

the soil and eleotro4ea wb1ch ttre mking contact. Good cont•ct oan 

be obtained by the addU loa ot weight to the, coTer ot the sterilizer. 

Evidence ot thia is clearly -.hown ln .Figure 10. 1. weight ot 50 pound.a 

per sterilizer ~· tound to be auttlctent. 

s. Lqapa g1Te a very uneTen temperature rt••· because the 

moiature qont•nt . tn the l\lllp ie not tbe eame ae th.e sUl"l'Oundtng aoU 

•• 

an4 the el.eotl"'de contact 1a Tery poor. A a1nute air gap tenda to 

interfere w1 th the paeeage ot the currertt and reta~s h.atlngo 'l'here-

tore, it 1s V81!Y deet.Nble that aU soil be screened \letore etertltztng. 

In the heatlag elS6nt ater1l1zer it te J;-ather d1tt1cuU to get 

a unitorm temperature distribut ton. When water 1a heated., the eolutton 

in contact with the heating aurtaoe becomes lese dena• with temperature 

rise and movee to the top while the blf!lvier colder water replacee it &lld 

the prooeee is continued. Thus, the· ..-ater 1a beate<t .by convection, 

conduction and radiatlOD. 

Untort~atelJ, aoil dou not behave thts way when heated. 8011 

being a aolld, 1e dependent upon conduction and radiation tor heat 

tranet"er. Thia reaulta in an almost illlpoeaibtUty ot aecu:r1ng a \Qll-

torm taawerature disir1but1on throughout the soU maaa. The soil near 

the heaters reache• an extreme tanperattU"e, burning out all organic 

matter and k1U1ng bene1"1c1al 'bac'ter1a. The conduction p:ropertiee ot 

soil are very poor but can be made t a1rly eatiataotory tr1th the proper 

moisture content . Figure 11 gtvea the m1n1mQI!l taaperature ounea 
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-.1 tb the thel'II)Mlera avaU.able .. 

The temperature a,trter.eat1a1 1e great eDOQgh to .g1Ye - 8° c 
to 100 0 tcpe:ratu:re rtae b. the m1J&ilaua parte or the ateriltzer attar 

the current 1a cut ott. 'l'b:l.a wUl resUlt 1n a saving ot ·energy it 1t 

is closel y watch~ by the operator. 

0\U'Ye No. 5 repreaenta a point in the lower r1@1ht corner.. Hote 

the quick tempera.ture r:l.ae and taU. CurYe No. l r•ruenta e corner 

near the top with the lid cracked. '!'he, heat lo•• waa oonat4erable at 

the ater1l1zer. 

'l't.: 

Teate run on both ateriUzera ab:ow that U ifi neceaeary ~ 

matn~1n a aoll temperature or ?0° c tor a aia1aua leD8th or 10 

minutes to etrto1ently ater~llze, ao11. U lowe!' t .emperatwrea are to 

be ueed, the length or time requil"Bd to -el.i~Unate D4BD8todea 1e much 

longer. The table below g tvea the· rea~ta of teata in whi~h the soil 

r4!111U1ned tn a'11er111zer tor a period atter the C\lJ"rent wae cut ott • 

Table &. Length of Time R!Q.uired tor El.~tric SoU SterU.1.zatton 
l'tnal Telnpe:rature- Ti• Time Attar · 

De£!!• C41ntteat• sterlllsty stertlt&ty 
60 1 hr. l? hra. 
!55 4 hre. U .hra • 
60 3 bra. 9 hra. 
65 2 bra. 3 m-e. 
70 30 mtn. lQ m1n. 
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lt 1a not practical to let the ~11 r81Dfl1D 1n eter1llzer tor 

IDB%11 houre because the amount ot soil that oould be ater~llze4 1D. a 

giYen time would. be Ter'f sma.U. 

'fbe length. ot 'Ume r ·equiJ"e4 to eleTate soU throucb o:mat.n 

power 4811iln4• Jl()lature contQilt,. eoi.l t7'J)e, and t~re.ture rlee ot 

11011. Therefore, it 18 rather dltttC\tl.t to .ata1ie P-117 4etin1te period. 

required t-o stedlbe a given quant1t7 ot soU. The time requ1r.d 

ean be eetimate4 1t t he initial 4._nd i.e lalO'WD. by eubats..tuti!lg 11.l 

the tormul.a below., 

Ifumple: Given • Ste:r111zer oape.CUJ - 5 eu. tt. 
I.nU1al demand- .,e l£., •• 
Initial .eoll t•perat~ - P C 
J)ea1re4 soU temperatv. ... '00 c 

To 1f1nd - Tlme require¢ u.. houra 

11M : 1.02 x D = 4.25 h'O\Il'a 
1.1. •' 

the heaU.ng eleent sterilizer 1e allaOet COllfJtant; the JI!Oisture oo.ntent 

mal:tng the variattou ln the 41tterent t esta. A totaUla has bMn worked 

out bJ Cornell Un1vera1t1 Agrlcultval. :&xperiment Station tQr ••·u.-·Ung 
the time l'eqlUJre4 tor stertltza'Uon. ?.'hie 18 llluittrate4 1u the to.w,a 

and eample below:. 



Tt. (Boura) : KllowaU•hoUl"a P!:.' ou.t'• (Table 3.l X Vol. -X (ou.tt.) 
·· KUO.tt oapacl\y ot .heate;oe · · 

:Bxa&ple; <U•• - aterU.teer co.paoity • ~ cu. tt. 
Kilowatt capacity ot heatera - 2.0 k .w. 
lattial 1011 t•JM:rat\Q'e • 21° 0 
:Deatre4 eo1l t.aperature - 'loO C 

Time : 1.08 X & c 2.7 b.oura ... I . . 

Moisture Content: 

lt.. certain tnitial moisture content (20 - ~) waa toud to be 

eaaent tal tor the saUs.taotoJ7 operation ot both t)"Pea ot aterilizera 

although tor cl1tterent reaaona in eaoh. 

1 cena1n 1Dit1al ao.il moisture is eaaential 1n the reabtance 

eteriltz•r to giYe electrical conductivity. Sandy' loas aotl with 

, proper 1110·1ature oontent and time. l.t ean be ehown tbat by the addition 

ot a ••U. tJJIIOunt ot water the atertllzlng U•e can 'be cut 111 balt. 

The relattonehip that aoll •1tsture hae on ct..and and time ie 1lluetrate4 

1n .&'1gure 12. With an S#itlal ·moisture content ot 15 percent 1i waa 

next to iapoaaible to reach a ateril1sat1on temperature. The J;"e.aeon tor 

point 1• roached. A.a the point ot contact 'between the electrodea ta 

alwaJs a little hotter tban the •1• eoil 111&88, natUJ.'6ll7 ateaming 

oecura at this po1nt :first . 'fbi a ianediatel:y dries out the eo11, 

. vresk1ng the contact and reaul ta in the demand dropping lower than the 



original start . In oome meaeure , t his ie a aatety teature , auto-

matically turning ott the power without oTerheating the ao11 . HoweTer, 

it the !llo$stur. content or .andy loaa soU ita below 15 percent , thte 

drylag out ot aoil will cut the eter111zer qtt betore heating hae 

takt111 place. Figure 12 ahow8 the pl'Oper tnoiature content to be between 

20 and 30 percent tor sandy loam aoll. Thla is usually soil with the 

proper moisture aon"tents tor planting. Sandy loam soils with mol•tu:re 

oontenta aboYe 00 percent are dangerou.a becauae the wiring eyet• 1a 

likely t o be OTerloa4.a . 

Sl. 

Due to· the increase in demand with increase in moisture oontent , 

the length ot _time t"etauired tor etertl1zat1on 1• greatly shortened. 

f i gure 13 Uluetratee the attect Tarioua JOOieture contents baTe on t he 

temperature and time. The length ot tlme required tor eter1llzat1on oan 

be cut tn halt by doubling the moisture content. 

cenein initial 8011 .,1sture 1a required tor the heating 

element eterilizeX" to give thenaal conductivity. vry soil 1e a. good 

insulator and without the proper moieture t he heater will burn t he 

•oil to e 1nt tthere o.ll organic metter and benetlo1al bacteria are 

deetroye4 Without the main body reaching a &ate sterilization t.empera-

ture. Ths eoil is then 1n worse shape than betore · aterilh:atton. 'l'he 

ter holding capacity is reduced to a minimum nd the rema1DiDg 

harmtul baeter1.a Qan thrive wi tb. their enemies absent in t .he heat eel 

area . 
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SELECTION Oli' THE NOST I~C1'ICAL D V l iCIENT METHOD 07 son. 
STERILIZATION mAT GAN BE RROO~DED '1'0 GliEBNBOUS!MER 1 

MAJ:UOn' GARDENERS" J.I'U)BIS'l'S 

It ls esaenlial that a good s'ter111z1ng MthOd posaeaaes certa1., 

iJaportant qual1t1ee ot operation. The following reqUlrementa are lined 

1n the order or their importance: (l} Oe.pab111ty ot producing a un1tora 

tempel"ftture throughout the aolla maea; (2) Sa.i"et1 or operation; (3) 

SlmpU.city ot operation.; (4) Well tnsUlated tor heat and electricity; 

(&) Con•tant electrical demand; (6) COmparat1Yely cheap to operate .; ( '1) 

Reaeonable ln tarat cost; (8) Light 1n weight. 

Both typee ot aterlltzera have adnntagea and d1 ~dYantagea which 

my be listed as tollowa: 

temperature 41•tr1butlon throughout t he aoU •••• {2) towel' operating 

coat .; (3) Simple oonstru.ot1on; (4) Lower tint coat .; and (5) Light weight. 

It has dtaadnntagea as tollowst (1) Power dtaand varies with 

miature content • temperature rise, soU type, tiiiM.t and. organic matter 1n 

Mil .; (2} Hazard of electric shock; (3) Contact btt,,..n platea dittioul' 

to met.nt a tn; ( 4) Proper moietu.re"'feer.. content neoesesa:ry to ,PreTent cutting 

ott. 

Tlle Iteat1!£i Element Sterilizer has the advantages ot (1) Constant 

demand; (2) Lese dangeroua .; (3} Simplicity ot operatioa;; {4) Molatu.re 

content ot ao1la a minor tactor in operation. 



•• 

lt haa dtaadvantagea ae tollows: (l) EXtreme variation in aoll 

t•perature; { 2} Higher first oost; { 3) Heavte:r •. 

It the a dvantages and diaadYe:ntagea ot both ater1lizera are 

oaretullf wei shed, according to the qual1t1cattou t the author bel1evea 

that the heating element ater111zer would 'be taYore4 tol' itl great 

aatety fUld es1mpl1o1ty ot opera~ton. 

Oaut1ou: 

1. ligure l' ehowa the relation between the po•r cunea ot 

the two ateril1zere. The t1na1 demand of the resistance· ater.U1aer 

1s al:waya two to three tilllea the 1D.1t1al demand• It ie very essential 

that the wirbg eyat.a be ot large enough oapaq1ty to take care ot thh 

variable load. 'fhe average greenbou.aeman shoulct, theretore, oonaUlt 

his local power company betore asking this 1natallation. 

a. 'l'he da.nge·r trom el.eotri<! shook is 'Very great with th·e 

r.ea11tanoe aterU.i~er a l though a eatet:r de?tioe is 1nata1le4 to prevent 

the operator tram coming ln contact with t he live eleotl'Odea. One 

should be •ery earetul that the lega re insulated troa the gl"OUI14 and 

that they are kept dry beQauae wet wood ceaaea to be an insulator. 

Never touch wood ot sterilizer while stancU.ng on around when current 

1s on. 

3. Never try to sterilize soll in the plant bed beoau.e the 

neutral •ire ot t he transformer 1a uaually grounded whioh results 1n 

a d treat short • 
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CONOtustONS 

The uthor belieYes that 1'roa t hla rather broad etud7 ot 

t acior e atteoting eleotno ao11 ater111zat1on the fund8lllental r .. ulta 

ot thb report a re a s COJtPlete ae oould be cteviee4 wtth1n t he time; 

t hat .ome ot the reeul te are of areat iznportanoe and warrant det1n1 t e 

conclualoaa; t hat .OM ruul.te are probabq only poaaible trends and 

need to be veritled b;y aore extezuti.ve data on t heae pbaaea ot t he 

probl•; t t while 110• O"f the results eMil quite 4et1nite, they vary 

. •11ghtl7 fl"'Ol publ1ahecl matfl'1a l 011 t h ia aubject. 'l'he tollow1ug con-

clua1oaa a re listed u t he order ot the Qbjectlvea ot thle report: 

1. A 10°0 riae i n tempereture (200c- '10°0) requires from 1 
to 1 . 5 kUowatt- hOura per cubic toot . 

2 . The rea1stance sterilizer is more economical on power 
coneu.pt lon t han the heating elaaent ateril1~er beoa uae ot t he direct 
heat input to the eotl . 

&. A e v1ng in power consumption can be had with the heat i ng 
element s terilizer by outUng t he ewUoh when the tem.pera tu.re 1e 1000 
below t he desired aoil temperature. 

4 . Cb8ng1ng the plate epacing i n the reaiatance eteril1zer 
does not ettect t he power oonaurapt ton. 

' • Evi dence h abown ta this report t ha t a t&llperature ot 
'/0°C is eutt1c1ent to kill all plant a .. d , n«<l!liOdee and bl ack root 
rot . 

&. Good beet 1naulation ia essential to obtain a unU'ol'm 
temperature near the edges a nd corners ot both sterilizera . 

'1 . A uaitor.m moleture content i a essent i a l 1n the reaietance 
ateri1.1zer to 1ve 11A1fol'll oonduct1T1t7• thereby product~ unitol'll 
heati ng. 

e. SoU in oornere or reai at anoe sterilizer ebould be ta•ped 
light l y to prevent temperature here from lagging behind t eapeN..t ure 
ot me.1n bod,.. 

3'1 . 
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9. All ~DU. ebould be aoreened tQ eU.laate air gape wheJl 

ate:r1l1ztne with ~eaiat nee atertUzero 

10. Weight eho\dd be &deled to the top ot tne :teai stance 
sterilizer to make nnd Mlntaia ~od eotl conta.ot .. 

11. If aore time 1a e11ployecl, soU can be ett1c1ently 
atet1.lized a t e. lower taperature with a aavt.ng of current . 

12. A t8Jltperoture ot 7000 must be mnlntatne4 tor at least 
10 minute.• to ette.oti'felr aterUb:e ao11. 

13., n 1J11t1al JDOiature content ot tront -20 to :,0 peroent 
ia necessary tc. ater1lize aand loe• JIOil 'by either methOd. 

1'• The l•ngth of t11118 requlre4 tor aterll1zat1ea by the 
reaistaaoe metho4 variea 41reotly with the moiatlU'e content. 

~. large vat"iety ot var1ablea etteot the operetion ot 
the r.atetanoe ·ater111zer and the authOr ta ot the opinion that 
ita uae ie U.m.ted to reeearch work where the opei'ator la tho-r-
oughl.y tea111ar with eleotl"ioUy . 
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