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RODUC'l'I 

cans are a prcnising crop i the outh ni and south central part of 

the United St tes . 'hie area is the warld•s l.ar- at native pecan belt . 

Tena , , lab • 1ssils1pp1, or ia., Louisiana nd Florida ar 

tho portant pi-oduoin states within thb re ion. Tho state of .. lab. • 

l 

the second l rgest native pecan producing center, alone proou-Ced 28,000, 000 

pourd.s dur 1947 • 

Aoe-ordi to chemical anal ysis pecan kernels oonte.in 75 per cent oil, 

the richest of all nut fruits , 10 per cent protein, 12 per nt total earbo-

h~rates , with but very little · t.&r am fiber (9). e to its highly 

nutritious content and del icious flavor , the pecan 1s an important horti

culture.l canmodity. To prooeaa nati'Ve nuts , becaus of the increased det:l8.lld 

f or peoan kernels duri reoont ye rs, an inor sed ber of pecan shelling 

pl ants bave be n set up in the State. 

1th the develo nt of the pecan busin ss into a specialiced industry 

there arises the problem or 1ntem1f1 d insect d ge to the crop. Oonera.lly 

it require 240 to 250 d ys for the outhern varieties of pecans to tur 

nuts . and fr 160 to 200 days for th& northern ones . Thi.a long period .of 

nut dev lopn nt exposes the crop to ttaclc by many in.sect • In ects ori i 

na.l ly found only in loco.I peoe.n areas y multiply so rapidly s to spr d 

a.re .. Others may hav transf' rred to p oa.n tr s fran nearby 

hoate ,. such hickories .. 

The pee n · evil CUroulio e&rJ'.8:8 (Horn) 1s om of the oat important 

pecan insect poets in Okla.hana. Grower ' r ports of' heavy losses d\U! to 

evil devastation are not uncommon. The insect 18 very te ciou after 
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beo established 1n a certain locality. It caus incr aal loaaee 

to the crop year after ar. Injury fr th evil include d 

the lar am the adult. Each r 1, doposita •us fr 10 to 30 nu s. 

n lar'vae bateh tr these e- gs they oona th kffMl of th nut. 

The a and scope of this studr includee three in pba es, (l) th 

observation ot habits and feeding activities of th& weovil1 (2 ) d.ete ination 

or soil pon tr tion am movefflnt of the larva am (S) soil iga.tion. o 

eff :ctiff othod or control has yet b en r&ccmmended for practical uso exeept 

D.D. T. •pray for the trees. A study ot soil fumigaticn possibilitiea otters 

opportunity of devising additional oo.utrol aures.. A vuln rable e in 

the lite oyele or the 'ftevll is the long period spent 1n the soil a.s a larva. 



OF LITE TURE 

It 1 lmost inov1t bl that whe-rev r pecan tree are grown pecan 

w evil :will be dd d to cate~o:ry of import t insect pe ts. Originally 

the peoan n.s tl ... oa.ted a wild-e;rmm nut. It beg n a ultivat d horti ... 

cultural crop only during the 1 t century. In oomparati ely recent year 

it has ssumed prominent plao ill the c rcial nut mar t . tosse d 

to inaoot d ge ar now r a.lbed by gr rs and n urgent need for ff ctive 

o-ontrol is ppar nt. 

J\,oan ri ti s differ r t r widely in susceptibility to evil injury. 

ozn tte (16) poillta out that early filling 1eties sutter moat tr 

inf station. .eevils will find those early do loping nuts for laying g • 

It bas been notod by Swi 1 (29) that there has been a. 40 per cent loaa of 

orop from Schley pecan in central A1ab over a six year period . He also 

r ported that le and re 1 evila feed on in:nature nuts during July am 

· August with the result that injured nuts f 11 pre tur ly. During one year , 

over 80 per o nt or the entire Schley (29) was reported l t in this way. 

late ,rariotios (16) t vo suf'fored far less d g than early varieties . 

An adult peo n vil i royish brown in color. It has a charaoteriatic 

be k whioh is loDger in the :fema.lo th i th le . 1'hia inseot belongs to 

ily CUrculionid of the Order Coleopter which p geaa chewing type 

of mouth parts m und rgo canplete orpho ie (13) . In lah • adult 

weevi are ctive in trees from July to October• F lee drill boles into 

the nut with their beaks am then l y in separate pockets of th ker; el. 

It a.as b n found that egg deposition will not tart until the kernels begin 

to hard n. Both the be and th ovi posi tor of the t male ar about the a 

length which,, if the latt r is extended. is about 11 J:1111:lmeters long., The 

oviposi tor i retracted when it is not in use ,, forming a double-wall tub 

w1 thin the body. 
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The la.r appear s white grubs which devo lop .nd tur in th 

Then they ore hole through the sh 11 to o out ?It r the ound • 

The l.ana. re 1 gless and have ll redd h br ho ads. Th y begin to 

rge fro th nuts in tho latter part or s ptem r o.nd continuo into 

ambor nd January. In Georgi a m jority of th nt r th soil during 

the month of Oetob r (16). The depth of penotra.tion depends upon t con.di• 

tion oi.' the soil. Usually o ill find th deeper in oil that ha 

pr viou ly b en cultivated. Pup t1on takes pl oe in the soil usually the 

eoond ye r about 18 month after entering the groum and then the adult -·-
fo.ree its y out the f'ollm .ng ummer. evils se to ppear in lar e 

brood every otb r ,year• 

vila injure nd <1at:nne:o the mits 1n two ys First. 1n fe di O t y 

puncture the nuts prior to th kernel formation ta.ge. Tho injured nut 

cane shri led aw di colored. resulting in a.n e ly droppi "'• S oond, 

th y lay ell" in the nuts fter the kernels r fa d. lAr hatched fr 

gga d vour the ern l a t content of th nut • 

xperim nt for the control of larvae by means cf cultural thods have 

'b41lUl t sted by Bi sell (1), but the result was 1 rr otivo as surfa culti• 

tion a.nd did not prevent burr ing of l into the oil. He al o 
i 

observed tha.t sam envir-onti ntal factors - y in.flu noe the burrowi o1' 1ar 

in the soil. Conditions such as ufficient pl sticity of the oil to hold 

the sha.pe of burrm.· or sufficiont fr1ability to all th workin of the 

laMra'• muscular pOWi r m y facilitat the larva in burrow:1. • Rains help the 

larva to burrow by $o£tening the ground nd by reducing the surfac te pore.-

ture of soil. IArvao prefer haded nree.s und r the tr es for burrow-in&• 

Sunshine and trong winds aro extremely detrimental to them. 

In the scuthe tern st s, ozn tto found D.D.T. a fairly aatia-

r ctory control for pecan weevil (14 m 15).. Three pplico.tion o£ spra.y 

_.., 
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usi 8 pow:ids o£ 50 per c nt ttabl D.D.T. in 100 gall s of water resulted 

1n a.n inereaae in yi ld. 

the r te of 6 pounds 50 

al o reporte that two applications or D.D.T. at 

r cent ttable powd r to 100 gallons of water 

reduced the 1nf station to 1 per cent. 

ln 1930,. 1C1sle.nko (11) st :ted that f'umig ting pecan nuta with ban 

diaul£ide probably th best ethod or control., while in 1922., Porter (19) 

reported emulaio o£ carbon disulfide !'or th control of the i ect in the 

a oil. 

Stucky and Kyle (213) sug ted e. pn.ot1oal method of oontrol s to 

turn hogs into an orchard to clean up a.11 the evil- inf sted pecans falling 

on the ground. Th y also used carbon disulfide ror th rum1 tion of larva 

infested nuts during storage. 

It i rec nded (16) that six jarri t int nals duri the aoti 

a on of pecan Vila will control them tis.fa.otorily. It is also advise.bl 

that evil-1nf sted nuts should be harwsted early as po ible. 

Phillips a.nd Cole (18) did not; ention pee we vil on several others 

as th important 1nseet pests of pecan tr es in Florida. Cons quentl I in 

san plaoecs pecan :weevil may not b regarded as, so seriou an ins c-t a to 

oaus eignifi t de.mag-e . 

In rec nt y rs a method of soil tumi. tion has been a.dept d to control 

harmful soil org n1 • but xpcr ts a.re concerned largely with pe ts o er 

than the pe n weevil. 

For tho control or root- knot nematodes. ewhall (17) Wied Propyl ne 

dichloride t th rate of 1.2.5 m111111ter per doa of one injection per 10 

1noh square pacing 1n th soil. A r irly ood result was obtained. Snapp 

(22 23) reported usi Propyl ne dichloride for the control o:f peach tree 

borer. B used half pint of 10 per oent ulsion for a 3 to 4 year old tr e, 

obtain1 ood r sults Th diluted :ulsion poured upon the oil round 
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the trunk of tho: t.r-.. !hough Propylene· ,dichlaride ia a compound me.de by 

adding chlorine to propylene,. there is n1> hanntul result in mrking With it 

unleae it is 'breathed at veey high concentration•• 

the :DOi9' Chemical Company LaboratOl"y ( o} has demmm-b-at-ed Ethyl m 

D.1brcm1d as an ette~i'fe coil t'um!gant.. The m1nf.rrtum dosage in using 

»~ ·. O f.'Or a.n orchard is 00 gallons per a.ore :for th& ,control at mma-... 

todes am other a.oil pee.ta. Dowtume· •10 1a also ree~nde<l for th& •ftective 

control ct root ... Jmot rumntode at the rate ~ 30 gallons ~r acre-•. 

B•m·om hexachloride has been recommended (8) far the etteotive control 

at" wirewm,ns. ".White grubs and other soil imJeots. One poum or tbe ge.mt11a 

!saner p&T a-ore u suggested • . 

Recently., c., B. l'.ickolal as o.onduoted &xtonstve tests at. thtt Peean Field 

Station, Brownwcod,. TexaaJi with D:ie,hloroethyl ethar .tor the oontr-01 .of' pecan 

•&vil.. The reeult ha,a been repo.rttd lneff'octiva. 

Frear (7) re~ed diohloroethyl ether aa a poceaet'ttl .fumigant fOI" 

greenhouae usac# although such plants as ros~rs • et.r!U1t1ona and poaches might 

be easily injured• 

FOl" the control of C'Ul"cuUo in pee.ch treee, Snapp reported sevora.1 

experiments on the use or dichloroethyl ether at the rats .of 1/3 fluid ounce 

per gallon of water far every 8 square ya.rd.a of aou._ The l"esult -.a a. good 

control for plum CUl"®lio that were attacking peach.es. It was applied in 

the form o1: e.n emulsion with fish- oil soap e:;nd no injury to vegetation or 

foliage was oba,erved. 

NEIWhall uaed d1ohlor06thyl ether- &t the dosage of 2.5 mililliters per 

injection on 10 inch centers obtaining good results (17) for tho control ef' 
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nematodes. en h incro sed th dosa o to 5 millll iter per ihjeotion it 

pr tO'ltic to plant g_r ha but "1hen 1/3 fluid oun per gallon oluticn 

for on sq yard oil u ed a the r ault as very toxic to the larvae 

th o d to ver;ete.tion 

Chlord • new insecticide s reported in literat by Kearns• le 

and etcalf (1 ) in 1945. Chlordane is more toxic th D.D.1'. in 

i.natanoes canpa.res favon.bly 1n toxio1ty to th pure is rot 

he oll.lorocy~lcllexane to a bor of speoiea of i eota . <hlordane 1n l 

•xhibit wid r of et£ ctivenes inst insects . All vidence indicates 

that it contact. tc:mach poison.,. and 1 ant action. It ha prov«i quite 

off'eotiv both in th 1 bore.tory a.nd umer field cond1t1ona against such peats 

a be tlea. arwig • ticks,, and others., 

P 11.,. Chandler.,. and K.,ll.$y (20) jointly reported th-at Chlc:rda 1s a 

good o'Otltrol for pl curculio am re.a hoppers. A pray applied at the rat. 

or one pc:mn::J per a.o n pr•vent n inva 1om or gra :aboppers fr adjoin-

ing fi lds for at leut two week.a. 
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rllODS 

Fe ding Ke.bit 

Pe n ooll oted tram t a by jarri • Fr the middl of 

September to th latter pirt of Octob$r• 1947 • thr 20 ~a.r old tre in 

Ad t Pe Gr no r Still t.er re jarred every ather morn tor the 

purpose or ob orving i ct ctivi i • Aler 

s placed UDler th spr d of th b ohas. 

0 t. 24 X 24 f -et. 

ch branch of the 

jarr so-ver 1 t s oe.u i weevils to drop n th eet. They 

found to have ha.bit of "playing poss •• nd they se to b L t oti 

in the arly part of day. Th number of 11ee 11 <>etllacted bogan to 

decline on Oo1.ober 13. 1947. The first 1~ wae observed to em rge tr the 

ma~ nut on Oltober 17. A ft!t\Mr les than r s collected 

In the laboratory. le and f le vils were kept para te ly in insect 

jars for th purpos of ob erving fe di bits a.rd egg layi • An i ect 

j , 3 inches in die.meter an 10 inches hi h . was equipped with screen wire 

lid to provide air circulation for the wevils . A layer of sand 2i inch s 

<1 op placed in the bott ot the jar, a piece of white paper s placed 

upon the sand, and uff ioient water a add d to keep the sand in a oist 

condition. ext. a twig co i ting of pee am le ves introdu into 
,,. 

th jar so to provide as natur l an nviro ent as possibl for th 

conf i ent o£ weevils. Th jor activiti s of tho pecan :Vil invol d 

r tho e of feeding and egg laying. At the slightest diaturb noe, the 

aotivitie wer diseontinu • 

The l weevil di-ill d only h It th length or its shorter b ak into 

the pecan for £ ding. Th f'emal w.a observed drilli into the kernel of 

the nut with her ntire beak (Plate 2),. After c pleti a puncture~ 

withdrew the b Bk d turned around to iuert the ov1positor in the a hol 
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PlAte 1. Peoan ev1 l in the ot ot Drill a Ole 



vil Drilling its 

Into the Xernel 

ll Isngtb 
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EASTERN SCHLEY 

OCT. '-2, I '147 

Plate •• A Qlaraoteriatlc Puncture 1\nd • Surro\1Ddln8: Oirol• 

e by a Wee'\'11 •e Shawn near the temi11al Bnd or the wt 

t 



/ I LARVA ... PECA~ 

) OCT. 22,1147 
' 

Plate 6. A Zana Feeding upon the rerMl 
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required to burrow until entirely disappearing intc the soil. A stop,,-wateh 

was us d f cr r cording the ttme. 

Second, larvae wre allowed to penetrate in both &a.ndy and clay lOGJn 

soil for certain periocls -of time. 'Then they -ware dug trcxa the soil to not& 

their depth ot penetration. 

'!'bird• larvae were introduced into the &'4>1.1 by confining th in a 

small eirculn.r Qr a marked on tho soil airfe.oe. After (Jel"tain po,riod-s of 

tiloo they were- dug so as to mea&\ll"E> the· distance-a thoy deviated from th 

cent-e:r point to imreetiga.te h• far they m-o-oed horisontally in the aoil. 

A *PG•, a trmtel and tt. !'Qlsr -were uaed t-or this experiment. 

fwo~ tiw am ten-hour teats. 

A total or 50 larvae ""'-N introduced to each ot the sandy and elay loam 

:soil.$ f.or the obsel"'Vation of their' penetration ability. A plot of one sq\11,il.W 

f'ot>t ~ marked orr on the suJ"fa<lG of the e0:11 arxl 15 larvae were allowed to 

burrow- ror the fil"at trial. A eoom lot of 15 larvae were introduced into 

"another plot. . Then a third lot ot .20 ,va.s int-roduoed 1n th third plot, 

maldng up the total number ot 00 l&.r'IMtt tor th.e .experiment. At th'6 el'ld of 

2 hours tho soils .of each er the 3 plots W&:rG ouefully dug out by slicing 

off tho 1aoil in thin layers with a flat•'.blad-e epade to a depth or 6 ittchlnt-• 

When .a. larva was looe.ted.. its depth or penetra.ti on was mea®r&d with a rulOJ" 

fr the spot located perpendicularl'y to the level of the soil surfe.oe. 

A total of 50 lN"vae wore also Utfld for tho 5 hour and 10 hour tests in 

both samy and clay !Oflln soils re pective 1:y, .makin e. gt"t\nd total of 300 

l.arwe f~ the penetration -tests or the 3 'V'aried periods .of time . Thct results 

appear in table 1. 



for -'.;;cati:l[; t .. he :penctrat10~1 of lar~u.. 'ro %:m fir'tri; plot or s()il o;:10 i'cHY~ 

squ:..u-~ 25 i.ru."'~e ,·mr~ i:rt?-odu~a. the sw:m t.ltt'.'ihar for the secom plot. "'1h1le. 

50 vrerc; plticad 1!1 tho thlrt1 plot ma.king e. total or 100 lo.r"m.o fm" ea.oh trial 

sa:t1dy a.nd c~y lQO.t't soils.;. !r1 digging im"' tho lerw.o., the ao:tl wos oxer.lvated 

f:;o u ciepth c:r· 10 in.ohos... 'Tho dept:h of pc:mr!;.,'ll'(.z.tion of oaoh i:ri!iv:idUfal ltu·~ 

Twenti~ek ·e.nd twfu:i~y-eigh:t.-week tests. 

liuti:mm depth penetration data were pr-ocarod by notinc; the lo·'.J'Ol !'~t t'bich 

lar--1'G.6 wero found L"l tha fumigatiou plots.. For tho fall fumicn,tic:2, la.r,m,e 

were introduced upon the soil on mive:1:.ber 12" l:347,. and v:ero dug cm ltaJ.>oh Sl •. 

1948 (~\ p~riod of' 20 weeks.). Doth liw ru'l.d dead larvae '\'feN i''t,uttd 1n ·iihe 

soil dwht;,!, 'the tliG;ginc proooss and their depths of ponetratio:r.t ,,1tn·& measured 

and recorded:. 1-, total ·of: 809 larvao were located out uf' the origin.al 1.200 

\n.irradnt; it1 tho 12 eopamto pens c-.,,t tho beg;,irmi:mg <:£ the expe.rime::.~. The 

soil vu of candy lorun type in the pecan r:ro:~ nm ¥Jns excavatB>d tn ·ll. ,depth 

or one root .• 

Par tho spri:.lr; f\ID1irsa:cimi ploia,1 the l.A.1·,ro.e wero i.ntro<luc~d on 1:ov-ero:oor 15_. 

lS4/f a.rd loft until l'iEi~~tt ?9., l1?4G througheut rt pc:rioo of 2e 1-vcol:s. Ou:t r,r 
the sa.~e i.;(tit;inn.1 t-oto.l or lJi.r.,.. ... o i:rr.;roduc,3d# only G;}:.!: "t:ere :f ~6. '2ht1 

po:n.t1tnitio11 tli~pt.hs iu ·M>;0 soil of:: btrtt livir~1; r~n~ dca6 lru·~ wer<i mcE1Sure<l 

and reoordtid. i'his probably itldi.ea:oos r.1axitrJt1 depth~ of ,pcntatro:\,lon i'or- this 

partiouh1.r· t:,-pe f.Jl1: s;.oil. 

Testing tho· ti.no l?J""Vn required to burr~, f'rom soil surfaco into the ground« 

Yt•esll W'l.(1 act'lw iar·~e ~r<o itoleased on 'th<, surfe;oo or both $O.ndy tu~ 
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clay l soils to observe their act of burrowing. stop,-watch Wlls used to 

keep the t ach indi vid~l larva raquir d to burrow or dis ppear into the 

oil.. A total of 50 la e were tried one after the other. Th range of 

burram.ne; time required by th larva 1s shown in T ble s. 

Horizontal ove nt of larva in oil. 

Fifty 11 ly larvae re pl ced in a. small oonf ined aNa on th surface 

or both a dy and clay l soils. An iron rod was thrust one foot deep 

vertioally into the soil exaotly through the center pot or the nr a s a 

reference point for horizontal asur ents. Four lots ot 50 lar e e ch were 

dug after one day, two d y • on we k and two 

when ai la.r'Vll s located, the distance it deviated fr th ce?itral rod wa.e 

•sured horizontally. Iata are shown in Ta.ble 6. 

Soil Fum1 tion Te ts 

Twenty-four pens , e eh S x 3 f'eet, were built w:der walnut tr s in the 

Coll ge pee n grave to hold lanae for fumi tion tests. T'wel'VI pens were 

uaed far the f: 11 te t nd twelve for the spring te t. The pens were made of 

l x 6 inch bo&rde et edgewise five inche d ep in the soil (Plate 7). A 

space or 3 rot left between adjacent pens. After larva were introduced 

into the ng and duri!lf; the hole period of f igation, th soil te pe-rattue 

at depth of' 6 inches •s r c.orded by chart • A me. 1 rod connected by 

w1r to the peratur J"eoord r wa 'buried 6 inch s de p in the oil. The 

peratur arts r ren d once very week. The a~ rage weekly 1011 

tem ra~ s cie.lculat4Jd fr the temper ture curv on the charts 'by ans 
Area under_ curve 

of pl nimeter usi th following f ormul , se line ote.l area x 

rang ). 

A hand injector wa ueed for applying the ohem1cals.. It oonaisted of 
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Plate 7. Arra ent of Pem, Spacing S teet Apart. 

Under lJmt Tree•• 

Each Pen, 3 x 3 feet, Contained 105 IaMrae 
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for fed p in the upper part of the rod which ace asure.d and 

forcibly ejected the liquid with stro (Pl te 8 ). T type or injector 

in thi exp riment could b call fr t d f'ran 1 to 60 lliliters at 

i le strok .. Pens r dug to depth of l foot to search fc:sr the r r.iain

living or dead larvae a.r r treatment lfith chemical f cr a rtain period 

of t • A shovel nd a rul r re us d . 

Th 5 kinds of chsmi ls used fo r igation re Propylene dichloride• 

Ethyl.en dibr id , nzene he ohlor1do., Dichloroethyl ether ml Chlord • 
Propyl e dichloride (CH3fflCLCll2CL) is a cl ar., colorless liquid de 

chlorin to propyl ne. It has a bolling point at 9S. 4°c., a 

poi 

very soluble in alcohol or ether. aud tairly stable in th presence of water. 

Propylene dichloride stock ulsion prepared by atirri 8 parts by 

vol ot the eanpound into l part of potash fish- oil aoa.p. Th emulsion 

hould prepared in a. ll ventllat d place or out or doors to avoid 

pr-olo ed breathing its por. The took aolution a diluted with water 

betor$ use. After th emulsion had been applied . eutficient soil s used to 

cov-r th 1njeotion hol s . 

is non•oorro ive . but inflammable che ioal with 

a pl aant odor. Dalrf' :...40 , which contains approximately 40 per cent ot 

Ethyle c dibranide by ight., i prepared by dissolving thylene dibromide 

in a hydrocarbon 1olv nt. It h a boiling point .or 131. 7°c. a s cit'ic 

vity of 2. 11 and bas long period or persist nc in soil. But it 

vapori,:es rapidly af'ter being injected 1n soil, resulting in a thorough 

fur.rd.gation ot the oil to a depth ot 14 to 16 inch s. A "sealing in" is 

necessary ia.tely after iga.tion. The coat of Dowi'ume ~O i . 25 

per gallon. 
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Plate a. A Soil ln.j otor' in Operation 
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Ben!O hemohloride is new organio insectieide. containing ~· il..lil!liiU 

ismer of Denzene hem.chloride a the otive ingredient end oth r isomers 

xaohlorid • Gemtox . ttabl po&.s~ss 6 per nt g i r 

or ensene h chlcrid .,, 40 per cent other tsaners and 50 r cant ohnioal 

Benz,one he chloride. It ,can b appli as s ay. a ust ar in a oluti 

form for injeetio in soil. uai e: oug;h tor to assure unif'orm distribution. 

Thi wri l ooets 60 oenta r poum. 

Diohloroethyl ether (ctBaClzO) i.s a oolorleae liquid with chlorofor 

like odor. It i extre?Mly r istant to hydrol is and is soluble in all 

oil.s and Ol"gan1c solvents. It has a. speoit'io vi ty tJ.f 1.22 e.nd a boilin 

point or 11s.5:0 c. '?his high b-oiling point has the advantage of allow:l the 

i'umi ting proc s to pro d ov, r a oonaiderabl l Xlgth of t • This 

eh6mic l ie not '111 ry vole.til and its vapor 1- a.bout oi times a heavy s 

air. 

A stock solution le prepared by :first stirring 9 pa.rte by vol' of 

Dichlot'oetbyl ether into l part of potash £1 h- oil soap. 'the ether must be 

added lOlfly and each portion ompl&tely worked into the soap bef'oro another 

is added. en th fish-oil 1100..p and aichloroethyl ether have b n tharoughly 

emulsified,. water i added With eonat&nt tirring until the emulaion mea.surea 

trice the vol of dichlaro&thyl ether used. This results in a etook 

ulsion containing 50 per cent of dichloroethyl ,ether. The stock emulsion 

is diluted with 1118.ter bet'ore us » depending on the dilution required. Thia 

chemical •ighe 10.2 pounds per gallon nd it costs 17 cents pound. 

Chlt.r.dane {C1oHeCls) 18 chlorinated droearbon o pound,. solubl in 

deoderiaed k&roaenea end other Ol' nio aol _nts. but insoluble in water. 

Gblordan should be formulated with Mluent he.vir:tg acidic properties . It 

i viseoue. nearly «lorless and has e. boil point at 175° c. The 40 per amt 

ettabl Chlcrd e pOlllder ret ils t tl. 15 per pound. 



The a.ll Applic tion. 

1'h of 12 for th fall fumir,ation ahmm in th 

f ollori di gr 1 

8 s I 7 I I 

3 G G q 

2. 4- 6 

Figure l. elv, Pens Built und r alnut Tr e for the Fall FU?!li tion 

numbered desig ted by a. ranclanised ayst • A total or 

105 larvae re introduced with epoon to each pen. Iilr e r spread 

e'V nly on the oil surface in Ol'der to tta.in a r irly ven distribution in 

the soil af'ti r th ir pen tra.tion. The pens re treated with foal 

fl' n neka after the lar u re in th s il. 

All p na wer ch ically tra t d e.xcept Pan o. 12. whiah 

a check plot. P n o. l and Pen o. 2 

&pplied t the rte or 2 fluid oun a 4 fluid uno a per sq 

used for 

respectiv ly. Pen o. 1 received 1. pint and P n No. 2 

of the 10 per ce?It emu.l ion of' Propylen diohlorid • 

eived 2 pinta 

Pen No. and Pen o. 4 tre d th hylene dibr id (using 

Dowi'ume - 40) ppliad at th ratos of 20 and 40 llons per aore r speot1vely. 

P n o. 5 am P n No. 6 r treated by apr ying the sw-face of the so11 

with Benzen he:xa.ahloride t 20 pounds a.nd 30 pound per ere respectively. 

For P n No. s. two grams of Bem:e heDohloride re diluted in two pints (f 
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r P n • G thre f!1' w re dilute 1n tl e sa.m q ntity o 

r. 

The surf o of Pen No. 1 s du t& ith Benzene h mchlorid at th 

rate of 20 pound pe7 aero. '? e s used t increas th vol: of 

d t to ob n a or unifo pplioation. 

Pen o. 8 and Pen ro. 9 were tr ci with Dichloroeth.yl eth r t 20 

gallons and 40 Ilona per or r spectively. 

Pen o. 10 wa.e tre ted by spraying th aur.t ee of the soil w.i th Ollordane 

at the rate of 8 pound per acre. atlord ne w diluted with nough water 

for adequate di tributio 

Pen No. 11 s dusted w1 th Chlordane t 20 pouma per a.ore. uf'f1oii nt 

talc us d to dilute the chlordane to t a unif o application on the 

aoil surface. 

All thft r igants • em pt Benze h chloride Qilorde.ne • re 

pp lied by th Spot Injecti o Uethod. In the trea:tm•nt with thylen 

dibromide and Dichloroe.thyl th r the pe ere marked off into 12 inch 

squares on the oil surface of the plot, thu ma.ldng 14 injeotion points to 

ch pe.n. 

Thirty inj otio point; de in oh of th pena trea d with 

Propyl ne dichloride . The in· otor punah d hol 8 inches d p into thG soil 

(Pla 8 9). Hole re eo d up with soil di tely att.r tumig tion. 

hie r 11 application ork s completed on De so. 1941. and re ults 

r checked on reh 31. 1948. by digging nd oounti th liv an:1 de 

lana.e in the soil of ch 0£ th pens.. The hole period of ir.le took l3 

weeks frCl!I tumig ti.on until digging. 

The Spr1 Application. 

The rrang nt of the 12 pens for th apring f'umi t1on is shown 1n 
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7 4 12 

q [J 8 

3 G s 

6 10 2 

12 Pena far tJlo Spring F g ticn 

pen w desig;nated t rand , Tia oond te t 

pp lied April 24. 1948., thus allOl.'ting perio 

of' f1v months ror the to ea hlish t -elves in tJw • The 

Spot Inject:l-on method s u d in ll the t.re nt.. in thiu teat. 

plot mnrked o£r into 10 inch uarea with a 3 inch spe.c~ ound the 

bQr'de:r of ch po A total or 16 injection ol e in each. 

(S e Figure 3}. 

' \. 'LI 

I "\ 
'.) 

Figure 3., J.G llol in aah Pen by the Spot Inj 0-tion th.al 



26 

PlAte 9. Injecting ~opyla o Dichlarid• 

Six Inohea Deep into the Soil 
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i.'-onner ~ n.~eordingly treated vd:l:;h 1.a1 gr~r:1.s .or ~~ha lih~ico.l by mixing with 

vmtor to l't pints ooforo use,, while the latter had 2.8 f\'.1"W::'.'.S i~ ~- pi!'tt:s of 

Pen !'~o. 1 and Pen No. $ ~. eAoh treated -with tdchlol"oothyl eth.~r; the 

.forner usi,1;1g l'i pL'lts of too 5 per -0ent er,1.ttlsion at tho rate of' l fluid 01nwe 

pe1,. squ.r,~e )~rd i.t.nd the lat-tor tmi!J.g lt pil'fus ~:f· th.:, 7 .6 per cent er1tilsion 

e,t tho rate ocf' l:'! fluid oune~s p9r 1Sque.re !.l'M"'d .. 

P!!n 1:0. 9 ~ .. nd Pen no. 10 wero trented lly injeoti 0-.;1 rd tJl G!llordar:w at 

the rat,c~ of' B pcr:.1ii::fa a,"ld '9 pountln per e.er.o ros!;,eoti',rol~"• Cl1lord11ne v:as 

dilwted vJi th wator to l:t pints .i!l each. ease. 

All th~ l)el'ls wet'€! due; durin.~ tllfl eml of 'ifEiy, 19.,;,a;J five weeka after 

~a;l1;'l~nt. The met..ltod of dirr,gins. ~ to approooh. frCl'.! the outs1.de or tho 

pen. A!.!. area 1 x S feet outside ct• but adjaoont to,. the plot; '!mG dug fil"'Gi; 

(Plates 10 and 11} to res.eh a 4epth of' l f'oot in the soil. Then the board 

m.s t"e:nowd 'bo .start working the soil inside t,he pen (Plato 12). A epn.de of 

e. flat-blo.da:d type \'ffl.S used and the soil v,as .shaved o::.' perpandicruh?ly dO!l'rn.• 

wards., As thin slices of soil cnme out• 18.J."Vae werf.! easi.ly looo.t&d {Plate l3 ).., 





Plate 10. Remove Soil tran aw Side or a. Pen 

In Preparation tar Digging and SoreelW:1£ -the Soil 

To Count I.&rvae 

29 
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Plate 11. Pen ?lo. 1 with a liole Dttg to a Depth or One Foot on the Qltside 

In Preparation for Examinin.g the Soil 

(A 
0 
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Plate 12. 1 thocl of Digging • Blemc:rving One Board efore start 
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Plate l.S. Searching far Iarva• in th Pen 



( 

Plate l • Larva located &~ 1nohe:s !Jelawr Soil SUrfaoe 

l 
/ 



Plat.a 15. Pen 04 3 of Spring Appll tion -

A Dead Iana. Loea.tod &t ti I:nchee in ylene Dibrud.de Treatment 



/ 

Plate 10. A Liv 1Arvn. Located at Depth or 4 Inches 1n Soil 
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Plate 17. Pen No. 3 of the Spri.ng Appltce.tion 

With Ir&lf of 1 ts ANa Already Dug. 

Cmo lArva. ia Diet1notly Vieibl• 

u 
C) 
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Pl to 20. Dead !&nae Sh iug Diso-olored and BlackDned Bodies 

Atter Treat with hylene Dibranid• 

S9 



Ple.te 21 A Group of I.a e Still Alive 

Three Month& After Troabnent ith Dichloroeth:yl ther 

At the Rate of 20 Gallona Pel" AON 

40 



Plate 22. freati Soil Ar nd Peoan Tree with Q\ icala 

For IArv& control 

41 



Plate 23. 1AM'a have been removed !"ran infested peoans by woodpecker•• 

.ta colleotetd fran tree in Je.nua:ry ~ 
N 



I:n stwyu1g the f'eoo:ine; r..ebits or ti1e paaan -weevilit f.ilie foll(,Jdtte i'a,rts 

tror~ o1li.aitmd,t 

hae two t1~J '<''""'"°*1,, 1::.h:loh Stll°Vt'I as 'tho dri 11:ing ~cha..~is:rn i'O'lt' boring: hole& 

sh~llz sr.ri': +be: nu:l:.a.., 

~~· lru•,1w in~ide the nut. 't'-le pun.oturo t1ade by a 't'!.'OO'vil 'flRs,. in rm.est 

cu~s,. located .n;g1u• the blossom end o.r 'too nut .. 

In flE1110ral.q tw'o t-o :four !a.TVaG '!R'&re fc1tUKl. in .an ini'ested nut.,. As 

lru.'-w.a ! beeame fully ~OW"n they had pra-at1oo.1ly destroyed t.I10 1:erool/J lcr.:v

ing a black~ pO!!.re'ierod residue in the ehe.ll .. 

Ji'emale we:evila punctured peOOllS wlth -chair beaks f.or both the pu:-pooe~ 

of i'e1;1ding a:1:ld depooi ting eggs., while male weevils punctured for re.etli::2£?, 

onl;r-

t;eve:rel la1""v1:u1 inside one pecan ~ight eonie out suooessiwly t!wou;h. th& 

sar.1<1 hole about 1/& ·of M inon in di·~"':tete:r bored by tho first lnr1i"a,. 

eo;1tr'aCtion and extonsi.011 rn~ents ea.oh la.r-w. squee,;ed ita flexible body 

out of' the hole. 

Adult i):lse·ots wen:t not f mmd to be ttotive tl:fore and they fa.ikHl to 

aurvi";t'3 the wint6?' :montl1s. Th&:;· began to disappear frai, tht1 trees about the 

latter part of.' October .in Stillwater .. 

'ib,<i results of larva soil penetration are presented in the tables 

follcming.t 
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~reat-: s O i 1 D e p t h 
t1ent I 2" : 3" : 3.511 : 4 fi 4 . 5" : 5" : r:; . s" : r" r f r h . \,, : 7" r 7 . 511 : 8 " e.~" 9" : F"' : 11 " : rot!:\l 
Plot 1 .\ D I A !) : A D : A D A D : A "' : ti. !) : A r : A D : A D A D : A D : A. I; f\ D : _\ ;:' ,\ D Ji. D 

: : : : : : : I ; 
Pen 1: : 9 :13 1 : 21 : 8 1 : 11 2 : 4 2 : : : : :70 

: 
Pen 2 : : 4 1 ! f. 3 I ~ " : 5 r: 4 f, 3 1 1 1 : 1 1 : : 1 : : 31 28 

I : : I I : I : : : : I : : : 

Pen 3 : : 4 2 I ? 1 I 3 3 •i, l : 2 4 r 2 1 2 1 3 1 : 2 : 1 1 :2,~ 14 
I : : I : : : 

Pet 41 1 : 7 1 • r . ~ 4 : 7 •1 : 4 3 : 9 1 I 1 : 1 1 1 : :i" 14 
I I : : : : I : : : : 

Fen 5: rlO tl7 1 : 14 l :16 115 : 7 1 : 1 1 : : : : ~4 2 
I I I I : I I : : : 

I 

.tlJn 6: I 3 : 7 119 :10 : 11 t 7 2 2 : 2 2 : : : ,.-: )..) 

I : : : I : I : : 
Pe:s 7r I 7 114 : 17 : 13 1 rl4 I 8 r : 2 I 4 1 : : :BC 1 

I I : : I I : : : I : : I 
Fen 8 : I 5 E : 12 :12 :12 2 :14 1 : 8 4 I 3 1 : 2 : 1 1 l 3 : : 1 I : ~ .... ._ ~ 

I I I : I I 

en 9 1 : : 2 I 7 l : 13 3 : 25 4 : 20 2 : 9 l 4 : .) : 2 : : 'E- :a 
I I : I : I I I : I : : 

en 101 : 2 I 6 :14 114 120 : 9 f, l I I 2 : 1 : I : ... - , 
: ,.;> ... 

I : : I I r I I I : I 

Pen 11: ,1- 2 111 :15 :13 114 113 : 9 I 2 I I : 
,.,,.. 

I ~ 2 
I : : : I : : I : 

Pen 12: I 3 . " :15 l : 2:.' :24 : 8 • I"' : 2 : l : 1 : : :87 1 • V . . : . - .J._. . ----- _, __ ------
Total 1 1 AO I 109 : 170 I lf4 : 179 : 92 t vl : 21 : 20 r 9 3 

.., 
1 l "99 : : : : ... : 

--
'::'abh 3 . Locritions of lArvu !'ou?l:! i.t tl-ie pons of fall tr':latn:o:::tc . 

IArvae i:'l t.'le 11ei l for 20 weeks 

•The letters A a .nd D ind i ca to Ali ,e and Dond , re e pe c ti vo l:,r 
.;,. ,., 



Tre'lt-t 
- --·- ·-- S 0--1--f D e t t h 

tl"r.t I 2" I 311 t 3.5" t 4" I 4 . 5" I 5w 1 5 . s " : 6 if I 6 . 5" I 7 11 I 7.511 : av 8 c; ii I 9" : 10 11 . ' 
Pl.-+ : A !) I A D I A 1) : A D I 4. D I A D I A D : A D I A ::> t A D I A D I A D : A. D : 6- D I A 

J I I : t : t I 
Pen 1: I 1 I : 2 I 7 122 4 113 2 : 11 2 :12 1 I 4 : 2 : : : I 

I 

1-en 2 1 I l t t l I l I 2 I l I : I I I : : : 
: I I I t I I I I : : : : I I 

Fen 31 l 1 : : 4 :14 :10 : 6 I 6 I 2 I : I : I I : 
I 

Pen 4 : I I : 7 I 17 : 38 t l 18 I 12 I 4 I : 1 : : I : 
I I I : I : : : : : I I : I : 

Pen 5 , l I : : I : 2 I 3 I l 1 I l : 2 : l I 1 : : 
I l I : : : : : : I 

F9n ~ I t I I I 1 I t I 1 : : 2 I I 1 : I : 
I : I t r t : 

Pen 7 r I 2 I :11 :10 1 : 1 f. :12 2 : 11 1 : 8 I 11 I 3 I : 
I t I I : : I 

en 6 : : : I 2 : 4 :10 2 I q 2 : 7 r :10 I 2 2 5 : 3 2 : 1 
I : I : I : 

P9n 9 1 : 4 I 3 I 4 : 6 : 27 : 8 6 7 2 : 8 1 : 4 : 2 : : 
J I I : I I : : : I I I : t 

·en 101 I I I 1 I I I 1 : 2 l : : 1 1 I 1 : I 1 : 1 
I I I I I I I I 

Pon 11 r I l l f l I 9 112 ,11 : 7 I 9 I 8 I 4 I : I 

l t I t t I I I 
Fen 12, I I r 3 I 3 111 123 122 I 9 110 I 5 I 6 : l I 7 : 

I I t I I I I I I : I : I I 
'r' otal I 2 J_ 8 I 7 I 51 1 60 : 147 : 111 1 94 I 58 58 I 31 I 19 f . 10 l ' . . ' 

Tahle 4. Locations of larV9. in the pens of spring t r ea';ments . 

I..a.rvae allowed 28 weeks in tho soil . 

•Tho letters A and D indicate Alive and Doad , roapeotively 
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Figure 4 ~ larim. Penetration in the Pens 

For the Fall and the Spr ing Treatmentao 
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Figure 5.. Showing the Time Required by Larvae in Burrowing 



Dljtarice- -or-uirw. • --Number -af-IArvu ___ --- ~-· ~ - --- ----
Deviating Fran the , . . . · 
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e,.nti l to 2i;1 i1iohcs in clay loe.:::i soil.,. vvher1:1as :t:1 4S h0tn-·o inogt l~e 

pe:netrate<l 2 to 3-b inches in mi:n.dy lOflln stiltl l-~ ta ·SB inohes in. clay lo-ar1 

aoil-.. 

Thb i.."1.dieo.tod larvae penei:ratad a.bout 1/2 an in-ch. deeper duril1tJ tho 

~oond day than during ihe :f'irst.. ifuile t.tie ran.~ or peMtrati-on e~tendud 

f'r~ 1/2 a.n iuoli to G 1..'1.chec deep i:..'l. t:1.e sr,11. most lal"'.me were l0t:1e:too 

bet~cn 1 a:;id Sii: :c1chas. 

In 7 dny.s r:100t larvae :P(-inetra~3d ,; to G :l.rrohe5 deep in sandy loom.,, and 2 

to E inches in clay lo&1.L1 soilaJ vmile in 14 days moot of th<orl penetre.tt,d 2-} 

the aoil durine tbe first wook of' penetratio:t1. thel"e ,vas no eientfie.ru2t 
_,..-- ·----~-:---·· .. 

~1hen liU"'vae vreK·e a.lloW(ld to $:t&y £or a long period or 20 ffllcl:s in ·~ 

oro~1ard soil.,. 92 pc:r oont ot: t.hom (SS.5 ·out of' a total of SSS) l'rere :fo'l1Jld in. 



';'iile::i l~uo we:i:"e ·allowed to raMain. OWl" e. pea .. ior.l of 20 !';'eeks fr~ 

liov«i1bN:.•.,. l947 to Mt:tf• 1D4B,1t 81 per cent of then (6'79 la.nne m,;t of tho totn.l 

nuriber of 6!"1'1:) were lot>ated batwe.t'tn 4i an:l 1 :lncltoa doop in tho soil. ·ctr.1th 

th.o ~ !'l'tlt'iber, cf' larva~ s.lao L'"l the c 1neh l&ytir.. Tne::."'e 1~.e. no (:~f!.t 

dif':feri~n~~ in t~e ra.."'!.go er rm;~"'Jt'!'a pen~tration bctrr:s<:;1:; tho 1:;oj."'locu of tlO ~-

2'~ t')ltH.,ka,. 

'The ds."bt ehowe6 'bhat artor 6 months ;im:,:at. of' the ln.i'Va.0 ueria locsata<l from 

4 to 6 bov..oo d~op in. an orel-ler<! s:oil. 

Ia (i.irteminh1g how loag: a lar'VU would expose it$ol.r upon tho sur£aee or 

t?le ~oil.;; 1t ~ :f'Cl'.md t..~t Z10St. ltU'VQe oauld burrw and eonple-toly dl.eappo{l;l' 

withill lg minutes ta 2-'~ mnu:tso in sandy loam_. and i'rom, 2it rd.nuwn ·to 3~ 

mimite:s im euiy loa,,"'1l ao.ils. The result:G: sllmi.~d that it tock a ,!lightly lO!lt;Gr 

title for i:;he le.r7'8£ ·to burrow :tu el.a.? loom tha.n in so.my loa:::1. In g.enora.l., 

the e:ve,:-~~ tirr.o a J.arvo. requil'"t.ld to burr'O\V into an orii~· orc~l eoil was 

be{;J~ffii 2 and 8 !llinutes. 

In tssti~~ tlw hor!%ontal mov$'lents cf la:r~ in the soil it was i~ounrJ 

tr~-1; larimo t:iould. 11.crve side\T.i.ae £ra11 l&S"S the.~ 1/2 1.no-h to i:.s far' as 3 inc..li~s 

'Within 2<!: !1.otws to 2 weeks.. °REl'sults shawed tlm.."'.:; a majority of J.a.r1ra.t-1 ~rer-o 

l00tr,:ted, i:lot mm:-~ tl1'J.n ·} an inoh '\"lhmt ::rieOJ:r'Moo horit:o.r.fa1ll7 fi"o'il +..1'1'1 eentr.al 

point; oi' dsvia:t.io..'l. This: indioatod 'that dtu-i11g bur1 .. owit{::,,. lt~o sa~1e:c~ to 

have o.. teudonoy ,of penetrating moro or loss vertically dat~tl int() tiic soil .. 

Ros,,;l'tn of the fall treatmont.a (Table 7) shm10d that mhyloi:.'O dir..ramida 

and Propylenf:'1 c1ioh1orido wero offootivo in tho control <£ 1:woo.n weevil larvae. 

Ethylene dibromidc applied m; tho rate oi' 20 e,l\llons pel"' ti.e:.~1:1 killed 75 per 

eeut ot the l~ .and {!;QVG i::he beet control -of tho r.w.tru;-io.lo- ua-ed h1 t.11<:Hie 

expe:r-~9:llts. Propylene diehlorido n.pplied at the rfl!;;o of 151 gallons 1,sr awe 

(prepared in th~ f'o:rm -of 10 par oa:nt cmu.lslon) killo<l 70 .. 5 por e<mt d.' tho 



t · . t t ----- 1 tlruml:ier of ~vael''ourid After Treated 
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; • - t t • 
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dichloride• l 1 2 £1.oz./aq.yd. to!' 1o,t emulsion . .;~9.7oc • 70 2 33 ea.e 

t . • t · • (Total 30 injoctions)l 
• · • ,2} pints/sq.yd , t , 
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• t 
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• 
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Benz on& t ' l 
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t t 
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t 7 a (dusting) 
J t 
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t 1 
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I t 

Chlordane tlO t 6 lbs./aort 
I I 
• t 
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toxic 

hoth 

to 1:ivc 

to 



soil in 



2 flt:tid 



orfe~ ill k~"~ 'Otrtttrcl by ::::prey or dus"c, hut :u:1 Ta.1:,lo B tt-..ay shOt'l oonsid.-ablG 

co11trolli~e ·ef"!o.ct by t,ha. inj11h1tion met'hodw Tli:12 illrlioates that t!lurf'aco 

etpplioa'tio.oo -01~ t~sa :mnttJriali\i! {st~ ean:p1at:.cl;r useless w!1ilo uni:1~rgroum 

its 11on ... phytoeiru3.l efi't1at., ~ince poe1n tree!'§ ~he\'re~'\ no hamful -0f1..,ect$' ~l" 

troat100nts with tho :t'ivo kinds or ®!'.'lmioals used in. this exper:1'.""ll1H'.iic~ it i!fi 

pi"oho.hl.;r safo to 1~·H.::amnond them. tor priu.:it:im:tl t{ppli.e..a.tio11. in l)G'1C@ oreha.rns. 



The pecan 1meVil oru.ise-s eerioi:w tlrunag;o ·to tho W':mus.l proouct,ion dJ? poca,n. 

nuts in rr~ pa.rt;s of -the State of Oklahomo.. TI:b.tural e.tWeilfis nnd v.nf e;,vombltl 

ol:hnatie em'iroments may e.ecoum f.O'l' ld.llin~ a. smill peroe~(J) of tho 

population. of the pGOO.n woevil .la.rvao in &oil.. 

'foo a.dult weevils emeri::;e from unde:rerou!ld a..'ld l?"q into poean trees 

during t.he le.ta summm.". In. JatG sur~ t~'!" .... '\lc •:raevils dep.asit eegs in the 

k~t'Mle of nut,s.. 'loo S.tuart .v.nA Sohli,y vn.l":ioties are more stmeepti'blc to 

vmevil. injury ·thtm other variotleE;:·• mien matured larvae ene1•ge from th'ii 

nut:s on tho t!"fl}es and drop to tho ground:t they burrat'J rapidly into the so-ll, 

usua.lly in 2 to S minutos. TJithia. the !'irst or aeoom 1:1ik'le-k after· penetra

tion larvao ootabli$h themsolve:s by building cells iu tho soil.-

Mo:st lo.~c a.re lG.cated 5 t.o e incl;iee deep in the noil-. though a i'O'Lwr 

num.ber ·oo.:y penatrttte aa dffp as 11 inches~ lD.rw.e shON no ter.do-ncy to 

travel horizontally onee they es•t.ablish tlwmsel:ves in tho soil. l'Itere is no 

sign!f':toant diffm."ence bGtwoen sa..~y lQG.r:1 nnd elQY 1()6.ffi soils in the dopth 

of penetrstioo of larvae. 

Ac.oordiX!g to the roaults of •oil fu.mif,;ntion two Qher;li.on-Is -wm-e found 

&ffaotiva i!i. tb~ oontrol of pe.can ~vil lal'W.e.. The most off'ootiw treatment 

wu tM appliea.tion. of :t::thylene dibromidE; at the rate ct {0 tall®$ pw a.ere. 

The aectm'.:1 ef'.f~etive tree.tm.ont was Propylt1n1¢t dichloride applied .m,t 151 gallons 

par aero. 

r,enzen~ he~e.hloride end f2llordan9 e.ppl:led nt so and 9 pounds ~r aora 

rospeetiwly E!"~a to ~ :mooera:tcly e:ffeotivo by- the inje.ction method. But 

·wnen tl1oy 'Wt'lrG·c.ppliod in tho form oi' n spr-tty or tlui'!t they 't'teriil! not ef·rnetiw,. 

Dichloroothyl etlwr 11nM: tU:1:Mrel;.it ino·f!'oo'f.,ivo in lQl'Va ocntrol. Durirtg 

eool ~rioos,. Yille?:t soil te~t-ures 1.\lero below, !}00£.', the offoetr. ot soil 

fumigants mr(J 1C"~ th~!"Ji ~ll applied nt soil tonpere.ttwea ~bove 50°F., PeCE.tn 



tr'e.&s sbOl!led no harmful f.ttfeots wllen scils aroun<l them we.re tr•ated with 

Propylene diehlot'ide_. Ethyl.em dibr,mide,.. Bem.e-ne he,raehlondv. Dichloro-· 

ethyl ether and Chl~a.ne. 
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