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B.i 

fib.en the vn·i ter begs,n g:radur.,te T,vork in ontomology in 

the summer of 1936 the present gn.teshoppe1~ outbreak WLs in 

its early st.ages. While assieting in the testing of bi:L-i ts 

c&.r1·iecl on by the e:rperiment stti-tion sti;.ff. ne became in

terested in th.e genoi·al problem of grnr,Eihoppe:r control • 

.as the -ou:t·bre1;1.k: inc.reased to serious p1·opo1~tions,. it 

was decided by the exporimen't station staff to :tnvestignte 

several factors influencing grG.sshoppor aor.d,rol under Oltla

ho.i:aa oonditions. The w:ri"ter w~-s placed in ohBc:rg6 o:f: field. 

v;rork on grasshopper b~i t experiments. This work waB done 

du:ring tho summer.a of lS/36 ana. 1937!" Tho majo:ci ty o:f the 

experiments vJe:i:.'e r.:if;tci..a in ruyne and. Hoodwa:rd Co1.mtio~. 

Tho go.nera.l p:.1.~oblem of grasshopper bait dovelopment and 

tasting v.rus ffugsested t,,nd. &,pproverl e.s e. "'1,her:lis subject by 

Dr. F. B. \'4hitehet1d. the writer's advisei· .. Two generl..-1 

aims were u:_ppe:rr.1ost in thi:::: invostig&tion. First, it ti!UB 

dos ired ,to tost o ertc,in Buco oss.ful lHli t uevelopmen·ts of 

o'Gher sections uncle:!' Oklr.l1,oma oonclitions. f'.lecond, it ivas 

plur.med to test as, bgit n;,ute:ri&ls oerttdn products rvv~ilable 

in tho state in la:1.:ge guimtit.ies t;;.nd at low· costs. 

The wri to1· wir1hes to expxecs hif: e,pp1·eci&tio.n to the 

:following pooplo Hiho ~i<'.ted. in doing thir-1 work:: 

l, :Or. J?. E. Will ts.head from the beginning ::mpe:rvis ed 

the expe1·imantt:tl v.ro:r.ir: and. la:',;er offered, many help

ful ci·itioisms in the w1'"'itin.g of this paper. 

Be: Dr. 1\1 • a. Fenton was a sou.roe of much encouragement 

uno. adv.ice. B.e Bue;gest.ed oert.:dn change~ that 
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I. ll~1fRODUOTION 

Aa far baol:e as I'€Jcords e:xist gra~:a1hoppers are I'epo:rted 

tis in. juring man I s pro du.a ts. The Bible &nd the writings of 

tbe an(;.)iont Ba1)ylonians, Egy-pti~ns und. Gr eel.ts O(J.t1t&i.n 1~efar

enooa to the dxeaded locusts as pests ot ag1·icultu.ro, Al.; 

though roa;.n .b . .a.s hfid grt1EH.1hoppe1"s as :foes :for thousands of 

years~ it has been only in the last century that he has 

fought anything but a losing battle. Even in raodei\n times. 

with all the maoll.1nery and supplies of a scientific age 

at his OOD.llT!S.nd •. the part man plays in ocmt1"'olling suoh. in-. 

aeot pests is but small and tem:tH>:rary to say the most. 

The injury done by g:rass11oppe:ts is a continual and 

ever ... present loss.. The general public. however, becomes a

ware o:f it only when the insects 1.nerease to a devastating 

numbe1·. As early t~s 1773 there was t.1.11 outbreak in South 

California.. During t.be period :from 1860 to 1880 the l"Jissouri 

Valle}., wcs :rs.v:;1ged by swarm{:;! o:f the Il..oclq.r Mounti1in Loe.rust 

Ol' I!Iigr·atory Grassr1oppex (Melanoplus mexioan:u.s Sau.sis.) ·~i 

Sinoe that t.im.e grasshopJH~rs llave been a :recurring p1·oblem 

in the aent1·al and western states. During the larsJt decade 

an a.lrriost ooDtinual campaign w.:,\s been 

a nuraber of these states.: 

Sinee statehood there have been th:reo g1•asgho:pper out-

breaks of majol' im.-:po1~ts.,noe in Oklahoma,. The :first of these 

occur.red in 1916,,. the second in 1925, and the thixd 8;r11l moat 

:reeent in 1936" Generall.y, theao outbreaks continued over 
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a period o:f t'l?,o to four years. The last crn.tb:realt:, beginning 

in 1956, ht:is continued with und.iminishecl fore.a through 1937 

and 1956.. In the two yea:c's .of' 19~36 ttnd 1937 moi~e than 100-,000 

be.las of ootton. thousands of a,cre.s o::t"' oorn am:t alf'alfa, 

man~,r shade ll.nd :f1·n.it trees, and hu"ge que,nti tics of truo k 

an.cl ga:rd.en plants vve:ee d.estroyad .• 

The ~ttampted corrt1:ol measures for grasshop:pero have 

bean many and. veori.ed. Some ot these such as making noises, 

planting of poisonous plants., and inooulation 'ITJi th diseases 

mo:ro 01· less su.coeasf'ul are oul tural praotices. bm.·ning,, 

trapping, oolleot1ng., sp:rayir1g, du.sting, and ptison bldts. 

While several. of the above have been p1·aeti-0a1 in .Asia and 

Africa, the most auooessful method of control in Ame.rica 

ha.a bee.n the use o:f poison baits. 

Previous to 1936 no experimental wort on grasshopper 

control had been done in Oklahomr'l.. At the beginning of' 

this outbreak: the rooornml9.nded control method was the so-

pounds o:f bran, 2 gallons of moliusaea, .2 dozen lemons or 

oranges, 5 pounds o:f l?axis green ox~ \Vhlte arsenic, and 

water. This bait· 1s vary effective but i,s also quite ex-

exoeded the supply on hand and prices at onae rose from 

:forty to fifty per oent. In recent; yea.re cheaper subeti tu.tea 

materially decreasing tho bait•2 effioienoy. Further,, the 

time o:f' d.ay fo:r spreading bait has baen a.hanged in many 



places. Therefore., it wgs considered of aoon.omio value to 

deter1nine if similia1· changes were praotioo.l to use under 

eon.d:itions !n Oklahoma. 



ts 

period ef the lust ei:xty yeara. Dtt1~lng this :period of 

r;.10-t'.Ufi<.H.;.tion and oh&.t1f§e 't,liti so-etill,.~d nx:~nea.s 1.,µ1 t", deaoribed 
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A. CAR IER OR FILLERS 

Ac cording t o Riley ( 71) and Coquillett (11) , bran was 

first used as a bait carrier in 1885 . In that year Coquill ett 

supervi sed the use of bran- mash bait in California . No 

more mention of baits is made i n literature until 1897 when 

a bran- arsenio mash was recommended by Lugger (48 ) i n Minne

sota and by the experiment station in Kansas (81 ), for 

gardens and small areas . In 1902 , Woodworth ( 90 ) stated 

t hat the bran- mash had been used for several years with. 

success against moderately heavy outbreats in California. 

The use of bran mash a s a c ontrol measure spread r apidly 

a£ter 1900 . To illustrate , it was tested and recommended by 

Brun.er ( 6) , Gi l l ette ( 34 ), Craig ( 14 ), and Hunter ( 41 ). 

The next important development of baits was made by 

Norman Cri ddle ·(15 ), of Manitoba , who us ed fre1:1h horse manure 

as a carrier i n his famous "Criddle Mixturen . Gibs on ( 32 ) 

reports tha t thi s mixture was developed in 1901 , but Criddle 

( 16) states that it was first used i n the campaign of 1900 . 

Within the next fifteen yoars the use of nthe Cr iddle Mixture" 

became somewhat gener~l ~ though the results were very variable . 

Among those who tested and recommended the bait were 

Geismar (31 ), Washburn (86 ), Houser (38 ), Scholl (75) , and 

Merrill (50 ). Work:ers that reported t he mixture as unsatis

f ac tory wer e Hunter (41~ in California in 1905 , Headlee in 

Kansas in 1912. Milliten (51 ) in Kansas in 1916 , and Ball (1 ) 

in Utah in 1915 . 

During this period , while the "Criddle Mixture'had been 



been 

the additiGn of various • 

it. 

satisfactory ~~re 1ovett (46)~ Gibson 

Dean {19}, ';Jilso.n (89), tle1·:idok {37},_ :u:o:crill {54). ~3evcrin 

{ 76) ,- 111.k(tn (51), iPord. ) t p,,-ic•k 0 "~ ;rc;e} 
~h ~d, -...,;:.J,. ,\ if:"" '. • 

search for a oheaper 

movoment, l)eginnine; about 19l5, continued tmtil the 

:p1'.'esent time. C'rid.C:Ue ( 33) • ngain the let;i,de:r, in. 1914 

ort t as 

the <Hl!Tie:r. Gibson ( ), the 

cent us effective tLl:1 bran 11 but th:c1t £:, fi0-50 mixture of bran 

t 111fa~l as good hS the pure bra.n. thin the 

next eight t,, wo:rk:e:rs thut t~H.1tea. and l'ecommencled. pure 

of 192fi. o (57) foutHl that a 50-50 mb:ture .of one year-

olel t with b:rEn ve an 0ff'eotivene::rn of 10-12 per 

cent below tho s tantlard. Ji'orcl ( 28} :repo:rted resul. ts ve1·y 

£1imilr;.L:r to rru..r11·0. 

ell ( 73) ttnd tJranovsk:y (35) r o:rted a successful 

llidt'ili 

or shorts ( 15 per cent}. Tb.is mark:ea. the beginning of a 
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sei~ies of experimentta eomlu.cted by many 1ivork:e:ros ovor the 

o ou.ntry to find a suitable o oa ting mi.:. ter htl f Ol"' Sfa\'Jdttat or 

other cheap f'illers. Some of thoGe doing "'chis work were 

Russell (74), Drake (21) • s.nd Pa1·1t:e1.· (1937-38, un11uhlished). 

A rn:miber of other substitutes o:r diluents have 1:'1oen 

t1~ied. and l'eoommended. King ( 43), in 190'7, tried u su.ccosa ... 

fnl bait o:t' :fit2ely ohopried fresh green g1·aEs. Itlerrill ( 50) 

said :reports of successful 11.se of alfqlfa meal came to him. 

~:hvenk (82), in 1918. recon111endod. the u.se of lu.oe:rne or a,lf'alfa 

r,::eal. Bu.i·rell (8) stated the u~e of mill .feea. was success

ful in Washingt,on in 1918. Bu.ckell {7} substituted cow 

:Danure for bra.a in British Coli,1.rnbia. JPlini; (25) x01-:;01·ted 

that torn up nEH'JS pel' • soakcct in e~ 0;;:oln."t;ir,n of _i_:H.:iison and 

molasses, gtWe bet·ter :rest1.l ts tht~.n the iitzmc.lfa:rr1. !>'11 tchner 

(52) reoo ed euaoessful reeulte with finely out green rye 

or v;heat in Lfani·tob8,. Coi:van (13} inclicatect t::cied beet-

pu.lp had possi bili ti es. RobertiJ ( ?2) , in Neb:ras in 1937, 

.litt;le J;}I'Ornise. lmt. 'bh8.t a mixture of' r.:,i'th<;1r of ti-1os:o with 

bran was satisfactory. 



There a:te four poisons that have been used and tested 

extensively in grasshopper baits. :i!hese are, in order of" 

introduction, .raria g;rean, arsenic, sodium arsenite, and. 

eioaJ.wn fluosilioate. Ai•senio (arsenious o:11'.ide) • the basic 

9 

formula from wllioh most s,rsenicals are derived .. , is very to:1do 

and very oiu:iap. Its chief disadvantage is that it iE.J Blow 

to !till. J:a:ris green (ooppe:t· aceto-ai·seni.te) is about 

55 per cent a1·senic. Ita m.air1 adv&.11.tnge is that of a qu.iok: 

kill. 1 ts disadvr1.ntages a:re th:s.t it does not o.dhere well 

and that it ie relc1tively expensive. ~1od.ium arsenite, gene:r-

ally solil in. solution fo::rm, mixos readily and unlformly 

with tho bait_. It is very toxic and is oheap. ::;odium 

:f'luosilieate is a oomparatively :recent poison used in baits •. 

It ne.s a high toxicity rating fand is quick to k:ill .• 

J:?ariH green w1.::cs. the poison used in the :f11~st grassho:p:pe~ 

cording to Riley ( 71), 1&.:r13eni.o was first used in grasshopper 

baits in Calif o:rnia in 1885 • F1•om the apJH:.11;1..rana e of the 

noriddle ltli:xture", in 1900, until about 1920 • recommendations 

for poisons in baits were e,lrnost equally di vitled bot1·1een. 

founcl the optimum strengths :for these :poisons, per 100 pounds 

of tiry bait. to be: J:aris r:reen, 2 pounds; white tirsenic 

~.i pounds; <n~ude arsenic 6 pounds.. They stated the poisons 

were ~11 equally effective when used at these strengths .• 

Ball.&rd. t 2 J., :i.n r~gypt in 1930, found sodiun1 aTseni ta supe1· ior 

"" 
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to Pa1•is g1~een. and sodin.111 :fluoailioata. 

Sodium i 0u·seni te wv,s used in A.f:riea i.n locust baits in 

the latter pai·t of the 19th century. It v'las fi1°st used. in 

this country in grasshoppe;r 'baits by l:Ja.Dhburn ( 86 l, in 1911, 

in the rTTulinnesota X.Ilxturen. In 1923 Corkins ( 12) :firmly 

established soclium araenite as a killing ttgent in baits. He 

found ·tti.a.t the optimum a trengt;h, l pint ( eight vou..nd. material) 

per 100 pounds o±' dry bait, wcs as effect:i.ve as 1:iaita oon

t£1,ining 5 pounds of '«Jhi'tt} arsenic or 4 ;pounds of PH:t·is green. 

Swenk { 03) a,.>neluded thttt i..;he addition of molasses to white 

arsenic b<!Ctits decreased their effioiency but that it in• 

o:reas.ed tbe e.ffioienoy of sodium arseni te baits. Jro:rd. ( 27) 

:found tha't boppers i:eeding on ta::ris green. lived. 35.5 houra, 

those on white a:csenic 1 4!3.9 hours, and those on cx·ud.e a1·

se.nio 50 11.ou:rs. IZioha:rdaon f 68) d.etel'mined the median 

lethal dose of the various poisons for grasshoppers-. per 

gram o:f body weight. to be: white arsenic, .36 mg .• ; sodium 

arse11i te •• l.6 mg.; sodium fllwsilioate, .16 mg.; a.nd J?a:ria 

green, .16 mg. Since l92fi, inve:ptigtttors who ha,..1e tried 

and. r•eoonnnena.ed aodium a:rsenite are C'lra.novslty (35), V1hite

haad (881, Granovsky (;35), Riehard.son {68} ,. Mitchener (53), 

Drake (21). and Bigger {4). 

La e: tatetl above, Riohard1.:1on ( 68) £ ouin,d GiOdittm .fluosili-

oate to be equal to sodium areenite in k:ill:ln:g power. Mitchen ... 

er ( 53) reported f!!od.iu.n1 fluosilioate as giving 78 pex oent 

mortality., which wu.s not quite as good ~"s sodium ar010nite. 

?ai·ker ( 66) sho1.:red tlla t f'luoBilicates Viera as good. v.s ir1hi te 

arsenic. .Roberts { 72) indicates sod.ium f'luo liaate was SU(HJe.ss-
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in 19~Y7. 

t poir;on for 

other h&ncl , th (79) ~na Roberts (7&). both. etutad that 

v~lue was very a if any. 
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c. 

1877, hE,d no tittra.her.rt in his b&it of :flo"L1.r and. f'V,ris green, 

while Ooquillett { 11) , in 1885, had 1J11e;i1:r in his bran ... ar-

Honie rnash. Coqu.illett insists emphatic ally, hcwave:r, tha.t 

put in tho b1:dt to oa11;;.10 tho f;,:.t•senic to aahe:t'O to the bran .. 

of ao fall attrahent [l.$ well us an titlhoreno1;;1 agon t. 

At a very early period., baits without any attrahents 

were reoo.mmonded by Snov,, {81}., in 1897, Gillett (~34), in 

1903, and Cr~1,ig (14}, itt 1904. Until 1937, there we1·0 some 

worke1~s who at va.rious times :rcoommencled only molesses us 

Woodworth ( 90} i. Hunter (<kl) " 'v'!ash11nrn ( 86). Soho.ll ( 75}, 

Ji'ord. (29), and Dxako (21). Ford a.nd Lar:rin1e:r. (28), in 1920, 

made extenr:Jive tests with fruit and mol8FJses. They :found 

pe:c' ,,ent,. Eorrill ( 56}, on the basis of his 

ed nothing to the effectiveness of baits. 

thRn either plain wt.:ite:r or soap •. 
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Ge1amar (31), Lovett {46} . Houser (38) , Caesar (9) , 

Granovsk:y ( 35) , Parker (46) , Criddle { 15) ,- and 1 tchener 

( 52) . :Pettit {67} repo1·ted that an o:x:oess of salt tas de

finitely xepellant to grasshoppers . ll1ord and Larrimer ( 29) , 

after extensive tests on attrahents , found that baits without 

salt were 23 per cent more attractive than those containing 

salt. Cowan ( 13) stated that salt did not add to the 

attractiveness of baits . 

In 1911 , Milliken of Kanc,s.s started experimenting with 

citrus and other fruits as a ttrahents i n grasshopper baits. 

The final result of his work , along with that of Dean (19) 

and Hunter {42), was the "Kansas" or 'bta.ndard" formula . To 

illustrate how generally the va lue of citrus fruits as 

attrahents was agreed upon , during the period. 1914 to 1920, 

twenty of twenty-two papers reviewed recormnended their 

addition. 

In 1920 arker and Seamans (58 ) started the use of 

cheaper attrahents by discovering amyl acetate as an effective 

substitute for citrus fruits. Previous to this, in 1 17 , 

Morrill ( b5 ) had shown there were no significant differences 

between canta loupe, oranges. tomatoes, lemons , peaches . 

and watermelons when used as a ttrahente. Flint ( 25 ) stated 

that he got better results when 3 pounds of finely ground 

green beans were added to 25 pounds of bran than when he 

used citrus fruits . A year later Flint (26) reported there 

was evidence to i ndicate that attrahents were not necessary. 

In 1921 Ford (281 tested 26 flavors and found th t no flavor 

at all and blact strap molasses led in a total of 26 ,496 
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thoppers oounted. La:rr1:mer (45} in a seaJ.·ob. for gr6.ss

hopper repellents ·found 110ne 1n. a liHt of 13 testedoi 

Cb.amberlln f lO). in the :fom: yea.rs o:f l927•28-29-30, using 

the eage m.othod developed u,nd desa..i·ibed by Ford and La:rrimer 

{ 29),. tested tb.oi•oughly the ei'feativeness of various attra

nents,. Over the four-year period no sig.nifiee,nt difference 

was found between the mean mortality of GS.l per oent :for 

all of the attraheats and &6.6 Iler oent fo1· the pl.e,.in water. 
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D. TIME OF S:PREADillG D FEIBDING TEMPER TUR S 

The ear l y writers on gr asshopper baits did not state 

the time of day for spre ding . The ~r either assumed tha t 

16 

one time was as good as another or they followed the rule of 

spreading when the 'hoppers were feeding . Dean {19) and 

liunter (42) specifically recommended spread ing bait between 

6:00 and 7 :00 o'olook: a . m. Ball (1) said to spread either 

in t he l a te afternoon or preferably in the early morning . 

As late as 1917 and 1919 Severin (76) and. tJrbahns {84) 

sta ted tha t the best time to spread was i n the late after

noon . ::; i nce t hen praotioally a.11 entomologists have re• 

commended spreading ba it sometime in the forenoon. Gran

ovsky ( 36 ) e o. id that the proper time i n Wi sconsin w£-s at 

l0:00 a . m. 

For a number of years entomologists huve lcnown tha t 

the feeding of grasshoppers wa s i nf luenced greatly by the 

temper~ture . However . it was not until 1923 t hat definite 

temperatures at which various ac t ivities occur wer e deter

mined . In t hat year .Eci. rk:ar ( 62) , working with the Cle::ir-

inged Grasshopper ICamnula pel.ln.cida ~cud.), by means of 
.,I 

pan tests, determined the minimum . optimum , and meximum 

temperature for f eed i ng on poisoned bait . These were: 

minimum, 65-68 degrees F.; optimum , 71-77 degrees F.; 

maximum , not far obov s 80 degrees F • Parker (63) found the 

temperature rangos for the lesser migratory looust (Melanoplus 

mexica.nus Sau s sure) 111 Mon t ana to be so ewhat broader . These 

tempera tures were: mini mum, 55 degrees to 63 degrees F.; 
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optimum., 68 degrees to 78 degrees F.; maximu , not far above 

80 degrees F . Langford (44), worki ng wi t h i • bivittatue . 

l • di:f:ferentia.lis, M_. :femur - rubrum and C.nortoehaga viridi

faoiatus , found about t he same range as Parter di d for ·• -
me:xlcanus . 
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E. OTHJ:m B IT DEV'.8LOPIJFE TS 

The method of applyinB bait has undergone a t leas t one 

distinct change . Coquillet (11) , using bran- mash in vine• 

yards , in 1885, p l aced a teaspoonful of the mash at the 

base of each vine . Hunter (41 ) thought the pile method 

was mor e1'feotive t ha.n broadcas ting ba it. 1.'fu.c h of the 

early bait wcs put out in balls . Hunter {42) , Geiamar {31) , 

and ~errill (50 ) used the pile or ball method of applying 

bait . By 1915, however ~ nearly all reoom.mendatio · s were 

for broadcasting it . 

The r ate of applying bait has varied from 3 to 20 

pound pez· acre . Ford and Larrimer { 29) , in 1920 , deter

mined the optimum amount of bran baits to be from 71 to 

10 pounds, dry weight , per ae ro . Most recommendations at 

t he present time specify 10 pounds , dry weight , per ore . 

For several years various kinds of oils had been 

speculated upon as possible bait materials . I n 1.934, Parker 

{66) reported s a tisfactory results i n preliminary experi

ments with several oils . Those roported un s ucoessful 

were palm oil , refined heavy mi neral oil , refined light 

minerb.l oil and low grade lubricating oil {vi s . 30} . The 

lubricating oil was found to be as good as the "standard" 

·bait . In 19t7 , Bigger (4 ) reoommended fresh low grade 

lubricating oil (vis •. 20- 30) with solid poison in bran baits . 



III . EXP ER.I \IBN'rAL 

A. Attractiv enes s of Baits and Influence of Temperatur e 

and Othor Conditions as Shown by Pan Tests. 
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Members of the genus Jelanoplua were by far the most 

harn:f'ul grou.p of grasshoppers in Okluhoma. in 1936 and 1937. 

The dominant species in a l falfa habitats were M• differ 

entialis , M• pack:ardii , g. mexicanus , 1• foedus i 9 (' ~i and 

:M. bivi t tatus . The most abundan t i n cotton fields were u. - . -
mexicantls , _N. differentialis , Trimerotropis oi trina. , M. 

angustipennis impiger , and M• bivittatus . The order of 

abundance of the tibove species changes in s ome respects as 

the season develops . ! • mexicanua is usually most &bundant 

in the spring . being outnumbered by M• differentialis during 

the summer . 

1 . Methods 

Small amounts of bait~ to be oompa~ed were placed in 

paper pl&tes , 6- 8 inches in diameter . The plates were pluced 

in a llne 10 to 12 feet apart . From 4 to 10 replicates of 

eaoh bait were used . The same order of baits wa· t ept 

throughout the line of pan • Uniformity of VE.lgetuti on end 

population were sought in placing t he plates . Praotlcally 

all tests were made i n alfalfa fields . 

The baits were mixed in l pound amounts the night 

previous to the testing . Baits were placed in the pan in 

the field during the period 5 : 30 to 6 : 00 a . m. No pans were 

replaced with fresh bait during the day . Counts o:f the 
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number of grasshoppe s fo ding on the bt.1 t ;ere made u..t 

30- n inute intervi.ls . B iald lus i;; v ere ur: ed. to make tb.e 

counts . ~ho uue of . ield gl!.'"'C ent..b od ount(:! to b made 

;hile the obs erver W'dS c a di vunca of ~ov rul f et fcom 

the p..:.ns . It was found th t very i'e gra shopper"" rere 

disturbed :hila U.<'ing this m thod. 

\ e ther o ondi tions rooord t aken ei~e temporatu:ro . re-

1§.ti ve humidity. wind direc.ttion , wind velocity. and •Ly oon

ditions . i'e.mpe .. tu.to t.-nd rel~ tiv -hwr.idity '• e c detorrnin d 

b y v: irling a Fail.ren.hei t )syohl·cmot r f our foet from the 

ground . ti d. velocity wu$."! described as light , fair , .st:rong . 

or very t:rong . Co nditions of 4-:f w~ dosoribod us sunny or 

cloudy, depending upon wheth.ar the pans ere in thE un 

or 1n tht, shudow of cloud • Tho bove o ervutions ~1 re 

recorded at e~ch 50-minuto interval. 

2 . f u.m.be_r of 1 ru.s··· hopporr-i oeding 

on Various Dr n Bs1ts . 

Five bran bait o ... diff erent fornnlu 11oro oon:paxed a 

to att:r eti .ve.nes_ by me n"' of pan tests . 1 he forr,,ulae of 

th· b..:.it i\,re givon below. 

A. J,1•an 100 lb , n1.tor 10- 12 3al ,. , ··1hi t ersenio 4 lb • , 

mola aeo 2 gals ., amyl aoetute 3 ozs . 

B. Bran 100 lb •• ator l0- 12 gals ., white r 0 enio 

4 lbs. , mo las os 2 g l • ground lemons 1 doz . 

C. B &n 100 lbs. , ater 10- 12 gale . .. white · en1o 

4 lbs ., moles s ~ al . 

D. Bran 100 lbs ., lubris~ting oil (vis. 50) 2 gul.B ., 
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white ars enic 4 lbs . 

E. Bran 100 lbs ., lubricating oil (vis . 30 ) 4 gals. , 

white ars enio 4 lbs . 

It i noted tha t in this c ase a ll of the baits c ontain ed 

bran and white ci.rsenic . 

Tabla 1 . 

~iumber o:; Gra.sshonpero Feeding on Various Bran Bui ts 

A B D E 
tte (Amyl Aoetute ) ( Lemon) 

C 
(Water ) {Oil 2 gals . ) (Oil 4 gals . ) 

1.-3 6 

2- 36 

2- 36 

3- 36 

3 - 36 

~otals 

ta t ing 

18 1 204 190 168 166 

209 2 1 r. 193 281 234 

88 76 90 113 94 

55 51 52 41 38 

59 48 56 46 59 

592 594 581 649 591 

100 .0 100 . 3 98 . l 109 . 6 99.8 

Ba.it A (Amyl Acet ate } was chosen as a standard bait 

~or these and a ll other tests described i n this paper . '£he 

rating wu9 made on a busiu of assigning 100 to the standard 

bait . While bait D (c ontaining 2 gals . of oil) l eads the 

others i n tota1~, 1.,her-0 ls no i gnifioant difference between 

it and the other~ . 1 Bait C (containing only bran . white ~r 

senic , water and mola'-'ees ) is p arently as attrt.ctivo as 

tho other baits . These data indic ate that the addition of 

1 The Fisher Variance Method , as given by Snedecor (80 ) , was 
used i n a ll data analyzed in this paper . 
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either e.myl acetHte or ground lemons to bran-molasses-·water 

baits does not increase their attr otiveneas for grass

hoppers . These results are in agreement wi. th those of 

Ford ( 28) and Chamberlin {10). Subsequent plot and oage 

tests (to be described later in this paper) substantiated 

these preliminary tests . 

3 . Comparative attractiveness of Fresh and 

Day-Old Baits. 

Table 2 shows oompa.rati ve feeding on fresh baits and 

one-day old baits. 

Table 2 . 

Number of Grasshoppers Feeding on Fresh and Day- Old Baits . 

Date 
Fresh Old 

Amyl A.oetate Amyl Acetate Freeh Lamon Old Lemon 

6-9- 36 131 83 126 98 

6-10-36 123 87 108 80 

€) .. l0- 36 68 35 52 30 

Tota l e 312 205 286 208 

a tings 100. 0 6fi.6 91 . 6 66 . 6 

There is no significant difference between the two 

fresh baits nor between the two old baits. There i s , how

e"ler , a highly s i gnifioant difference between the fresh 

baits and day-old baits. The day-old baits were only 68.9 

per cent ss attractive as the fresh baits . 

4. Comparative Attractiveness of ~ran and 

:;awd.ust Baits. 

A aeries of 4 baits consi~ ting of all bran, all old 

--
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s awdust , one- half brun .- one- half old s awdust , o.nd one- half 

bran - one- ho.lf new sawdust 1ero compared as to a.ttrac ti ve

ness . The sawdust, both ol d and new~ was from pi ne . All 

baits contcined amyl acetLte , molesses , white ars enic and 

a. ter. 

Tab le 3. 

lumber of Graaaho:e12ers Feed ing on Bran and Sawdust Baits 

Date ll Bran All Old a idua t J.. 
t Bran t isran 

2 Ol d ~awduet t New sawdust 

6- 24-56 68 40 65 76 

6-25-36 85 26 49 79 

6- 27- 36 88 37 88 78 

Tota l s 241 102 202 233 

Ratings 100 . 0 42 . 3 83 . 8 96 . 6 

Although the amount of data presented in Table 3 is 

very small it is obvious t hat bran. is distinctly more attraotive 

than pure sawdust . Analysis of the data indicates the 

difference is highl y significant . Subsequent pan and plot 

tests verified these resul t s . The addi tion of 50 per cent 

bran caused a dis tinct i nc reas e i n a ttraotivenoss . There 

app car.a to be no differenoo between old and new sawdust. 

5 . Comparative Attractiv¢ness of Various Baits . 

During June, July and .August of 1937 . t he following 

ba its wer e compared in a series of 15 pan t .ests. 

The formulas of the baits tes ted b-re given below: 

No . l - Bran 100 lbs ., mo l s sea 2 gals • • amyl acetate 

3 ozs ., sodium a1·senite ... qta . , water 10 ga.ls . 



No . 2 - Bran 100 lbs ., sodium arsenite 2 qts ., water 

12 gals . 
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No . 3 - Bran 50 lbs ., sawdust 50 lbs • • sodium arsenite 

2 qts ., water 10- 12 gals . 

!~o . 4 - Bran 100 lbs •• white areenic 4 lbs • • lubrioating 

oil (vis . 30J 2 gals . 

o . 5 - Cottonseed hulls t bran) 100 lbs ., sawdust 50 

lbs ., sodium o.rsenite 2 qts ., water 10 to 12 

gals . 

No . 6 - Cottonseed hulls 1ground) 50 lbs ., sawdust 50 

lbs ., sodium arsenite 2 qts ., water 10 to 12 

gals . 

o. 7 - Cottonseed hulls (ground ) 100 lbs ., sodium 

araenite 2 qts ., ater 10 to 12 gals . 

no. 8 - Cottonseed hulls (ground } 50 lbs., alfalfa 

meal 50 lbs ., sodium arseni te 2 gts ., wat er 

10 to 12 gals • 

Bo . 9 - Sawdust 50 lbs ., alfalfa meal 50 lbs ., s odium 

arsenito 2 qta ., water 10 to 12 gals •. 

Tabl e 4 shows the comparative attractiveness of these 

9 ba1 ts . 
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Table 4. 

umber of Grasshoppers Feeding on Various Baits , 1937 

Ba.1 ts l 2 3 4 5 6 7 8 9 

~eplioations 

~ 6-5-37 352 306 298 174 163 282 335 323 256 

6-9-37 152 219 252 329 172 159 145 231 182 

6-11-37 240 186 127 239 140 274 155 147 232 

6-12-37 344 340 256 382 234 240 263 321 313 

6- 14- 37 118 106 108 115 45 62 57 85 79 

6-17-37 192 204 162 227 205' 176 191 244 268 

6-18-37 72 71 73 100 30 53 26 71 54 

6-19-37 "18 50 59 85 34 28 18 62 42 

6- 26- 37 32 24 l'l 32 8 10 8 17 19 

7-1-37 44 18 11 19 8 7 15 16 4 

7-9- 37 49 62 51 55 12 12 17 21 24 

7-13- 37 13 4 5 8 3 1 1 7 10 

7-16- 37 15 10 ll 12 7 2 2 8 2 

7-18- 37 19 11 6 2 4 7 8 9 4 

7- 23-3'1 9 4 6 7 3 3 8 4 9 

Total 1729 1616 1434 1786 1068 1316 1249 1556 1498 

Rating~ 100.0 93 . 4 82 . 8 103 . 3 61.'l 76. l 72.2 90.0 86.6 

Bait no . 1 (A 1n· Table 1) was used as the standard. 

There 1s no significant di.fferenc e between Noa . 1.. 2. and 4 . 

There is. however, a significant difference between these 

2 This rating is made on a basi~ of assigning 100 to the 
standard bait (.NO, l) • 
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and the other 6 ba its. Bait No. 5 (Cottonseed bran ) 

r anted l as t, being only 61.7 par cent as at·ractive s the 

stundard ba it (Mo. 1) ., No . 8 (Alfalfa meal-cottonseed hulls) 

and No. l {alfalfa meal - s -wdu t) rated 90 por cent and 

86 .. 6 per c ent , rosp ootively , as c..t tra.otive as the standard . 

It is interesting t o note t hat No. l {A) ~nd No. 4 {D) 

have tho same order of rat i ng in both Tables l &nd 4 . Bait 

No . 10 (millrun bra n 26 lbs ., sawdust 'l5 lbs ., sodium 

arsenite 2 qts ., water 10-12 gals .) was added to the 11st 

of baits on June 26 , 1937 . Table 4a i s presented for the 

purpose of showing the comparative attro.otiveness of baits 

No.l and No . 10 . 

Table 4a 

I~umber of Grasshoppers Feedin5 on Bai ts l _ and 10 

Lte 

~lioation 

No. 
1 

t{o. 
10 

No . 
l 

.te.&plioa.tion 

No . No. .No . 
10 l 10 

Replication 

7-1-37 

7-9- 37 

7-13-37 

7-16-37 

32 

44 

49 

13 

15 

26 

36 

33 

3 

ll 

7- 18- 37 

7- 23- 37 

8- 14-37 

8-16-37 

8·18-37 

19 

9 

68 

141 

5 

lfi 8-19- 37 4 

5 a ... 25 ... 37 63 

46 8- 27- 37 32 

112 Tota.la 494 

l Rating 100.0 

If No. 10 were rated with the other 9 baits given in 

Table 4 , it would occupy 8th place . 

6. Number of Grasshopper Feeding a t Various Periods . 

Seventeen pan tests were made . ea.oh beginning at 6:00 

a. . m. and oontin ing until 12:00 a . m. The results , given in 

Table 5 and Figure 2 , show total :feeding on al l baits by 

5 

49 

22 

362 

73 . 3 
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30- mlnute periods . With the exception of a few cool days 

in the spring ., feeding on pans in the afternoon was generally 

very l ight. The mu:.ximum :feeding period ooourred sometime 

in the forenoon in each of the 17 tests given in Table 5. 

Ther of ore , 1 t was not thought nee essary to inc l ude a.:f ternoon 

fe eding records of the t ests in Table 5. 

I n all of these tests , ·made under varying conditions , 

the maxi mum f eeding period was never earlier than 7:30 a . m. 

nor later than l l: 30 a . m. Ten of the seventeen maximum 

f eding peri ods {Table 5) wee between 8 : 00 hlld 9 :~0 a . m. 

The maxi mum foeding period occurred 5 times t 9 : 00 ,. 3 times 

at 8 :00, 3 times a t 11:00 , twice c:tt 9 : 30 . once at 8 :30 , onc e 

at 10:30~ onc e at 7: 30 , and once at 11: 30. 

Fi gure 1 show" the maximum feeding periods of 24 tests 

made during 1936 and 1937. These 24 tests include the 17 

tests given i n Table 5 in addition to 7 others. These 7 

test~ were not incl uded i n Table 5 because they wer not 

begun each day until after 6 : 30 a . m. Little change in the 

distributi on of maximum feeding periods ov er the forenoon is 

produced by i ncluding these additional 7 tests . Sixteen of 

the 24 feeding :pea.ks occurred between 8 : 00 and 9 : 30 a . m. 

On the basis of total feed i ng, shown in Table 5 , 

figure 2 , 64 per cent of all feeding occurred between 8 : 00 

and 10 : 00 a . m. Of the r emaining 46 per oent , 14 per eent 

ooourred i n the period 6 : 00 to 8 : 00 a. . m. and 32 per cent. 

between 10 : 00 and 12 : 00 a . m. The greatest number of 

gr asshoppers feeding iere r eoorded at 9 : 00 a~m. These data 

indicate t h&t there is considerab l e variatio n i n the t i me o:f 

day t hat maxiDlllm feedi ng oooura,_ a l though the peak: i s usually 
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reaohed sometime i n ~ho foienoon . 

7 . The I nfluence of Temperature on Bait Feeding. 

Figure 1 shows the tempera ture of the above mentioned 

24 maximum feeding periods . It is i dicated by Table 5 and 

Figure l that t he time at which peak feeding occurs is 

influenced b - temperature. The temperature of a maximum 

.feeding period nover exceeded 8· degree nor was less than 

70 degrees. The mean temperature for the 24 maximum feeding 

periods was 80.2 degrees . 

Figure 2 shows the total feeding . by periods, of the 

17 tests given i n Table 5. ~ocording to this , grasshoppers 

fed very little at tempe1·atures b low 70 degrees. most 

actively at 75 to 80 degrees , and deolined above 80 degrees . 

Praotioally no feeding was observed ab ove 90 degrees . This 

range of feeding temperatures i s clightly higher than those 

.found by ?artter (63) i n l{ontana and Langford (44) in Colorado .. 

This d1fferenoo · is probc.bly due to the fact that some of 

tho tests run in ugust and the latter part of July were 

made during hot days when the tomperatU!'es at 6 :00 a . m. wer e 

72 degrees or above. In othor words , the lower r ange of 

feeding temporature was not present in some of the tests . 

This f act would tend to raise the mean temperatures . 

A more nearly accurate view of the temperatures of 

maximum feeding i~ shown in A. B. C, D, and E of Figure 3 . 

These graphs show 5 c onsecutive tests which were run during 

tho period June 5th to June 17th. In these t ests tho great

est feeding occurred at temp eratures of 70, 73 , 75, 77 , 

and 81 degrees. The mean temperature of these maximum 
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feeding peri ods is 75 . 2 degr os . 

Dy a study of Table 5 and Fi guro 3 it is eeen th1,. t 

thc1· is considerable dooroaoe in total feeding on baits 

in pans ~s the oeason dvances . Cheoting on the tempera

tures fol' those days where little f'ecding · s done , it is 

found th t the ;; are relt:1. tively h i gh. It wt.s :found that 

where the mean tompero.ture for the period from 6 :00 to 

12 :00 a . m. was muoh above 80 degrees . the total :feeding on 

pans for the mornins ~~s very light . F, G, H, I, nd J 

of Fi gu1·e 3 illustrate ca.sea where the mean temperature wo.a 

considerably above 80 agrees . A, B, c~ D and E are examples 

of days where the mean morning temperatures 1ere about 80 

degrees or below . The ab ove datu seem to indica te th~t 

poor kills vJi th baits would rccul t on days v1i th high mean 

temperatures. This would seem to bo especially true if the 

temperatures a.t spreading time were above tho op.tlmum :r nge. 

The extent to which this afi'ected the percent mortality 

of co ntrol tests will bo discussed later . 

8. The Relation of Somo Other Fac tors 

to Bait Feeding. 

So f ar as ia known , the influence of relative humidity 

on bait feeding h snot been definitely established . Some 

information regtt.rding the relation of relb.tive humidity nnd 

sunshine to feeding on bo.i t s is shown i n Fi gure 3 . It is 

noted in all of the gr phs th t the rols.tlve humidity de

creased £1.s the temper ·- ture increased . This ic, due . of 

course. to the i ncreased wuter holding capacity of the 

warmer air . Until the optimum temperatur e i s rea c hed the 



Table 5. Maximum and Total Feeding on. Pans by Periods 

6:oo I 6:30 I 7:oo I 7:30 I s:oo I s:3o J 9:oo I 9 :30 I 10:00 1_10:301 11:00 I 11:30 I 12:00 
Date ~T HtT HiT HiT HST Ht'l' H T HtT HiT H:rt' HT HlT HjT H 

! s I 13 s ! 1§. s I ~ s I ( 12~8 I lli, s I .!2§. s I _2!! s I 86 s I 55 s I ~ s I ,ll s I ,!! s 
6-16-36176 . 78 la4 86 89 90 90 90 90 ~o 90 91 91 

§. cl. l2 cj 28 .. ol 23 cl 48c ' 61 cl (.§!)c l 66 c l ~ c I .22, el ~ cl ~ sl ~ s 
6-23-3etee J ~.9 L7l . 1 72 174 76 76 _ 77 je2 ~3 1a4 . 85 s6 

13 c ! 26 c 1 50 s 93 s 1j 97c ,. 128 s 106 s 149 s 127 c 138 s (162)c ' 141 c 120 c 
6- 6-37l62-90 164-90 62-94 64-90 65 90 6690 6885 6885 68-:-85 70-90 70-77 70-77 7Y- 81 

16 sl 16 0 20 C 38 ·e 72c l 87 ~ 70 C 79 C 61 C 47 C 102 c1 (ll8)c 113 C 
6- 9•37f64-92 j65-92 68-90 70-90 71 86 74-82 73-78 73-74 71- 82 70- 86 73-78 j73-74 74 86 

I 5 o · 8 o 6 c I 200 ! 74 c 68 o 94 c 107 c ( 150) e 136 c l 74 c 87 c 
6-ll-37 i 64 Ioo 65 Too 64 Too !65 90 l6785 66-95 68-85 71-82 74-a2 75-74 j75- 74 02- 6~ 

49 s 67 c 80 c ! 130s 205 a (302)s 296 s 232 s I 273 s 171 s 155 s 150 s 
6-12-B7 t l 70-90 70-90 71-82 j7286 7574 77 75 7875 , 79-72 l92-68 j 83-70 85-66 86 64 

1 9 o 22 o 25 o I 19c 19 e 30 c 66 c 83 c I 107 s l ( 112) s 66 c 40 c 
6-l4-37t t 73 -78 76-83 176-83 !77 75 75-91 74-91 7879 81- 79 ~3-631 83-66 85- 63 86 60 

j 26 s 36 s 71 a ! 183s , 223 s (234)s 173 Sf 132 s l 95 c 64 o 72 c -48 c 
6-l7-37 t ! 75-91! 77-83 70- 83 l8079 1eo79 8179 8276 i86-74·!86- 74 89- 67 89- 60 89- 67 

: 9 ~I 12 s 39 a l 5ls j' 47 s (53)s j 47 s 26 all 28 s 18 s J 16 s 21 a 
6-l8-37 f ! 77 -83l 78-87 82-73 ;a3 ?3 186-70 a7-64 j89-6419o- 6~ 

1
91- 62 92- 62 j92- 62 93- so 

10 al 24 s 53 s ! 67s (88)s 79 s ! 52 s 24 a j 16 s 12 s 9 s 7 s 
6-l9-37 f f ·75-91 ·n-a6 79-83 [81 rfo s2-12 85-63 186-63 89- 58 J90- sa 91- 5s 92 - 59 93 - 59 

Legend: Number of 'hoppers feeding is underlined; temperature in lower left; relative humidity in 
lower right; numbers in parentheses indicate maximum feeding period for the day; letters 
indicate sunny or cloudy. 

' 



Table 5 . Maximum a.Il_<! Total Feeding on Pans by Periods ( cont Jnued) 

6:00 ! 6:30 r ~ :-0~- ! 7:30 T -8-:00 f 8:30 t' 9:00 1· 9:;, r ~~:00 I 10:30 I l~~;o ! 11: ZO I 12,00 
Date tT HiT HtT HiT Hf T Hf T H1 T H T Hf T HfT H~T HIT H:T H 

6-26-37 
ll s I 24 a 1· ( 29) s I 26 s 1· 27 s I 22 a ·1 13 ~ r -26 s l l i J. sl O s l O s 

80-72 83-62 85-59 187-57 88-55, 90-52 93-47 ! 93- 47 196 - 44197 - 44 198 ~ 41 99 - 37 

ll sl 22 sl 36 cl (68)s ! 58 sl 58 sl 25 sl 19 s) 8 s1· 0 s! 0 sl O s 
7- 9-37l 178-64 79-64 80-6418354!84-57J 86-50 _88-57l9_1 __ ~~4J~i ~-4,_~_9_~= 44J 94 - 42 96 - 38 

49 cl 63 cl 84 cl 87 cl (9l)c ! 81 c! 61 c l 55 cl 35 cl 43 cl 48 cl 35 c'I 21 c 
8-16-37 \ 74-86 75-78 76-74 77-75 79-72 ,79-79 , 79-79 ,846\_~~- 63_l8_7 __ 63t 85- 66 f85- 62 86- 60 

I I Oc l 4c ! 42s l 68s ! 94s l 96s (99)s l 71 a j 63 s it 45 s J 32 sl 24 e 
s-1s-37=i_______rs ___ 9_~ ~o __ ~:_L7_:-_ _9~l ~-=~3J 79-75 1s1-72 a2-72 ja7- 63 !86- 63 89- 5s ,9o- 29 89- 58 

' ,!! c! 22 cl .±! cl J1. 01 ~ cl 23 cl M cl 12 cl _!! e j !! cl (~) cj !Q. cl !! c 
8-19-37 ! 72 iO '15 86 74 31 1 '72 95 7~ 68 j79 72 77 71 78 71 80 7~2 j8l~ 72 83 69J85 63 86 60 

l cl 2 cl 6 c l 12 cl l8 cl 25 sj 28 sj (34)s j 23 al 20 el 8 s l' 4 sl 1 s 
8-25-37 ! 74 -90 74 -90 75 -91 76-86 77-86 I 78-83 80-75 83-75 85- 70 f86- 66 88 - 64 90 - 60 92 - 56 

7 cl 6 o 
8-27-37i74 -86 75 -82 

' 
? cl 7 cl 10 cl 7 oj (l6)cl 14 cl 13 a j 8 al 1 s ' 0 sl l s 

76 -82 77 -78 77~76 ,77 -82 82~7S 85--66 87~ 66 89 - 65 91 - 61 192 - 60 93 - 58 

-------fo-----+---.... --fo-----+------+-----~+------fo------1------+----~ .... ~----~---ff"-----"'""'-------il""'---------~ 
Totals! 90 290 511 763 I 1130 I 1365 I 1409 I 1372 I ll42 1123 1009 9C9 696 

Legend: Nl.llll.ber of 'hoppers f eeding is underl ined; temperat ur o in lower left; relative humidity in 

lower right; numbers in parentheses indicat e maximum feeding period for the day; letters 

indicnte sunny or cloudy. 
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feeding varies inversely with the relative humidity. After 

this point is reached , foeding v rie directly with relative 

humidity. The rel tive humidity of the maximum feeding 

periods wa usually between 70 ~nd 80 per cent. Since the 

relative humidity i so closely influenced by the temperature , 

it is believed thut this apparent correlation of the relative 

humidity with .feeding is but a result of the more direct 

correlation of temperature with feeding . 

The rate of feeding , apparently . is not affect d by 

cloudy sries , the temper~ture being the influential factor . 

The sky wa cloudy and the sun overcast during even (41.l 

per cent) of tne seventeen maximum feeding periods shown 

in Table 5. In ninety-nine (46.7 per cent) of tho total 

212 feeding periods , given in Tuble 5 , the sky was recorded 

as being cloudy. Thus it is noted th&t there i s little 

dif:fer enao between the percent of mc...:ximum feedint! periods 

that were cloudy and of the percent of all feeding periods 

th t. were oloudy. 

The dir ection and velocity of wind , as recorded in 

t hese tests, do not s oem to a:ff ect :feeding on baits. It 

might be said that no high velooi ties fo1· wind were rec..orded. 

9 . Relation of Pan Test Results to the 

Control of Grasshoppers . 

These pun test results indicate thut ba it should not 

be spread at cert in specified hours . 1:.'ven thout:>h peak 

feeding i n Ok:lahomu usually oo ou1·s i n the forenoon. there is 

a great deal of vuriution in the time of duy when maximum 
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feeding oocur • .P ea k: feeding is rnuoh more clo$e ly correla ted 

with u certa in r ange of temperature ( 70-80 degrees ). Thel' e

fore, bai t should be spread when the t emperature is not lo er 

than 68 degrees nor higher than 82 degrees . This is the 

time ~hen gras hopp er uctivity i s confined to the ground 

.sur:t'aoe. 

There is evidence to i ndio&te t hat it is advisable to 

poison gra shoppers early i n the s eason. Under ordinary 

Oklahoma oo ~di tions after the middle of Juno the daily 

period of optimum tempera tures (70 to 80 degrees ) is relatively 

short. This f ~ot would s eero to dec r ease the peroentage of 

morta lity of bai t c o trol measures . In addition to this ,, 

L•0 ngford (44) hus ointed o t i,hat adult ' hoppers eat 1-

most 100 ti ,os as muoh as first instar nymphs . Further-

f!"iOre ,- nymphs are generally concentrntod in sme.ller areas 

where they can be poisoned with t he exp endi tru e of le ss 

time and money .. 



B. Comparative Jfficiency and Costs of B~its 

as Shown by Plot Tests , 1936 . 

1 . l1i:ithods . 

30 

During the period from July 1 to August 26 , 1936 , plot 

teots nere run in ~ho field to comp~re the effectiveness of 

13 baits . Baits woro broadcast by hand in one - half and in 

one acre ~lots , ut the r~te of 15 lbn . (dry ve ight ) por 

acre . The number of buitQ u~cd in a single ~est never ex 

ceeded the number t.hE-t could be spread in a poriod of 45 

minutes . tproudi ng was bogun i n every to 0 t at 6 :00 a . m. 

Bt..it Jo . 1 (formulc:. on p. 19 ) v1aD chosen s u standard by 

which to com, u.re other bai t s . The stt.ndurd b£vit was spread 

in ull tests mado . The order in ~Jh io h the baits v1ere spread 

was 1·otated through the series , thnR equalizing the time 

elemunt in feed i ng . Special efforts era made to selac t 

plots of uniform popul ation and veeetation . The same veat her 

conditions as previously descr i bed (p. 19} ~ere r ooorded . 

Previouc to the staking of of plots , the field ~ts 

carefully ·urvoyed with the ab ov e oonoiderations in mind . 

The grassho per po ula tion was estimated , usins the met hod 

suggested by ohotwell ( 77) i n r.1aking , r e.~ shopper surveys . 

By this method, the number of grasshoppers per square ~>ard 

w s estimated while wulking through t he field ut a uniform 

pace . A modif ic ution of this was to count the number of 

grusshoppers ~t rest on one square fo ot . I t was found 

thu.t rs.tings mB-de by different obcervers agreed i n a great 

majority of ca 0 es . Tti.ble 6 shows S.hot\ ell ' 0 Rating of Infestat:bn . 
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Table 6. 

Shotwell ' ,s Rating of Grassho:pp er Infesta tion 

Rating no . o:f hoppers" per square yard 

In Fields Field 1.largins and P.oadsidea 

!formal 1 l.O 4 

Light 1 . 5 1 . 6 6 

·oderate 2 2 . 0 8 

2 . 5 z.o 12 

Iieavy 3 4 . 0 16 

3 . 5 6 . 0 24 

Very Hee .Vy 4: a.o 32 

4 . 5 12.0 48 

16 . 0 64 

Tte per aent of mor t ulity was estimated by two methods . 

First 9 the original eetim&ted popul&.tion w""s OO.ID,!) Ul'ed with 

the populr;i.tlon of the third dt-1.y after poL:,oning. Second , 

the number of dea grasshoppers p er square yard ~as oom

pa red with the num·oer per s qua.i·e yard of the original pop

ulation . An average of t hese two figures wast k.en us the 

mean mortality for a plot . To illu tr te : if the per 

cent mo1·tali ·ty as estimated by the fi:~·st method was 70 

and that by the s eoond was 80 , the mean of the two or 75 , 

would be reoordod u the per oent mortality for tho t t . 

Plat tests we··e ru.n in alfalfa and cotton fiel • A 

square frb.me ,, one square ya d i n nrea. , wac• used .;. r ma.king 

counts of clead gras hoppers in tho alfalfD fields . These 

count ... . ten in numbe:c, wel'e tu.ten a.t random i n the centru.l 
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part of the plot. In cotton fields . counts were ma.de in a 

space ten feet long including one r ow and one- half of the 

middle on each side. Ten such spaces were counted from each 

plot . The mean of the ten counts m,de in e ch plot ~as 

taken s the average numbor of dead grasshoppers por square 

yard for the plot. 

Occ asionally, drifting of the poi oned grnsshoppers to 

near-by trees occurred. In thee oases the d&ta ,ere dis

oarded . Very little intra-field m:gra tion was noticed . 

This was prob~bla held down by selection of fields of uni-

:form vegetation. A :few tests wei·c eliminuted bec~.use o'° 

migr ti on·from neu. - by grain fields, which h,,.d been out . 

The formulas of the baits te ted a.:i·e given be low. 

1. Bran 100 lbs ... mol sses 2 gal ., amyl acetute 3 ozs. , 

sodium arseni te 2 qts., w ter 10 ... 12 gals . 

2 . Bran lOC ros ·. , sodium ars enite 2 qts., water 10- 12 gals . 

23. Br a.n 100 lbs., molasses 2 gale. ,. odium arsenite 2 qts ., 

v ter 10- 12 gals . 

3 . Bran 50 lbs ., s awdust 50 lbs., sodium arse ite 2 qts ., 

v ter l0-12 gals . 

4 . Bran 100 lbs . , sodium arsenite 2 qts •• oil (vis. 30) 

2 gals . 

15 . Bran 50 lbs., cottonseed hull s 50 lbs., s odium t:~rseni te 

2 qts ., water 10-12 gals. I 
I 

13. Cott onseed hulls 75 lbs., shorts 20 lbs. , mol sses 

l gal., s odium a:rs eni te l. gtR ., water 10-12 gals . 

~6 . Sawdust 85 1·bs •• flour 15 lbs. , sodium a1·trnni te 2 
\ 
I 

qt., water 10-12 guls,. 



17. Brun 50 lbs ., cane pulp 50 lbs ., 

wi..ter 10-12 gals . 

21 . Cottons aod hulls 100 lbs., r: od ium 

water 10-12 gale . 
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14 . oawdust 100 lbs. , sodium arsenite 2 qts .• , it tor 10- 12 

18 . Cane pul p 100 l b ., sodiuma.rsenite 8 gts ., wa ter 10-12 

ga ls. 

20 . Commeroial b it3 consisting l arge ly of rice hulls , 

molasses nd poison . 

As hown in the formul a s , s odium arseoite (4 l bs . A203 

per gal .) w& us ed as the poison in all ba its of this 

series . Its effectiveness has been es t abli hed b many 

workers and with water baits it mixos more quicltly atid 

evenly th .... n , hi te arsenic .. The d. £:. te. of these plot tests 

Ei. re summ1;1r iz ed in T&.bles 7 u.nd 8 . 

2. Cost~ of Baits . 

The cos t of using a bait i s incurred i n two w~ys . 

Tner c.;: is the time t.nd l abor spent i n mixing d spreading 

the &it und the cost of the ms.tetlt"::l. ~ com_p-9aing i t . One 
\. ... ,. . . . ... . . .. . .. .... 

man- hour 01 labor i s al lowed for ft1~~ 'ns ~·o·o l,~ • . of bui t . 
• C. • .. • • • • ,J ~ •••• 

• ~ ;I • • ... .. 

J ome of the bui ts mixed moi- " qu:ic, iY. }?-n.4 :~_us ·"Jy:, ~ha.,q. others , 
• (_ .. = ,. .. .. • .. • .. • • ,J • 

but , in genera l , the allo ~S:Oc~ · ·~.::·: f : ir".ly acc~r;;_ke: ·· One 

man- hoUT and one team- hour of l abor ,, a s F"UggeLitcd y Parker 

( 64 ), were allowed for spro~d i ng 100 l bs . of bait . The 

3 This bait was tested because a loca l mill had prepured and 
sold cons iderabl e amounts of it. 

/ 
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w&.gos ( 20 ce 11 ts per h 1tu· f or a mun t.nd 30 oen t ., per hour for 

a man and team) ere based on fa :..'m-labor survey data collected 

by the _grlcul tural i c ono ic~ Depar tment of Oklaho-na Agri -

oul tural ·· nd . ieo hanical College . 

In determining t he cost of mater i als , the prices uned 

we.tc b~sed on the average prices paid by co nsumer"' in 

Stil l w te:r , Oklahoma sinoe 1930 , when buying relutively 

small amount s a t retail prices . In t ne ci: s e of ,: wdust , 

o l y the ht,uli ng expense of }4 . 00 per to 1. \",as a llowed . A 

price of $12 . 00 per ton Wbe a llowod f or cottonseed hulls . 

The costs of st..wduot baits , us given in Table 7, will be 

too low for tho s e s o tions of t he st4te 1ilere shipping for a 

oonsideruble distunoe s necesst. ry. On the o th Jr hand , the 

costs of. oottonoecd bo.i ts , <,.l,, given , will be too h i gh fo:r 

"' he section th t has an abundun1; supply of hullo n e r at 

hand . These chan es in the relative costs of so.wdun't and 

cottonseed bits must be made hen recommending baits for 

t} e southwestern part of t h e "' t ... tc . To illuotrate , the cost 

of sawdust in ' iowa f:l.nd adjacent counties in 1938 \'1ll.S .;12. 00 

per ton . ,Due to loco.l mills having a l arge supply of cotton

seed hulls on hand , and being i nterested in protecting the 

cotton crop for thi s s oction , tilese aono erno so l hulls to 

t he mixing stat1 ,·ms a t a rate of ~5 . 00 to 7. 00 per ton. 

The prices u~ed on other materials were as follows : bran 

1 . 00 per 100 l bs ., blaotstra~ mo l asses 25 cents per gal ., 

amyl aootute 7 oonts per oz ., sodium arsenite 30 cents por 

gal. , shorts ,pl . 50 per 100 lbs ., :flour 2. 75 per 100 lbs ., 

cane pulp 50 cents per 100 lbs ., rice hulls 50 cents per 
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100 lbs., lubrioirting oil 25 cents par gal.., a l fa lfa leaf 

meal @l . 80 per 100 lbs. ~ mill-run bran ~1. 00 per 100 lbs. , 

cottonseed bran 60 cents pe:t 100 lbs. 

Column 6 (Table 7) gives the per aero cost of using the 

variou bb.its at a rute of 15 lbs . (dry weign.t ) per acre . 

Column 7 s ·hows the cost per aore to obtain control of a 

lieht population {4 ' hoppers per sq. yd .) of grasshoppers . 

Thew rd control often v~~ ie~ in its meuning t depending 

upon who is using it. ~o a person worki ng with ba.its for 

the first time control may mean keeping hi 0 crop from 

being completely destroyed . To the theo:L'ist it may mean 

a mo1.~tali ty rate of 100 per cent . J,.ocording to Shotwell 

(77), a grbsshopper population above 2 grasshoppers per 

square yard ( over a field} should be treated with cont1·ol 

measures . Control . as used in this paper , wil l mean the 

reduction of the popul~tion to two or less grasshoppe1s per 

square yard . It is understood , by the write1· , that any set 

cost for controlling a given population o~ grasshoppers vil l 

be someW.hb.t ambiguous . The cost g iv Ein in columns 7, 8, ancl 

9 a1· 0 submitted merely as relat ve e tirnates . The aim , in 

these columns , is to show ho iJ the two factors of ini ti· 1 

cost and efficiency work t ogether to determi ne the r l ative 

costs of u · i ng the baits undel' varying _populations . 1. :fb.ctor, 

not oonsido:red he1·c , is tr .. a damt:i.ge thc1.t might be done to 

crops while rospread.ing several times . 

To illustrate how the costs in columns? , 8 , and 9 are 

estimated let us co s ider bait No. 2 . The cost of spreading 

15 lbs . ( dry weight ) of this bait over one acre is 25 cents 
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(oo lum.11 6) . The mean per oent mort-lity is 74 . 0 . Multi

plying 8 ( o . o.£ ' hoppe s pr sq . yd •. } by . 74 , equals 5 . 92 

{'hoppers per sq . yd ~ killed) . ::iubtr oting 5 . 92 from 8 

Tie f i nd that tne r emainder is 2 . 08 . This i ndi oates t hvt the 

popul at ion has been reduced to practica lly two grasshoppers 

per s ~uare yard , thus obtaining con trol . Theref ore , tne 

oost of getting control per acre of a heavy populutio n 

with brit Bo. 2 is 25 cents . the cost of one spreadi ng . In 

the o c e of bait fo . 18 the mean mortallty v,as 45 per cent . 

The cost o~ sp eud ing one acre one t i me i s 17 cents • 

. ~ultiplying 8 by . 45 equa l s 3 . 6 . Subtracting 3 .6 from 8 

e quals 4 . 4 . It i s noted that the number 4 •. 4 (' hoppers p er 

sq . yd . remaini ng ) i s too high to consider control r. hav

ing been obtained . A aao ond spreading of the bait will be 

nececs ry. L~lt i plyi ng 4 . 4 by . 45 (mea n per cent mort lity) 

e qual s 1 . 98 ( ' hopp e s per sq . yd. killed) . Subtract ing 

l . 8 f rom 4 . 40 equa l s 2. 42 ( ' hoppe rs per sq . yd . left a live) 

Thi s a verage number of ;c . 42 g r ElS hoppers per squ&.1·e yard is 

s ligl t l y high to oonDider contro l as being c omplet ly ob

t ained. The cost of two spre dings with No . 18 h&s cost 

~4 cents and a thi rd preading may be noce sary . I f the 

ba i t is spread the third time trio total co ·t wil be 51 

oents . 

3 . Rating of Baits. 

The r ati ng i n ef fectiveness w .... s made by a.ss ignin :,o a. 

rating of 100 to the ohect (Eo. 1, standard bit) plots , 

and compar ing the percentage of control of t he adjo i ning test 



Table . 1. Com~rative Eft'$oti'\Peneas and Cost_e _of Ba~t~ 193_6_. __________ _ 

t • , 1 , t ?1umber of Spreadings and Coats :Per Acr{;I to ~et 
, t , Mea.n 1 na.ting t Coat , Control of Various Pofulati.ons. . . . 
t , 1 P1JF Cent t Compal"od a Per Acre s Light • Rea~ , Very Heavy 
t ~umber, Mean , l!ortality i to No.ls for one , Population • Population 1 Population 

Bait t ot t ?er Cent , ot , as : Spreadings 4 'hoppers s 8 'hoppers , 16 •hoppers 
No . t . Teete , Mortali:tl , . Standard t Standard t Coet • Per sq. ,:d. i Per sq. yd. i Per sq. yd. 

l 52 71.5 100.0 36 1•35 1-35 2 ... 10 

2 9 74.o 76. 0 98.6 25 1 ... 25 1-26 2 ... ao 

2S 9 74.0 75,.0 ~S.6 32 1-si 10032 2-64 

3 ' 11 sa .o 11.1 95.7 19 1 ... 19 1-19 2•38 

•4 3 10.0 75.o 9S.,3 32 1 .. 32 1•32 2-64 

15 1:; 61.0 (:i7 .o 91.0 22 1-22 2-4,4 3-66 

13 11 66. 0 1s.o 90,4 .26 1-25 2.50 8-75 

16 9 64.0 1a.o 87. 6 19 1-10 2-sa 3-51 

17 4 5-3.0 70. 6 82.l 21 1-21 2-42 3•63 

2l 10 40 . 9:' 67.o 71.6 l9 2•38 2-38 4-76 

14 ll 48.0 71.0 67.6 13 2-26 2-26 4•62 

18 4 45.o 10.1 64.2 17 2-34 3 ... 51 4-68 

••20 2 25. 0 55.o 46,4 33 3.99 5-152 a-264 

•13 subsequent tests rat•d this bait up with tho standard. 
••This was test•d because a local mill had p~epared and sQld oonsid&ra.ble amounts or it. 
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plots with that of t he check . For ins t ance . in bait No . 2 

t.he average control was 74 per c ent whi le adjoi ni ng standard 

plots a veraged 75 per c ent o ontrol. Since 74 i s 98 . 6 per 

cent of 75 , the rati ng l n effectiveness of bai t Io . 2 is 

98.6 . The apparent dis crepances between columns 3 , 4 , and 

5 {Tabl e 7} can be explained by pointing out that not all 

0£ t· es e tes ts were made &t the same time nor under the same 

condi tione . Column 4 , whi ch e lv es t he uvers.ge perc ent 

contro l of t he s t andard chec k {N o . 1) oait plots , wa~ com-

pared with column 3 to give c o:i.umn 5 , This column gives 

rat ing on a basi s of 100 for the ·tandard bait . It i s 

interesting to note tha t the s tandard mi xture (No. ·l ) gave 

the best kill of all baits tried . However . the efficiency 

of No . 2 bait s o near l y e quall ed that of t he s t andard , that 

it would not s e6m advisable to i ncur the uddi tional expens e 

of add i ng amyl a.ce t s. te and mola.sses. 4 By adding these the 

pr ic e was i ncr eas ed 25 . 7 per cent while the efficiency :vas 

i ncreas ed only 1.4 per cent . 

The bran- sawdu t mixture {Ho . 3 } Wc., S 95 . 7 per cent as 

eff icient as the standard , and i ts cost was but 59 . 4 per 

cent as great . It ohould be noted tha t its costs for con

trolling heavy and ver y hoavy popul a tions ( col umns 8 and 9) 

are the lowest for a ll 13 baits . Cons ide ring the~e f~cts , 

it appears that the bran-sawdust bait (No . 3 ) wa"' the most 

s a tisfa cto ry one t ested i n this s er ies . In this connection 

it mi ght be s t ~t ed tha t t he major por tion of t he 2 , 000 

4 Cage and pan tests conducted in 1937 shoved no significant 
difference between Nos . 2 and 4 and the t andard . 
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tons of bait used i n Oklahoma i n the summer of 1936, a nd 

luter in 1937 , w~ this purtioul~r mixture . I t was report ed , 

on t ne whole ~ e giv 1ug very satisfactory results . 

The bnits oon1, ·ining cottonseed hulls (Ilo. 15 , l3 1t and 

21) arc of "peoial interact to this section who1·e con-

siderable cotton i grown . It wu3 thought , after making 

these tests , thEt grirnling of the hulls would make tho 

bo.1ts more e&sily .il<ndled by gras hoppers, thus increasing 

their efficiency. Ten o ge tests , mi..de i n 1937 , indicated 

that grinding does not incre se t. eir efficiency. The use 

of cotton"'eed hulls woulcl .seem to d1..,pend upon the com-

purative prices of hull s , sawdust , and other cheap filler 

materials . iS stated on p . 34 , the cost of the cottonseed 

baits , shown in!& le? . were based on retail prices in 

Stillwater over u poriod of yearC! . I ., .. 
.L ' 

hS stated before , 

t he costs a : o estimated on the basis of the respective 

p ioes of cottonseed hulls and sawdust i ~ s outhweste·n 

O lahoma in 1938 . the results would indicate recommendation 

of cottonseed hull baits . Under t11e "' 0 conditions the costa 

of ba it r o . l5 (Table 7) would change from .22 to 19 cents ; 

tat of No . 13 from 25 t o 20 . coa ts; and . tha t of No . 21 

from 19 to 14 cents. On the other hand , the costs of the 

sawdust would be raised correspondingly. The cost of No.3 

would i ncrease from 1 to 22 oents; that of No . 16 from 

19 to 23 cents ; and that of No . 14 from 13 to 19 cents . 

The sawdust- flour mixture (No . 16) rated well in the 

serios . If fl our could be bought i n l arge quantit ies at a 

lower pr iee . it would be praotioa l to ua i. Al though the 
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number of tee ts O Ji. rice ! ulls und cane pulp (Nos . 18, 19 , 

and 20 ) w~s too small to permi t dr&wing of conolusions, it 

was be ieved they did not chow suffici nt promise to ju.,tify 

urther trials . Tho commercial b~it (lo. 20) guve the 

poorest 1·csul ts of i;j,ny of the bait, tried and should not 

be recommended under any c i rcumstances. 

The pure s wdust bait (No. 21) wus only 71 . 6 per cent 

' effective a 0 tho stt:nd[.1'd . V'han available at the low 

cost of 13 cents per acre it would be practical under moder

ate infostatio1S and dry Y1eather conditions . 

4 . Reh tion of Ten:iperata.i' e to Plot Test Rasul ts . 

Table 8 °hows the result of 50 tests on Bait No . l 

arranged acoording to temporatu.xes at spreading time . The 

tempert:ttures given & e those ta.ken at 6: 00 a . m. on the 

days when tests were made . The 50 days , on which this bait 

was s pread , wer e grou1)ed into six dlvisions a.coo ding to 

t,~ei:r temperatures at 6:00 a . m. 

I n a _previous pa1· graph it was pointed out thet tempera

tures above 80 degrees oau~ed a decided decrease in total 

feeding on bai ts in pans . It was sugr,ested that i:f at the 

time of preading , the temperature \VB.S above the optimum 

range , and did not again reach this ·ange duri ng the day . 

the per cent mortality resulti ng would be low . No con

clusive evidenc e was obtained on this problem. lhilo there 

is a small difference between column 4 and the others. in 

Table 8 , it io not significant.' Since theoe tests were run 

over a period of three days , i t i s not definitely kno1n just 
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ers wero poiauned. In 

.P fJlr C 0t'1 t () :f ty 

t oaourred severuL 

e n:;co:rc1 i.t1 ble 8. 

c:.i:cf.o:re, 

mor lity obtain 
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Tabl 8 . 

.esul ts of Tes 1,S on Bait 1 o.. 1 rranged .f.ocor i ng to 

Temper tu.res at ereuding Time. 

Temperatures £1- 65 66- 70 71- 75 76- 80 81- 85 86- 90 

60 75 60 65 60 60 

70 60 80 50 80 

40 70 90 75 75 

70 60 65 70 

75 70 80 

75 70 70 

75 75 70 

75 80 75 

75 80 75 

75 80 

70 75 

75 

80 

75 

75 

80 

75 

75 

70 

75 

70 

Mean Per Cent 

Mortal i ty 60 .0 61 . 7 70 . 6 74 . 5 70. 8 71 . 2 



c. Comparative Effioiency and Co ts of Baits as Shown 

by Cage Testa , 1937. 

1. Methods .. 
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During t he summer of 1937 cage tests viero substituted 

for the plot tests used in 1936. The method used with 

oert&in modifications . was th.e one devised by Ford and Larri .:.. 

mer ( 29 ). The c~ges were of a square screened type , o e 

cubic fo9t in volume . Plots of alfalfa one- half a cre to one 

a.ore i n size were used . Uniformity in grasshopper population 

and veget ation were· sought .. Baits were spreb.d by 6: 00 a . m. 

Three hours after spre ding the plots were swept ith 

a hand net~ The time of sweeping of all plots never ex-

o eeded 45 minutes . The order of spreading and s 'Jeeping of 

baits wus rotated through the aeries . From 100 to 200 

grasshoppers were caught from eaoh plot and placed in two 

cages , from 50 to 100 being put in oach . Two cages , of 

50 to 100 grasshoppers each, were oaught from unpoisoned 

plots to ct as cheo ts . 

The c~ges of grasshoppers were hauled to tbe station 

campus where they were placed under trees in such a position 

that they were in the sun in early morning and lute a.ftor• 

noon and in the shade tho rest of the day. Once eaoh day 

fres h green food, in a small bottle containing w&ter , was 

placed i n each cage . At the ond of 60 hours , counts were 

made of the dead and livin grasshop ers . The few tha t were 

in a weakened conditio n wore counted as dead if after being 

placed on their sides they did not irnmed_ia tely regain an 
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upright position . The per cent mortality '18.s determined 

by dividing the number of dead ' hoppers by the total number 

in the ce.ge .• 

2 . Presentation of Data 

Twelve baits were compared as to effectiveness and 

costs by means of cage tests . In addition to baits Nos . 

l to 9 (given on p . 22 and 23) three others were te0 ted. 

The formulas of these baits are given below. 

no . 10 • .c-lillrun bran 25 lbs •• sawdust 75 lbs • • sodium 

t3.r a eni te 2 qts .. ·;a ter 10- 12 gals . 

No . l l . r llrun bran 25 lbs . , so. 7dust 75 lbs . , mo lass es 

2 gala ., a yl acet~te 3 ozs ., sodium arsenite 

2 qts ., water 10- 12 gals. 

No . 12. llllrun bran 25 lbs ., s awdust 75 lbs ., white 

arsenic (As 203) 4 lbs., lubricating oil 2 gals . 

The number of replion.tions for each b&i t var ied. from 

ten to forty- two . All baits ware not spread each day, only 

four to six generally being put out . Si nce c onditions 

varied from one .ay to the next , it ould not be accura t e 

to compare baits vhere tests were run at di fferent times . 

All baits are compared with the standard bait (No. 1). 

In analyzing the results the .ishor Variance .!ethocl , as 

given by Snec1ecor (80 ), was used. _:.:ble 9 sho'.vs the analysis 

of vari nee of all baits . The eneral difference between 

baits is highly signi ficant . If the freedom 1 not 

starred the difference is not significant . 



Table 9. 

Anal:zsis of Var i ance of All Baits. 

Sou.ro e of Var i a tion 

Total 

Between Bait Means 

Between tests of' s me 

** Highl y Significant 

Sourc e of Variati on 

Total 

Between Bait Means 

Between Tests of Same 

Degrees Sum 
of of 

reedom Squares 

206 35 ,194 . 22 

11 29 , 980.67 

Ba.i t 195 5 ,613. 55 

(100 to l) 

Table 10 

na lyais of Variance 

Baits 

Bait 

Degrees 
of 

l!1reedom 

Sum 
of 

Squares 

110 . l a.nd !l O • 2 

23 617 . 33 

1 16 . 50 

22 500.83 

Mean Io . l - 65.5 Ho. 2 - 63.8 

:Sat t s No. l and No . 3 

22 843. 42 

l 404 . 37 

21 439 .05 

ean No . l- 67.3 No . 3 - 58 . 9 

Baits No . l and No . 4 

30 724.30 

** Hi ghly Si gnificant 

ean 
Square 

2 , 725 . 51 

.28 .. 78 

Mean 
Square 

is.60 
22 ,77 
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Freedom 

Freedom 

0.73 

Check- 8.1 

404.37 

20 . 91 19,34** 

Check: - 7.0 
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¥ i 11 J j 

Source of Vuria ion 
Degre .s. 

0 
.a n 

Square .4: eedotn 
.lh:e 

Between :B.ait Means l 

Between Tests of Same Bait 29 

40-.86 

23. 5 1 .. 73 

n o. 1-66 .,3 E o. 4 - 64.0 Check- 7 . 1 

Baits No. land No. 5 

Total 10,142.62 

Between Bait Meu.na 

17 

l 9 , 952 . 98 9 , 952 . 98 

Between Tests of same :B. it 16 189 . 64 11.86 839 . 91** 

eun ll o • l - 65. 2 Uo. 5- 17.9 Check- 7 . 9 

Baits No.l and lo . 6 

25 2,596 . 1& 

l 2 , 205 . 20 2 , 20 . 20 

24 389.516 16.24 135.78**, 

ean No • 1- 6 7. l No . 6 - 4 9 • 5 Check - 7 .a 

Baits No.l and No . 7 

20 3 ,107.31 

l 2 , 848 . 81 2 , 848.81 

l9 268.60 13.60 209 .47** 

' ea.n lo • 1... 66. O Il o • 7 - 4 2 . 7 Cb otc - 8 .0 

n O. 1 and n O • 0 

24 1,941 . 89 

1 1,560.40 1,560.40 

23 381 .49 16.58 94.11 * * 
Mean No. l- 67.6 Mo. 8 - 51 .8 Check- 7.7 
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nalyeis of Variance ( continued) . 

Source of Vari ation 
Degrees 

of 
.b'reedom 

Sum 
of 

'quares 

.Mean 
Square Freedom 

Total 

Between Bait ans 

Baits No . 1 and o. 9 

23 

l 

5 .,064. 43 

4 .483 . 18 4 ,483. 18 

Bet veen Testa of Same Bait 22 681 . 25 26 . 42 169.68** 

ea.a no . l- 66 . 4 Uo . 9- 39 . 0 Cb.eek - 6 . 7 

Baits No. l and No. 10 

69 5 , 862. 56 

l 3 , 365 .41 3 , 365. 41 

68 2 , 487 . 14 36. 57 92 . 02** 

Mean No . 1- 66 . B No . 10 - 52. 9 Chee It- 7. 3 

Baits o . l and No. 11 

33 l . 680. 63 

l 1 , 050 . 63 1 , 050 . 63 

32 630 . 00 19 . 68 53 . 38** 

ltiea.n No • 1- 66 • 4 o • 11 - 5 5 • 3 C heo k: - 7. 7 

Baits No . l and No . 12 

19 l . 583. 42 

l 1 , 269 . 69 1 , 259 . 69 

18 323. 73 17 . 98 70 . 0 6** 

Me n No . 1- 66. l No. 12 - 50 . 0 Cheolt -7 . l 

** Hi ghly Signifioant 
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As in the tests made i n 1936 , the standard Ba.it (No . l) 

gave the highest per cent mortality of all baits . It will 

be noted ,, however , i n Table 10, that there was no significant 

diff .rence betv,een 1 o . 1 and Uo . 2 nor between No . l 

and No . 4 . This would indicate that the extra.. cost of 

adding molas os and amyl acetate to bran baits woQld no t 

be advisable . No . 3 (one- half bran o.nd one- half awdus t) 

again proved to be one of the most p aotical baitS 9 con

sidering both effectiveness and expense . As shown i n Table 

ll and Figui·e 5 it 1as 87 . 5 per cont a effective as the 

standard while costing only 59. 4 per cent MJ much. 

No 4 (bran - oil ), at Q ~tcd L ·ova , waa equally good 

&s the s t andard on the basi· of fir t day feeding . To 

compare the relative lasti ng effectivenees of oil nd 

water baits , a test wc.s run over a pm.~iod of fi ve days . No . 

land No . 4 were spread on five acre plots . The plots 

were swept at 9 :00 u .m. ec..ch day . The r esults by days are 

given in Table 12 c..nd Figure 4 . After the second aa.y the 

results indicate that the oil bait v1as definitely more 

effective. Over the entire five - day period the oil bait was 

31. . 7 per cent more effective then iO . 1 ~ the water bait. 

This ma~r be due to th.e elov· er r to of eveporc;l,tion of the 

oil a c ollipared witb thew tor . 7hile thee few records 

are interesting , the problem should be given a more extended 

investigation before final conclusions on be made . 



Table ll . . Co~:!:parati vo El"focti veneas and Costs of Bai ts 1 195? . 
I 

:Number ot SpreodiJ€S and Costs Per Acre 
to get Control or Various Populations 

t : Number : : Moan : Mean : Rating : Coat . Light : Heavy . Very Heavy . . 
ot . : Per Cent:?er Cent :Canpared:Per Acre: Population : Population : Population . 

:Number: 'hoppers: Mean :Mortality:1'..ortolity: to No . l: for one : 4 'hoppers : 8 •hoppers . 16 ' hoppers . 
Ba.it: ot : Included:rer Cent: of : of Che ck : as :Spreading: Per s q. yd. s Per so . yd. : Per sq . yrt. 

No. :Testa : in Tests:Mortality: Standard: Plots :Standard: Cents 

l 42 2..,987 67 . 2 67. 2 7 .. 5 100.0 35 1 .... 35 1- 35 2-70 

2 12 813 63 . 8 65 . 5 8 . 1 97 . 4 25 1- 25 I l-25 2.-50 

4 16 1,098 64.0 66. 3 7 . 1 96 . 5 32 l - 52 1-32 2-64 

3 12 S74 58 . 9 67 . 3 1 •. 0 87. B** 19 l-19 2-38 !3-57 

ll 17 l,ll? 55.Z 66. 4 7,. 7 85. 2*• 26 1-26 2·62 3-78 

10 36 2 .320 52 .9 66 . 8 7. 3 79 . 2** 16 1- 16 2-32 3-48 

a 13 994 51.8 6'7 . 6 7 . 7 76 , 6** 29 1-29 2-58 3 .. 97 

12 12 817 50,0 66 . l 7 . l 75 . G** 23 l-2:3 2-46 3-69 

6 13 1 , 005 49.5 67 . l 7. 7 73 . 7** 17 l - 17 2-34 3-51 

7 ll 809 42..7 66 . 0 e.o 64 . 6*"' 20 2-40 3-60 4-80 

9 13 l,095 J9 . 0 66 . 4 6. 7 68 . 7** 25 2-50 3-75 4-lOO 

~ 10 811 17. 9 6fi . 2 7. 0 27 . 4** 19 

** Highly S1gn1t1cruit 



Table 12. 48 

Per Cent lorta li ty Obtained Over a Five- Day Period 

wi t h Oil and "Later Bai ta 

Bait Per Cent . Per Cent 
No. Dead Alive Morta.l i ty • ead Alive Morta.11 ty 

• 
First • Day • Second Day 

Chec k: 6 50 10 . 0 • 12 53 12. 2 • 
l a 63 10 87 . 6 • 

• 70 18 79 . 5 
• lb 50 9 84 . 7 • 

15 • 13 83 . '7 4a 78 83 . 8 • 67 

4b 48 8 • 85 , 7 • 
• 

Third Day • 
• Fourth Day 

15 74 14 . 4 • 6 46 13 . 0 Check • 

l a 18 22 45 . 0 • 
• 8 33 19 . 9 

lb 20 27 40 . 8 • ., 
4a 38 l8 67 . 9 • 24 • 18 5'7 . l 

4b 46 22 69 .l • 
• 
• 

Fifth , • Moan ;\.verages :for Five-'i • 
Cheak: 4 49 9 . 5 • y Period • 

l 5 26 16. 1 • 
• Chec k ll.8 

4 20 2-5 44 . 4 • l • 53 . 3 
• 4 10 . 2 • 
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Bait No . 5 gave the po ores t results of all the baits 

tried . I t was composed of the bra n that is made by grinding 

de-linted cottons eed hull ~fter they leave the cottonseed 

oil mills . Certa in large mills were i nterested in having 

the bran tes ted , stating it could be put on the mark:et at 

a ver y reasonable price . S1noe the men per cent morta lity 

f or No. 5 was 17.9 and tha t of t he chect was 7.8, it seems 

cottonseed bran is of little va lue as a bait materia l . 

Baits No . 6 (oottonseed hulls - sawdust ), No. 7 (cotton

seed hulls) , and No . 8 (co ttonseed hulls - alfulfa - leaf 

meal) all oonsic t wholly or i n part of cottons eed hulls . 

Since t h ere i s h l arge supply of thi s material a vai l able in 

Otlt.homa . muc h i ·1tereot v.ias shown in having i t t ested. as a 

bai t. As shown in Table 11 and Figure 5~ llos . 6 and 8 guve 

better result than No . 7 their per cant morta lity being 

51 . 8, 49 .• 5 , a nd 42 . '7 reEipec t ively. Among the 12 baits 

given i n Table 11 and Figure 5 ; t hey rank 7th , 9th , and 10th 

respecti vel y . Among the 9 baits r oted on attr activeness, 

a.s given i n Table 4 . No~ 8 w£-s 4th , No. 6 was 7th and 

.No. 7 was 9th . Since,. as shown in Table 11 and Figure 5 . 

all of the cottonseed bait are rat ed below t he sawdust baits 

Nos . 3, 11 , and 10 , t he advisability of us i ng cotton eed 

hulls i n baits ·would depend upon their pric e as expl ained 

on p . 34. The pri ce of hulls in Oklahoma very a grea t 

dea l fro m year to year , sometimes bei ng extremely cheap , 

due to oversupply. Under auoh conditions it might be 

practical to use cottons eed hulls i n gr asshopper ba its. 

Bait No. 9 ( suwdust 50 lbs . 0 a l falfu. leaf meal 50 lbs .) 
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was the least effective of a ll ~oi ts excepting no. 5 ( cotton

seed bran ). Thi low rating , it i e believed , is due to the 

fact that the mixture of awdust and alfalfa lea£ meal 

spread very poorly. This belief iq upported by the fact 

that No, 9 rated fifth among the twelve baits in attractive

ness ( Tabla 4) . Prob bly a muc h smaller proportion of u l 

f al£a leaf meal to tho su1dust would give a more e£ficient 

bait. Since thif'! change woul decrea.s e the co t of the 

bait it might be pr(.,i,ctic ... l to use . 

Bait No. 10 ( mi llrun bra.n 25 lbs . - sawdust 75 lbs . ) 

hus been recommended by the Bureau 0£ EntomologJ a.na. Plant 

Quaruntine and used with consider ble success in the northern 

and western states in 1937. This bait showed to greater 

advuntage i n the dryer western seotion of Oklahoma than in 

Payno County i n the north c antral. are o. No. 10 rated 6th 

among 12 baits in effectivenes~ and 8th among 10 baits in 

attr ctiveness . Its low cost of 16 cents per acre combined 

with its mean per cent mor t ality of' 52 ; 9 mates No . 10 the 

bait giving the mo·t protec tion fox the oney spent (Table 

11 and Figure 5) . 

Due to reports from the county agents and farme·f it 

"'IS" decided to test the e.ffect of adding mo l asses and amyl 

acetate to the mate1•ials u ad in No . 10 . This oombinution 

W'd.S c ulled No . 11 . Since the a ddition of molasses and amyl 

acetate to bran had no significant effect it was not sur

prising to note th&.t when they ere udded to the sav:du t -

millrun buit no significant change vJ[..s found (Table 11) . 

In the o&.se o:f bait No. 12 the formu was the same as 
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that of Ho. 10 e:xcet1tlng,, th:ii t '.':hi tc a1·;:i e~1io e.nd 11:, .. bricz:;:.ting 

oil we1:o 8HbAti tui;c,l for the soc1.iu:t1 Et.:t:'f:1eI,'!i te and water 
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IV SU'.1ril1IARY l' ND CONCLUSIONS 

Much exp er imenta l work has been done on grtt shopper 

bait since they we~e first tried sixty year . ugo . 1ny 

changes h.:..ve been m8.de i n the oomposi tion, r te of applying ., . 

method of applying und time of applyinw baits . 

Gre.os hopper baits wore testod in Okluhom& during the 

summors of 1936 ·nd 1937 by· meane of pan tests , plot tests , 

and cage tests . Twenty baits were compared as to attrac tive

nees by 36 pan tests . 1ar l y in the morning baits wore 

placed in pan strung in a li ne through alfalfa fields. 

Counts vere nude at 30 minute periods through the day of 

the number of grasshoppers feoding on euch bait . Jeather 

conditions were recorded at each peri od . 

Thirteen bat t s v- (l e oo mpe.red as to e.ff activeness by 

148 plot te ts in t he summer of 1936 . Plots of one acre 

were surveyed o.nd the number of grasshoppers per square 

y&rd esti roE.ted . Baits wore spret.d on t hese plots at 6 :. 00 

a . m • • and sixty hours l&ter tho number of dead b.nd liv e 

grast hoppers pe1· qu · re yo.rd determined . The per cent 

nor t ality lias determined by compar i ng the number per square 

yard before pois oni ng with the number after poisoning. 

During June , July~ u.nd August of 1937 . 12 baits were 

oampared by 201 age t ests . One aare plots we£e spreud at 

6 : 00 a . m. '.rhree hours l ater the plots were s .. ·1ept a nd the 

grasshopper~ pl ced in small soreoned oeges containing greon 

food.. Sixty hours later counts of the dead and live grass 

hopperE ,ere, mu.de by ,hich the per c ent morta l! ty was de -



termined . 

From t be results of pan test • plot tests, and cuge 

tests tne :fol1ov1ing conclusions were drawn regarding b it 

c omposition: 
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1 . The addition of amyl acetate or ground lemons to 

baits does not appreciably 1noraa e their attractive

ness or effectiveness . 

2 . Bran is de£initely more attractive and effective 

than pure pine sawdust . 

3 . he addi tion of 50 per cent bran to pu o savdust 

disti ctly increases its uttractiveneas nd ef:foctive

nesa .. 

4 . The addition of 20 to 25 er oent of flour , shorts , 

and millrun bran to sawdust und cottons eed hulls 

increas es their effectiveness . 

5 . lfa lfu meal slows s ome promise as ma teria l to 

add t o tia.wdu t and cottonseed be its . 

6. Fresh be.it i " distinctly more cttractive than one

day old bt1it . 

7. The ·ddition 0£ blackstrap molasse does not 

appreciably i-ic1·ea.s e the efficiency of baits . 

8. Lubricating oil (vie 30} is a practio l substitute 

for V"rd tor i r.. baits . Preliminary te ts i ndioa te 

tha t oil is co ns iderably more e£~eotive than water 

baits four or five days after spree.ding . 

9 . Cottonseed hulls are practical as bait carriers 

whee t he supply i s l a r ge ~nd the price iow. 

10 . ioe hulls , c ane pulp . and cottons eed. b11 an &re of 



of little va u i n ba·ts . 

]rom the results of the p~ tests the follo,i ng con~ 

clusions c o •1c erning the :feeding o:f grasshopperf: on ·b· its 

axe made : 
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l . Th optimun range o ter1perature i s :frou 70 to 80 

degrees . 

2 . Litle feeding ocours above 90 degr e • 

3 . Ordinary \ ind velocities do not affect feeding. 

4 . Relative humidity doe not affect feeding . 

5 . Cloudy ski es do not directly "f.fect feeding . 

6 . The time of d y &t which maximum :f:eecl1ng oocurs 

varie greatly . but is gener:..,.lly reached in the 

:fo1·enoon . 

On the bu.sis of this experimental work: and the writer ' s 

practical experience , the following conclusions are drawn 

regti.rd · g the control o:f grasshoppers with ba.i t .. : 

1 . Bait should be sprec1.d when t he u.ir te para ture is 

not less t han 68 degrees nor higher than 82 degrees . 

2 . G:ra.sshoppers should be pois oned ear y in the season . 
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