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INTRODUCTION

Background of ithe arotlea.

The production of squash anc pumpkins hus been
an ‘wmportunt phesze of home wnd market gurcening for
many years. The well known Hubbtarc Zguesh, espsclally,
is considered & delicscy by zeny people and conseguently
brings 2 comparatively ihilgh price on the market.

A2 i3 the cege of other farm crops, the
sguash plant has many insect enemlies. Chief among these
is the coumon squash tug, aspssa tristig De Geer.®* This
insect, according to Zlliott (81244), was first de-
scribad by DelGeser in 1773, ani has since besn found over

South to Central america,

)

£

the entirg United ftates, wn
Hoerner (15:1) 1ists the sjuash tus &z & seri.us pest in
Colorado since 188&, 8¢ serious have the attacks becosme,

that many gardeners do not attewpt to grow csrtein types

e

wountains in horthern

(443

of squash in the area nsar tn
Colorado. Hixson (14:.57) ststes, "The squash tug,
Apaga tristis Del., was the limiting fector to sguash
and pumpkin production 4in thils state [ORlahasma...."

The Injury bty the squash tug is of two tynpes.
Oney the sucking of julces, thereby weuwening the plunt.
Two; sn evident indirect injury, such zore severe, ~hich

quite often causes tre death of the plunt I1n .« few hours.

% Hereafter referred to, in this puvur &s the gguash bLug.



The cause of this 1s not definitely “nown, and several

theories have besen advanced regarding it, These will be
discussad in leter narazraphs,

A suitable contrel of the sguash bug wouid cur-
tull and possitly eliminate much of the destructicn due
to the insect injury now so prevalent. This would aid
materially in the profitabls production of sguash and
pumpkins in this and otner sections of Colorado and the

United States as a whole,



Previous gtudlises.

8ince the sguash tug was first described in
1773, 1t nes bteen Tound to ke & very serious pest to
Cucurbitaceous plents, especislly the sguagzh and pump-
kin msnbers of this fawlly. Becauss 1t has been such a
pest, this Insect has been thz object of & consicaratle

amount of study., Countlses atteapts nhsve besn mace by

peny workers over widespread oigtricts to find & suitabtle
control.

Dapage o plentg. - The damage to plunts, pre-
viously mentioned, is cue, 1% 1z thought, to two causes:
Pirst, the Zirect dsusge to the plant czused by ths insect
sucking the plant juices, thereby weakening the plent}
Becond, the¢ indirect damsge, -ue O & cwuse which 1s not
yet definitely detarminsd. Chittenden (41%) states thst
in addition to the direect injury,
the insactts

te
sxtent, s 8
el CiB826SBsese

8till anothor form of iajury 1s due

acting, though not te & very great o

tranzmitter of the fnsidlouz bacteris]
Haseman (1%$1l) contends thuat agesas ipistis denages the
plant by 4njecting salivery secretions iate {1t while
sucking the sap. Grunovaky (1£1l4) lists the squash bug
a8 an exasple of aen insszet wiilch causes vechanicsl injury
only, to the plunt whica it attacks. Eritton (:145)
statos that,

In addition to tnelr punctures and withdrawal of

sap from the plent, 1t is tunught thet sowe polson-

oug substance is injectad into the wound. A fow
puncturss are sufficient to xill & suwall plant,



Hoerner (15t4) ascerts *hnat one or two bugs uey cause
sgedling squesh slants to wilt in 24 nours. Garman

(11¢20) states,

e
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z wound
ves to wilt
2 attacked

This bug introduces sometniang Ints
macde by 1ts besk which causss the 1
an:d hong liwply lmmoeoletsly after bo

-
oo et

Rand (181418) beliesves thut sguash tugs do not transeit

racterisl wilt, while Chittenden (41%) states,
seoinjury by this scussh bur 1= somstlpes sxagger=
ated in reported csses, the d&magb otgerved being
ften due to other *n,ect& whicl. are2 less apt to
be noticedeees

as cucumber beetl:s, squssh vins borers and tine melon

loucze,

Natursl enesies. - 4 few natural znenies of tns
sauash bug sre xnown., Perhaps the wost luportent of
thess 1s Trighopods gpenuipas Fabr., Worthley (21877-73)
describes the work of this insect in lNow IZngland where
4t ucts ss & curdb upon the squash bug under favorable
conaitions. In Colorsdo %he nutural snenies do not
appzar at wll effectiva in curbing or controlling tals
insact.

Hechsnicul control. - For y2ara the major
methods of control have been of « wmechanicsl nsture,
Billiott (B1588-49) advocates four ways of controiling
the squash bug mechanically. BHe lists (A) Hendpicking
of the acults from the plants, (B) Trap toards laid out
near the plants so thst the inseets will crowd under

them at nizht wnd bte subjsct to destruction by crusning



while they are yet in en  ianxctive condition the follow-

i

ing morning, (C) Trap crops of garly squash msy be plented
amon; tho later varletlies which are less attiractive to

the inseects and thus suve the .ein crop frow sericus da-
mage by the siucsh bug, (D) Cleaa farwming, suc:. as plowing
under the old vines or turning tnem in ths fall as soon

as the crop 1s harvestad thus destroylng ceany of the
nymphe and meking hiternating guartars wore difficuait feor
the bugs to find. In wdditlion, Wsdley («0:14ii) advocstes
crop rotation and thorougi: tilisg: of tnz land as wn eld.
A dlagram by Vsedley, adapted and reproduced in the
appendix as Chart 4, shows that only the .aults live ovur-
winter in Xansa: and Iowa., It is apparent thet sny method
which =ould siéd in ducrsasing the number of nibernating
insacts during the fall would be of muterial valiue in
control.

Chart A, sprendlx, shows thut ufter the aggs
hateh in the spring, 11 stages of the inscet are present
for the remainder of the sumper wad through eurly fall,
Although there is only on: generation per yver in North-
ern Colorzdo, according to Hoerner (13533), all stuges of
the inssct are present throughout wmost of the suume
Worthisy (£1874«75) reports that the ssme situation is
true in Massachusetts.

Chewical control. -~ More positive, practical
snd economicxl control methoads have been sought by wany

workers., Soms 07 the wore iwmportant zethous are reviewed,



Rarly erpericentz vere conducted using nico
tine sn’ soap sprays wnd nicotine gusts, Cook (51248},
ranorting ‘n 1891, &sssrted that he had obtained very poor
results using %erosene euul.siocn or pyrethro-kKaerosene
emulsion., Merrill (17::4),1in 1918 reported good results
using Black Lea? 40 (Nicotine sulphate) in the »roporticns
of 13400 parts of wuater with four pounds »f soap per 100
gallons, This spray ¥4lled zll the insects in the first
four insters, and two aprlications &t intervals of one
week controlled & sovere infestution, Dudley (7162-70),
in 192 found that nlcotine sulfate dust, containing
A-7% ntcotine, k1lled nymphe of the first three instars,
but hed no vorzunent effect upon the last thrae 1nst&rs‘
or upon the ezgs. %Hadley (=08428-24),in 1920 reported
very good results in ¥eaansss by the use of Tisnoil soep in
concentrutions of 9.4-0,5 pounc:s of soap por gallon of
water., This solution save & nortality rats of 75% of
adults in the lstoratory, «nd 77% in the field. ¥hen
Black Loeef 40 was added ot the rats of lziSO, & 100%
portality rute was recorded in *hs luboratory, end 8Z.3%
killed in the field, Sulfur, sadided to ths soop solutlon
only, at the rats of l-& ounces per szllon, guve better
then a 91% k11! of adults in the Tield. Tha sulfur caused
some trouble by cleggin. the nogzle. He concluded that
sulfur,

eeelneresgsed the a7 fectliveness 0F the soup ageins
the nymphs as well us the odults; thut str 208



soiutions wiil not affect the eggsj &nd thet sguash
plants su”far 11%ttlc or no injury frow flsholl

soup solutions in the strengths used [0.2-0.8
pounds per gallon of water]. e

Little (1€3578), 4in 1227 founa that alcotine dusts cone-

todining £-4% nicetins ware not 2ffective in coatroliling
the past., Yorthley (£1:178<77), in 13:Z found that nico-

tine custs, cnd ewnrays of Eluck Lssf 40, wers of little
value, He found thet fisholl =soup solutions gave good

results 1P warm and ths tugs diposd into the solutlon.

3

As hizh as 90% of the adult insects were xilled =hen

K

e

¥

dipped into rum Tisholil soap solutions, but only & soell
percent wes killed 4F dipped into tne cold 1iyuld, or
sprayed with the warm or cold solutions., In agdition,
he reported that the so&p sprays causaed ssversg folie
kurn Qhan aprlied %o the nlents,

In 1927 Little (18), experimenting with
Cyunogas "A" dust (calelum cyenide) under fi:lc condi-
tions, reported excellesnt resuits., In nhis experiments,
ha brushead the insects znto the ground 1f they were found
upon the lesves, He then lusted the bug: whieh were on
the groun! ans thoss which were on the stems, with the
undiluted dust., The insects were stupified in fros £
seconds %0 one winut:s after belng dusted. Xany of thsm
recovered, but sll thoze that llved, r2covered before
24 hours hud elapsed. Bome showed siuna of 1ife «fter
a8 period of 48 nours, but ncne of these recovered, Of

the nymphs treustsd, from 34-80% were killzd, while the



check plots, untreuted, showed & uortallity rate of from
0.8=8,08, Of tnw treated aiult., 42-77% wire killsd, com-
pared to no deaths in the untrooted check jroups. The
plants dusted in tife menner gsrowed no svident signs of
injury unless the Zust wss appliled clrectly %o ths

loaves, It is cledmed L Littl., that b:cause oot of

by

the ins=zcts «rs found on the steus, there is no naed to
dust th: leaves, Howevar, Bzard (1:237), in 1335 found
thet the appllcution »f Cyunogas to the plant caused
severa burning of ths foliuge, wnd that only bugs of the
firat and second instars were kililed. Insects of lator
instars wers stupified, but most of thim recovered.
Elllott (3:£29), ound in 195 *that Cyanogas was tie most
effective of ssveral fusts tested, aither wnsn used alone
or mixed wlth nicotine suzt or :ypsum. He concluded,
nowever, thuat it wes of little value in tie control of
the adults.

The wore common insocticides, aff-=ctive against
many types of insects, heve in general been of little
value 4in the control of the sjyuash bug. Neow waterials
davised or discovered from time to tims heve often besn
used againct the squash bug. Darley (8:115), in 1927
used "Penetrol," & "versatile stundardized preparation
consisting of suilfonated oridized petroleum hydrotars
bONSeses™ 85 & carrlier and sprecder in coabination with

Rotenone, Pyrathrum, ard Hicotine as seperute spruys.



The nymphs of the sguash lug, whlle in test cages, were
sprayed with soluticns of these compounds in varying ocon-
centrations, Only the Pyrethrum mixtures, in fueirly
strony concen*trations, vare of apprecleabis eflectiveness,
Rotenone and Nicotine compounds wers of littiz value in
controlling the inscets, Klllott (81££8), in 1935 found

that Pyrethrum dust was only soderatasly sffzotive sgalinst

o

tg3 were Cls-
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the nymphs 1n verying cdecrees, anc
apoointing. Nicotine sprays gave little indication of
control. Pyrsthrum sxtructed in kerosone gave the wmost
promising results when mixed w#ith soap &nd water, Beoard
(13337-39) ,reportad in 1938 that xerosene extract of
Pyrethrum, 1—800, mixed with zoap solutiocn, 1-400, gave
fair results in the field, If the emulsion i{s not proper-
ly prepared, the Kerosens separetes out and & gummy rssi-
due is lcft 1a the kottom of the contelnsr. Lethane 420,
ugsed with & Carbon Disuifide smyresder, gave a: auch pro-
nlss of control, with one eprifcation, as dic ths kero-
sene emu.sion with Tour apulications, Howevsr, the
Lethane was apnlied in the lsboratory, whils the szulsion
was ussd In fleld tests,

Bupmary. - No effective aund practical coentrol
for the sipussh bug has yot heen found by any of thase
investigators, Substences which sappsrently shuw good
results for one worker often full entirely when used by

other axperlmenters In different loculities, In addition,



muterials which scmetim2s show promise of control, msy
be found to have a cetrimentsl e fect upon the zguash

plantsa,



Ths problem &nd Ats oblectives.

This atudy war underteken to develop, if
possitle, a positive wnd zconeaical control for the
squash tug in Colorado. It war thought thet this might
be done in ons or more of the following ways or & Cok=
binstion of themd The sapplicaticn of chemlicals in order
to repel or destroy the insects) ths dlacovery of varle-
ties which would not bte harmed by the insect, or the
f4nding of varieties which would be least attractive
to themj ths discovery of attrshent materials which
mizht be used to sttract the insects 30 tiat they could
be trapped and cdastroyedy tho use of traps of a chemicael
or mechanical nature to onsnare the insects 30 that they
could be destroyed.

This study wes conducted ut Fort Coliins,
Colorade, in collaboration with Mr. Jchn L. Hosrner of
the Colorado Btate College Zntomalogy Uepartment, in the

supmzer of 1338,
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In this study th.re wers “our distinct parts,
gach of which resuired 1ts own techniques and materials,
These are explalned below.

;ggegtic;deg upon ggg ua bug.

This part of the experiment uy readily Le
subdivided into laboratory and the “ield rtudies.

Laboratory studies. - The laboratory work was
an attempt to develop contact insccticides, which would
be toxic or repellant to the squash tug. This part of
the exporiment was concucted in the college Insectory.
The tewperature and numiaity very ncarly duplicated
those exlcting out of doors. The Insectory was shaded
from the sun, and was somewhat protected from the wingd.

Temperature and humidity were uacontrolled.
Such controlled conditions, while cesirabls, were pre-
cluded because o7 the lack of apperatus and space nec-
essary for such experiments, Worx involving controlled
conditions i1s entirely beyond the contemplated scope of
thls experiment,

Adult insscts were kept iIn large supply cages
nade of wire secreen over a wooden framework. These
cages were approximately £ 1/£ feet high and three feet
square. The insects were fed with squash leaves, stems,
potted seedling squash plants, and & few small squash

fruits occasionally. Each cage contalned severzl



hundred Lugs, the augbsr varying frow time to tiue.

Insects wers tuk:n frog the ceges as desired
for experimontel work. £&Zach test consisted cf oas or
more cagesz of traated inseots, usuaily 13 in nusbezr, and
an untrsated cage, desiznsted in the talbles &s "check."

The insectszs undsergoing treatwent were placed
in a small screen cage wa: sprayed or dusted thoroughly
with ths cheuicale being teste.. They were tinen removed
from the sprayving or dustin: cage un! placed in a clean
dry screen cage made by Inverting a husensld tes straln-
or vith dimenszions of epproximstely three inchss nigh by
8ix inchss in diameter, invarted fito an ordinary pie tin
covered with a sheet of pursr toweling. The Tood con-
sisted of moistened syuash seed placed in s small mstal
plate resting on ths floor of ewch cage. 5oach plate
containad a gsmall suantity of xater Vor thes nurnoss of
koeping the squash se2d wolst ans paiztalle.

Thy muteriels tvsed in this chase of the study,
togethyr with *thoir setlve ingredlents, are listed in
Chart €, appendix.

The insects were obswrved at the ana of cne
day (%4 hours), anid agein at the end of two days, then
in most cuzes the observations were ceontisgusd for a
periocd of four days., The number of iuszets found deed
in esach case was recorded,

Pleld studisg. - The Tisld tests wers conductad

under relutively uncontrolled conditicns. Tney included



only the chemicals which had shown tune most zromising &nd
prectical results in the lzboratory. Adult insects and
all instars vere present upon the plants, and were there-
by subjscted to the treatments. In the laboratory the
attempts to control the insect were wirected wainly to-
ward the adults, but in the field ull stazes were treat-
ed, In both studies the primary object was to determine
a method of contrel for thz acult insects, because the
nymphs are less resistant to chemical &pnrlications, as
shown by investigators noted in previous paragraphs of
this work. The materials whnich would contrel the adults
wou.d zlso act &s an even more effective weapon against
the nymphs.

The plants, containing an unk:ovn number of
insects, were sprayed or dusted thoroughly, and observa-
tions made to detect whether or not any insects attempted
to leave the treated plants. The plants, in tlocks of
five to ten hills each, were treated with the desired
materiels und compared to untreated check nlots. At the
end of specified times, the plants and the ground under
them were incpect:d and the nuuber of Insects present
was noted. All insects found, whether &live or dead,
were counted znd ths results recorded. Obviously, since
the plants were unscreened and unseparated from each
ofher by any artificial means, unimnowrn numbers of in-
sects may have left the trexzted area or way have migrated

into it., This introcduced & possible error which might be



quite iarge, but whlen wac uvnavoldable under tne conéi-
ticne whioir existed at the -xperizental sites., EKEfforts
to reduce this efrcr to & zfalgum were made, These
efforts consisted of observing the inzacts tu Jeternine
whetrer any of tuen left the trected ared, and of ceeping
the squash nlants geperated Ly &t least two foat, ARy
tnsects observed lesvisi: the plaats followil:; the applie
cation of chemicals, “wre ;athered in contalnars and Ob-
sarved slong with the cnes found on the plants. They
were included in tre ffqnihép gns recorded «& belng on
the plant,

Only one treatzent was siven th: plaants ner e
1isted, althoush in other zerts of the fislds soveral
sprlications were rade In un effort to save the plants
anc to observe the sfect of the zuterisis upon then.
Two fields were used. On=, the College fleld, and the
other, & fleld owned by Mr, V. L. Torsberg, located

about twe miles west of Fort Colliinz, Colorado.

Faeding heldts in celation o Yerietles.

It was desired to detor:ine whether or not
squash bugs show « praferance Tor cartain varisties of
squash. The followia: procedure wan usedt Short rows
of s, ,uash were grown in & 2wmell fisld, There ware
d4fferoent varieties in such row g0 that the cheance of

infestatinn was nearly egual for &ll wvarietias. Ko



other plants known to hnarbor the squash bugs were near

the field. In some caseg there were twice as many plants
of one varlety as of others. It was necessary, therefore,
to add an additional column in the tables, in which the
numbar of insects upon the squesh plants could be shown

48 based upon equal numbers of plants.

The incoming adults were handpicked at defin-
ite intervals of time. Usually this was done each odd
day, although several deviations from this ares recorded.
Picking of the insects was started at the tine the first
insects were noticed, and continued until the vines be-
came s0 large and the insects so scarce and hard to find
that it wus not considered practical to continue the
picking of the insects. It was felt that there was a
strong possibility of losing or missing many of the in-
sects and of possibly introdueing large errors into the
data, The number of bugs obtained from each variety was
recorded. The insects gathered by this method were

taken into the laboratory for further study.

Tests of possible attractants.

A group of 61 different organic chemicals and
extracts of sqguash bugs were tested as possible attract-
ants, It was hoped that some material might bs found
which would‘act as & powerful lure for the insects. The

N

chemicals were commerciul compounds, and the squash bug

extracts were made by boiling desd acdult squash bugs in



watar, or b’ nacerating them «nu extrsctisng rossitle
attractive secretions, zing <lcohol or ether as & sOl-
vent. Theze nateriels were placed In seperste noell tin
conta ' ners, circular in shape, zbout 1/: an 4iach deep

and tvo inches wide, These contziners ware fliled about
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hel? full of watsr anc moist cotton, in or
easy uccess to the liguid. To tnis cotton and water mixe
ture were added two drops of th: ¥ rizl undergoing the
teat,

Thegse tin contziners w:ore placed fivs inches
apart, in a cage contuelniag acproxisstely 300 sdult bugs,
and in corpetition rith & suall poited sjyuash plunt and
& receptacle contalaning only wetor snd untreated squash
seeds, The nuwmber of iasacts founa fzeding upon esch of
the matsrisls was recorded at ths end of scen nour, for &
period of fivas hours, The results were tzvulated an: used
for an index to determin: tine comparstivs utltractant
powers of the materisls, Thosz whien gave the bast re-
sults were rotestad under jeboratory conditlions, and the
materials which guve the best sverags results wore ree

garvad for later flald tests.

Badta end grapg.
Various baits and trups were used in the fleld

in an effort to develor a msthod of poisoning or trapp-

ing the insscta,



Giowuch polsons used with Laiis. - Sodlum
eérsenite wag dissolved in vet.r «. used to polsten
sguagh zeed utilizad <o £00% Ly the Lfnssets. Levaeral

attrectants we. e 2saed by edding them to the2 food, in an

effort to induce *he lasects to consume the poisoned food,

&£

The vame proeedure wies folloved botn in the Tield and in
the lavoratory., The chiefl differcnce was thet in the
field the ins=ctr were not confined, and the bult was in
competition *o the llve sjuash plants sdjacent to the
contzinars, In the lakorotory ao other 0ol toan the
polgon bLeit was cvilzble to the ins-eots,

Ine nse of irepg, gusulcel pod gechunicel.
8rmall wire screen traps siziler in cesisn t0 & Cconmon
inverted-funnel-fly~trap, s«bout “our inches s;uare und
glx inches high, were :'sed in en #fort to trap the ine-
sects In the fleld. Cevoril of these tri;s wure haited
with ettreectants ané moist cotton snu were plscad 4n
vertical sng horigontil positions =djucent to iufested
scuash plants., Other traps, siaiflar in ‘esign, but un-
taited, were pleced in veri:us positi-ns nesr tues plants
in an affort to cuteh the (nsect: durin: the cool part
of the night when they -~isht huddle together unuer
rukblsh =ndé toarde in thetir search f£-r chalter, 4l1ll {n-
sects cuuph® T these wethods were noted cnd ths results

~ recorded,



i aPFLICATICH OF IRULCTICILEES
Lukoratorv study

Vurious sutstunces ¥non t2 Le naraful to many
insects, or indicated by othur investijstors, o bé Usge
ful in the coatrol of %ths syuash bug, were ouplied to the
insects in the College Inzectory, under luboratory contle
tiong whicn vaery closely cporoxipates $those existing in
the Field, Ths results obteinea sre tatulated wns dis-
cussed 4in thic part of tue chupt:r,

Tuble I indicates ta- 37f-ot of ligsesulfur
sSprays upon +he Squash tug.

Table I, = The Effsct o7 agueous Lige-
Buifur Sprays appli«cd to the Sgussh Bug.

powounand - e

Expt, Date 8pruy Material Conc. bho, No., dead &t end of
Ho. App- Bugs 1 E 3 4

1 78 Lima-sulfur 1:49

& Areosket 1:200 10 £ b 4 8
& 7«8 Lime-sulfur 180 10 O & € 10
4 7«6 Liwe-~sulfur 1:38% 10 0 1l 3 7
5 7«¢ Lime-sulfur 1340

&Vardol 11200 192 0 « 4 8
é 7-8 Lime-sulfur 1:49 i0 - 0 7 9

Y

7. 7=6 CHECK __ _~ 12 1 1 N -

This tuble indicates that lige-sulfur, an
excellent control for vome insectz, hsd very little

A

effact upon squash bugs for at least two day:r ufter the
muteria* wag aprliad, znd that thers mas marzed Increase
in the mortality rate the third snd fourth days. This

r4&te was also evident !n the control zroup. Apparently



from thls chart, toe llusezulfur is of little value uas a
control zatsriel,

Table IT inilcetes ti.: results obtained by
gpraying the lasects with agusous Cubor.

Table II. - The Zffect of
<

Aprlying Agusous
Cubor Cpruye Upon the adult 8 :

Expt, Date 8pray Kstericl Conc. Ko, Ho, dead at and of
Ko. Aapp~ Bugs 1 & & 4
l%gg . gey days 3svs days

7 Cutor 1:200 10 O 0 £
7=6 " 1:100 10 1 b5
7-8 # 1150 10 4 7

1 1-6  CHiC¥ 8.3

This tuble wprears to incicat: tnat agueous

v

G ~3r
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solutions of Culor are not eff:ctive in ¥iliing the
squash tuge The evidont ccucentr.tions ne-dod to obtain
the desired results 1s wulte npign. & solution of Cubop
in ths ratio of cne vart to fifty of water is srows to
¥1ll 70% of the iasects tne second sy after .oplicution.
#gain 1n this talle, &s in the previ.us one, such a large
nuskar or the insects in the comntroal group ilsd, that
ths few additionsl deutns sinown in the groupa where Cukor
1s used, «re not significunt uul do not 4fuply thst Cubor
s &t all s¢°Toctive w: w contect insceticide.

Red Arrow {nsecticide was usad wv un aiueous
spray in vaerlous conoesutretions. The resultes of tils

experimwent are shown in Teble IXI.



Table III. = The =27fact of sjuecus fed
arrow Eprays Uvon adult Zguasn Bugs.

R T T e e e e e e i s e ettt

0. Guad st end of
& & 4
days Gays 4ays
8 9 10
10 19 10
10 10 10

Expt. Date 8pruy Eatcorlal Conc, Ho.
Noe Appe Lugs

11 %-e Rad -row 1:200 10

10 7«6 » 1:100 10
B 7=8 " +150 19

18 7-8  CHECK 10 1 1 1 s

Red Arvow 1s here insicated to te ultae ¢ffec-

wwmgawm
<

tive urainst the sgquash bug. & golutlon of 11800 killed
all bugs in four Jays. It uey be noted, however, that the
concentrations used ners «re of ulte stroag soup (Regd
Arrow) contant, This wmat:ricl ic too axpansive *o e usad
extensively in sprayin:s i7 thece concen*ratisnsg are o te
neaded to kill the Iinsects.

Hlixturas of ttiyl alcohol, Black Lesf 40 und
water, were appllaed to sdult guszsh bu.c. The results
are shown in Teatrle IV,

Thi: teile indicates “het mizxtures of ztiyl Ale
cohol, weter and EBleck Lauf 49, ure of ne »u_ue in the
control of tne fnseet when ussd in the coanesatretions Lere
noted. In these tests th: materials ray be considerad us

of no fuportince in x1lliny siuash bucs,.



Pable IV, -~ The Effcct of ajugous &prays of ~thyl
dlcoho) oad Bluck Loof 42 Upon sdult S.uush Bugs,.
ST T T e L IO e B I T T SRS === SRS
Expt. Dute Spray Maturisls Couc. Boe. Hoe aest ut =20l of
No. Appe Bass 1 S 3

;;ig doy duyd guys
17 77 Ethyl alconol 180 10 & &

18 7=7 Lthyl & Bl.ck

Leof 40 111180 12
lg 7=-7 n " #t1¢180 10
<0 7«7 " r 431800 10
£1 T-7 " " 23433300 10

BB 7=7__CHECK 10

Table ¥ indicates the sffect of Loro snu Pene-

N & e

B O
e e n
I Dhdbdn
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o

trol xhen applied *o *ho =wdul* squash tugs.

Table V. = The . fect of ipplyincs asueous Penstrol

Spreys to the adulit fuuash bugs.

Expt. Dute Spray Materiuzls Conc. Ho. Ho. dews ot end of
No. ApD- Bugzs 1 & H 4

: e GaY G8YE deys Jsys

Al 7-3 Penetrol - 13150 10 4 3 a3 a8
2L T-9 " 18200 10 O 3 3 3
3¢ 7-9 » 11800 10 © 8 8 10
24 7-9 v & Lero 131850 12 10 10 10 10
&% 7.3 n 1:1:2102 10 & 10 10 10
8  7-3 " tt18800 10 ¢ 10 10 10
37 79 n 4318400 10 4 19 10 10

8 7.0 n : 10 _& 4 ] €

Tatle V indicater thet 2 pixturs of Penetrol

and Loro 4« faulrly effactive = uinest tioe inzsct under lsb-
oratory conditions, Thlc appoars o te o fuirly affective
spray, «lthoush the control ingcets shosed o large loss

=180,



T-tle VI shows the results of tihe epplicotion of

Hicotine Oleuat: cprays to th: adult insect:s.

Tuoble VI. = The zffect of agueous iicotine Olaste
Sprays Upon ths adult Couesh Bug.

Expt., Date Spray Hatsrisl Conc. HNo. NHo. neuz at =nd of
No. &pp=- Bugs 1 S 2 4

ficotine Oleate 1150 10 3
45 7-11 " " 13100 10 & 2
4 " o 1t00 10 0O b4
47 7-11 L n 18300 10 O 5
" " 1 3
0

23

-
1,
=

» e v
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_62___7T-11 CUSCK_ Y] 9

- Nicotine Olaate avpears %2 ke offective in the
more concentruted solutlions, tut toe weaker solutiozns do
not eppzar tc be zuffiecle tly toxic to The insect to be
consicerad & uegne of control.

New fver:reen wes wixod witl wmatuer .nd Tthe ine
s20ts aprayed with various concantretiong of this coxpound.
Table VII 4s g tsbuletion of the effsct ~btuined by %nls
applicution of spruy meterials.

New dvergreen is hare indicated . bsing zulte
toxie to the insecte. Tune addition of Paunetrol cprnecrs
to increase the @7ectivancss of the spwa)y qguits motorte-
ally. This 48 the wost effective sproy soatoriul, of ths

cowmreial ~roparatiocone, used in thls otady.



Table VII. - The Effect of Cprayins Siuash Bugs
(Adults) with Agueous Solutions of New svergreen.

Expt. Date Bpray Material Conc. No, No., dec? at end of

No. App- Bug~ 1 < 2 4
1ied day dzys days days
49 7«11 New Evergreen 1250 10 6 € 10 10
5 7-11 n " 1:100 10 ¢ 7 7T 10
51 7-11 " " 1120 10 0 4 5 10
52 7=-11 n n 1:400 10 1 5 10 10
853 7-11 New Evergreen
& Penetrol 1:1:200 10 9 10 10 10
54 7«11 " " 12113400 12 2 10 10 10
82 7-11 CHECK 129 08 0 0 1

The effect of Aresket upon the &fult squash bugs

is shown in Table VIII,

Tablzs VIII.- The Effect of aAqueous Arssket Solutions
Aprli=d to the acult Szussh Bug.

Expt, Date Spray Material Conce. No. No., dead at end of

No. App- Bugs 1 £ 3 4
lied day days duys days
55  7-11 Aresket ‘ 1:50 10 &k 4 5 10
56  7-11 h 12100 10 2 4 7 8
57 7-11 o 1:2060 10 5 5 6 €
6L __ 7-11 CHECK 10 0 0 0 1

Table VIII indicates that very concentratad
solutlons of aresket are ne ded to be e''foctive & sinst
this insect. Oa the wholz, only fuir results were chown
by th- use of this material.

Fishoil soap was apolied in the form of aqueous

8prayses The r sults are shown in Teble IX.



Table IX.- The Effect of Applying 4queous Fisholl
Soap and Other Katerials to the Adult
Squash Bug.

——c—

Expt. Date Materials Used Conc. No. No. dead at <nd of

No.: in oz. perBugs 1 P2 2 4

_ gal,water day days days days
58 7-11 Fishoil soap 4 10 8 8 9 10
59 7-11 ® n 3 10 3 4 9 9
60 7-11 " n 2 10 7 7T 8 8
6l 7-11 " " 1 10 O 4 7 8
79 7«11l Fishoil soap

& B.L.40(1) 4311 1/2 10 2 8 10 10
632 7-11 ® b 411 10 &£ 8 9 9
64 7-11 " " 41 3/4 10 2 8 9 10
865 7-11 " " 4 1/3 10 8 7 9 9
86 7-11 " " 311 1/2 10 .8 8 10 10
67 7-11 n " 311 10 5 7 10 10
68 7-11 n n Zs 3/4 10 8 8 10 10
69 7-11 n n 23 1/3 10 8 8 2 9
7 7-11 ¢ " 13 3/4 10 7 3 9 8
72 7-11 Fishoil soap .

& sulfur 2s 3/4:1 10 9 10 10 10
72 7-11 Fisholl soap

sulfur & B.L.40.2:1/211 10 8 8 8 8
73 T-11 " n £y 3/432 10 8 10 10 10
74 7-11 ¢ " 1l: 1/2t2 10 6 8 8 8
75 7-11 " d 1: 1/3:1 10 1 3 3 3
7€ 7-11 % n 1: /431 10 9 10 10 10
77 7-11 ¢ n £¢ 1/2t2 10 6 10 10 10
78 7-11 M n 1t 3/4:2 10 5 7 7 8
62 7-11 CHECK 10 0 0 O 1

r 0 __ 0 b N S -

7=11

.%gf Black Leuf 40
The fisholl soap used in this experiment was

procured and used in the form of raste. Shephard(19:131)

estimates this soap to contain 70% soap and Z0% water.

The guantities of soap shown in Table IX are in the raste

form. This material gave fairly good results in &ll con-

centretions used, but the addition of Black Leaf 40 did



fon)
Q
t
o
o
g
(Y]
o
e
r’
O
e
v
w3
'1
o
(o]
[N
&
Lt
[
w
é
-~
p}
r=
| XY
)
b
(o
oy
po
¢
[
(' d
~
]
{\ ~
e
(a4
-
Le®

EO&
The sdditicn of :uall cgounts of sulfur to the
mixture of flahnil rowr and Blucx L2a? 40 z.ve outstandling

E R -y

results. The sprey wilcn proved so e ective

v T
+

n the letors
atory in «1l . ing the sguash btugs containsed; fisn 11 soup,
teo ounces; Black Leaf €0, /4 ounces; :sulfur, one ounce.
This materlsl vas mixed with one zallon of ateT ang the
insects sprayed thoroughly witn the ingccticide.

Another soap, Potassive Oleste, was applied to
the incects as «n aqueous spray. 7The rzsults of this
application ars ~hown in Taeble X. Th: tatle indicetes
that this rmaterisl may be effective sz u control of the
squash bug under laboratory conditions. In concentrations
of three ounces p:r ga.ion of water there was & 1008 kill
in two days. The addition of asmall aconnits of sulfur
appears to render the spray ach gorg Jdescly to the
insects, 48 in the case ©F o*Lor zoap aprays, 1t 1s fear-
ed that this material wiil not te spplicable dn ths fileld
where hard water wmay cause 1t to be Insffective, and the
plants mey be injured 17 it s «pplled in the quantities

which appeer to %11l the squash tug.



Teble X, - Results of ths apsllication of aguecus
Potassiurm Ol=ate to *n: adult Tguash bug.

Expt, Date Materials Used Conc. No, Ho. deat ut snd of

Ne. in og. Bugs 1 & 3 4
par gal. day days days Jeys
: wal:T

81 7-1€ Potassliuz

olsate 1/¢ 10 £ g ¢ z
a5 7-16 " " 1 12 7 8 3 3
83 7-16 " " & 10 5 6 7 7
84 T7-16 " " & 10 3 10 10 10
838 7«18 " " & sulfur lil 10 7 10 10 10
86 7-16 _CH.CK 12 0 ) S 2

Varicus Justs we:re wppllied to the dasects In en
effort to find »n. whirn -oculd coatrol the sguussh Lug.

Table XI sumsarizes the rasults obtained -ith the use of

25}

Bartzldes Squ.sh BEug Specisl Dust upon ths acuit {nsactd

Table XI, - The offeet of Apnlying Burteldes Squash
Bug Specisl Dust to the Adult Iguash bug.

Expt., Cate Meterlal Used Conc., No. Ro. dest st end of
No, Bugs 1 £ & 4

Guy days days duys
15 7«8 Barteldes

Siuash EBug
fpecial Dust Undilut-

ed 10 8 10 10 10

£7 T-8 * 8 w 10 O 10 10 10
1e T-8 CHECX 10 1 1l o) 3
S0 706 - 0.9 ) £ E

Table XI appeurc to indlcate thet Lurtelles
Bquesh Bug Specisl lust is wn effective control ghan

used upon the insscts in the latorstory. Thno use of



undiluted cust 1s recomuended for this contrel of tne

adult sguash bug in the latoratory.

Adult sguaeh bugs were ulzo trzuted with various
mixtures of Pyrocide 2ust, Table XII indicatesz the re-
gults obtained b’ thls applicu=ticn,

Table XII., - The Effects of Pyrocide Dust upon
Adult Sguash bugs.
Expt. Date Materials Used Conc. ilo. No deac at sn. of
No. A&pp- Bugs 1 Y bl 4
M Ly davedays daj
1 7~8 Pyrocide &
Celite 119 12 ¢ @ 5 3
13 7-86 " n B¥ 3] 10 5 8 8 19
14 7«8 Pyrocide & . '
lime 115 12 2 ) 9 2
18 7-6 CHECK(HCH:) 10 1 1 1 5
73 - 7-8 Pyrocide &
gas sulfur 1:5 10 0O 7 7 a3
L4 T=8 Pyrocide &
Cslite 15 10 0 10 10 10
£5 7-8 Pyroclide &
lige 115 s o 7 7 8
£6 7~8 Pyvrocide &
EYDSUR 115 10 0O 9 10 10
30 7-8 CHECK 0o 0o 1 1 &z
87 7-18 Pyrocide &
sulfur 115 10 10 12 10 10
38 7.18 Pyrocide &
gy psum 1:8 10 10 10 10 10
89 7-18 Pyroclde &
Pertlend
cement 1196 10 7 12 10 10
-20__ 7-18 CHICK 0.0 X 1 1

with differant comrounds in tneze tests,

Pyrocide dust was used in vari-us dilutions

The regults



enown 4 Table XIT incicate thut Pyrocllde way be very

sffective s & xeung of k1iling squash tugs. In experie-
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ment 83, atove, th: inscets co > zkout 50 minute:

swfter the cust was eppliocd. They sevumed to be pertlally

0

la

PN * )
D21l %48

parslysed wnd lay on thelr bacss, mickin
slowly. Ths sume effsct was notlced in experimsnt number
87, where s wixture of Pyroecide snd sulfur was used, The
most effective Jurt triec, from observation of tha in-
sects, was & mixture of Pyroclde and gypsunm, 1isted in
experiment 88, zbove, This dust parulysed the insacte
in less than five ninutes, anc tney &ll died iun less then
an hour after the qust was apnlied,

Pyrocide dust mixed with gypsum is indiceated
as being the noat offsctive msaterial opplled to the Ine-
sects in the loborutory,

Miscellaneous custs, aprliad to the sguash tugs
gave the results shown in Teble AIIX,

Table XIIX., - Tns zZffect of the Application of
Miscellanaous Dusts *to ths sadult Bguash bug.

Expt, Date Haterials Used Conc. No. No., dea. at end of

No. Bugs 1 ® & 4
_ day Jdays days day
L8 7-B bocium Fluoride pure 10 O 7 7 8
£8 7«83 Gypsum " 10 O 1l 1 &
0 o cusck 10 0 1 1 1
9l T=£0 Lethane n 12 0O X 8 7
38 7T=£0 Sulfur " 10 1 3 s 7
92 7«20 Cubor Sulfur n 10 & 1 4 8
24  7-£0 Serrid(¢® Derris) ® 10 o 1 € 8
958 Tuwg® CHzCK 10 1 & & &



The results shown bty Tubles XIII eppresr to inci-
cate thit tho meterials used veried spprociably 1o thelr

inrecticidal powers wh:mn apnllad o Uit gjuesh Lugs.

Comparetively 1ittle effect upon the lnsects ¥as nctad for
&« period of «t luast two days ofter the =prilcation of

th: custse Sodium Fluoride guve felr rasulls efter a
period of two days. Lethane, sulfur, anc Cerrid a2.ch

gave fair results uwfter . perlod of tnrss cays. In gener-
al these materizls do not appear to be very prowlsing

a5 a peans of control of the sguash bug.

The dusts saich apneardd to Le the wost alffsc-
tive when appiied to the adult insects, wers utilized as
dusts to be testad for control of the nymphs, Takle XIV
shows the rasults of this taeat,

Table XIV, - The Bffect of Applying Various Dusts to
the Eguash Bujg Hy:phs.

Expt. Date Muterials Used Conc. No. No, desd st end of
No. Bugz 1 £ & 4
- day gays geys dusys
2@ 7«1l Pyrocide &

sypsum 118 29 &7 38 not racorpded
Laecause ail
treuted in-
sects warse

willed

40 7T-11 Pyrocide &

Celite 115 49k LAl 48k " "
41 7-11 Pyrocids &
gas sulfur 115

1leé 58 118 " oon
4% T«ll Ba.tuldes :
' Sguash Bug
Speclal pare 9s 2& 93 hd n

42  7-11 CHECK 148 & ¢ 8 "



In Tzble XIV these furthor observeticns were
notedt HRumber 39, «ll the nyunphs were kncowwed down in-
atantly, with little or no moticn of thsir legs or &n-
tennse. In nuwbsr 40 mozt of the nyaphs‘wera knocked
over immediately, but showed trnat they ware stiil alive
by movements of legs and asntennse. In numbers 41 wunc 42
rost of the nymphe were dorvned immadistely, ‘ut thay
3till wenifested a high degres of motility when disturbed,

It pey b2 noted, ty « compwrison of Tallss
¥I, XII, showing adults, snd XIV, siowing nymphs, th:.t
the results =ere apparently affect ¢ less Ly ths custs
than wers the nymphs, These finding: colncide with the
results reported ky oth r workers, sow2 >f wxhom are llste
ed in the Introsuction of this sapsre It 43 to Lo ex-
pectad, therefore, that spray or -ust materials wiich
will control & large percentags of <.ults will have even
more value in the control of ths nymphs.

Field stucles

Onpublished deta, ottainede from experiments
conductad by the author in 1824, concerning the usze of
sprays, indicate thut scsp solutions apprlisd in the con-
centrations here proposed say seriously retard the
growth of the plants. Potassium Oleoutc used in strengths
of l-& ounces ner gallon of water, guve & mdderuts .
burning of the leaf edges; five ounces resulted in the
plant wilting to = marked degree. Fishoil soap,l/i to 2

ounces per gallon of water, cowbined with Black Leafl 40



1-£00, geve a moderate wilting of the loaves; wnile four
ounces killed large porticns of ths leaves,

Purther, soap solutions, when utiliged in the
areas shere th2 wator contains slksll xminsrsls, will
irpediately be flocculated, and be of little valus in the
control of insects. Uze of the large scounts of soap
neaded to overcome this floceculation wouid antail con-
siderable expense. It would be impossitle to recommend
a definits soap solution because the #wsater In zeny wreas
of Colorado iz of indefinite hurdness, the devgree depsnd-
i{ng upon the location and the time of the ysur, in addl-
tion to other factors.

A third fuctor pust bte considered as of zajor
importence in the consideration ~f soup sprays. Tria is
the effect of rapid drying of ths soap solutions upon the
bodles of the inseots., Apparently the effectivensss of
508p sprays 1s due largely to tiu: ability of the scsp
film to spread over the Lody of the inscet, and to pene=-
trate the trachea and other sxternal orenin; :. AS s00N as
the film dries tihs toxlc value 12 sppurently lost and no
further narm seemc t0 accrue o the insect. In experi-
ments with soap solutions used us insect zpruys, Fulton
(21630) found that zosp spreye must rerein on the tedy of
the insect for severol minutes 1f the insect {3 to be
killed., Unger conditions of rapid evaporation the
solution may dry btefors 4t can produce lethsl effacts,

he contands that better effects may be obtuslned i1f the



80ap sprays are applied <uring cloudy humid days $nsteed
of brignt ones, especlally if the »ind {s btlowing. In
the dry atmosphe:e of our western st.tes, the‘evaporato
ing power of the bright sunliznt and the low numidity
cauges «n alwmost imuediate drying of théhsolutions upon
the body of the insket tefore the bug has been matsrially
injured by the spray. Due to these fuctors the use of
s0&p sprays ag & control for ths squash tuy 13 largely
pracluded,

In the laboratory exporiments wizth dusts and
eprays, the only mute-dals upparently effsctive ag a
squash bug contrel were those sprays containing soap-as
a spreader, und various dusts. Inasmuch as 50&p sSprays
are of doubtful value in the field, in this section of
the country, und since other workers, listed in the
Introduction, have oxplorad the possibilitiss of reny
soaps without finding & sultable ccntrol‘for the 8guash
bug, 1t was deemed sxpedient to conduct tn: fleld tests
with dusta which had shown prouisias results in tha lab-
oratory. Table XV snows the results of the application
of some dusts upon ths plants und insects in the fileld.
Both adults and nymphs are listed, and evident dapage to
plants are here recorded,

In the fleld tests, li different mixtures of
dusts were used in uttewpt: to control sguush bugs. The
materials used, with ong or two minor exceptions, were

those which gave the best results in the lzloratory.



Table XV.—The Results of bwwwwwum‘wmwwwcu Dusts to the Squach Bug Under
e O ons.

i P4 e Pl ik e 14 i PV or A9 AA e <

COLLEGE FIELD ’

C_—__Aduits Hymphs
Field Date Dust Material Used Conc. No. |[No. No. dead st end of | No.| Ho. dead &t end of
Plot App- of |of 1 & 3 4 of |1 £ 3 4
No. 1lled Hills| BugsDay Days Days Days |Bugs Day Days Days Days
A 7-8 Pyrocide & lime--- 15 10 |11 (£ £ H 2 105 8 5 5
B " # Pyrocide & gypsum~ 1:5 S 40 3 4 4 a|7 3 9 9
c ® % Berrid -~ pure 5 710 2 0 0 1790 2 D 4
D % ® PpPyrocide & Celite- 1:5 5 6|1 1 £ 2 3015 18 21 Zl
B ® ®  Pyrocide pure & 2{0 1 1l 1 26 18 18 22 24
F " % Derris -- pure 5 £]10 O 0 0 21 14 14 17 17
G % 8% Lethane - pure 5 {0 O 0 0 16/ 32 b5 5 5
H * & Sulfur-—-w-eewe--- pure 5 (141 3 3 3 2819 9 12 12
X ® % Cubor Sulfur------ pure 10 -12|0 O 0 0 3B |7 7 7 7
J ® ¥ Barteldes Specisal- pure 10 6|2 2 3 a 13| 6 6 6 €
K ® 8 CHECX (not dusted) --— 5 [17|0 O 0 0 2|0 © 0 0
PORSBERGS FIELD
L 7-10 Pyrocide & gypsum- 1:5 20 |2732 32 24 o4 68 57 68 €8 ¢€8
X == Pyrocide & Celite- 135 £0 ((E3| 6 9O g 14 75 26 42 S51 51
| L Pyrocide, gypsum
& Tobacco Dust-- 1:5:5 20 (€810 O 0 3 97 30 30 89 29
0 L Tobacco Duste----- pure £0 22| 0 O 0 0 81|60 O . O D
P " CHECK (not dusted) ——— 20 l18/0 o 9 0 98/0 0 0 0




Observatione concerning th: slents dusted <{ils-
closed thnt Derris, 5% Rotencne Dust resulted in = goder—
ats burning of ths lesves. Leathane, Sulfur, .nd Cubor
Sulfur apvarently retarded the growth of the plunts con=-
gidar:bly, Tobacco Dust causaed wilwing of ths plents.
Hone of the othoer materisls appesr to ckuse any injury
or chackinys of th= plant growth.

Table XV. indicates thst contrary to the bLe-
1ief of meny gurdeners, tobacco Jdust hus no apparent
harmful sffect upon th: adul®t or nymph squash bugs. In
f:ot, it even seems tO cuuse some injury and wilting of
the plant to which it is spplied, However, th: wiiting
here noted nay heve heen due to otier factors uninowi
to *the suthor.

It is noted that Lethane, Cubor Sulfur, Derris
(5% Rotenonea), Serrid (2% Derris), Sulfur, snd tobscco
dust dJdo evidently exert some slizht varying toxic
effect upon the nymph& s 4in some cwses upon th: w.ults.
Howaver, since thess meteriala showed such low mortzlity
reteg for the nymphs snd extraxely low onas for the
zdults, they nuy be considered sas teing of little value
in the control of the squash tug.

The most prozmising materisl uvsed i{n tha flelcd
was Pyrocide in 4{ts various mixtures. The dry Pyroclde
was asplied both in the ciluted and the undiluted sta-e,
Execellent results were ottained whers both types were

used, The best control was obtained by an applicetion of



a mixture one part of Pyrocide to five parts of gypsum.
A 92.7% mortality rate among the adults was obtained, and
100% of the nymphs were killed.

An additional factor in favor of the Pyrocide
dusts appe&ars to be that there is no harmful effect upon
the plant. At lsast none was noted in the limlted num-
ber of cases which were observed. Pyrocide mixtures
apparently have & slightly repellant effect, as the in
sects seemed to avoid the plants dusted with this mater-
ial, for & period of from one to two days. 1In most
cases where these Pyrocide mixtures were appllied to the
insects, they seemed to be immediatsly xnocked over,
and appsared practically helpless as thesy lay on their
backs kicking their legs slowly. GQuite often this
happened &ithin one or two minutes after the dust was
applied,

None ofAthe other compounds, with the excep-
tion of tobscco dust, showed any repellant property at
all. The tobacco dust appeared to repel part of the
nymphal groups for a period of cne to two days, but at
the end of that time there was no apparent repellant
effect at all. Several of the compounds used, especle
cally Derris, Lethane, Sulfur, and Cubor Sulfur, appsar
to burn the leaves and otherwise retard the growth of
the plants.

B8ince these data were gathered, Beard (£:1£48)

tested Dry nyocide Dust and fo:nd that in dilutions of



1t9 parts of tulc, 68,58 of 1l stages of tn: Inszect were
Xilled 4n fleld tests, He recommendsd talc «3s e diluent
instesc of gypsume. Hez tested a Pyrethrus spray in com-
tination with wetting materials, and ot*ained an 8%.9%
kill., Pulton and Howard (10:1408) in luster tests, roported
very good results using & spray of Derris-acetons axtract
(0.015% Rotencne) aithsr alone or xith spresders of vege-
table oils, Thay concluded thut freshly prepared Derris-
acetone extracts wore very effective, &nd that the sddi-
tion of vegetable oilas rendered ths sprays more effec-

tive then the addition of zinersl coils or no oils at &ll.



RESULTS OF OTH.PE PHeSEE OF THL £TULY OF
THz EQUsGH EUG,

Vurlaty tasts.
Togts wer e conducted in the filszld to det:rwmine

vhethor or not *he Inguwets were sspeclally cttructed bty

-y

cartain squash varietizs, K search for vur-ious stages
of th= insect was wade upon Oth.r plents then sguash and
pu: pkin, The results of these tests are given in thnis
part of th2 naper. Table XV 41 . tatulated record of
the tssts made upon squash varieties 4n «n «ffort to de-
terxine relative attructabllity of th- wvaricus kinds in
the fleld.

These date &presr to fatlcste that the vurlety
imown ss Golden Delicicus Sgussh hartored ths sost ine
srets, Boston Morrow m=nd Bsnguet followeu closely 1n the
nupler of &dult insects collected, It {= reesily

gpparent, in this fleid taeet, in wvhich 1540 incaects were
pl-ked, thst thsse three variotiss appear to Le more
rtractive to the insects thun are the otnop varisties
grown,

The vardieties whic.. seew to iuve th least atte
rection for the insects, judging by this ssue tetle, wre
Curshaw, Tabls Queen, Gills Cueen and kanzns Sguash,

Experiments started July 9, 1878, and ending
July 20, 1936, on & small plot west of Fort Colilnus, gavs
the following resultss acorn squash {n o “1:1d adjecent

te one contalning Hubtberd sguash «no an undetormined



variety of ple pumpkin were not infssted with the insects
in sppraeciable numbers even thougi, the Hulbards hartored
large numbers of the bugs., During the latter part of
July, these neavily infested sguash plants died. Only
then <14 the insect: migrate to ths acoran syuash, and this
occurred only on & limlted scale.

In snother field, the egys of the squash bug
ware found con the folloving non-cucurbltaceous plantss
comzon pigweed, ground tomato, firewsed, lambs quart:r
and round leafed zallow., Nympha of the {irst 1ﬁstar
were found upon the comson pigweed, tut they did not
appear to feed upon 1t, and they migrated to sguash
plants soon aftar hatching.

This part of the study indicates thut certain
varieties of squash and numpkin are more attrasctive to
the insects than are others, Further study in tials
field 12 recommended, especlally in the growing of non-
attracti~e or less attractive varlsties in conjunction
with thosze which are sttractive to the insects to an
appreciable degres., It iz felt that by this rrocedure,
& large crop of sguashes will be possible, in contrast
to little or no crops produced whare only one varlety

13 planted in ths field.



Table XVI.-—Numbers of Aduli 3quash Bugs Hundpiloked From Certaln
Varioties of Squash Plante ia the Field.

Teated., In Order of
of Xo. of Pugs Kili@ 6= g= 6= O= 6= 6= 6~ 1
Found, Tegted 15 17 19 23 25 27 29

Squash Variety Humber Nunber of Inaeots Chbtained fash Day Total Rumber of |

O e AR AL Ly a1t R M M A oy M . . el ¥ WA 8

Golden Delioloug- 18

0 0 027352312 43 H1l2 6 7 85 1711 171
Boaton Horrow-we~-- 18 0 O 51561739 9 792810 7?2 7 510 159 159
wﬁbncon. 9 O 0 0 2172012 4 7 010 0 O 3 75 150
Warted Hubbard--- 1B O 0 01792919 7 6211010 2 5 B8 135 Huan
Delloloug-ewcw-a=. 18 0O 0 2 68035612 5 224 210 1 4 128 128
Baby Hubbard----- 18 0 0 2 4382320121810 8 2 3 ¢ 128 198"
Buttercup=e=wesr-e 27 0 0 1 93235321113 201316 0 8 190 127
Blue RBubbarde~-—- 18 Q 0 0192620 6 214 8 910 4 3 120 120
Golden Hubbard--- 18 0 O 217221910 3 312 6 5 4 7T 109 109
True Hubbard---=-- 18 0 0 21224 1¢ 5 1 8 B 8 H 2 4 92 92
Arikare 18 C O 0 292618 2 2 516 3 8 Q0 7 88 88
Banana ig ¢ 0 111713 ¢ O B 5 6 4 2 4 76 76
G1lls Quean====-= 18 0 0 3 316156 B8 7 3 56 3 &3 1 3 69 89
Table Quean==~-—~ 18 O 0O 0 0 910 4 1 6 3 3 1 4 3 44 44
Curshaw 9 0 0 0 01 6 51 0 01 2 0 0 16 32
== — ‘ —— —— ——
Total 0 01l714431 311806 1R1351008038 75 1540

* These two varlietlieas eagh ylelded the same mumber of ingects.



Attractunt tests.
The squash bugs in the Supply Cages were sub-
Jected to tests in wnich orgenic materlals and squash
bug concentrastes were used to attract the insects. The
surmariged results of these tests are shown in Table XVII,
Teble XVIX. - The Numter of Insects Feeding on

Attractants in Competition to Squash Plants
and Seeds. (Extract of Chart B, appendix).

Experiment Materials Used Total number of
Number - 1inseets found

feeding on mat-
erials

3-8 citronellol dextro 4

CHECK seed (average) 3=

ChLECK plants (average) 49~

£5~-a phenyl acetaldehyde 6

55-a courmarin 4

388 citral 3

63~a phenyl acetaldehyde

]

(test repested

All other materiels tested, attracted fewer than
three insects,

Table XVII indicates that none of the materials
tested were of appreciable value in attracting sguash
bugs when in competition with squash plants. Those»
showing the most attractant powsr, limited though it was,
were i Coumarin , Phenyl acetaldehyde, and Citronsllol
Dextro. ©&quash seed showed no outstanding attractant
vdlue when in competition with squash plants. The plants
themselves showed & much greater attraction for the in-

sects thaen did sny of the materials tested. Further



search for attrahents iz reco-mendec,

Bvan though no mstsrials rFere Jiscovered in
the previouz purt of this study, which seemed to attract
the insects, attempts were made to trap and to polson
these insects, |

In the luaboratory and in ths fleéld, varisus
stomach insecticlides were used in conjunction with beits
in an sffort to entice tha insacts to ixbibe injurious
chemicals which misht ceause thelir deeth, ESodium arsen-
1t diszolved in rvater used to molstun squash seed ss
food, did not attract tne insects, Vhsa the tugs were
placed in captivity with only tnls xaterial svallsble
as food, they were somctimes forced to 1mblibe this sub-
stance., W¥hen this consumption occurred, death usuully
resulted in frox li-:4 hours.

Several polsons were tested separalaely in the
field, mined with Phenyl Acet aldehyde, the most pro-
wising attrahent discovered {n the search for atirscte
ants, in an sffort to poison th: squash bugs, These
poisons weret Lea’ srsenute, Paris green, sodium &re
senite, ond sodium fluoride. Two contuliners of euch of
these muterials were placed near the base of squash
plants harboring the inssets. Observations were nade
for a period of five days (July 16-¢l). Not sn inssct

was found feeding upon the balts, and none were cbserved



near the conteinors 4n ~hich th: balts were zept.
Apparantly no squash tugs were killod Ly this method.
Irepplog gsquash pugs.

Traps sith gherical attractunts. - Attenpts
aede 1in the lubnratory to di=zcovur attrahent chamicals
ware without favoratle results, as shown by Tatle XVII
and saccoppanylng discussion. Naverthelsss, fisld aie
pariments upon tnils shase of tis [rPoblsn were conducted

in the hope *hat :oge roritive resulte sight bte obtuined.

t+)

The results of this vhage ¢f the wory are lere given.

Some of the attrahent materiul, Phenyl Acet
Aldehyde, was pliced in a small screuen trap, and the trap
pi.ced &t the hase of o plunt - .Aeh nariorad sguash bugs.
No aguash bugs ®ssre caught by this zethod., The only ine-
sects trapped were & grasshepper aznd a Harpulus bastlse,
The tests ware run for flve cays. |

Mechsnlcsl trapg. - In addition to the tests
carried on with checlcal traps, thare were attospts made
to trup ¢he sguash bugs Ly usging sechanicsl traps in the
field., The results of tasse experiments sre discussed
here,

8mall square screen trans of this inverted
funnel tyre were »la ed st the Lase of cguash plunts in
un effort to ontice the inswcts iato an escspe proof

#e It was hoped that the inssets would gathsr in the

trips with chemical attractants or v«ry nesr tnem during

the cold purt of the night. 8hould thay do this, it was



hoped thet zart of them would crawl into the traps and be
unable to get out., The inssects often pr.fer to seek
ghelter under szall Loards or bits of rubbish on the
ground, 8evasrel of these swull boards and bits of rutbish
ware placed so that the insgects could crowd under them.
These boarde were arrunged $n such a manner %that ths bugs
could naturally follow them into the traps, if they were
to move aboutl to any great oxtent, These expesrissats
were disappointing und ware sntirely withous favoratle
results, No squash bugs were caught by this zethod in a

period of five days,



CoHCLUSIONS

Az & result of the study of squash hug con*rol,
the followin: conclusions, based upcn *he dats presented
in this paper, are given.

1. Of 13 materials tested «s contact inzccti-
cides upon sdult squash bugs in the laboratory, the
follovwing gave promising resultst Parteldeg Sguash Bug
Special, Fisholl sosp, Mew ivergreen, Brsrocide Dusts, Po-
tassiupg Qleate, snc HRed ACro®.

2. Materisls ino dust fors showed the zirsutaest
promire of practicual control of the iunsects,

%. pParteldes Squash Bug Spscial dust was very
wffective in the lsboratory, but was of liuited value in
the fleld.

4. DPry Pyrocide, mixed with Tive times 1its
weight of gypzum, gave excellent control of tha bugs btoth
in the latoratory snd in the field,

5. The nymrhs are less recistunt to contact
insecticides than sre the adu;gg.

6. There is apprerently % wide variation in
the attractidbility of the sguash for the bugs. Varie-
ti2s tested which were speciclly ettractive ware:

Golden Deiicious, Boston Korrow, Bangust, =nd Nerted
Hubbards Those showing tho loust attracti~n werst
Curshaw, Iable gQueen and Qills Gueen.

7« 7The results indicate that trap crops nay



be of vslue.

B8, Prepcrations made from squash bug bodles
falled to attract squash insects.

8, HNo effective chemlickl attractants for the
siyquash bug were found,

10, Attempts to poison the insects in ths fileld
with arssniocal balts gave negative results,

11, BNo squash bugs were ecaptured in the fleld
by the use of mechanlical traps.



Chart h.=-Disgrun Showing 3teges of Squush Buge Prosent in the Fleid
Y Surtadn Tlous Ao Soneuas wnd Yown.t

-t .. P

IR e T M o M e ™

Ingasciy Bisok Ruys Imdidocunte “ine of Geourrends

L S A A T ARy o

@ﬁwﬁyouf*gﬁ __Hibernation _ liey |June July Aug |Sent| Cot | jlov | Hiberuation
Cverwintoeing odult

ey
- -
[N Y o

L8t iR

8l tpanby
EC1 Adul by
<l I

ond | wympha
nd Asiultg

>

238 P
Jd byupha

au’rﬂz At Mw :

Data Fros tadley (20) page 4923,



Chart B.-lumbers of Adult Squash Buge Found Feeding
Upon Various Attrsetant Haterials.

W

Zxpt.Date Materials Tested Numbers of Ingeots
No, Found Feeding on
¥aterials at end of
2 Total
-_Hr
la 7-16 Terpineocle-=- - 0 0 0 0 O° 4]
2a ¢ Xgobutyl butyrate-- 0 O O O 1 1
Ja ¥ (Citronellal dextro- 3 0 1 c O 4
480 " Amyl valeratge~-=~- 0 0 O 2 O 2
5a * Terpinyl formate~-- 0 O O O O 0
éa *  Gereniol weew Q 1 0 o 1 ]
Ta * Iacbutyl phenyl
agetate 0 O O 1 O 1
8a * Anyl Oenanthate~——- O O O 1 O 1l
9a *  Diphenyl oxide~=~-- 0 0 O O 1 1
106 " BromogiyIOle—w=w=w= 0 0 0 ©¢ @ 2
l1la * Bengyl benscate-~-- 0 0 0 0 2 2
12a * gthyl salioylate--- O O O O O 0
138 % JIgobutyl olnnamate- O O O (0 O 0
14a " Ootyl aloohQlewe==- O O O O 1 ) §
18a "% Ethyl oinnamate---- O 0 ©0 O 1 1
l16a " Hethyl agetophenone 0 0 0 © 0 0
17a " Cinnanio aldehyde-- 0 O 1 O O 1l
18a " Rhodinol 00 0 0 o 0
1%9a * Bentyl hutyrats=~-- 0 0 0 0 0O 0
£20a ®  Benayl agsetatse«wew= O 0 1 0 0 1
2la * Acetcrhenone~e=v==~ 1 0 0 O O 1
* CHECK (seed only)-- 0 0 O 1 ¢ 3
OHRCK (plants only) 86 6 ) 156 1% 68
£2a 7-17 Isolutyl bensoate-- 2 0 O O O <
23a * fxXthyl valematee-=-- 0 0 O 1 0O ) §
24a " Hethyl ootyl
carbonate- O O O 1 1 2
26a * Phenyl acetaldehyde 1 0 O O© & 6
26 * Ethyl propilonate--- O O O O O Q
87 * Konyl anthranilate- 1 0 O O 0O i
28a ' QGeranyl acetatg==~~ 0 O O 0



Chart B {Continued).-=Numbers of Adult Squash Buge
Found Feeding Upon Various Attractant laterials.

Bunbers of Insects

Expt.Date Kateriaig Tegted Found Feeding on

Ho. Yaterials at end of
T wn,
5
Hr Hra Erg Hra Hrs Total

298 7-17 CitronellAle~e=es=e- 0 0 O 0 Q ]
30a * Benzyl provicmate--- 0 0 O 0 O o
3la ¢ Safrol~=- -0 0 O 0 1 1
32a *  Terp agetate---~ 0 0 O O O c
33a * linalyl formatgewe-~- 0O O O O O 'Y
d4a " Bthyl oitratgee====- 0 0 1 ¢ O 1
35a # liethyl benzoate----- 0 0 O O 2 o
S6a ' Igosugenoleeeeesem==0 0 O O O 0
S7a " Fhenyl ethyl aloohol 0 0 2 O O 2
38a o Atralesecanaenee=e= 0 1 QO 1 1 3
39a "  Anethol wanae O O ¢ 0 0 O
40a *  Eugen0leeccccece=eces 0 0 1 6 O 1l
f OHEOK {seed only)=-- 38 1 O O O 3
* QHECK (plants only)-10 18 13 10 14 8b
4la 7-18 CGitronellyl formate- 0 O 1 O O 1
42a *  Bthyl benroatge~--~--- 0 O O 1 O 1
43a * Isobutyl agetate~--- Q0 0 O 1 O 1
44a "  Isoaayl acetateg-~-~- 0 O O O O o
45a * Diethyl phthalate--- 0 ¢ O 1 O 1
4ca * Benzyl einnaaate---- 0 O O O ¢ 0
47a * lethyl salioylate-~~- 0 0 O O O 0
48a %  Bengyl pyenylaeﬁtate ¢ 0 0 0 o 0
4ba * geranloleewwemecne-e &3 0 O O O 0
80a * lAnAloolememccnmmmee 0 0 O O O 0
8la " Qeranloleeeeeeme=e—~0 0O O O O o
62 ¢ Methyl olnnangte=—=- QO 0 O O 0O o
53a ¥ Anyl salloylatee~=e- 0 O O O O 0
B4a *  Qenanthic ether-~--- 0 0 0 0 O 0
66a ' Benzaldehydeewwewwwss 1 O O i O 2
6Ga *  Piperonal - 0 06 0o 0 o 0
67a " Hethyl anthranilate- 0 0 O O O Qe
58a Y Counarifeeevscenese=s 0 1 1 2 O 4
59& L vmllln'“----w-‘---" 0 0 0 0 O 0
60a * Bengophenoh@=ewe-=-= 0 O 1 O O 1



Chart B (Continued).—Numbers of Aduit Squagh Bugs
Pound Feeding Upon Various Attrastant iaterials.

Expt.Date Haterials Tested Buabers of Inaeols
Ho. Found Feeding on
Hatsyials at end of

ypARey e

S
Hr Hre Hre Hrs Hrs 1931

6la 7-18 04l of apple

(alooholds sol.)1 0 © o©0 O 1
é%a " Amyl soetate-—-~---=0 1 1 0 O 2
63a *  Phenyi soetaldenyle- O 1 1 ) 0 3
c4a * Algoholic¢ squash bug
golution- 0 O O O O 0
65a * Alooholie~ether
squash bug golution 0 0 © O O Q
66a *  Hot water squash bug
polution- 0 0 O 0O ©
" CHECK {aoed enly)=--0 1 1 O O
* CHDOK (plants only)- 2 7 10 9 O 28

¢ Indiocateg thapr these are dbeing repeated here
and have been listed previously in this ehart,



Chart C. - Commercial Materials Used as

Contact Insecticides.

- =
Material Active Ingredients Approximate
percent of in-
gredients
present
Aresket Spreader not available
Barteldes Squash
Bug Special Pyrethrum & Rotenone unknown
Celite Diatomaceous earth 100%
Cubor Rotenone 3/4-1%
Cubor Sulfur Rotenone 3/4-1%
Lethance Alkyl thiocyanate 25%
Loro Lauryl thiocyanate 25%
New Evergreen Pyrethrine & spreader 1.8%
Nicotine Sulfate
(Black Leaf 40) Nicotine 40%
Penetrol Sulfonated oxidized
oil 100%
Pyrocide Pyrethrine in
stablized carrier 2%
Red Arrow Pyrethrum & spreader 1.5%
Serrid Rotenone 3/4-1%
Verdol Refined oil (spreader)  90-95%




SELECTAD BIBLIOGHAPHY
There are hundreds of publications wnlenh men~
tion the sguash tug. Kany of these are merely popular
articles appearing in farm periodicals, or notaticons
concerning the appearance of tnis insect in & new loc=-
ality., The putlicutions %o whichn resference ic wnade in
this thesis are here precented.
(1) Beard, K. L.
1955. Further observationz on the squash bug
in Conneacticut, Conn. Agr. Expt. Sta,

gg?’ Haven) Bull. 333, PP 35%089’
+08. ’

(=)

1928, Control of the sgquash bug. Conn. AgC.
gxpt. S5ta. (Wew Haven) Eull. 408, pp.
£45-48, 1llus.

(3) Britton, ¥. E,
1212, Insects2 sttaeking squash, cucumber, and
allied plant: in Connecticut. Conn.
Agr. 2xpt. Ete. (New Haven) Bull. 218,
Pp. 34‘51, illuﬁu

(4) Chnittenden, P. H.
1899, The common squash bu: (Anasz tristis
DQG.) U.S. D%ptt ﬁgr., Div, Zntom. &nd
ser, Cire, 33, 5 pp., illus,

(5) Cook, a. J. .
léﬂl. Kerosene ogulsion und it: uses, #ich.
ARY gﬁpt. Ete. Bull, 76’ 16 DPe

(6) Darley, M. M.
192%. Some comparative test: with Hotenone,
Nicotine and Pyrethrum. Jour. Entn,
©43111-15, flilus.

(7) Effsct of nicotine dusts on crop inseets. 19:% .
Wis, Agr, Expt. Sta, Bull, SSE,pp.
85-74, 1llus.



(8) Eipiiott, D, G.
1878, The squazh buz in Connscticut (Anssa
tristies DeGeer). Conn. agr. Zxpt. Sta,
Buil. #8383, pp. ££4«31, illus,

1820, The relaticn of evaporation to killing
efficlency o soup scliutions on the
Harlagquin Buy and other insects., Jour,
Zcon, cntom. nE86EB~C0,

(10) Fulton, k. A. &ni Howard, R. F,
1933, &ffact of addition of o1}l on the toxlclity
to plent tugs of derris aac othsr in-
sacticides., Jour. Econ. zntom. 2114059,

(11) Garman, H. )
1901. ipemies of cucugberes and pslated plunts.
K)'. ﬁgro}lxpt. E‘ta. bul}... 91, RDoe ‘?"56’
iilius,

(1£) Grenovsky, 4. A.
1328, Inscets in roletion to diseases of truck
crons, Jour. Leon. Lnton.e $i3li-ls.

(1#) Haseman, L.
1237, tbontrolling inseet pests of mzloas,

cucurbers, «nd reluated crops. MKo. Agr.
expte. &Sta. bBuli. E51, 12 pp., 1lius,

(14) Hixson, E.
19%4, The more lmportant pests during 1l9ii-%4.
£56-59,

(1%) Hoerner, J. L,
1638, Controliing the squash bug. Colo. agr.
Hxpt. Sta, rress bull. 93, 8 pp.,
i1llus.

(18) Littis, V. a,
1827. Caicfum Cyanide Tor the control of the
squash bug, anasa tristis DuGeer.
Jour. gZcon. Eator. I038578-77, illus.

(17) K. Hex, Agr, Zxpt. &ts.
Twentyninth ianusl raport. 18917-1913.
72 py.



(18) Rand, F. V., and Enlows, E. M, A.
1916, Transmission znd control of Bactzrial
¥ilt of Cucurbits. Jour. Agr.
Research 61417-35, illus.

(19) Shephard, H. H.
19%29. The chemistry and toxzicology of in-
secticides. &83 pp. Burgess Pub-
1ishing Co., Minneapolls, Minn.

(20) Wadley, F. M.
1820, The sguash bug. Jour. EZcon. Zntom. 133

418-25, 1illus.

(£1) Worthley, H. N.
192%, The squash bug in Massachusetts. Jour.
Econ., Entom. 183873-79, 1llus.



	1001
	1002
	1003
	1004
	1005
	1006
	1007
	1008
	1009
	1010
	1011
	1012
	1013
	1014
	1015
	1016
	1017
	1018
	1019
	1020
	1021
	1022
	1023
	1024
	1025
	1026
	1027
	1028
	1029
	1030
	1031
	1032
	1033
	1034
	1035
	1036
	1037
	1038
	1039
	1040
	1041
	1042
	1043
	1044
	1045
	1046
	1047
	1048
	1049
	1050
	1051
	1052
	1053
	1054
	1055
	1056
	1057
	1058
	1059

