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Ibe control of euoterwuieuii insects baa long been

recognised u oat of Uie Met difficult probleaa confront-

ing to* •eanoulc oatoii»lotiat. «ui recognise tue iapor-

tanee or aa ecological stud, of an orgaaiaoi'a bebitat in

tue development or control aeaeurea. ,atbouga aaay in-

aecticides beve been raenia—

a

dad torougbout toe literature,

little or ao oeatlon baa bean made or toe exfect of tiia

obenloala upon to* Mil eavironueat.

i'i'aatiiit, toe aoil »iw eneuiculs readers tbe dynaalc

nature or toe aoil joorc complex and in aaay oaaaa baa an

afreet on tbe obeoieal bad pnyeieal properties aa well aa

tita biological activities or any aoil typo. gaay or

compounds nave aa effect, eitoer directly or indirectly,

upon planta groan upon a treated aoil. all references la

toe literature refer to affect on toe inaeot and little

or no attantiou la given to effect of toe laaeoticide on

toe aoii. toe problem of aoil insecticide* therefore calle

for cooperation between toe edapbologlet, agronomist, aoil

bacterioiogiat, ebemlat, plant puyaiologlat, and economic

entoettloglat.

Xba worn presented la tola paper ia tnat acco-^pxiaued

during toe paat year oa toe effects of a number of aoil



insecticides upon feu* soil, soil biology, ana crop plant**

It is plana** to discard any cn**lo*l union prove*

devlrtvdlj detrimental to t~e soil or orop in »ny ***• Xa*

ohm uavln*, tn* Iwit aeieterious erfeot will later be

tested as to taeir toxicity to inseots.

Acknowledgment is aereby gi»«" to ay instructor**

Professor J. «. ttaColloeu of tu* Depsrtaent or lintoaology

end Or. *. n. Duxey or tne Soils D*p*rt»*nt for weir

any suggestions sad kindly critlcisa*. Xo*se two mo

ere never too busy to give tncir attention to any detail

or tii* work, ^einoeledgisent is given to to* agronoay

Department ror tne use or wieir soil* laboratory end

©quipaent. *ror*ssor tiainey or tne bacteriology Departs***

allowed Wet unrestricted use or nis laboratory and equip-

ment, ana g*v* oh** aelpTul advice on tne soil microbiology

passe or tne work. Dr. a. •• filler oT tne uotany Depart-

est kindly allowed toe writer to use uia extensive oibli-

ograpny. «r» C. A. wunns, t*«naioian or tu* zoology De-

parwent, neaped by allowing tne writer tne use or nis

dark room ror tne developing or pnotograpns.



Snare la no place in entosaolOfelcal literature «w« a

complete blbllo&r*p<jy oa soil inaeotlcldaa ctJi be round*

nuiie no olala ie aade for coapleteaeaa the wltw feelc

taet the aejor topic* nave tmn tefcen op and dlecuaaed

in tula review of literature. Xue eontrioutiono ara

grouped under the ob—lcal which ia dlaeuaaad or recoap

Areenieala

(1*10) eaerloed Ui* deeto of a nuooar of

apple treea in Colorado oroberda to ereataloel poieoalng.

Upon finding eoluble araanlo in laaiona around the oollar

whica wara elailar to t;-e diaaaaa "oollar rot", ha oon-

oludad that tua laaiona vara due tb the praaanea of aolubla

araanlo and that apraylag with araenleela «aa a dangcrou

praatlaa. baJ.1, i'itua taxi firavea (1810), working in Stab

and Colorado, point out that uano and San Savla *r« aoat

auacaptibla to toeae araanlafa laaiona about the collar.

i'-ese vurietiea ore alao eepoclally aueceptibie to a

fungm* diaaaaa known «a "oollur rot*. BM| enow tr-et tb*

orabarda in abiab trt-aa ara dying (eepccially Jonathan)

underlaid with an araenlaal beeriat, uari, t>nd that



treea «erc artcctoa aorae darioe aeaaoua of t nlgii utter

tabic* Xneir cj.oeiUt, atutfc-eiit is, "la eacu ctaea alkali

itaelf la euillclent to eauaa tne deatn of trt-ea."

ittfeW (X912) anowa ?(.rla green to be toxic to pine

eeedliat* wmsu need in concentration greater than 3.6

8MM N -•' ga*»M -. Willi

Breaebley (1914J atatve, "it ia incorrect to aay tbat

aracnlc ia always preat.- w ia aeaenti*l to plant

~~^- MM •— I a»|8 M M MMfltt M mUm
planta if preaent ia cAantltlea of oaa to 80*000 parte.

Coneentretloue oi araealoua acid, oaa to 1U,UOO and upward,

completely atopped growtu of peaa and barley, uepreaaed

growth aaa noticed la coneentrtaioaa of oac to 10*000

parte, aodlua aveenlte ia coacantratiaaa of oae to

860,000,000 purta depreeaed grovtn of barley aad paaa.

Concentration of oaa to £,000,000 parta uauelly gave a

ciifcdt dapraaaion aad aould aoaatiaaa etrou^ly cheek

developoent. Srenehley atatea, "At tae ttou*^petoa Station

uo atiiaulatioa aaa yet baaa obtained wita any plant alth

the poaaibla exception of too ahite lupine, barley groan

~ry weak ooaaantrationa of AegQ6 davelopa line,

baa 1 thy, green aolerad loaves end a atlmuietlng affect ia

euggeatou, but dry weights do not uphold tnla taeory."



Graves (1816) found load WMoatt to mvi a etiaulat-

ing Affect on nitrification. Sodiua uracnate, araenlc

trioxlde and sine ereenite in Uu order nwaed tlto eno»ed

* atimUatiag notion. Far!, green ia rwy toxic «oan taa

•oneentration meat* u» pp*., mm toxicity being cue to

copper and not to araenlc sediua eracnltc »aa toxic in

concentration* of %o .u aitrlfleatlon v*s stopped

at £40 . ad eraenat* eae not toxic in concentration*

of 400 ppa. tiU) atlaulation la grcateat enen tne eater

soluble arcenic content la about 10 ppc. ue seye, "tn*

ain part of tne atlaulation noted In tiie aoil la un-

stably due to tne araenlc lnaibiting lnjurioua species.*

Ullagseortii (iai7) states, "nraia na* a ^-MkkI af-

ttf for araenlc «nlcn nex a defioculatiag effect on tne

aoil, asJciag It acre retentive of wjiatur*. ao expreaaea

a nope that araenloala .ill prove efficient seed destroyers

and grub killers.

llllngseorfca (1B1») recoaeand* Urn addition of 10

pawed* of unite araenlc to 600 pounda of mat worx manure,

«ni«t la tnen applied to one acre of land, if applied at

tne rate of 80 pounda pw acre, bruba did not appear at all.

iillngaeortu (18»l) p^vea <X> pounda of vnite areenlc

to oe efficient in tue control ef Isodon panctlcoliia

libel, in gardeaa.



aiiler (Ifcid) reeooaends calclua wMtti end mM§
one pound eecn to £oar pound* of i^rdittoa lias Tor toe con-

trol of tne «uluo been beetle, ftrJITfllUfflf wramte .

Xnls itixture anould bo applied at tne r- I pound*

M" MMs t*W #»llMt<aM ..<-~^. w^.

leaou U9.ifc) suoctsts v..fe ana of lead arsenate at too

rata of 1500 pounds par acre la aaraerlca to control

fo^llilaj iaponlca. u* at-tts, leaver, MM toe ultlsnte

effect Is not as yet anosn and advises against toe trc..-

aent of large areas.

iMaa end Uw (1907) reeoaeend acid laad arsenate at

too rate or tnree sad oaa-toalf pounds par XdO square feat

against
I jaaoaiaj^ Sola atoould be spread evenly

over tne surf.oe of tue soil end worked to a deptu of four

Inobes. zney aboa tnat tola treatment ieilia grabs. etl--a-

lates growt-i of gross ana reduces t,eralaation of aoed seed.

.oars sad rvaaaa* (1916) eoralag In ..lecoaein on

iaaanosteraa graos, anoe tbat SU.i par aont of m»
are allied bjr dlpplag tne roots Into souiu- eraoaite sola-

tia.. ttV transplanting tlue. so *j plants wee

notleed.

Harris end Mingle (1947) snow tost plants differ in

tolerance to arsenie. aeons and euouabers are very sua-

ceptiole Mala aereole aod grasses are wore reelstaut.



:

iu-«M.i« trioxiuc deoreases transpirktloa of oats siioa In

coucontratioas sa low as one to l,QUO,o>00 pp*. Taaatoes

snow « oeorease la traaapirutioii It' grown la concentra-

tions or 10 to 1,000,000 jvrta, - au tala oeorease is aore

eppai-o.it; lu olrect proportion to t.io ftaouat of arsenlo

ended until serious injury 0i* deato results. Arsenites

are acre toxic I .atea. la send ouluu*es (older

eonditlons bolut, wPjiel) UM injury Is appio?ent In ft snorter

tiro. SH9 state, *fttta incorporation of arsenical oes*

poouds la u»o soil is • uanserous practise sod any eeuse

ooaeiderebit> injury &s tne oonoentratiou increases.

Csroon Slsalpnide

« aisalpuiOe was tne first cusjaical to Os used

us * soil inseeticlue. Sftste | , worftlns lu rreaoe,

used tula jfctoi-iul a$ainst tao ^rape pay-.xoa.ora.

. -austoeu sod iiiaacriana (1081) roconreondod

to* uss Oi. c»i'oou disulpuiuo «t tne rate of 100 pounds per

•ers ftfcftiast grubs in lawns.

. .) appliod carbon uisulpuide to Uie soil «t

rates varying i'ra* 176 to 3S44 pounds. no versed witii to*

offoot on insects, acaetodos, waits grubs* sod mole

erlcitetaj on plants* toestoes, carnations and bests, ue

advises a delay of lb to HO oats after treating toe soil



before sowing; also, tut; addition or ni Urate oi aotu.

planting ti±ie. inia ohonlcal snonld not case into contact

with tab roots. is cited by nla Mt **g-iafc, "2ne

introduction of carbon dlsulpnlds iu\, I soli nee

-iiect or eitner cosjpletei,/ or tcqpererlly arresting

vegetation Mid dinq.ilanlnt. produetlcn of vegetable natter.

(1014) and uuJi,« (1916) sj mm
-Ilea by injections aT . M .xes

In toe soil* tne nolo* being lKBedleiely pluggea

fred (1916) rouno carbon a 1sulphide to temporarily

reduce tfce nicroorgajiiatia. Xnls is 1oilseed by a great

Increase In naeber or bacteria and * corresponding In-

crease In product- ..a or soluble nitrogen is

noted. Froa toe evidence* It seen* tout carbon diau*

In soil produces an increase in soluble coapoonds or

nitrogen and sulpnur.

Qainsy (191d) round earbun disulpnide and toluol IT

edded to quantities to oneek tne asotobestor group* usu-

ally destroyed tn* organisms, ne state, MMM is no

evldenoo in taese eaperlaents to sno« tus.6 treatment witn

antiseptics stimulates tiie nitrifying organisa, ana tnere

Is little evidence to indicate e stimulating ei'fect upon

-



.

Jarvle 111.. i o«ac oiseU* proved

- } -Ofcloua oi' oue-fc- iOOifi -J.ix c k

dlau . iiioiitta.

. Met—»
mim%t tafei

Pieei -voiiui iu auto i'iiie

-aii of the otto*

be Vue

( . . lve«

. Uttd) ttciag au tapirator to p«JU &ae

.uu bfa» paeeed tl It «.i.jj3t i_a

fast ts 11' ware -u. hew* w

MrtataH

I --ui. (1^1*) uacu u c . ^ t^)iiiOe euulsloa Ml

»i~ -quax parte of earbcw dlaulphlde aad ve£*taule

oil H i-ie» when poured la too ft-

«uireu aooiwt o- If hike line water, sucoe.

UM (1934) found one- _-. M - - one* of

carbon dlaulphlde einuiaiaa to one to two qaurta of eater

-^iled »irewor-a, but *iao earloualy cheokod oabeage*

i-iia aatouat of tiie diluted esulaloa *aa added to eeeh

square foot, t«au watered with three fcaxlooa of water.



,

fle-lc, . states, "Curooa disulpnlao, eouleifisd

with sutOi- and so iutei-apersed tiirougnout i.;o soli, uy^ewi

to be t:.e ooopouna best adapted, of t.ioee studied, .

freeing I U-boat toe roots of nursery stock of

possible infestation by tue Japanese beetle,"

j.1), beeeb sa< bipp (1987), teee., idpp

and yie-nlne (1827) MMMd start ,

M were controlled by tuo use of earbou io

.Ions. l^-ee ioraulue u_>e &iven for ti.o preparation

I eualslons.

Senders and Fraeker (1910) showed taut kerosene

eaulsiou vul useless waen used at —<l»s»y stretv

against jAOtcostaraa grubs in Wisconsin*

naphtha) Irifl

Bo. .Iture, I/anaon (1916) states, "Sapnt

line used at uao rate of two ounees per square yard and

well worked into wo soli, followed by i : watering

bas been successfully used against grubs.

Tbeooold (1987) snowed tat- -fer larva were not

affected by applications as nlgb ao 600 pounds per acre.

Marie (1987) recoGWMnds 90 grans of nepnth&iine oer

square oeter against asloloatt . wsloleotfta. this s n*ld



fee broadcasted at tne bcgl—lnt of ovlpoaition pe.iott ana

•gain two vesica later.

oorroaive suoiiaece

brltton (1990) round corrosive sublliaete to control

onion nag; ota, bit was not effective against folly grown

c&bbage aag£Ota ( (iorto?:J.la brassloec )

.

ffcradioolorooenieM

isaig (1916) used peradloalorohenssns sgeinst peaen

tree borer, wool- epple apnia, pear root apnls. p*ape

phylloxera, wlreworns, garden centipede and raspberry

crown borer, lie recoaaenae that one owe* eX tae material

be pl&eed in rings around tho trunks of nature trees, ant

In the ease of seedlings 10 ounces per linear yard, bat-

ting tac chenleal in eontact with the roots or trunk

should be avoided. avoIo applying In tne early spring or

winter, and do not tret tne soil soon after application*

Oolovycnko (1927) found tne larva of rolypnylla

fallo L. to be controlled by placing one-fourtn ounce of

parsdiohlorobenaene in holes three and one-nail to four

Inches deep. Xhecc holes should be in roue lO.b Inches

from the freshly set grapes and separated froa tne next in

line of boles by s distance of 21 Inches.



nyalop (1914) plt.ced sodium oyanide la iUU« of

potatoes at tne rate of 900 pounds par acre to control

wlreworms. Tnls proved efficient, out be baa evidence

tbat It ohooits beneficial nitrifying baoteria.

Freneh (1916) found M to 98 per eent wlrewoi*" larva

to be killed by an application of sodium oyanide at tbo

rate of one-aalf to five ounces to ton cubic feet placed

at a dept-i of eight inches. By delaying date of planting

two weeke gemination of bean weeds was not affootod.

Peteraon (1918) states, "^IrOMoma in t«e soil oan bo

controlled 07 heavy applications of sodiuis cyanide, bat

amounts sufficient to control peata rondor trohfcaent too

expensive for field use.

OeOne (1917) eatabliahod a definite ratio between

InUawi dosage toxic to lnoeeta and immlanm doaar.e toxic

to germinating aoeds and plants, no snows .0188 grass

aodlum cyanide toxic to flies while .188 grans sodium

cyanide p«r liter proved toxic to booties, als closing

statement is, "Oossges toxic to files and pnyllosera would

be safe for all toe plants worked with, while those toxic

to beetles would 00 extremely dangerous If not fatal to

plants.*



ASlaader (1064) eatlmted It aouid Uke 700 pounds or

cslclus; cyanide to till v..** pore space in the aspirator

which he worked* lie recoaateiida .ie of a bait and then

upp-i.ici.tlou of calcium cyanide to trie soli,

Headlee (1924) found eppli as or one )f

oaldust cyanide gmr square foot controlled wlreworae but

killed cabbages, i i« application Indicated that a kill-

ing cone was established three inches laterally and twelve

Inches vertically froa the point oi ioation. . u-

tiona at the seae rate at ti<ae of plowing failed to give

.vol, oat Killed beets planted a few daya later*

Sritton (1926) found grub* of a—gala orientalls to be

controlled by an application of oalciua cyanide or sodiua

unlde at the rate of four ounces per square yard* Shis

when followed by a thorough watering also killed the grass*

ies (1986) and others roeoaaend planting of trap

rows to concentrate Bat soil foras and after a given length

of tiae drill cyanogas Into the rows at the rate of six

pounds per 1,000 linear feet of row*

Poaeroy (1927) used 160 pounds of sodiua cyanide dis-

solves in 1400 gallons of water against wnlte ants on the

Gold Coast*

ttatsoa (1987) found sole crickets to be all actively

controlled by ealclua cyanide applied at the rate of 1800



.

poinds par acre souttarod ahead or tne furrow wneei so too

plow woula cover It*

en (1815) reeomaends tne use of & oaa par cant

eolation of borax against wirowortas of strawberries.

Msaopp (192?) aj^joata one pound of borax be

aprlrucled over eacfi 10 cubic feot of aanure and t

watered in for the control of toe etable fly. ac states,

"tula will not injure tne fertilising value if used in the

quantities indicates, an* not over fifteen tons of I

treated laanure la applied per acre*

Skinner and Allison (1983) found borax at tie rt te of

five pounds per acre drilled in the row not always injuri-

ous; 10 pounda distinctly ao, und 80 pounda to ouuae

severe injury. A five-pound amplication decreased green

weight or cotton planta 5.7 per cent; 10 pounds decreased

it 13 per cent, wad SO pounds decreased weight 39 per

M -.

Conner (1910) tnd Blair and _,i>own (1981) allowed SO

pounds or borax par u.c.-o sJ.lt- itly effected yields of

potatoaa. One hundred pound applications cut yield of

potatoea in Half uaA 200 and 400 pound applications de-

creaaed the ylelda to notalng. jflve pounds per sere



P«* fcfc jria a fpaa irJ»2 to £.41; app-

I por acre c a y|*a

Tor t~t uoova aaasou waa aijove .

aoa of ao s&UigrajMi

per kilofir*. jot work M e^trttaaly uotri-aaaw

Soalua iluoelJilCtet©

aoaMuua I of

.......

vuia .^ a. fcoV a

„— .

aarcovitcu (1984) i*ac. aiiieata

part part- |ftlM«i «**• «** ti M xuuU

or to* ioii^ura par Wi'v , Bfartt , ^
tied Ui& aexiwm beau beetla.

(19&2] eaperlaeatt* ... expioaivea ia tae

i poiaou gaaea aa a taaeue ji a

iiisc . a* ee Ml tiav-# --bo &oat oeoelicl&l*

tfce ac. jutal, ti lag

-atia.. y .



-

SolUi (lt»93) stutea, •jiitrafc* of soue swat A*iuit are

said to nave ot-en uvea effectively t^ainst wireeoras,

cabbage maggot, corn vebvor* «ujd peeen apale. noeever, n*

*—mwsnas intelligent rotation of crop*.

Uoactook, Oota*took and ;»iingerl*nd (io&l) proved th*t

•nit, to be effective afloat larvae, suouid be applied at

the rat* of eigut tons per mere, a*init applied, at uie

rate of four to nine tone per aere gave tn* saoe results.

Uum* (1694) r—o—ended toe use of petroleum in pre-

serving oaaure and In uiaimectint, severs, ne tnought

tiils oater1*1 to be vtau«>bio in •oobating iuseets «-nd

fungous discuses.

salines (1W14) used potassiuci sulpnoeerbonate one

part by volume to 100 parts of enter. Slugs, euteoroe,

•artnvoros, volte grubs, longleora beetle* end millipede

vers speedily killed.

&en*nk (1919) advocated MM concentration of cattle

on *r*a* inf**t*d eltn >/dOiitria seaianalca . in© grab* ere

killed by tne trampllnt. of too cloven ooofa.

upeneer (1919) exposed seven incn flover pots to an

•tmapner* containing a.7 ounces of cnloroplcriu per i,v>00

cuoic feet for ll.b nours at i>4 degree* 7. vltn a relative



nualdlty of OS. Xnougn mm .aiiAipeds one nod one-iiuir

Inches oelow toe surface had gone deeper all were deed 12

nours alter exposure.

Sugior (iSito) round salpijur unlikely to prove or

value as e soil Insecticide. Sulphuric sola, sulphurous

•eld end sulphur dioxide ere all toxic to Insects* iusounte

or sulphur greet enough to produce luese compounds la cuo-

eentrfttlooe tnat prove toxic to Insects deereesed the pu

velue to 3.0. Ail vegetation e»s Killed and some wire-

vena*, outworm*, nuts, moo uaonnosterna were atlll alive.

Kelly and brown (19S6) snowed tne soulua Ion to nave

• general uerioculixtlAg elleot on tne soil and upon ion.

lug with olatliled eater, tne eoll Is rendered impervious

to air and moisture, Cuiciuu, on tne other head, t'ioeu-

latea tne eoll and lnereasee permeaoiiitj . too ti ion or

•n add replaces* In part, we sodium on toe complex aij.1-

eates wad partially reaovee tne deleterious eri'oet ef tne

souluB. Ualeiui/i mu»% oe present to entirely reueve tne

detrliaental elTects or souluai.

ttttfttUba a*u> *...

Xhe ewterials used In thia voric are tne some through-

out toe entire experlise.it. ?ae soil and chemicals used In

tue laboratory were eiiaiiar to tooae used In toe greeanouse



.

and toe fieiu. it can oe readi*,,, aeon uowever toat aetnaus

HUM TkT)- lecoiuiut, to ine taOfi outfiuj on aua toe pur-

pose or auto aoi't.

per convenience in aiacucaio... Wis paper will be di-

vider into torec parts t Oreenaouse wo*-*, fleia work* and

work in toe •oils end lMKiteri.oa.ogjr laboratories.

Sue soil usea in toe gHWhwil end laooretory was a

•lit loam taken from toe outface layer In toe sntoaologv

field new toe field plots, alula was put t;jrou*n a oae-

£ourto inwi aesb sieve and saved Into toe greenhouse on

ttovember SO, 1986* Sue soli dad a moisture content of

•M per cent* 19*48 ppau nitrate nitrogen, and a pa

value of 0.70.

atxtoen-nunOred-eignty greaa of tne soil, containing

StiaM per cent moisture, we* -i*eu wito toe respective

auaounts of insectioide una put into aix-iiicu soil pots

for toe greennouae work, figure 15 snows toe arrangements

of toeae pots. iiacii citealcal was used at rates of 4O0t

1800, and 80Q0 pounds pw acre. Pour pots constituted a

series for euon soil insecticide, toe turee applications

mentioned in the preoedlng sentence being used to groe

, ano a fourto pot »ito an application of «t000 pounds

per acre uaeo for miscellaneous work. Twelve pets eon*



tuinifli. untreated soil sere used ma cheeks, nine to grow

com cad three as cheeks on the miscellaneous series.

On December 3, rive grains oi oorn were planted in

•sea of tbe pots iiaving different applications of the

following eheoloals: carbon totraooioriae, parauichloro-

bensene, naphthcUao, copper carbonate, sulphur, furis

green, anlte arsenic, oaldust arsenate* lead arsenate*

sooluia arsenate, eodlua araealte, oodiua ehlorlde, sodium

£luosilloato, sodluta fluoride, soaiua cyenlue, sodium bi-

carbonate, cticiaa oysnlde (ootu ealeyenldc and cyunot&o),

Cfcloiud fluosiiicete, calelun hydroxide, eoppar sulphate,

ehloroplerln, sawonlun sulphate, kerosene eaulslon, carbon

dleulpblde eauialon, toluol, tobacco dust, sodloa ealorate,

borax, and mercuric chloride.

the nine cheeks pins the above Mentioned pots oade a

total of 108. 'i'»io pots vers watered daily (miscellaneous

series also) according to dryness of surface. Once each

week easb pot was pat on tbe scales and brought up to

moisture standard, in tale aannar tbe moisture content

waa kept between £8 end 20 par cant, too corn wee allowed

to grow until it reached a height of koout six incbea wnon

tne soil in oaea pot aaa put bivougb a oae-fourtii inch

aeen sieve to remove tbe roots. «• aoon as one crop eae

renoved, five sore kernels were planted. In tuis



five crop* or co^ii were grown, uerminhtlon uia »U of

growtn *«re taken on all rive crop*. Hue to lac* of tiue

U» roots and top* or tue rifvu crop were not weired.

liie miscellaneous ••Pie* (already d«s«rioed) was

•eigned dally ana water added to bring aeon pot up to

moisture standard to determine evaporation. Xnl* pro-

••dure was oontinued lor a tan-day period.

following trie rate ox' evaporation eaperlaeut, an ex-

periitent to t«st u*> resistance of tue treated soils to a

penetration was started* Sns apparatus snown in Figure 39

was used for tnis purpose. &aen time tne weignt was

dropped it* full distance .all root pounds of pressure was

e^erteu on w.e central rou. WtiUt rod in turn overcomes

.611 foot pound* resistance or tne soil. 1'wo determina-

tions were aad* la tnla way.

Field Moric

iielu work oegan in June lb, 1987. by treatise 87

one-ti^ousarultn-aore plots wltu tne following lnseoticides;



m%^^ w ** " *Jr|f••"^w*)^WB

riot ao. fr**MMM| irounos per **r*

X ..ui*fc> ^-o^
a r«*ri* gre*n 46.9
• rarls green 376

tifteti ara*fi*t* *1

1 ^hu arsenate xOOQ
o It* arssnle vOO
7 oaiolua arsenate 1000
8 .0*0*0 dust 1000
9 gj^ytmy 1000

10 .,0;i(j mm
11 BO
IB 6©diu» fluosille*t* oOO
IS *uua fluosiiioate j0
14 one napntiiailn*

1-itu.o napatiiaiin© 1000
io wuioioiu cyanide (6) •**••
17 .iciuB Gjfttiiiu* (a) xUv>U

id Soaiiut cyanld*
19 MM ,ck

M dodiua eyenlde 1000
ol Mydrated 11m* 1000
M feradiculorooeuEene 613.*
Mi Feradic^lorooenzen* 1000
M copper e*r6onat* 600
^j Copper ©aroonate 1000
m none a**l 1000
«a vlgero 1000

> laboratory i«or*

in ord«r to d*t*ralae tn* effect of to* c.iealeftl* on

^uii>in b*et*rie» 10O-gr*JB *sjBples of tne soil were used

In tn* oacteriolo&y laboratory. toe-iiandr*d graus of soil

was tnorou&aly oijted MM | rehired amounts of tiie in-

secticide plus live sBiliigrea* of enaonittai sulpiiate and

plaeed in a 600 cc. £,l**s bottle. fae ~x>istar© content was

to 40 per cent. ..-*•• dottle* «*r* allowed



to inoubate for four week*) mu bottle oX soil being

brought op to aoieture atandard oace a wee*, a serlea of

bottlee fo, aacul «aa treated aa follovai

i.
•« .1 a— of reapeotivo obenloal
3. .6 goi*

1.0 ga.

£ae« of too above bad a oueek bottle euieu ma
treated la tue mum aanner. Due to lack of tine, oorbon

tetrueulorlde, mercuric chloride, aodlua euloride, caloro-

plorin, eodlua culo^-ate woi»e uot included la this experi-

ment.

Xtie rate of rlae of capillary nolaiure *aa determined

us followet Ordinary alender leap enlaaeya were filled

«lta aoll treated at the rate of 2000 pounda per acre.

Tbeee were aet In a trough of running eater. Tale gave a

eneeit on effeot of each enenleal on tue aoll atriotu

RMttM

Oreennouae

Xablea 1 to V ai.oe uia rate of germination for tue

live oropa, uau grapna 1 to 6 ahoe tue rate of growtu for

tueae orope. * eonparlaon of tue tablea auo« tiiat tue

waeuietla retard tue gemination of eorn* uoraa.,



TABLE I. RATF. OF GEHMINATION

of plants above grot n<3 each dav Hi

R*U af Bu - Dl •.-: i....;i..

7 -

csa

400" ,i :..

. 5

cci4

400 4 I 5

C
fl
H40l8

400
1300 b

c 10na

40Q J

—y--9-

CllCOg .i o 6
1 2
,s

3ulphur

Puis .-,.; .u 1

JfcJ*.
£ 4 5

(1 £ 1 4 4

<=V*B°a B

a

PbnAs04

Nb2H,.304

NaSAe03 a12O0

«C1
.

400 Tl
i o |

a-gUFa
b

1200

mf
400

Kaji0o3

J a

1200 A ..

2000 6

Uaack 4 3 ?

flute oi ap-
W JD 1. la

NuCn
a ft

1200 h

t;«lOH)E

n

oabaglG)

.-.

^ODU .
.

I

^•CiiglCal) h .'• h

2000 H .'. a

U.3iF
e

A i 4
-.:

1

Cu8o4
1200 1 ,\ 1

2000

*\xr .-.

2006 e

uCl3N02

JM K
1200 ,i

N114(304)0

400
H i b

2000

A
;.

2000 A

CSo 1200

Toluol
100

»
' ^

tfaCIO,
400 2 6

.:

NbqB407
400 1

agoijj iB'JO

.hs.sk 9



BI£ II. OEHMINATIQH OF CORS - SHCOK1 31 P-
. of plants Above Ground Each Day After Date of Planting

Five Grains Plnntert In Each Pot

Chemical
ritte of ap-
plication

Day 3 al't er i'lantlhK
b » 10 -1 12| 13

Check 1 1 3

CS
2

400 . 5 5
1800
8000 2 1

cci4

400 2 ^L
1200
2000 2 4 n

CgHiClg
400 1 5
1200 1 3 4 5
2000 f S

C10H6

,00 1 4 5 1

1200 1 5
2000 1 2 5
400 fi

1200 1 5
2000 4 S 1

400 .i 4 6
12O0 3 5
2000 4 5

Paris
Green

400 4 4 4 | 1

1200 1 1 3 3 4
2000 1 1 3 4 1

White
arsenic

400 2 o r

1200 2 2 5
2000 1 1 2 3 _s_

Ca^nsgOa
400 t 3 6
1200 1 4 4 5
2000 3 5

Check 2 3 5

Poiw304

400 3 4
]

1200 1 4 5 1

2000 1 S

Na2HAa04
400 4 6
1200 1 1 4
2000

,
2 2 |

Ba3H»B03

400 2 5
1200 1 2 3 4

2000 2 2 1

K»C1
400 3
1200 6
2000 3 5

Ne^SlFg
4J0 1 1 6

1200 i 2

2000

Mf
400 2 I
1200 2 4 4 4 o

iiuOO 1 3 4

NahC03

400 3 3

1200 4 4 |
2000 2 B

Check 4 2 4 5

Chemical
jiate of ap-
plication

1 D" 3 after planting
1 9 lO ill 12 13

NaCn
400 2 6
1200 1 '

1

2000 i 3 4

Ca(0U) 2

400 1 4 & r
1200 2 I
2000 1 2 5

CaCn2(G)
400 1 I
1200 2 {
2000 G

caCng(Cal)
400 i 2 4 6
1200 1 2 4 5
2000 2 5

Check 3 3 1

CaSlF
6

400 3 3
1200 4 5
2000 1 3 |

CuSo4
400 1
1200 6
2000 1 1 3

Tobacco
Duat

400 2 6
1200 1 3 4 5
2000 3 f>

Check 5 2 E L_Z

CC13N02

400 1 3
1200 1 6
2000 2 5

(iva4 ) 2S04
400 "3

3
1200 4 3
2000 1 2 5

Check 6 ~I 6

kerosene
fcmulalon

400 1 5
12O0 4 4 6
2000 1 4

,

Mb
emulsion

400
1 3 3

1200
i

2 4 4 -
1

2000 1 4 S

Toluol
400 1 4 1
1200 1 1 3 o
2000 1 3

BCheck 7 4 5

NaC103

400 1 4 |
ISM 1 3
2000 2 3

cheek 8 1 3

Na2B4 7

400 2 3 4 3
1200
2000

HgCl2

400 1 4 s
1200 2 4 4 4 5
2000

Check 9
I



TABLE III. OERMIHATION OP CORN - THIRD CROP

Dumber of Plants Above Ground Eaoh Day After Date of Flo:



ThBLK TV. GERMINATION OP CORN - FOURTH CROP

i Shorn Number of Plents Above Ground Eaob Bay nfter Eat

Five Grains "lanted In Eaoh Pot

Kates of ap- !..:: vr ."ii.:

400 2 B
;S2 1 5

CC14

-l.Jo

2 "

'o^Clg
1

1200 3 ;

WOO 1

:ic^e

100 &

f)

c
J £

2000 2

Paris

waita & 6 1

-1

C«3Aa2 Q

i

h

PbHA«04 1200
ZOOO ^ & -" -

NanHsaO. 1200
2000

2 3

t^MO* 1200
20vi0

£000
h

2U0O 1

2000 ^ ; .: •1

6

kHvj iiOO
1 a

i j

2i".tioD
p ~ lain. In*

7 8)8 n. Iv

u.
400 1

c«(oa) 2 ^

C.Cn2(0)
400
1200 3

-»Cn3 (Cal)
400 i 1 1

1

4 1

UaSlFg 1200 6 1

Jheoic 3

mo,

rob.0BO

;ci,no2

(IW^JgS*^

taroaena a 5 1

5

Emflsion
I

„i..i

daC103

3

ia2a1o7
&

•"•a

I 1

5 I



TABLE V. KATE OF GERMINATION - FIFTH CROP

I number of plants above ground each day after date of plfli

Five grains planted In each pot

Chemical
.-.;:-.- .,r up- _.. a after Fla tine

Cheolc 1 3

caS

400 a
1

e

CC1
4

400 1 5
1200 3 a
LuUO 2

CgHaClg
1UU a a

1200 Z a
20 00 a

cioiMe
404
1200 3 a

>

CuCOj

bjlpnur

4O0 4
i^oo 3
2000 2

1200
a

Parla
400 4 a
1200 1 a
2000 A

Check 8 6

IttM
tu-aanlc

1

1200 a
2000 1 4

c"3"2°e
1200 1

2000

PbHAa04

3

souu h

Na
2
HAa0

4

400 a
L2O0 1

2000 J

WajAiOj 1200 1

b

MU
400 &

2000 &

ha^SiPg
a

UV HMD 1 3
2000 4

[
5

NurtOOg 1200 ~n

—

2000
Check 4 4 J

Chemical
Hate of ap- :.. . . :nr Planting

N»Cn

.

1200 3 5

2000 3 h

Ca(0H)
2

400
1200

a
6

CaCna (G)
400 a

-*- 1

1200
2000 a

C»Cn8 (C*l) 1200 .'

2000

CaSlFg
2000 ']

Check S

CuS0
4

400 4

2
2000

Check & 5

Tobacco
But

400 t
1200 a
2000 a

CC1
3
N0

2
1200 .-.

2o0^ 3 a

(NH4 )gS04

a
1200 a

a

£s:s;
4 JO a

i a
4

CSg
400 a

Toluol

HaClOg

400 a a

3 g

"2B4°7
00 "6

i I
1

Ohnok H

1*01, 1200
2000

2

a
j.

Cheok S L-



Oraph 1. Plants allowed to grc* for 18 days.
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Or»ph 2. Plants allowed to grow for 20 days.

&

:* \ ?SE \

Hate of Growtt) -2 nd
Crop

*oo-igoo-*ooo i R.*+o af ofrt/c *tion par ocrm,
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IniikS. Plants allowad to grow for 40 a«ya

*" c
:f* .

e f"

n/- 3 A
\

/\ V
!2I

Qaie of Growil? -3rd
Crop

— mm O-fAro-rtHtpart/au
• I300 -Mooo s aa/g of "/*/>'' c- ' *""? P*

i
it

A
:5E!

:z* Ytz
2zz: '$£: V /-

\
m



Oraph 4. Plants allowed to grow for 18 day*.
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Graph S. Plants allowed to grow for 16 days.
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, «nd mercuric .do seriously retarded

ger-iiaation 4a tint first piai.

Snpawiaxlne reduced germla*tio.i in tne first planting,

but tae injurious effect sscwotil to disappear after tne

removal of tne first crop (Figs, d and 14) •

Sodium cyanide ana boras wore sne only two MM
seriously retarded germiiHutiou in tne fiftii crop, 140 days

after treatment of tne aoi

iS arseaioals as a group reduced tne rate .«owtn

ouga tne com would germinate, tue root

systems aicorned unable to penetrate tne arseoie treated

soil (Figs. Stit and 8b). neevy concentrations of soluble

arsenic .s soil decreased genii**. and tne lowest

applications retarded groutn of plants (Figs. 6# 6, &f ia>.

Lead arsenate was tne least injurious of tne areenieals

used as is suoen in Figure 31 •

Copper compounds reduced tne rate of grewtn la direst

• proportion to increase in rate oi i _~utlon (*!*• .7),

few kernels germinated* tne seedlings seesod un-

able to estabiisn ana maintain a root system* 0m root

systems of tne plants grown in tne soil wltn tne 2000

pound treats*. little better ta*n tnose grown in

eoll treated wltu lean arsenate at a similar rate as

•boon in Figure £&•



the aodium compounaa were variable In tnelr effect on

gerailnt-tion and rate of growth due to tne action on the

complex silicate*. flgurea 1 to 6 ahov the defloeulating

effect of sodium mnfmmAa on trie soil ea oospared to

eiu» eoapounas.

Xhe aoil treated with sodium cotapounda beeosiea layer-

*ioue to alp and awlaturc, uxt if tue surface la dry, ti

aeedllni.e are unable to break through tola oruat and

Inatlon la reduced In t xla nwmnor. Figures ? and 10

a reduction In tiw rate of growth. Xiao roota of planta

Grown In aoil treated with aodlua. ooaycKUwAa are lart« ant

coarse with bat fe« root nalra {Jflg. 80).

Borax greatly reduced gemination In tne fl^et crop,

and. reduoeu rate of germination throughout tne entire ex-

periment (Pig. 11). Hate ot growth waa reduoed and tola

reduction waa aore noticeable aa the aolature content of

the aoil deereaaed (Fig. 19). Figure Si ahowa the roota

of planta groan In aoil treated with boraa. Xhe roota

earned unable to penetrate t -e hard aoil, and tne boron

waa toxic to young roota.

ftete of growtii waa aaeeked in the aodlua enlorat*

treatments, the planta would only awuse a small growth,

turn yellow and die (Fig. 10).



wacu ttuuauuiAtttt u* waleropiavii hi sysaii

aau iMtrwui aisoipaiae aweasa to atvo a xatrttfai. offset at,

first, bat t.iiu was iess notlowaels wiki aacouwaiag crops

•ad la taw latwr crops * rtfcaUoklag ud,luu was sut&ested.

'iuis 1* »»ptioi»iJ.j.v truw witi» Chiwiua cyaaiae (fi) aad

i*opiC;-ia {l-'i^a. 83 bad itt). SO* wyanaaid of IDl eyuao-

t;«a sad tue ultrite of u»o oaieropiaria war* reduced oy

km uifcrilyiat, bacteria foxfaiu* •

coaxa to -tixisou by liio pltuxta.

PlaM i ttiiu»B uus result • arseaic ms..

awnt startea in 1Sus7, aau oaatinued to date. 30

snows tan elYwct of wnii.e waenio on ta« rate of ^rowta of

corn. Sua avwrsfce ei ten ox-upa of «esn« two crops of

wawat *au one crop of peas wu hwins waan anow waite

arawaio to be injurious iu tOX oaaea. '^ avarags xprowta

of bota eon mu wxxeat was x<wduead la aireot proportion to

tim loorwasw la •f»>U auiie walta arsenic sppar-

watly aad iittie affect on gwaalastlon of waset, swraiaa-

tlon of earn mm retarded, noun* would not gwralnet* In

ta« lowest application. .9 data oa geraiaat

of bota peas and wawat is iaaeaalaeiva* average growta

pass was greatly reduced witxx tue inoreesiac,

aassntat en* of taw waits srsaaio trwatwd pots wita

tHAJO uc. of alstiiled water failed to reaove u^> uwa'al

efieot.



38

PLATE 1
FIG

— J/jaivij average.
1

/ic^nvM ot corn

>rj- 1- _vgo _0<2Q_ uoa ZOOO

- —
*

:—

\

— =

s

*

in===

r io 2

C*tA V00 BOO JlOO. /tOO Z.QQQ
/?<_i/a yf j9rr>/> cut '

J) *rr»j
3

Lcpgfniif'M

p/ecii too 800 IZ0O /HOO 7.000

5 o

4 1

7 Z o

8 3 o

ris t
*v,**.a<' Rare tf

» Of
Gtrinm.t itn

Cbrcfi VOO &0O tl-OO IbOO 2000

s- s ¥ 1 1 1
O

b 5 5 B J. 3 2.

7 5 5 s V H- ?

8 5 5 5 5 5 5

*«, ., '• Rtt " *

fitter
aeclt VOO aoo /^.OO >60O zooo

i 1 L 2 5 H-

5 L 7 5 ? 7 u

i L 7 5 5 7 L

7 to 7 ^ 3 7 (,



II

j.i-tion ox.. fcreennouae

were iaooncluaive c. exeeaelvo crac a»e

•oil* treated situ sodium oaspounda. _iir£v. x-eucb-

noari.- to c.o bottoa of espoaad ate.: uuz-e

oil eurfaeo bo tne air. ater adueel to uhm pots v?o.ild

not oe ttt.:on up by U» soli, tut would merely run down the

cr-tvcxn and out tbe laolo In tae bottom of L„*> pote. One to

I fact no appreciable difference* were obt&i.

Stable VI shows the resistance of treated soil tc

petke -a iJouaorou aatroawnt abowa in Pifi-

* general tne der ctlou ol' tbe soulua

Ion on eoll treated wiui sodium compounds is ehown by tba

iduled ui>j>earw*cc, una such ooli la !30re ii^ervloua

jolature. Stall la deasnetrated by vac realat-

.a to penetration aa ahovm by Stable

attention abould be M sodium arsant..

aouluEi blear., is and borax.



ZA&ut vx afcaisiAjKs a* tiUiAiMi boil to rasssiiAiioa

i rreaeuve eaerteu
o..«alo»i used in loot pounds

CbMft 2.0*4
.

c«rb«n tatwwalorida •33

< JM
ftapntruu.en« 1.&33

i •*u
Copper earbonuta .611

mi
fait* arsenic 1.333

I xelua arsenate i
.48

Lead arsenate i.osa
-Ufci t»f»»u»-«» M .^«*

Sodiuia araeuite
-.'Jam i WMN

tooaiuo fluoelllcste 4.088
Lob i'xa-Ji'iu* •Mitt

Sodiuia bicarbonate i 17.874
.. .. j i^-i aysnXue xo./OT

Cfcleltto iiydroxlue t .oil

laiua cyanide (eal)
i UMf

1.088
Mk IdMB

Calcium fluosillcate 1.081
wuppw KupuaUt Mt
Xobeeeo oust i lfMS

. . t8tt
MHOafcta sulphate l 1.635
&e*'ea*ue ataiisian i w.OoO
Carbon dlaulpnlde euulaion i 8.666

ittM
txxUuo cnlorate 3.677

i x7

.

Mercuric ouloride 1.653
mm* l ~.0*4



Results In the field work cover a period of two years.

Pltte II snows the peailts of «m» work on sorghums for

1987 (tee page 80 for list of treattnents) . Parle green,

eclclun arsenate, untf white arsenic redueed gemination of

eorghusw. Ho plants were grown on the Paris green and

fcta arsenate plots. Paradiehlorobenaine and oopper

carbonate reduced average growth of sorghums.

Sodioa cyanide, lead arsenate and flake naphthaline

decreased the number of plants heading. Paredlohloroben-

sine, sodium fluoride, sodium fluoailloate, and oelciua

fluosilleate apparently aoeelerate the heading process,

although the number of heads is reduced in the oalcluB

fluosilleate plot.

Plate 111 shows the results of the corn experiment

in 1987. the work on corn for 1086 la eoaparable to that

of 1987. Figure 1 snows Paris green, lecid arsenate, white

arsenic, caloloa arsenate, paraoichlorooensine, and sodiun

cyanide to reduce the gemination of corn. Zhe arsenical

plots are still showing a dellterlous effect on germina-

tion, tula spring on oats. Xi* ealelua. arsenate field

plot is suown la figure 36. The brace roote of corn

grown en the areenleal treated plots are apparently unable
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to peaet*»te w* *>- * piuats soowed * teooe

lodge imil/.

?i&ur«a 37 <J*i <W «a°*< •*•

ti*o*.
*"*"

,Lv*ly, i«M •lijatsd, -««• *» *"**• *» • <.-«**-

tffaot u_

i» green* oodiua eyaniu- -a areemte

deityuu tea*... -a»i 1° **** aaoatt»ai.tae Piy '» lii*

not UtMl (see Mete

eeens awjftlly wouiu aot eoruMete la tins araeuM

ous&a wfcieve taejr aid gfc-

aareloped sooa i'oamtoee wo~

trow in %m exaeule U'tuvwi soli (« ia W« aooi-

plot.

,,'CsuJ.ta of eiiea-t yews in <-i-«- JMM *»iOta are

oBudi-iteu in 2*bie - «r*eal«ala re-

duced U»e ausilMr oX plaata reacalafc, aaUu-lty. i>ar*u*-

>;ob«uilM r. -veloaa*.- •** plant*.

so plauta eere produced oa Vam plots U-c

arsenate ui-teaio tad aeavj application of *&<-.

cyanide. Pie*** SB Knows uie eluaap of wueet oa plot 19.

* atiaulaUne offoot might be attg&eeted oy a ooa-

parieou of toe average aei&ut of tue plant*, mit ia iaoat

"iteaaureaenta fcivea la eeutloetera^
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UMI t;iie

baJaa pMetaMi

j«3i3 ef fewer p3

suon plots.

iA-ooiiitory

offoot of t

riae of twiafciro in la sin

ioii is dsflocul«»teu

^^ M baas eaciftana* aoB»uea tonu to

retail *n equllibrats. jater »m I

.•e was t. * aodioa lona la tuo »oil ^jIu-

i to novo Ooanw- • be carried away by taa .-a-wing

taeae dilTerences would nav© been aov* notioe&iue oad

ti»e aoll tubes boon

. suoweti a tendency fo»

Ua la soil treated wltu aodlun

eoapc la*

water .. - paoatx'i.

coujplete result- i0«T

laboratory will oat be blven hare aa tout work la u. paper

la ltae-f . Any reader wno wiauea to know aere about tola

poaae of we wor* eui secure tuat information frost frofeaaor

U Oelaey aao directed tnla pdaae of tne work.
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it la Mui'ioittUb to 8tj nore tost suite arsenic,

copper aulpbate, earooii dleuipuide, oaroon dlaulpiiide

eaalalon, cyaaotas, cj.iCjUi.iae, bora*, •oaiuia fiuoalllcete,

Parle fcreeu, and sodlaa areenite, wnen used at 8000 pounce

par acre, subtly deereeaed toe production of nitrate

nitrogen* in nana of toe treatments, However, bub toe

duotion aunioieut to iuuieute toet any large proportion

of tue nitrifying bacteria were destroyed.

Calelua eraenete, calcium fiuosilioate, and toluol

indioate a stiiauiatlnt ei'feot on toe nitrifying bacteria

•baa applied at toe rate of 2000 pounds per acre.

in general it taay be aaid toet awn/ substances wuicn

act quickly or are readily volatile aill lutaediately ro-

ouce nitrification, but «oi increase ean be eapaeted later*

1. tue ineorporation of any enaaleal inaeetieide

into toe aoil will nave an effect on tne puyaical, cuemi-

eal and biuiogiaal propertlea of toe aoil, eitner uetri-

aentax oe otoerwise, and tola effect -u»t be given taore

attention by woraars in toe field of aoil entomology.

3. it calls for cooperation between tue edapnoiotlet,

aoil baoterloi.oglet, soli delist, plant pxiyaloioglat,

and economic entomologist.



it

3* oraeale is iieiu la tue soil la sucu a manner

ta*t two yew't leeeulat, la tue iieia &ad ieeenlue la

t.i« laboratory did not renove to* uar&fui eifeets fro*

tue soli.

4. Xasr* mm as inulet-tiou la tula work tnat arseuie

aes * defioeuui>.tla& effect oa ta« soli.

6. |M application of arsenle la uny font bad a vory

detrimental eli«ct oa to* growtu of crops under to* cli-

aatle and soli. ooiMiitloua of tueee experlaments

.

Sodloa eoapouoas del'iocuiutea toe soil sod re-

duced toe growth of plants* wo extent of Uie lajury la*

ereeeed as tue aoleture auateut of tue eoll was reduoed.

7. rteaults indicate tuat tae aaraful eifeots of

borax increases as t..e taolsture ooutant of tue soil ue-

8. Certain Insecticides sucu as aapbtuailae, ealolua

cyanide, nod toe eouiaiona (oota carbon aisulpulde and

kerosene) apparently loae tuelr laborious effects wituin

a few wee** after applleatloa.

9. soae insecticides usamt, be applied eacu year wulie

otuera retain tuelr toxicity to loaeets for a ouiaber of

years*



.

cyano*,*., ealclu* cyuclaa, and atuoi-opiorin MINI nava a
i-wtiiuiagmmm,, „« «,lca pfX)w ^^ to lMMttj
»••• aoouKi oa appUaa a abort tlaa bafora planting.

ii. Ml «ja,uta ox- tstM MpwioHiata do not auo. If
taara 1. an aawmUatiw affaat tnroogn to. rapaatad ap-

plication or cartaia of u*— iuaacticldaa. thU pMM of
tea m<* auouxu m*lf« fu ll^ ,tuay oafora d*finlta ra-

ationa ara ottoa.



Figure X* Upper rroa left to rlgut, sodloa

eyanloo at rate* of 400, 11400 ana 8000 pounds per

Mm*
iowor frost loft to right, calcium

o/fciilae (o) et rates of *u0, 1800 *na 8000 pouaos

per tor*.

(;u««it fi «t extreae rlgat. Twelve

day* after epyiloution of Insecticide.

figure 8. Upper froa left to rlgat, culclum

aydroxlae et rates of 4oo, 1800 end 8000 pounds

per acre.

tower frua left to rignt, sodium

olcurooaate at rates of 400, 1800 and 8000 pounds

psjsj sjsjpN

Cnecic 9 at oxtreae rlgat* Twelve

days after application oi insectlciae.





Figure 3. Upper from left to right, ealelwn

hydroxide at rates of 400, 1200 end 2000 pound*

per aere.

Lower from loft to right, sodium

fluosllleate at rates of 400, 1800 and 2000 pounde

per aere.

Cheek 9 at extreme right. Twelve

days after application of Insecticide.

Figure 4. Coper from left to right, sodium

cyanide, calcium hydroxide end ealelua eyanlde at

the rate of 2000 pounde per acre.

Lever from left to right, sodium

fluoallleate, aodlum fluoride and sodium carbonate

at the rate of 2000 pounds per aere.

Check 9 at extreme right. Twelve

days after aoolieation of insecticide.





Figure 8. Bpper from left to right, ealelua

hy^roxif'e- at rate* of 400. 1800 on-.! £000 pounds

per aero.

Lower from left to right, medium

fluoride at ratea of 400. 1800 and 2000 pounds per

Cheek o at estrone right. Twelve

ootb after application of laaeetlelde.



Figure 5.



Figure 6. Calclux arsenate at rates oft

8* - 400 pounds per aere.
9| • 1200 pounds per aere.
9, - 2000 pounds per aere.
ci - Cheek.
C* - C*»ck,

Taken 28 days after application of lnaeetl-

elde. Plants 18 days old. Bctloe decreasing

growth with Increasing application.

Figure 7. Sodium fluosllleate st ratea of

i

14 - 400 pounds per aere.
14*? - 1200 pounds per aere.
14° - 2000 pounds per aere.
C* - Cheek.
C* - Cheek.

Taken 28 days after application of insect-
elde. Plants 18 days old.



tfifcure 7.



Figure 8. Naphthaline at ratea oft

£
• 400 pounds per acre.
- 1200 pounds per aore.

4s - 2000 pounda per acre.

Parla green at ratea oft

fj - 400 pounda per acre.

C2

- 1200 pounda per acre.
- 2000 pounda per acre.
- Cheek.

Taken 28 days after application of insecti-

rides. PIant J i 18 days old. Notice decreasing

growth with increase of application.

Figure 9, white arsenic at ratea oft

*l
• 400 pounds per aere.

i

- 1200 pounda per acre.
- 2000 pounds per acre.
- Cheek.
- Cheek.

Taken 28 days after aool lection of lnsecti-

eide. Plant* 18 dnys old. Notice decreasing

growth with Increase of application.
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Figure 10. Sodlua chlorate at rate* of

j

2S
1 - 400 pounds per aere.

29* - 1200 pounds per aere.
2»5 . gooo pounds per aere.
o\ - Cheek.
CK - Cheek.

Taken 88 days after application of Insecti-

cide. Planta 18 days old. notice decrease of

growth in heavier applioatlona.

Figure 11. Borax at rates of

i

30? - 400 pounds per acre.

SO5 - 1200 pounds per aere.
30? - 8000 pounds per aere.
ci « Cheek.
C
a - Cheek.

Taken 88 days after application of Insecti-

cide. Plants 18 days old. Notice only one plant

growing In lightest application.





Figure IS. Mereurle ehlerlde st ratee oft

•if
400 pounds per acre.
1200 pounds par acre.

31? • 8000 pounds per oere.
Co m Cheek.
C" - Cheolt.

8 days after amplication of lnseetl-

elda. riants 18 ooya old. No growth In tw

heevler applications.

Figure 18. The arrangement of soil pots In

the greenhouse work of 1888-1808. First row run-

ning full length of concrete bench ess treated at

the rate of 400 pounds par aerej seen pot treated

with a different lnseetl "Ids. 3oeond row treated

at the rate of 1200 pounds per sere. Third row

treated st the rate of 8000 pounds per sere.

Fourth row, st extreme right, treated at the rate

of 8000 pounds per sere. This row did not have

eorn planted In It. Hate of evaporation and aoll

penetration tests were run on this series.

of the ehooke are at extras* loft.



mm WRW* %# •W^ ^

*l^aLs»«

MM A **

S.U»



Figure 14. Bophthelliw at rates of

i

D«r a<ve.
par aere.

Taken 140 days after application of Insecti-

cide. Planta 14 deye old. Vary little difference

In rate of growth, foxle effect shoe* In Figure 6

disappeared after flrat orop.

Figure IS. Caleluai araeoate at rates oft

o\ m 400 pounds per oore.
of . lfiOO pounda per aere.
98 * MOO pounda per aere.
CT . Cheek.

140 days after application of lneeetl-

Planta 14 days old. Hot loo decrease In

rate of growth with Increase In application.

This la typical of all araenieal



figure 14.

figure lb*



rigor* IS. Sodium f luoalllcate at rate* of:

14* - 400 pounds per aero*
142 - 1200 pound* per *er*.
141 - 2000 pound* per acre.
<T - Cheek.

Taken 140 day* after application of insecti-

cide. Plants 14 days old. Botleo laek of gemina-

tion In 1800-pound amplication. Thl* 1* eoanon In

oil treated with sodium

Figure 17. Coo-ier sulphate at rates oft

2z\ - 400 pound* per acre.
22* - 1200 pound* per acre.
22? • 2000 pound* per acre.
CT - Cheek.

Taken 140 days after amplication of Insecti-

cide. Plants 14 days old. Jiotlce decrease In

rat* of growth with lnerea** of rate of an->ll-

eatlen. Thla la typical of soil treated with

copper compound*.
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Figure 18. Chloroplerln at rates of i

24* - 400 pounds per ncre.
24r - 1200 pounds par acre.
24? - 2000 pounds per eer«.
Cr - Check.

Taken 140 days after application of insecti-

cide. Plants 14 days old. Hotiee wary little dif-

ference in rate of growth between the treated pots

and the cheek. This chemical acta similar to an*

aoniun sulphate.

Figure 19. Borax at the rates oft

SO; - 400 pounds per aera.
SO* - 1200 pounda par acre.
30? - 2000 pounds par aera.
Ca - Cheek.

Taken 140 days after application of Insecti-

cide. Plants 14 days old. notice marked decrees*

in rata of growth with increase of rate of apoli-

eation. These pota were kept at a raolature eon-

tent of about 30 per cent. Bad the moisture eon-

tent been lower the 400-pound application would

look similar to the 2000-pound application.



Vl&ure 16.

tflgure ig.



Figure 20. Plants from sodium fluosllleat*

series. Heading from left to right, cheek; plant

from soil with 400-pound treatment; plant from

•oil with 2000-pound treatment. Plant* failed to

germinate in the 1200-pound treatment. These

straight heavy roots with few root hair* are typi-

cal of plants grown in sodium treated soil.

Figure 21. Plants from borax series. Read-

ing from left to right, cheek; plant from soil with

400-pound treatment; plant from soil with 1200-

pound treatment; plant from soil with 2000-pound

treatment. The long root on a plant in the 400-

pound application grew down a eraek in the soil

near the outside of the pot. notice lack of root

growth In practically all of this treatment.





Figure 22. Plants from calelum arsenate

aeries, leading from left to right, chock;

plant from aoll with 40C-pound treatment) plant

from aoll with 1200-tjouwJ treatment} plant froa

aoll with 2000-pound treatnent. Botiee amaller

root growth as rate of application Increases.

Figure 25. Plants fro» ehloroplerln series.

Reading from left to right, cheek; plant froa

aoll with 40O-pound treatment; plant from soil

with 1200-pound treatment; plant from soil with

2000-pound treatment* Kotlee little difference

in root development between the treated and check

plants.





Figure 24. Plants from eelelusi cyanide (0)

aeries. Reading from left to right, eheekj plant

frosi 400-potm* treatment j plant froa 1200-pound

treatment; plant from 2000-pound treatment.

Hotlee the greater amount of root growth In the

treated pots than In the eheek.

Figure 25. Planto from lead arsenate series.

Reading froa left to right, eheek; nlant from 400-

pound treatment t plant from 1200-pound treatment

j

plant from 2000-pound treatment. Notice deerease

In root development with lnereaee of application.

This Is typical of plants grown In soil treated

with arsenate.





Flgor* 26. Calcium arsenate - Application of

1000 pounds par aero. Fifteen snaths after treet-

t.

.

Plgor* 27. Perartlehlorobenzlne Application

of 1000 pounds per aeie. Fifteen months after treat*

ment.

Figure 28. Sodium cyanide - Application of

1000 pounds per aor*. Fifteen months after treat-

ment.

Figure 29. Tobacco Oust - Application of

1000 pounds per acre. Fifteen months after treat-

ment.



Figure 2o. Figure 27.

f

--s "••..

fiture 2o. i-i^ure 29.



Flg«r* 30. K«*dlng from left to right, check}

whit* er**nle, application* of 400, 800. 1200,

1600 and 2000 pounds per acre. Eighteen month*

after application.

Figure 31. Reading from left to right, calcium

arsenate application* of 400, 1200 and 2000 pound*

per aerej eheek in eenterj lead ar*en*t* applica-

tion* of 400, 1200 and 2000 pounds per acre.

S*T*n month* after treatment. This wa* prellalnary

work done in the early part of 1928.



I IfJMM •*

figure 31.



Figure SB. Arrangement of plots In the field.

Meld houee In

Figure 33. Inetrusent for aaeaurlng preaeure

required to penetrate treated soil a given dle-

tanee. Preset)re la aeeaured In foot pounce. The

eentral rod la drivon through the ahaath (held In

the right hand) by the might (held In the left

hang) toeing dropped to tha oollar voided on the

eentral rod.
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