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In the spring of 1046,. the writer was assigned to work with 

Dr. Charles H. Drett as a Research assistant in the Oklahoma. Ae;ricul• 

tural Experim.ent Station. 

iii 

Tests were made using synthetic insecticide dusts for controlling 

grasshoppers in the field.. Interest in this method of control and the 

:many possibilities it offered, lead to the research reported in this 

thesis. It was evident that temperature was one of the important in.flu• 

enei:n,g; factors. It 1'19.S decided after consultations with Drs. C.H. Brett 

and F .. A. Fenton to study the effect of temperature in the suso.eptibility 

of grasshoppers to synthetie insecticides. 

The 11riter gratefully acknowledges his indebtedness to the staff or 

the Entomology Department «:>f the Oklahoma. Agricultural and Meohanica.1 

College for their valuable suggestions and criticis:rns, more pa.rtioo.la.rly 

to Dr. c. H. B:ret·t, under whose supervision tha e:x:2erimenta.1 work was car­

ried on, and who la.te:r offered many halp:f'1.1l oritioisms in the writing of' 

this thesis; to D:i;-.. r,',, A. Fe11.ton who was a. sou.roe .of muoh encours.gement 

and advice on the writing oi' th.is paper; and to Prof'. Ch A. Bieberdorf who 

made many helpful sug;gestio:ns and criticisms. 
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INTRODUCTIO 

Throughout the history of man., grasshoppers or locust have been re­

ported injuriDg h1a crops . It would be difficult to s&y when he rirat met 

the • 1oouat problem" • but it surely hap ned in the dawn of a.gri.culture. 

the Bible and the writings or the ancient Babylonia.ns , Egyptians .- and Greeks 

oonte.in refo-renoee to the dreaded locusts aa pests of agriculture . Until 

the la.st oentury a losing battle he.a been fought . 

fbe injury done by grasshoppers ia a continual and ever-present loss. 

The general public usually bee a a.waN of gre.ashoppers or other ina.eota 

only when they increase to devastating numbers . Ouring the period from 

1856 to 1880 the J4iasouri Valley wu ra.vaged by an.rm• of the Rocky Mountain 

Locuata or Migratory Gra.sahoppera (2)1. Since that time g:naahoppers ha'Vi 

been & recurring problem in the Central and estern states with an .&lmoBt 

cGntinual e paign being waged against them. 

Outbreaks in Oklahoma &rs usually looaJ. .. Urbahna (11) records four 

aerious outbreaks in Oklahona territory ainoe it wu opened to settlement 

in 1"889. Gra.ashopper infestations were severe throughout the central and 

west central portion of the state in 1912 and 1913 and &gain in 1919. 

In 192'4 a serious outbreak occurred in the western part of the s.tate, 

foll<JWed by another in the southWeatern portion in 1925. The la.st state­

wide outbreak of 1mporta.nce occurred during the yeara 1916 to 19!8., thou­

ea.t!d of acres of cotton, oorn a.nd a.lfa.lfa., many aha.de and fruit trees., nd 

large quantities of' truck and garden plants were destroyed. 

1 Bumbera in pa.renthesia refer t<, Li~rature cited~ Page 34. 



The attempted oontrol meaaurea of grasshoppers have been ma.ny a.ncl 

varied. Some of these uch as planting poisonous plants. making noise•• 

and innooula.tion lrith disea-so-. ii.nd para.sites have prov d ineffectual. 

Those that are more or less suooeaa.ful are cultural practices. trapping, 

poison baits. spraying and dusting. The one most often used in America 

up to the present ti ia that of spreading poisoned be.ita . In alfalfa 

poisoned baits have been unsatisfactory. due to denae vegetative growth 

and difficulty of getting baita on the ground. Complete kills &re 1eldom 

obtained• and per1i1tent baiting ha.a been necessary in order to reduce 

infestations suffioiently to guarantee harvest of at lea.st a partial crop 

of ha.y or seed. 

Poisoned baits -.rere first used in 1878 whsn the United States 

Bntomologioal Co.nmiaaion (9) reported several experiments with a mixture 

of Paris green and flour a.a bait £or locusts. Experiments with bran­

arsenic l!l&ah for the control of grasshoppers in the Sa.n Joaquin Valley, 

California. were reported by Cc,quillet (I) in 1886. Thia :uaah cona1.ted 

of bran, &raenic, sugar, and water• the •~a.r being added to malce the 

arsenic adhere to the £lakes of bran. M:olaases was aoon aubsti.tuted tor 

sugar. Jackson (6) in 1894 referred to th$ auoceas£ul use, in Colorado, 

of a bait consisting of bran, Paris green, and some old molasses or other 

ohea.p substance to :mak8 it atiok together. J:Iigh temperatures in Oklahoma 

genera.11:, han complicated the effective use ot baits., leaving much to 

be desired . 

.. 



Dusts and spra.ys were previously used in grasshopper control but in 

r cent ye rs they have been al.most entirely supplanted by poisoned bait. 

The introduction of the new synthetic inaectioidea, DDT, b•nsene hexa-

chloride• chlordane or 1068.. 56, an a.ryl alkyl thianophoepha.te. or Sf:22 , 

which are highly toxic to inaeots , together with nn method• of inaeoti-

cide distribution have turned attention aga.in to the use ot dusts and 

spra.ya in grasshopper control. 

Benzene Hexachloride wu developed in Great Britian (10) by the 

Ir:iperial Chemical Industries, l:tawthorndale !Aboratories, Jealotta Hill ,. 

under the supervision of Dr. o. B. i.a.n. This inseotioide has been re-

ported to b effective against a.wide range of ineecta . Slade (10) 

reported it ·to be estremely toxic to locust,. Be states , _ 

A small quantity of dust containing the crude ma.teri,al waa 
sieved on a. bench on one aide of & ro in which were, housed cages 
containing locusts . All these locusts subsequently died . Further• 
mor , e.f'ter scrubbing the oa.gea , vacuum cleaning the walls , and 
wa.ahing the f l oors . fresh locusts placed 1n cages alao died . It 
waa not until the room had been redecorated and the cages a ain 
scrubbed that breeding or the locusts could be resumed. 

Other workera have had excellent results with benae:ne hexa.chlor1de 

dust in the control of grasshoppers . Brett and Rhoad.ea (l) found that 

e. du t oontainii,g 5 peroent ganma isomer. applied at the rate of 10 

pounds per acre ga.v complete control of grasshoppers in alfalfa. Bill 

and Rixeon (4-) a.lso had good results , ut'ing benzene hexaohloride in 

tests conduoted in Nebraska. during the aumn r of 1946• 1n oontrolling 

the following four species of grasshoppers a Uelanoplua diff'erential1a 

(Thoe .. ) M. . femur-rubrum (Deg. ) J( . bivittatua (Say) and 11 . mexioa.nua ----- - - - ----
mexicanua (Sauss . ). Dust application with an a.irpla.ne w:aa not aa 

effective as with a power dUBter. 
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Chlordane or 1068 wa, first discussed in 1945 by Dra . Kearns ,, Ingle, 

a.nd etoalf (7) . They found in their tests that this produot exhibited a 

high order fSf terloi ty to • wide range of inaeots . Their report shows • 

comparison 0£ the toxicity of ohlorda.ne . DD?, and benaem hexachloride on 

aeveral species. In Table 9 of their report the mortality at th& end ot 

24 hour u ing emulsions of 2 percent I)Df waa -SO percent• l percent chlor• 

dane , 70 percent, and o.5 percent g a. bens :ce hexaohlorid• , 100 percent, 

aa a stoma.oh poison on the differential grasshopper, M:ela.noplu~ di£fer­

entla.li• ( hOlllU) . 

A synthetic insecticide known aa chlorinated ae.mphene or 3956 has 

been tested in Montana, Arisona., and California (5) . In Montana a 20 per• 

oent dust e.nd an emulsion spray applied at the ra.te or 4 pounds per &ore 

ga.ve 95 and 91 peroent kills reapeotively. In Ari'sona. the avera e kill , 

in two teats ,ri th 20 pounds per acre or a dust containing 10 percent of 

chlorinated o.amphene • n.a 69 peroent in o:ne day a.nd 88 percent in three 

da.ya. In California test•. dosages of 2 to 8 pounds of 20 percent du.t·"' 

per &ore gave 100 percent kill in six days. 

A !le'W' synthetic inseotioide . developed by the American Cyanamid 

001!1p8,,?V of Bew York, known as an aryl alkyl thianophoaphate or M22 waa 

tested for the f .irst tw by the Oklahoma Agricultural Bxperiment Sta.tion 

on the two-lined gruahopper. llelanoplua bivittatua (Say) June 13• 1947. 

A 91 percent kill was obtained w1-th 2 percent duat applied a.t the rate 

of 20 pounds per ~ore • • 

Research reported .upon in thia thesis we.a carried on from June, 

1946 to July, 1947. It has been conoerned principally 'W'ith the auacepti-
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bility of the ost important economic species of grasshoppers to the new 

synthetic insecticides a.nd a correlation of thia suseeptib111ty with 

te perature , both in the laboratory and in the field. 

QTBODS OF PROCEDURI 

Adul ts of the differential gr asshopper. l anoplua differentialia, 

the two-lined grasshopper, ..!. bivittatu, , and the lesser migratory graaa­

hopper, • mexioanua were oollected in the field during October, brougbl. -
into the laboratory a.nd used as a eouroe of egg eupply. Theae adult 

grasshoppers were kept in soreen oa.ges. Four-ou.noe jars, filled with 

aa.nd , were pla.oed in e&ch ca.ge. The female• deposited their egg• r adily. 

Arter these jars had sufficient numbers of egga in them, they were removed 

fr the cages and placed in an electric refrigerator, at a temperaturv 

of about 40 degrees Fahrenheit,. for a period or 10 day to 2 neke. They 

were then placed in a.n incubator. Newly hatched eympha were traneferre 

fr01n the incubator to rearing cages e.nd fed head lettuce . S 

were made with grasshopper ooll•cted directly from the field. 

test a 

The ohemicala used in laboratory tests were in the dust f'orm containing 

bensene hexaohlorid • chlordane or 1068, !956, DD! and M22. Tho-se that 

were used in field testa w re bensene hexachloride , ohlord·ane or 1068, 

! 956, and M222 • 

In the l•bora.tory tests, 10 grasshoppers were placed in a two 

qua.rt fruit jar. A pisce of screen wire waa out and fitted into the 

2 For the sake of conformity and to avoid confusion, the names 
for the oher.lioals used in thi thesis will be J3HC for ben&en& hen.­
chloride., chlordane for 1068, 395~ for Chlorinated Campbene and M22 
for n a.ryl alkyl thianophosphate. 
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ring of t fruit jar and used as oover. The creen had a Slllta.11 ho 

about the sis of lead pencil in it to allow a 11 glass tube to nt.er 

the jar f r applying the dust . !he gle.ss tube • heatad and curved in 

the middle and had rubber bulb on o~ end. Dust was weighed, put into 

the gla.ss tube • and eJ.lowed to settle in the eurv to prevent loss . The 

open end of the tube was plaoed in the opening in the screen cov; r , Om 

vigor ous squeeze of the rubber bul b :t the other end of the tub forced 

all the dust into the jar in one puff. This gave good oovera.t:> on t 

gr asshoppers . The grasshopper were allowed to stay in ths jar for a. five• 

minut period , They were then t r nsferred to aoreen cage wher head 

lettuce was availabl e and placed in the oonsta.nt temperaturo c p rt nts . 

These o part nts were desigMd and built by :Brett (2} . The four di.f• 

f erent t emperatur s u ed in these tests were 100°F., 90°F. • B<>°F. , a.n:1 

70°F. Observations were made at 2. , . 8, 24, 48. t.lld 72•hour int rvala . 

Fr a of the insecticides observations re made at the end of long r 

periods .. Fi:rty milligrams of dust wer used in each treatment. Bach 

test wa.s replioatod 10 times. 

In field tests the du ts were applied with a Root odel Y-2 , six-

row r d ter. This Dlaohim wa.s ounted on a. tw heel trailer a.Dd 

drawn behind a "Jeep" . Du.ate used in the field tests during the 1pring 

of 1946 (1) were prepared in a s ries of concentrations of gantne. i omar 

by diluti~ with talc. a preparation which Wfi.8 technical BHC containing 

10 percent of the gamma iao:mer, The chlorda.ne duata were prepared by 

i mpregnating talc with the technical ooncentrat • 1'hese t st were e 

in lfalfa fields where the plants 'Were a.bo-U'b 15 inches high a.nd nearly 



ready to cut. The duet for ea.oh treat nt WU applied t.t the rate of 

10 pOUilda per aore over 2. S a.ore plots. Tre :tments were mad at three 

different timea am in two different localities.. ~ cords nre taken in 

the dusted plota between 6 to 8 hours a.f'ter a.pplioation and again be-

tw n 24 to IO houra a.t'ter. A square yard fr was placed on the ground 

at random and two obaervera oounted all affectel and dead gra.mshoppers 

within the area. Such ooun:t.a were replicated 10 times in eaoh plot. 

Duns us d in field t ate during the aprix:ig of 1947 wre prepared 

by the John Ponll Obem1oal CODlpany aDd 'The American Cye.na.nd.d Comp&~• 

They were applied with th ponr duster previously described. Ten per­

cent ga.m:u. BHC wa1 applied at the rate ot 50 pounds per acre. Fiv 

percent u::•~ BRO was applied at t.he rate of 10 pounda per acre. Ten 

and twenty percent 1956 were ea.oh applied at the rate of 40 pounda per 

acre. OXJe a.nd two percent 3422 were ea.ch applied at the rate of 20 

pounds per a.ere. 'rhese tests were m&d.e along irrigation ditches whioh 

were covered with dense veg•tation. Record.a were taken in th dusted 

plots between 4 to 5 hours after application. 8 to 9 hour.a Arter. 24 to 

25 hours a.rter a.nd again 6 days after. 

$ Gra.sehoppers were considered to be affected when they stumbled 
&bout showing lou of co.ordination a.ooompanied by peculiar 11ervous 
tremor•• 

7 



TBE SUSCBl'TIBILITY OF GRASSHOPPERS TO 

YNTBETIC INSEOTICID S AT CONS'!ANT 1' PERA.TURES 

OF 100°F • • 90"F•• eo0r. and 70°F. IN THE LA.BORA.TORY 

Adult Dif:rerentia.l Gn.s hoppers, Jlela.noplus dif.f'erent1al1s (Thoman) • 

Grasshoppers collected in the field a.Xld treated with 4 percent ir;_lll!Wj­

o 
BRU and placed in a. temperature o p&rlment be ld at 100 F. re all af-

o feoted by th end o£ two hours. Seventy pereer.rli were a.ff ctecl at 90 F., 

~ 0 to percent at 80 F•.,- a.n:1 40 roent a.t 70 F. At the end of 4 hours the 

of a.t'f'eated grasshopper was 60,. 90 •· 60, and 60 for the 

temperatures ra.ngine; fr 
O 0 100 r. to 70 F. re, otively. The percentag 

8 

of kill wa.a 4.0., 10,., O, and o. At tM end of 8 hours the range f'or a.f• 

teoted grasshopper, 11' 20, SO, 100. an 100 percent. The percent of 

morta.lity was so,, 40• o, and o. All of the individuate at l00°F .. a.nd 90° • 

were dead :t the end of' 24: hours.. At 80 • 90 percent 1rere dead &nd 10 

0 
percent had recovered a.f."ter 24 houra . At 70 F. 80 percent were dead and 

20 percent had r covered after 24 hours . All of the recovered individual 

were gr :vid fem.a.lea. These were placed in cages where they deposited 

viable e ga . Grasshoppers hatched tr these eggs ,rere reared auccess­

i'ully. (See tables 1. 2. a. a.nd 4) 

Thia teat shows the BBC dust to have a rapid effect upon the grass• 

hoppers which is first evidenced by peculiar tremors with lo.s of co-

ordinatio '?be apeed of the aotion is proportional to the conoentra.tic:>n 

of' the gamma is r and increases in telllper&ture. At the lower tempera-· 

tures a gr ter period of time i required before ByI!1ptoms develop. 
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Fewer of the grasshoppers ar killed and the percent.age of those a££ eted 

1thioh can recover ia increu d . Reoovored grasshoppers howod no apparent 

pronounced tempera.ture rel&tionahips when usi~ BHe a.re ap­

parently due to a oonsidera.ble extent to fumigating action. ifty 

millig of BRC dust were plao d in th bottom of a. two quart jar. 

Ten grasshoppers were placed in another two quart ja.r 1ir'hich was inlferted 

over the fir•t ,. open end to open end . A acreen wire between the two jar• 

preV'ent&d the grasshoppers ccmiJlG in direct oontact •ith the dust . At 

0 0 0 
teroperatures of 100 F. • 90 • ,. 80 F. • and 70 F. the ran;e for affected 

grasshoppers was 100,. 100,. 80,.. ·and 50 percent ,. respectively,. at th end 

of 8 houi-s. ·Tl:Je ra~e of kill wa.s 100. 100. 80., a.nd 70 percent • respect­

ively,. t the end of the 24 hour period. 

Gra•shoppers treated Y.l. th 10 percent chlordane and placed in temP'"' 

erature oabinet-s held at l00°F. • 90 •• d • ,. and 70 • showed no effect-a 

until the end of 4: hours ,. a.t which t 40 percent were e.ff'eeted a.t «.11 

temperatur " At the end of 8 hours perc.ente.ge of affected grasshoppers 

rang d SO, so. 70,. and 70 respeotively. nd the range of I110rttlity ns 

20. 20. 10 . and 10 percent respectively. At the end of 24 urs ther 

was a 70 peroent kill at 100°:F. with GO percent kill for 90°F . • 50 per­

cent for ao0 'F., and 50 peroent for 70 • The 48 hour reading ave 
. - . 

80,. 80• 70, and 10 percetnt killed reepectiv ly. The 72 hour :re di:x:ig 

shc,pd 20 percent reoov ry and a.n 80 percent kill at all temperatures. 

Results obt,•ined with chlordane •how it to be sl01r r in action 

and lese toxic t.o grasehoppers than BBC ,. also there ia not as much o£ 
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e. temperature effect a. with BW. Chlorda.ne ga.ve a.bout the s percent.-

ag of recovery an kill o.t all t emperatur s . 

Grasshopper s t r eat ed with 20 per cent DDT shOll'ed no effects until 

th end of 21 hours w. en a 10 peroe:m; kill wa.s recorded t 9rfF. with 

0 0 Q 
20 perc nt t 80 F .. &nd 70 F. :r.ono 11'&8 a.ffeoted or killed at 100 F. 

The 48-hour reading showed 10 percent; ld.11 t l00°F., 20 perce:ac o.t 90°F • 
0 0 

a.nd 40 peroent at 80 F.. and 70 F. At the end o.f 72 hours SO, 30• 4-0, 

and 50 peroent wer killed t 100°F . • 
0 0 0 

90 F., 80 F., and 70 F., re ot• 

ively. Observations me.de over & period of 14 daye ehOlfed no further 

l!lorlality. 

ln contr st to BHC , DDT s owe it gre test toxio effect on grass-

hopper t the lower t mperature • DDT is muoh sl.OW'er in ctio1 No 

of the gr aJ op rs we.a killed until at the end of 24 hours. Gra.sehoppers 

treated wit DDT did not twitch spa.smo ioally before dying. 

Grasshop rs tr ated with S956 h d no ffocts Llntil at the end 

of 4 hours when so .• 60• 20, 10 percent wero 0 Q 
£ cted at 100 F., 90 F .,. 

0 
80 F., 

0 
70 F. res ctively. One hundred roent mortality ~ ob-

ta.ined at 
o Q 

the end of 48 hours w:i. th te:mpera:t.ures of 100 F • a.nd 90 F . 

Seventy- two hours wer required £or campl te kill a.t so°F. At 10°F. 

90 percent re killed and 10 p roent re-cOQ'ered . 

Thia teat showed 20 percent S95S to be less toxio tc, gra.shopper 

than 4 peroent ga.n:ma BRC and sO!nSIJha.t inter.mt,diate between BHC a.u:l 

chlordane . At 100°r . and 90°F. it required 48 hours for oolllpl13te kill. 

Seventy-1,wo hours re required at 80 • At 10°F. there we.a 90 pe-roent 

kill and 10 percent recovery. 
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Adult Migratory Gra.aahoppera Jlelanoplus mexicanua msxioanua (sa.usa . ). 

Gras hopper reared in the laboratory were tre ted with 4- percent 

ganrn.a Bll'.C and placed in c pa.rt nts held a.t constant temperatures or 
0 Q O 0 

100 F •• 90 r •• 80 F• • am 70 F• .At the end of two houri the grasshoppers 

were 100 . 90• 10. and 50 peroent a.ffected • .respectively. !be percentage 

&ff oted in ! hours for tbe temperature series waa 50 • 80 • 90 • and 80 

respectively. with a mortality ot so. 20., 0 and O percent. The 8•hour 

reading ah.ed 10 peroent affected and '90 percent dead a.t 100°p ... 60 

percent affected and 40 per cent dead at 90°F. • 80 peroent a.ffected and 

20 percent dead at ao°F. • a.lid 90 percent affected and 10 perc nt dead. :t 

70°F. All graaahopper• wre dead at the encl of 24 hours except those t.t 
0 

70 F~ where there •• a. 20 percent recovery. 

Thi• test shon, the BHC dust to have a more .rapid effect upon th& 

migratory graashoppers than it doe• the differential gru1hopper. Con-

oentra.tion of' the a. isomer and an increu in temperature affect• 

and ld.111 th$ migratory graaahoppera more quickly. No recovery was r -

corded at the higher temperature • 'fhoae which recovered at the lower 

temperatures showed no apparent a.rter etf•cte. (See tables s. s, 7 • &nd 

8) 

Grasshoppers treated with 10 percent chlordane and plaoed in the 

aeries of controlled temperature compartment• , showed SO percent affected 

in 2 hours at 100°F . a.no 90 • , with 10 percent a.t'.feoted at ao"F. and 

0 90 r. '1'l'le 4 hour reading gav 70, 10. 50, and 50 percent affected re• 

spectively. with no mortality being recorded. At the end of 8 houra 

70, so. 70, and 70 percent were affected and 30, 20. 10., and O percent 



dead. The 24 hour reading showed 4,Q peroent a.ff'eoted and 60 percent 

dead a.t 100°F. , 50 percent affected and 50 percent; de&d at 90°F .• , 50 

0 
peroent affected and 50 percent dead at 80 F., and 60 percent &f'feoted 

0 a;nd 40 percent dead at 70 F. At the end of' 48 hours there were 20 per• 

12 

cent atf ected and 80 percent dead a.t 100 • ., with SO percent &nd 70 psrcent 

0 0 0: 
dead a.t 90 F.-, 80 F., and 70 Fe, In 72 hours 90 percent orte.11ty and 10 

0 
percem; recovery was recorded tor 100 F., while 80 peroent mortality and 

20 percent reoovery was recorded tor the other three temperatures . Ob• 

servationa • over a period of 14: days showed no further mortality.-

These tests ehOW' the lesser migrat6ry grasshopper to be more sua-

eeptible than the di:fferenti&l graashopp&r to chlordane. Both spe-c1es 

show e. greater ausceptib11ity to BRC than to chlordane. At tho higher 

teJQPeratures only about om• halt the tim ia required to get a. compl te 

knockdown using BllC u with chlordam., and a-bout one-third the time for 

a complete kill.. At the lower temperatures this period of tim& is le.as 

pronounced . 

Grae-shoppers treated with DDT showed no effects until the end of 

24 hours when a. 20 percent kill wa.a recorded for all four temperature-s . 

0 0 
The 48-ho:ur reading ehowed 30 percent kill• for 100 F . and 90 F ., w1 th 

0 0 
40 percent ld.lla for 80 F« a.nd 70 F• At the end of the 72, hour period 

0 0 0 
SO percent were killed at 100 F•, 4:0 percent at 90 F. e.nd 80 F •• And 50 

percent at 10°p. Ob ervationa mad over a period or 14 da.ys showed no 

further ortality. 

!heae tests ahow the lesser m1grat.ory grasshopper to be more aua­

oeptible to DD1' than the differential grasshopper. Both specbs are 
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a.uaoept-ible to BllC a.nd chlordane than to DDT. In oompa.ri on with BRC 

and chlordane. DDT shows a greater toxic ffect .a.t the lower temperatures. 

Grushoppera trea.ted with 1956 showed 30, 30, 20, and lO percent 

0 0 a.ffected at 100 F ... 90 F •.- 80 Fe e.nd 70 F . respeotiv ly. No morta.lity 

we.a recorded until the end of 8 hou.ra when 10., 80, 80, and 80 perc nt 

wer a.:f'fected a.nd 30, 20. 10, and 10 pereent ,rerG dead respectively. 

One-hundred percent ,rere dead at the e,nd of 48 hours £or' 100 -•, 90°F., 

and SO°'F. It required 72 hours to obtain 100 percent kill •t 70 Fe 

these testa ahow the leaser migratory gru hopper to be more sua-

oeptible to 3956 than the differential gruahopper. Both apeoies tthOII' 

greater auaoeptibility to BHC than to 3956, but less to chlorda.ne and DDT. 

Toxic action ia faster &nd re carnplete at the higher tempera.turee in a 

manner aimil&r to that or BBC and ohlorda.ne. 

Nymphs of the r.o,..tilled Grasshopper. Uelanoplus bivittatut (Say). 

'l'bird , fourth and firth instar IJ3ll!.pha oolleoted in the field~ treated 

with 5 percent gamma BRC and pla0$d in temperatur compartment held &t 

100°F. al2d 90°F. were a.11 affected at the end 0£ two hours. Ninety per­

cent were affeoted at so°F •• and 80 percent at 70°F.. At the end of four 

hours the percentage of gra.e•hoppers affected was 4-0, 601 801 and 80 

respectively for the t.mperature 1eries ranging from. 100°r. to 709F. The 

peroentage 0£ kill wa.. so. 40.- 20 and 20 reapeotively. At the end of 

eight houre th r&IJge £or affected graashoppera was 10, 30, 501 and 70 

peroe-nt respeotively. The peroentag-e of mortality 'WU 90, . 70_. 60, and 

30. All of the individual.a we?'$ dead 1n all treatment• at the -..nd or 

24 hour•• (Se tables 9, 10., 11 and 12) 



orru·shoppers treated wi'th 395t:; a.ri1 placed in te:mperat,;u:-e compartments 

!1eld. at u;rl'F. ar.d 90°F. eaoh shOY!i'e<l 10 percent to be affe.cted at the end 

,of ii t:'.l{}Ui"S.., :l11o;ne was affected a:t f:VJ't> .. , or 70°Jr.,. 

At 

at 

At the 



at 100~'!!, f!O°F., and so°F. had reeovered. 1rthi.lo 20 percent of the 

indi1.riduals had reeovered at 70°F. 

Adult ~Lima Grasshoppers, !.lela:noplus bivitta.tus (Say). 
- • - - 71'\" ........ _......_ _ _..___ 

Grasshoppers oolleeted in the field, treated with 4 pi::n."cen.t; g;Sl'JJ:..,a. 

BHC s.n.d placed in a temperatur~ compartment held at 100°11' .. were all af­

fected by the end. 0£ 2 hourt:1• Eighty percent were affected at 90°F ... , 

50 percent at 80°F. and. 40 pe.roent a:t; 700-ff" At the end of' 4 hours the 

15 

percentage of ~f'eoted €;rasshoppers wae C-0, 80, 60, and SO fo:r temperatv.res 

rtlt:c"'.le;;i:r.g from 100°r,·. to 70°'F., respectively. The pe:reentag.e C)f kill was 40, 

20.,. lO, and o. .A.t the end of 8 hours the range for affected grasshoppers 

was 30, 60,, 80.11 and l,00 percent with a kill of 10:1 '10, 20, and O percent.,. 

All t'.>f the i:neHvidu.als at l00°F. a.rA so°F. •ere dead at the end ot 24 h,ours .. 

At 0 
90 percent c.ead and 10 percent had recovored after 24 hours. BO F. W$I"6 

At 7,;/'= l; .• so percent were dead. 8..i'.l.d 20 percent ha.a .recovered a±'ter 2.l!, hou:rs11. 

The results i:n this test were essentially the same Q.fJ those obtained 

ls. 14. 15, and 16. 

Results in this test show 1.1dul'b Melanoplus bivittatus .grasshoppers tG 



Tabla 1. Oonpara.tive T&st1.1 using BRO., Chlordane,. DD'!' a1,1l.d $956 at a. Constant '1'0:mpera.ture of 100°r., on 
Adult;s of the Di.f:f'erentia.1 Gra$shopper, Me lancplus diff'erentie.lia (Thomas) .. 

Peroentage of Grasshoppers 

Hours After Treat:rnel'.''.I; 

Formula ti or'. 2 4 e 24 48 72 
"'"""""--..... --- ~.=--~--'-~-···;..::~ ... _,,........,,_.. ---·--

Dusts Al D n A '.O R A D R A D !. 11 D Fl. A D It ______________ -e:,-~-~-~- - -~- ~-
Bl!O 4% Gacnma 100 0 0 60 40 0 20 so 
Chlorda.D.$ 1(1%: 0 0 0 40 0 0 80 20 

0 0 100 0 .,. ... -· 0 30 70 0 0 20 0 

..., 
80 20 

DDT 2QJ! 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 0 30 0 
3956 20% 0 0 0 50 C C 90 0 0 20 eo 0 0 100 0 ... ... _,_"""-' -- ,. ,,,__,_ ----~---------,,--~--,,,,.,;$i;urAAP .. _ .... -~--

Table 2.. Co:m:pa.ra-td.ve '?et:its using BilC., Ohlorda..".l.e• DDT and 3956 at a Constant T&lJ}?trature or ?J0°F .. o:a 
Adults oZ th$ Differential Gra.sahopper, }.'.:ela:uoplus d.iffere1ntbJ.i;3_ (Thcmo.s}. 

:;.::.e; ;t .,AHN ;;=:._~~;;:;:.::c..: ·~·- ;;;,=:: ,..., ~- ;:; '1P2_ IL- t:.l ; ="''T 

Percentage of {h·assho:ppers 
Hour:.' i'J'tei Treat:iimt -··----~~---- --· ·-~-

Formulation ;;.....----·-----·-~----·----~---~---------~ ~----""'=--,.,.,;.~~~--.... ---2 4 e 24 ~B 72 
..;. 

Dusts Al D R A D R A D R A D R A D R A D fi 
BRO 41' ea.riiua. ?o o d ·-w-· Io c,-~oo 40--· ·-·· ,~o--o · 100 "--cr~--a-"-roo~-·~-o~~--:-= 

ChlQrda.ne 10% 0 0 O 4:0 0 0 SO 20 0 40 60 0 20 80 0 0 80 20 
DDT 201' O O O O O . O O O O O 10 O O 80 0 0 $0 0 
l5956 20% 0 0 0 50 0 . 0 80 0 0 ao 80 0 0 100 0 .... ... • 
.,.. ............ .-....--..... ~- '~ -Ii,! - -~ -~-~~-"-'""' ..... "' --.,.;,_., 

l1;1xplariat:io:n of lettars used. 
A ... Perom1t of e;:rasshoppe:rt a;ff'eoted,. 
D ... !'ero~nt of grasshopper~ dead. 
R ... Pe1·oe11t, of ;;r~oshoppar::: r€loove:red. 



0 Table s. Comparative Tests using BBC, Chlordane, DDT and 8956 at a. Constant Temperature of' 80 F• en 
Adults or the Dii'ferentia.l Gru~opper, Jdela.noplu1 diffeNntiali1 (Thoma.a}. 

Percentage of Gr_asahoppers 
Hour-aAl'ter- treatment 

Formula.ti on 2 • a 24 48 72 

Dusts A· D R A D R, __ A D R A D R A D R A D R 
:e1rr"' Ga.nma · ·40 - o -- o 60 o~- --~o- -XCRJ o ~ o so 10 o 90 10 o 90 10 
Chlord.a.ne 10% O O O 40 0 O 70 10 O 50 ·50 O SO 70 O O 80 20 
DDT 10,C O O O O O O O O O O 20 0 0 40 0 0 40 0 
1966 2<>;( 0 0 0 20 0 0 ,o O O 60 50 0 ~ 70 0 0 100 0 

Table f. Compa.ra.tive Teats ul!ling BRC, Chlordane, DDT and 1966 at a Conata.nt Temperatlll"e of 10°r. on 
Adults ot the Ditferential Grasshopper, Kela.noplua ditferentialia (Thomae). 

Formulation 

Peroentage of Graaaho~ers 
Roura lier fioea~me 

2 , a 2, ,a 12 

Duata A D R A D R A D R A D R A D R A D R 
BBC~ Gl.l!iin& 40 o o 60 o o 100 o - o o so 20 O 80 zo O 80 20 
Chlordane lo,.( o o O 40 o o 10 10 o so 50 o SO 70 o o 80 20 
DDT 20}( 0 O O O O O O O O O ZO O O 40 0 0 50 O 
1956 292! 0 O O O O O 40 0 0 60 50 O 20 80 . 0 0 90 10 

.... 
-;a 



Ta.bl$ 5. Comparative Teats using »HO. Chlordan&, .:OD!, a.nd 1956 at a Constant Temper.ature of 100°F. on 
Adults of the Leaser Migratory Gra.seho:pper, Meltmoplus mexica.nu.s m::doanus {Sa.use.). 

·- Hours After Treatment 
Formuh.tion ! 4 8 24 48 72 

Duste A l) R A D R A l) R A D R A n n A D R 
1nm i1' as.mm.a 'ffl o · er- so so o m §o o ts 1od o "- · a · 10o 'tr ·· · ... ... .. -
Chlordane 10%' so O o so O o 70 SO O 40 60 o 20 80 O o 90 10 
DDT 20% 0 0 O O O O O O O O 20 O O 30 O O SO 0 
1956 ao,t so o o so o o 10 10 o 10 90 o o 100 o o 100 o 

Table G. Co1upa.ra:t.ive Tests us.ill{;; BIIC, Cblo1~d.e.11e, DDT, and 3956 at a Constant feraperature of 90°1r. 01:1 

Adults of the lesser '.Migratory Grasshopper, l~e lanoplulfl !!.~cs.nus mexioe.nus (Sa.uss,). 

Pore&nta.i;e of Grasshopp~rs 
• Hours .After tieatmenli . -- .. ~ -

'.Formulation 2 4 8 24 48 72 ~-----~~~~----------~~--~~-------------
hds A D I A D R A D R A D R A D R A D R 

BHC 4:% GaJll'll&. §O " O 6 . Bo" lo -~~~ to -,o 5 ... O 166 0 6 !oo" " 6 . ... • ... 
Chlordane 10,: 50 o O 70 O O 80 20 0 50 50 O $0 10 o O 80 20 
Dl)f 20% 0 0 0 0 0 0 0 0 O O 20 0 0 30 0 0 40 0 
$956 z°" so o o eo o o ao 20 o 10 90 o o 100 o o 100 o 

. . 

..., 
co 



Table 7. Co1uparative Tests usi:nz 13:HC, Chlo:i:'tlans, DDT., and 3956 at a Oon.r,tant Te1uptn~a:t·ur@ of 80°:P. on 
Adults of' tihe Las$e:r Jil1ig;ratol"'J Grasshopper, 1,iJela:noplns moxioa.nus mexiea1::sus (S:auss.). 

Fonrru.lat:ton 4 a 24 48 Tft 
_,,__-~~~ .... """~~~~~ ..... ._. .......... ,.,,..~~-- --------·-"'-"'"'--·'- .... *"""'" •l!r'illf;iil 

Duets A D R A D R A D R A D R .A D R Ji. D R mrc-,% om1a_ro_ , o o·· · ·go - o o-ao~ir---~~-,oo-~~-o-~ 
Chlortla11e 10;;& 10 0 0 50 O O 70 10 0 50 50 O 30 70 0 0 80 2G 
DDf 20% 0 0 0 0 0 0 0 0 0 0 20 0 (J 40 0 0 40 0 
3956 20% 20 O O 50 0 0 80 10 O 20 80 0 0 100 () O 100 0 

C 
Tabla 8, Comparative Tests using B!:!O, Chlordane, nDT'., and ~56 at e. Oorwta.nt Temperature of '70 P. on 

Ad.ults of the Lesser tigl:"atory Grasshopper., JJ!elanoplus 1'1eXioanus me:dce.nv.s (Sttuss.). 
~"""' --""""'--~.--~ .. 

Percenta,e of Gre.ss'.hopper$. 
,- Hours After Treatment,...·.· --- ~~~~~·-·~~~~--... 

li'or.mulat:i. on 2 4 8 24 4e 72 
--· ........ ,·;i,_....,.,,.._,,..,,. ·---~ -- _._,..,..,._ ·--

Dusts A D R .ft D R .A D R A D R A D '.R A D R 
ffiro~~;-~50-(r-~oso-o o ~o -- lo . o ~ To-·-· so--o--~au-~--o ou-~ao-20 
Chlordane 10,: 10 o o 50 O O 70 o o 60 40 o 30 70 o o 70 io 
DDT 20% 0 0 0 - 0 0 0 O O O O 20 0 0 40 0 0 50 0 
3956 201& 10 o o 40 o o so -o o so 10 o 10 ~m o o 100 o 
---'---~ """'-"-OI!. ----o• p ... *! ~~~---~ #,~r,<r~ 

.... 
(0 



'ft\ble 9. C01.ll1"ai:'&:1..ive, TE:H;,bs Usins :m1c~' i951; a:rd 5422 ~t a CO!l.S'ba1Tb 
of: the 1~o-lined s;re..sshopper, ~3::.~":.?1!~~ £!!.~~?}!.~. (Say). 

l '"OO_,, ' '':f· '1'\l'I~ :·_-ti. 15" • OJI, I1/J!ifli:'1,.._a 

Ferc,:::rnbage of GraBs:hopper,\il ------·M·' . Ho:i"i~ JIJllEe'r"°Tre.afan,~nt . ~ ----···------~~- ·-
Forriiula:tioX'. I 4 S 24 48 72 -----------..,.,,,-~=--=-_,,--,..--~~ .. ~-·"' .....,.,..,... -~ --·-""""'-.--~- -~ -'~~- .. _ 

Dusts A D R A D R A D R A D r, A Ti t: A :0 t; 
nfiiF'57ruari-~,1a 100--0 o . 4'.15---Scr-!rlo-txf -~ o o Ie56 - o . =-:--~·-,.;-·---:;---;,,-:.;--7 
3956 20% 10 0 0 70 0 0 90 0 0 70 30 0 10 SX) 0 0 100 0 
3422 2t 100 0 0 30 70 0 0 100 0 0 100 O ... - ..,, - ... 
5422 1.% 80 O O 60 40 0 30 70 O 10 90 0 0 90 10 0 90 10 

- _ • ..,..,.,..,. .......... ,,.,.....,... -riW,ei;I, ~_._. __ - ...____.., ~:~--·-· -~-· --

Table 10. Oc:11;;(-i.!'t',<,i ve Tet:rf.rn Ud.:J.G 13710., $95 e 1:1Kicl 3112:! at: a Constant Tonpcrat1.u~e of GJ0r. on l:\'7t,1phs 
"'. f· +1'· ... .i..,...,.. .. 1-i ''"'';/! =.·r· .... _ .. .,,,o···)r"'"' 'ti .. lnn,,n1, .. , "1,·'i·,,·~t:.i,.,,J,";,,'. (!:; .. ·,:,) "IQ '-.1-~~cy Vlj"lv ·-..c,.t.JJ'.;iaU U ~g1,;.1J.t, . .,. .l:;Jv,l,,. lL¥ -1,;4,_~~•-;.;.1;,·· _,,.i,c; ~:z,1.v. ..ll.,:,,,\J:~~-. .. u;,1 ~-~,1·,' 

=---::::::::::::::::::::::::::::::::::::::::::::::::::::;:::::::::::::::::::::::::::::::::::::::=:::::::::::::::::::::::::::::::::::::::~·-=-=·=-:::·:··=·=-::::·=-::::--~-·~;,~··~-.~·::::~-""'='"~~::...__~ .. ~-...=: -~~..u., 

Peroe:otage of Grj;l;sshoppers 
__ _. ___ .......,!""'· o'ura. ffier frea:t!ii"'nr----~,--~---c 

2 4 8 24 48 7.2 

~rte A D I A D R ~ D R A D R A D n A D R 
Jr!ic ·sjr'1:fiifu'i"""'°1:&5' --0--0-eo·-70 · ·~ 15-~1rr= tr--~a--ro-cr--cr--1)--rot,···,·--cr--;~~~-~ 
1956 20ji 10 0 0 10:) 0 0 100 0 0 40 GO O lO 00 0 0 100 0 
M2Z 2% 90 o o 50 50 O O 100 O O 100 o ... ... .,. 
3422 11! :90 0 O 80 2:0 0 40 60 O lO 90 0 0 90 lO O 90 10 
-----·--·~•- --""""'~ ·v --- ,-=~~~---

t'·-' 
0 



• Ta.ble 11. Comparative Tests Using BHC. :S956 e.nd 3422 at a. Constant Temperature 0£ 80 F. on Nymph& _ 
of the two-lined grasshopper, J&.ela.noplus bivittatua (Say) . 

Percenta_g~ Gra.s1hoppere 
Roura After Treatment 

Formulation 2 4 8 24 48 72 

Dusts A D R A D R A D R A D R A D R A D R 
BBC 5" Ganma 90 o o 90 10 o 50 50 O O 100 O o 100 0 M -

19ss 2()Jt o o o 10 o o 90 10 o 40 eo o o 90 o o 100 o 
22 21' 90 0 O 60 40 0 10 90 0 O 100 0 0 lOO O • • • 
,22 1% 60 0 0 90 10 0 50 50 O 10 90 O O 90 10 O 90 10 

Table 12. Comparative Testa Using D:Frc. '956 a.nd 3422 a.t a. Oonata:nt Temperature of 70°F. on NYznpha 
of the two-lined grasshopper. K.elano:plu.a bivitta.tua (Sa.y) . 

Per•nta.g~_ o.f.'__(!r&aahopper 
Hours After Treatment 

F~la.tion 2 4 8 24 48 7 

Dusts A D R A D R A D R A D R A D R A D R 
!HC S% Ganm• ao o o so zo o 1o so o O too o o Im o o !co 0 
$956 20% O O O 80 0 0 100 0 0 50 50 0 10 so O O 100 0 
M22 2% 80 o o so 20 o 20 89 O o 100 o o 100 o 
14:22 1% 50 0 O 100 0 O 70 30 O 20 80 O 20 80 O O 80 20 

N .... 



'l"G.ble 18. Oonpara.t:i:u'e Tests lls:111.g BllC, Chlordane, DDT,. and S9l'i6 at a Constanl, Te!::!.poi·a:tu:i:"9 of 100°1'"'. on 
Adults of the i.wo•lined grasshopper, roela.:uoplui biv_ittatuiJ (Say)• 

=:, = ~~~~~~,,,.;_,. _ ___.--==.~~.;z;;:......:-. ... ~~"""'"''"'"'--.-~1-;;..;;.;;;;;,.._.;;:;_4.,::;+,;;.:;~-"~-""c'..<,.;~"~''~';.;;;;:::.;:~~..;.;..; ... .,.,,.,...,.,i.;:;....,-,,,,.,);.;;;;:;;;;::;:;;..~~ 

Percentage of G:rasshop11e1·s ---~---"- -- ,- ...... ---~-#-~----- --Houre,'~ffi'a€r..ierift=-·=-~-~-----""--=·-···-""'--
Formula.tio.r1 2 ·1 8 l:M, 72 
~-"-'"-~ ... ~..._,.,,___,_.c.'°'-'"""~--.co-,.,,,.,..-.,~-~~-~~---"'-"-•.o,--~··-¥.!f:~--... *""""~'>.--O.:o-.a<H:<""--,""--...,"'°""-,.____,_~,c,=-··="""""·-~""-,..,,.,..,.,--

Dus-ts li D 31 A D R A D R A D R A D R A D R 
:s~·Ga!im~!l. -wcr~-~-·u=-------rr-~ 6~iei . -- 4 cr·=--.. ~1e----c--·o--Too~----~~-a,;:-~=~r=----::-::--·-=:;.-
chlorda1lft li),'.! O O O 40 O O 80 20 0 $0 70 0 0 oO 20 0 80 20 
DD'!' 20J~ 0 0 O O O O O O O O O O O 20 O O 30 0 
3956 201o O O O 50 0 O 100 0 0 30 70 0 O 10:) 0 ... .. _ ------"""~~~,-"'=~-. -..--.-... =• ·= ="r =-="'".>"'!~-=-""="'"" " =~~,-.w:;;>.o•~,,,._.,.,_.,. .. m,•••l'•~~---..... --~~---.~--~,...,:,a,c""-"'"~ ~----"""" "*"" ;,,,·~"""""',.._.,,,,...,,~_,,,._.,_--=:• 

Table 14., c:o·;;,,pe.:i·ixtive T·errts 1hring J.iHC, Chl~rda:ae, DDT, and S95G ab a Co.7.frta:ri:t l'oE,p:;;ra:tiu·o of so0-:;., on 
Adults of the ·bro•lins:!!d gra.sshoppor • liel~~opl~. biv:i:ttatus (Say}~ 

't'f"'t'.v"'.ii?'.ftfi5'~~-~•-\.,.~~i~~~-:~~~,_=:~~~# .Q. ~=-~c,~,_.,~;.:;'-~--,.:, '"'.:Z-· =rt,'ch••- - :=..:....:..~ ......... '%:'¢: .. ;.,~e-;:I.,~:%~-Z~~~=~-... -·-.;;,.'t._:[e.;'!,~.= 

Percentage of Grassho1n:ere --C-~---·-·---~·-·~-----·1rours"'lf.'t6r 0Trea:brnoi1:b"~·~c.•c-~--··------=----------
Formule.tio:t'l. 2 4 8 24 '72 
____ c. ___ ,,,.,_,-;_-,-~,,e;.,---=----~-=a...-=oa,~~--;.,,"'--~----"'-=~--,._,..,,.,..,-.,,,_.....__,.._""_'4,,._~---""''"',..:,,.a.=,,,,.-...,-.~:,:-.~--,~---=""~""-;"'"""·""·=--"''""""--.~=-

Dust a A D R A P R A D R A D R A D R A D R 
B:i:IC -4;%··os:r.ma 8(f-,.~-ti . ,. 15 • ~"lro---Yo'-0-- 60 40 - o --o--roo-o·~~~,-~~..;.:----:;=·="'~·~,.----:;--~--:;:---.:.,~~ 
ChlordantS 107! O O O 40 O O 90 10 O 10 60 O 20 80 o O 80 20 
DDT 20% 0 0 O O o O O O O O 20 0 O .30 O O 00 0 
5956 20;i O \l O 50 0 0 90 0 20 80 0 0 lOD O - ... ... 
- ., ..,,,.,,,.,,,..,.,,...,.,_,.." ,. _ _,, __ .::.c..,_-='-"·""""~~-,.;..-,_,..,1,,..,u"-~.-...-.,.-;,~~-.,,,_=--.. ::,,._...,...._~---· --~~ 

N 
,t(} 



Ta.ble 15. Comparative Tests Ueing BRC . Chlordane ,. DDT. and $956 a.ta Constant Temperature of 80°F. on 
Adults of the two-lined grasshopper. Mela.noplus b1vittatus (Say). 

~-- Peroente.ge_~r Gre.s!lloppers 
Hours After Treatment 

Formulation 2 4 8 24 48 72 

Dusti A D R A D R A D R A D R A D R A D R 
BRO 4% G81.!ll!l& 50 --u----u--au-~o O 80 20 O O 90 .10 o 90 10 • • • 
Chlordane 1()% O O O 40 O O 70 O O 50 50 0 a> 70 0 0 60 lO 
DDT 20% 0 0 0 · O O O O O O O 20 0 0 40 0 0 40 0 
1956 20% O O O 80 O O 50 O O 50 50 0 20 80 O O 100 0 

0 Ta.ble 16. Comparative Testa Uaing BRO, Chlordane , DDT, e.nd $956 a.t a. Conatant Tempera.ture of 70 F. on 
Adults ot the two-lined gruahopper. Melanoplus bivittt.tus (Say) . 

Percentage of Grasshoppers 
Houre After Treatment 

Formulation 2 4 8 2, 48 1 

Du1ta A D R A D R A D R A D R A D R A D R 
BRC i% Gamma 10 O O 60 0 O 100 O O O 80 20 O 80 ZO O 80 20 
Chlordane 1()% 0 0 O 10 0 0 10 0 0 50 50 0 0 70 0 O 80 20 
DDT 20% 0 O O O O O O O O O 20 0 O 40 O O 40 0 
$956 22% 0 0 0 0 0 O 40 0 0 60 50 0 20 80 0 0 90 10 

N 
(A ~ 



SYNTEETIC I1ifSBCTICIDBS nr T'ID3 FIEID 

1946 Tests. 

field teats of .synthatie insecticides a;pplied. as dusts. During these 

0 . 0 
tests the temperat,.1:re ran.sea :ft.rem 80 F. to 95 li'. There was a wind 

vale.city of 2 to 3 miles per hour at tr:.a t i.:me of applieation. Grass-

hoppers were estilnated to avere.0a between 35 and 40 per squa.re yard .. 

A'boot 70 percent were Melanoplus diff'ere:ntialis, 10 :percent Mela.:noplus 

bivittatus and 20 percent ~elanoplus mexioanus mxicanus and Melanoplus 

fe:mur•rubrum. 

Exeellen.t control was obtained with 5 percent ganm.a BRe dust. ap-

plied at the rate of 10 pounde per acre. Sixty•f'our percent of the 

grasshoppers were killed 6 to 8 hours after applieatio:n and in every 

test except one, lOO percent kill was reoordetl at the end of' 2•:1 hotu•a. 

This partioular test raoorded only an 85 percent kill with a 15 peroent 

recovery at the end of' 24 hours. Lesser 1:ieroentages of g~itn&. B:00 did 

not give fa.vorable results., (Table 17) 

between different s.a:mple prepsra:t;ions.. It appears that one-half to one 

satisfactory control. 



Chlorda..11e ·«as u:.nsa:bisfaeto:ry as a 10 percent dust applied at the 

rate of 10 pot.mds per aere for controlling grasshoppers in. the .field,. 

At the end of M, hours, only 7.7 percent of the grasshoppers were killed. 

Five perce.nt dust killed 3.7 percent of the grasshoppers. {Table 11) 

1947 fest.s .. 

In the f:prinz; of 1947., field tests were again made in Morth.western 

Oklahoma usi1.1& synthetio inse·eticides as dusts. During these tests the 

temperature was between 50°Ii'.,•60°F •. at the tirae of' application., The 

Te:a percent gaUJrila BHC applied. at the ra:te of 50 pounds per aero 

gave BS ps:x"oent kill at the end of 8 hours. ~To affected grasshoppers 

Five, percent gamma Bnc. applied lilt 10 pounds per acre, did not 

give as good control as it did the previous year. This was probably 

du~ to lower temperature and greatsr wind velocity at ·the tiiroo of appli-

ca.ti.on. The temperature and wind veloeity for the 1946 test was so0p .... 

tH5°F. and 2-S fJ.P.E., respectively as eornpared 'bo 50°!1'.-SO'°lI' .. a.lld 10-20 

period~ in the 1947 tests, there was a 74.5 kill recorded \lfith approxi ... 



applict:tion in the plot.s tree:tf-ld with 20 perce,.nt 3956 than were in tlne 

'TestB using two percent 3422, applied at the rate or 20 pounds per 

corded at ·the enr1 of 8 hourll:.. Thia peroentag~1 of' kill did not inoreas0 



table 17. Grass'.hoppor control in. alfalfa using Benzene Hexachloride 
and Chlordane applied at l.O pound a per acre. 

-~,..;<>,~~.-,,.._,,;_4iC --~-,1"'>---~ _ ... "' . . .--... .... 5,,...,...,,. ~==:---=~===== 
Conce:ntrat5. on 

wt/vt; Hours after a.pplieatio:n 

Benzene llexaohloride G-8 24-SO 
( Percentage of 

ga.,'mla iso:mer) Average Percent... Ave,ra.ge Peroent-
-----·----------'ae;e Uort._a_·._11_· t __ y ___________ a-g_~·_l_,:_or~l.~-· t_y __ _ 

5.0 
4.0 
2.0 
0.5 
0.1 

Chlordan& 

10.0 
6.C 

64.0 100.0 
50.0 84.0 
.30.0 57.0 
1.0 22.0 
o.o 7.0 

o.o 
o.o 



Ta.ble 18. Control of eympha of the two-lined grasshopper, Kelanoplus bivitt•tus, using clus~e, apglied 
with a six-row orop duster in heavily weeded irrigation ditohia. Tempera.ture 50 F••60 F. 
Wind velocity 10•20 M•t•l:!•_~ Gate I O~_~JD.a.1 June 18, 1947 • 

Percentage of Graaahoppera per Square Yard 
Pound I '?i• in Hours a.tter treatment 
per Acre 4 8 24 144 

Insecticide (Du•t) u A D u A D u A D u A D 

BBC 50 s 91.7 5.1 0 2 98 0 0 100 0 0 100 
10 percent 

gamna. 
BBC 10 16.5 1s.s 10 10 17.7 72.1 11.s 8 74:.5 a, 0 16 
5 percent 
guna 

1966 4:0 60.7 S9.I 0 16.6 11.1 se.1 so.1 47.2 22.1 9 2 89 
20 percent 
1956 40 58.6 ll.5 0 is.a 44.8 19 18.8 46,7 14.5 16.2 .1 a,.1 
10 percent 
M22 20 1,.1 22.1 es.a 1 7 92 1.1 1.a 91 e.4 .2 91.l 
2 percent 
1'22 20 57.l 42.9 0 19.6 49.2 11.2 81.6 10., 8 88 0 12 
1 peroent -
lsspl&nation of letters 

U • un&ffected graashoppers. A - a.f'feoted grasshoppers. D - dead grasshoppers. 

N 
0) 



DISCT;SS!Oir 

A review of' the literature 

qt1&.ntitative w0crk as ha:vi:i:?,'.'i': been do,G~ ccnoorniIJ:J the relation of 

a.ture in. the susoop:;:iliility of ,gr11sclciOpJ?ers to ·bhese s;rathetie :hi.seoti ... 

cides. 

Some of' these 5.llSectieides show oo:r:isidere.ble increase in 1;;heir to::i:i·J 

ef'f~ct at high 't,em,peratures. :01):l.' was lllore effec"biv.a a:b the lower 

tenperaturea" 

Greater toxic action a.t. high ·!;e1\'.J,pe1~tnre may be partially du~ b:, 

i'u.<'1lii'ila!.tioX'I.. Thia action wiw more pro:aounoed with 1100 am 3422 than with 

chlordane and 3956. Tests 1d:th BI{O showed ver:,r definite furrdg;ati:r>"t~ acti.on. 

tfhen iJ;;~ses a;rei released f'ro11 chenioo.la.,. high ta:rnperafa;i,res speed 1;.:p 

a:L,;re-So. Uvarov (12} states that ·the influenaa of te:mper~tt.1re plays ~a 

important part in the respira:tory r:wvenwnts of r;rasshoppers« the n:u:nI:ier 

oi' mcvements per minute are hi;creesetl in pro11ortion ,ritl:, the rm.,'nber of' 

dagrees i:no:raue in ten:perature. These :movo:rnenta i.:.1cre.ase f':t'on an a:vera~;e 

of' 5.£i per :mt:n.ute at a tempera.ture of 9.5°0. to 26.6 per minute a:h a 

tenr;?eraturs of 26 •. s°'c. 

Krogh (8) studied the composition of the air in thei trac11eal syrvem 

of th.a hi:nd leg of' a gra.sshopper a.:ntl fom1.d tha:b the ore3g;en percent.at~ 

:ma.y be as high 9:,a 20 peroer:.t di1ririi; rest but after el:~usting muscr .. ::.la:r 

exero:iJ:i(lc i·t ii.ii reduced to 5 percent" 

When inset:,·tici.des act as f'umigants they will give off :more g .. a 

e:t 11:1.gh temperature/;) and sin.ca ~ra.ssrto:ppe:t"a a.re more active and: have 



a smaller oun.t of oxygen int ir tra.obeal system th$ respiratory 

mov ments a.re faster in order to replace the oxygen. Thus• if the 

ins oticide is applied at l igh temperatur s more of the toxic ae will 

be take in to replace or.re; n than when gr sshopper a.ro comparatively 

inll.etive at low temperatures. 

DDT does not act cu; a rwniga.nt . It is slow in its action a.nd ia 

taken up by bsorption through the £atty tissues . 1'he grasshopper .... 

,, ' 

a.re luggish at low tempera.turen and the rate of metabolism is slower. 

Perhaps this reduces the rate at whioll DDT is eliminated and thue allows 

a lethal oonoentration to b mor quickly r ached. 

good oontaot dust for gra.eshopper control should aot quickly in 

ord r that further da:, age by the insects ma.y be prevented . Residual 

qualities ar desir ble :for continuing th control throughout; a. hatching 

p riod or to kill gr sshoppers which migrate into the area. Low toxicity 

to warm blood d animals is very important and low· oost in the applio.ation 

or the insecticide is or pri.me importance . Not all of these features are 

fully re liSi d as yet in Arr/ of the synthetics but a gre-a.t step forwa.rd 

s been made in gr sshopper control. 



differential gTassho:9per» Melanoplus di:Ci'erentiali$; i.he two-1 ine(t 
=-••"""'-c;,,,,..~,_~j __ _,,_._,,,_,.._.~~-' 

ship. lns43ots trafittsd ·with ,{;; or 5 peroen-h gam:c1a J3HC and plaaea :ln t11e 

0 
100 y:,, co1Jri\)a:rtme:nt were a.ff'ectad and k"illGd mer~ g_uickly the.n with qn}r 

Sl 

:M. r:i,e:x.icantu; mexiaa:n.us,, was :mor~ susaeptible to the iJJSec·bioid~ than the -"'1t >\Ht!o,,-..;~-c-'-· .. ·"""'-"""S-•O <\:'m'."~,e, ~_,,. •... ~~A""-""-' 



fe£'rbs were h'Ade in the Laboratory and in the field. with chlordam 

a. greater toxicity to the nymphal stages than to the adults and also 

was more toxic to the :migratory grasshopper than to the other two speoie s 

DDT in oontrast to the other synth$:ties used. showed a more toxic 

ef'feot at the lower temperatures. A higher percentage of kill beillG 

A 0 
obtains.a: at 7Ct'F. than at 100 13'. DDT did not appear te be a very ef-

Chlorinated ca.:mplwne or 3956 appeared to be e.n effective insect.icicle 

At least 72 hou:rs were required for co:m,pleta kill ,1fith 20 percent 3956 

as oompared with 24 hours to obtain eomplet~ kill with 5 percent BTIO. 

Onoe the grasshoppers became e.ff:actad with 5956. they did. not rec.over a.a 

in some insta:noes when BIIC or ehlorda.m were used. 

inseoticid,$ used in laboratory or f'iald tests. Within 8 hours after 

traatme:nt,. all i:nseets 1rere dead in tho 100°i,~. compart'ffient. 1'wenty,-fotU" 

0 0 0 
h.01.1:ts wel'e required for complete kill at 90 F., SO F•., a.nd 70 ~·. 1'JtmJ21 

of the a:ff'eeted grasshoppers recovered.. !Jinety...three and ono tenth 

percent of them wrn killed .in a field test with dtlst at 20 pounds per acre. 



One pe:reent $122! dust; ·~ not sntisfaetory in its control,,., A 

large peroantage of the a.ffeeted 0rasshoppers recovered both on labor ... 

atory and fle1c1 tests. Only 12 percent were killed in a field test 

with dust a.ppli~d at 20 poun.ds :per a.ore .. 
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