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INTRODUCTION 

The alfalfa weevil Hypers oostica (Gyllenhal), is ::.i serious pest 

of alfalfa in ~uch of the western, southern, and northern United States. 

This insect was first discovered in the U. s. in Salt Lake County, Utah 

in 1904, and for fifty years its distribution was limited to approxi-

mately twelve western states (Titus, 1910). In 1952, it was discovered 

in Maryland and Virginia (Poos and Bissell, 1953). Evans (1959) dis-

cussed the distribution of the weevil in Virginia. Since that time it 

has spread rapidly, covering many states east of the Mississippi. 

The damage caused by this insect is accomplished' through the 

defoliation of the alfalfa plant by the four larval instars. They feed 

on the buds, growing tips, and leaves of the plant. The economic impor-

tance of this pest is such that without control, entire fields may be 

destroyed. 

Alfalfa weevil control during the early period of this century 

consisted of good farming practices which would maintaill vigorous stands 

of alfalfa, and retard the development of the alfalfa weevil (Wakeland, 

1919; Newton, 1933). Cultural practices such as destrueUon of over-

wintering places, dragging or dus·t mulching, harrowing in the spring, 

sweeping, irrigating, burning, pasturing, and timely cutting were advo-

cated as supplemental controls (Titus, 1919; Wakeland, 1919). 

Early insecticides such as zinc arsenite, lead arsenate, and 

calcium arsenate plus sulfur were recommended by entomologists ·when 

weevil larvae caused serious damage (Hagan et al., 1918). Since the 
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advent of OiJf, the lnseoticidel recomraendatton& have changed due to the 

development of more synthetic or9·mnic eaapounds. These insecticides 

have proven useful in contrcllin~ a varioty of insect p.ests. Under 

Etaster~ conditio.:Jr;, App (1954) fo~nd that dieldrfo -was the moiit effee-

tivc ins~Ucldo for alf11lfn weevil control, followed by beptacblor, 

methoxyeblor, ~mdrin, and tox~phene iu desc~mdin~ .order. 

~htka (1957), while t-:orkirti;? in t/il'\ifoia with <iranulated ftn"mula-

tions o! several iru~ecticides, foond heptti~hlor to be the most 6>ffective 

in winter or early sprin~. J\t the pre$(f.nt time, heptochlor i6 heir.g 

recommended for tb!l control of the alfalt~ weevil tutder eaBtern r.ondi-

tions. Durtny the sprin\'.J, ~thoxyehlor snd rnolMbion arc rec0r.1mendcd 

(Gyrisoo, 1956 and Vn. txt. Le.,flet, 1%2). TU.ere is, hUtie~er, t reddue 

problem invalved "itb the use of heptaahlol· uhtab !imits its use to £au 

~pplicati ons Uio~rner and noweey. i 953). 

f1~ny or th~ moderu insecticide:J !!ave relatively gl!'eot mamaliam 

toxicity; their use rosult~ in Uildcsirnble residues; Gr theJ become 

uselese in prsetice due ta the development of resbt~nt insects. Even 

when current re<:o:!r:!1cmded o~ntrol pr:lctioes 2re effoothre, the eutomolo-

!Jist is coostMt.17 3~$!i'Chin\'i !or better and ~ol"e eeonoorlc.~1 insecticides. 

Inv~hed in this seareh h the p~·elbrinery $Oroenfo~ of eandid<ite lusecti-

eides OU=2iust appropriet~ fos~t p.1Js~s. 

These scrso11fa~ tests ere ci>ndi1oterl fo the labor~tory for several 

reasons. L81'or~tory t.eedng h l~ss expen~ive th1an field testing, 1.!Cl:!Y 

of the veriables arc elimin~ted in the leborutory, lehor~tory te$ts cun 

be conducted t!1rau0hout the ye~r, al'td tec!miqu~i mid equipmG:nt used in 



laboratory tening are mere accurate than those used in field testinG. 

for these reason&, laboratory ser6"ning tests nlve reUsble infome• 

tion nbout \be lnher~~t toxicities of inseeticidcs tc the teat insects. 

1'hi1 infonnatlon Is essenthl !or mo~surin(I the magnitudo o! r&shtaneo 

to tncecticides exhibited t>y insects .. 

The purpD£e of tbis investigntton WH to test three tnsecticidcs 

on ell tho Ufe stagoe o! the alfnlftt weevil. including both naked and 

cocooned [mpae. and to anall'Ze the data \J&thered from tbo lnceaticidel 

teats. T:-te 1pecitie object.ivea of thh inwestigetion were to Obtain 

information on tho toxio!ty of cert~in hsectic1dea to the olfelfa weevil 

in tbe laboratory, to establish standard 'ueteptibtlity curve• for the 

life 1ta9os o! the alfalfa to the i~secticides tested, ~d to esteblisb 

n basis tor determining lnseetic.ide resiat~noe. Other ol,jecUves were 

to Cflm~aro the epeed ot ection of variou1 inaectlcides and to obaerve 

the effects o! these insecticides upon molting, feeding, and other pro-

~eues that. mfly be effected. 
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REVIEW OF LITERATURE 

Since the discovery of the alfalfa weevil in the eastern states, 

there have been conflicting reports on various aspects of the life 

history of this insect. Therefore, data on the life history and 

seasonal behavior patterns of the alfalfa weevil in the East are far 

from complete. 

In the East, investigations in Maryland by Poos and Bissell 

(1953) and App (1954), and in Delaware by Milliron and MacCreary (1955) 

and Milliron (1956) show that the eggs, especially those deposited near 

the onset of cold weather, may survive winter temperatures and hatch 

the following spring. Evans (1959) observed in his studies that about 

50 percent of the overwintering eggs in Virginia are viable. 

Observations of Manglit2 and App (1957) strongly indicate that 

larvae and pupae will not survive winter temperatures in Maryland. It 

seems quite probable, therefore, that the largest segment of the larval 

population for a given season develops from eggs deposited in the spring 

by overwintered females. 

Upon hatching, the first-instar larvae move toward the terminal 

growth of the alfalfa plant. This is the first. of the fo.ur larval 

instars, with the third and fourth instars being more active and feed-

ing on ~my tender foliage available. 

In the western states it was found that after reaching maturity 

the larvae crawl or fall to the ground and then spin a cocoon, (Essig 

and Michelbacher, 1933). 
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In the East1 Poos and Bissell (1953) observed that many mature 

larvae spun their cocoons within the foliage of the host plant rather 

than dropping to the ground. Evans (1959) observed that the larva 

spins a cocoon on dead leaves or other debris on the ground or on the 

leaves of the alfalfa plant. Later, after cocooning occurs, the larva 

can be observed in a slightly curved position. In a few days the larva 

changes into the pupal state. In about a week or ten days the adult 

weevils begin to emerge. 

After emergence, the adult weevils feed for awhile and then 

seem to undergo a period of aestivation. Titus (1913) states that "a 

large number of weevils in the summer flight leave the alfalfa fields." 

Man~litz (1958) demonstrated that the adult weevil, after a short 

period, can survive several months without food and apparently does so 

through the summer. 

Evans (1959) observed that in Virginia there occurs one main 

generation a year with a partial second generation. App (1954) collected 

larvae of all si~es as late as December 8, indicating that at least a 

part of the population has more than one generation a year. 

The larvae ere responsible for most of the damage caused by the 

alfalfa weevil (Anon., 1956). They feed within the tips of alfalfa 

plants and on upper leaves as they open and then on lower foliage, all 

of which reduces the crop yield. To combat this loss, entomologists 

have investigated two means of controlling this pest. First by means 

of biological control, i.e., parasitism; and, secondly, by use of 

chemicals. 
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Chamberlin began the search for natural enemies of the alfalfa 

weevil in Italy in 1911, and in the next two years a large number of 

parasites - about five species - were imported and released in Utah 

(Clausen, 1956). The larval parasite, Bathyplectes curculionis (Thoms.>t 

was the only one to become established as a result of the release at 

this time (Chamberlin, 1924). 

Additional importations were made after 1911, resulting in the 

establishment of Mymar pratensis, an egg parasite, and Pibracboides 

dypastes (Foerst), an external parasite of the pupa. These have since 

been collected in Utah, Oregon, and Washington (Clausen, 1956). 

Essig and Michelbacher (1933) introduced Bathyplec~ cyrculiones 

(Thoms.) during 1933 and 1934 as a source of biological control. They 

later determined that as much as 90 percent parasitization occurred in 

the field during this investigation. 

Poinar and Gyrisco (1960) found some larvae that were parasiti2ed 

by nematodes belonging to the family Mermitbidae. Further observations 

made by these men indicated that only fourth-instar larvae were parasi-

ti2ed by these nematodes. 

Due to the lack of effective biological control and the need for 

controlling insects, the entomologis·t must use insecticides. Koehler 

et al. (1959) conducted experiments using fifteen insecticides in 15 

counties in New York, applied as low-pressure, low-·volwne sprays and 

concluded that heptachlor, at four ounces actual material per acret 

gave excellent control of adults for two weeks after treatment. 
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Out of twenty-seven insecticides tested in Maryland by App (1959) 

for control of the alfalfa weevil larvae, heptachlor, aldrin, dieldrin, 

endrin, and thiodan were the most effective. These insecticides, when -

used in granular form or mixed with fertilizer, were less satisfactory 

and required heavier dosages. Mixtures proved more effective than single 

insecticides. 

Frank (1959), experimenting in Wyoming with granulated heptachlor 

and dieldrin at 1.25 pounds per acre, found that heptachlor was more 

effective; hnwever, dieldrin gave good control for two years. 

In preliminary experiments in central Virginia with five granu-

lated insecticides, Muka (1957) applied insecticides at different dates 

during the dormant period showing that heptachlor, applied at the rate 

of l~ pounds of actual toxicant per acre either in the winter or in the 

spring, was more effective than aldrin, dieldrin, parathion, or lindane. 

Phillips and Bissell (1959), experimenting with different insecti-

cides, obtained excellent results with the two new systemic insecticides, 

American Cyanamid 12880 and 18706 against adult weevils. None of the 

several insecticides tested, however, appeared to be as effective as 

heptachlor combined with malathion. The new systemic compounds gave 98'1fo 

and 96% control after nine days, and they gave a 97% reduction at the 

sixteen-day sampling date. 

Like many other workers, Wolstrom and Lafgren (1957) working in 

South Dakota, Blackburn (1957) in Pennsylvania, and Evans (1959) in 

VirginiaT have agreed fran data gathered in their experiments that 
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granulated heptachlor gave satisfactory control oi all life stages of 

the alfalfa weevil. 

Busvine (1957) discussed several test methods of applying residual 

insecticides in the laboratory. One of these methods is that of using 

non-volatile oils which act as vehicles for the insecticides. Another 

method is that of applying residual insecticides by dissolving them in 

a volatile solvent, usually acetone, and spreading a measured quantity 

over a test surface. Bishop (unpublished data, 1959) found that the 

latter method was more applicable because only the insecticide residue 

remains, with the former method not being suitable since many of the 

oils are toxic to alfalfa weevil larvae. 

Stringer (1949); Stringer et al. (1955); Busvine and Barnes 

(1947), all used the impregnated filter paper method. In this case,· 

filter paper is impregnated with a solution of insecticide calculated 

to give standard deposits per unit area. The volatile solvent (acetone) 

is rapidly evaporated, leaving only the toxicant distributed uniformly 

over the filter paper. Further discussion on methods, techniques, and 

analysis will come under the section Methods and Materials. 
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METHODS AND MATERIALS 

All alfalfa weevils used in these tests were collected from 

untreated fields. Large quantities of infested alfalfa were collected 

and placed in plastic bags. The collected alfalfa, especially new leaf 

growth, was closely inspected and the larvae separated by use of a 

jeweler's forceps. All larvae were subjected to testing within several 

hours after sorting. Prior to testing, all life stages were maintained 

in one-gallon paper· ice cream cartons containing small amounts of alfalfa. 

Other larval stages were obtained by stveeping alfalfa with a 

standard fifteen-inch beating net. Large numbers of larvae were obtained 

in this manner and they were separated according to instars in the labora-

tory as follows: The alfalfa weevil larvae were observed through a 

binocuiar microscope containing a calibrated ocular grid. The larval 

instars were determined by applying head capsule measurements to Dyar•s 

law (1890) as observed by Guerra (1960). 

Pupae1 both naked and cocooned, were reared from fourth-instar 

larvae collected in the field. All pupae were severai days old when 

subjected to insecticidal tests. 

The test chambers were standard petri dish bottoms in which 

Whatman #1 filter paper, 9 centimeters in diameter, had been placed. 

The side walls of the petri dishes were smeared with petroleum jelly in 

which a small amount of ~-dichlorobenzene had been added. This was 

sufficient in keeping the alfalfa weevil.larvae and adults within the 

petri dish. 
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J.\ known amount of insecticide was dissolved in glass distilled 

acetone, so that when 2 milliliters of solution rJere pipetted on to 

the filter paper,, a dosage of 100 micrograms of insecticide was applied 

per square centimeter. Rotation of the pipette over the surface of the 

filter paper gave a uniform distribution of the insecticide. Evapora-

tion of the acetone vrns accelerated by placing the petri dishes in an 

exhaust hood for ten minutest allowing the fan to remove all traces of 

the solvent vapor. 

The three insecticides tested were: 

(l) Dibrom -- (Dimethyl It 2 - dibromo - 2,, 2 - dichloroetbyl 

phosphate); 95% technical; California Chemical Corporation. 

(2) Imidan -- (Pthalimidomethyl - O~ 0 - dimethyl phosphoro• 

dithioate); 96% technical; Stauffer Chemical Company. 

(3) Heptachlor epoxide - U, 4, 51 6, 7, 8, B - heptachlor -

3a, 4, 7, 7a - tetrahydro - 7, 7a - epoxy - 4, 7 - endo-

methanoidene); 72% technical; Velsicol Chemical Corporation. 

Tests were conducted on each of the four larval instars, naked 

pupaey cocooned pupae, and adults. Random samples of male and female 

adults were used. 

Each complete test of one insecticide against a particular life 

stage was undertaken in a series of five replicates. In each of these 

replicates there were twenty treated and ten untreated test chamhers 

containing ten individuals per chamber. This resulted in a total of 200 

treated individuals per replicate, or a total of one thousand for each 

test. The untreated chambers for control purposes held a total of 100 
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weevils for each test. One hour after the weevils had been introduced 

into the test chambers, fres~1 alfalfa was added. Observations were 

made .1m the relationship of time of exposure and mortality, the effects 

of the treatment on feeding or rnol ting, anrl any other effects that might 

he worthy of note. 

After accumuletion of the date, provisional log-time-mortality 

curves were eye-fitted on Winthrop Log~rith111ic-probit graph peper. The 

true time-mortality curve was determined by the method of Bliss (1935). 

The LT50 and LT90 values were ascertained from the corrected time-

mortali ty curve. 
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RESULTS AND DISCUSSION 

It has become cnmmon practice to express the relationship between 

insect mortality and insecticide dosage in terms of logarithmic dosage-

probit mortality regression lines. This practice holds true when time 

of exposure to insecticides is substituted for dosage. Whether this 

straight line relationship actually exists or not, the log time-probit 

mortality curves have been useful in serving as guides for reference 

and comparison. 

Plates I through VII present time-mortality lines resulting from 

the work reported herein. These regression lines were fitted to the 

data by the method of least squares as described by Bliss. The differ• 

ences in toxicities of the three insecticides are not great (Plates I 

- VII). However, it can be seen that longer exposures are required to 

kill the larvae as they become older. Pupae, possibly due to their 

slow metabolic rate, withstand the insecticides for a longer period of 

time than the larvae. It is noteworthy that adults are killed more 

rapidly than fourth, and in some cases, even third instar larvae. Table I 

gives Lr50, LT90, (time required to kill 50% and 90% of the test weevils) 

and beta (slope of the line) values as found in this work. In tabular 

form it is again indicated that the insecticides are generally compar-

able. LT90 figures, which may be of more practical value than LT50 

figures from the control point of view show two or three exceptions 

worthy of note. The comparative rapidity at which heptachlor epoxide 

killed fourth instar larvae and adults has practical implicationst 
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especially since the adult stage is the prime target of field control 

measures. 
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f..tl\;.~ Ume•ptohit r1o:rt.nUty lines for first in&~ar l~rrvae 
of the dfaltn ifeevil tested w.;alnst. lfJ~/c.U- or e:icli 
of the following 1ueecttc1des~ 

t}. _ _ _ _ _ _ _ _ Hepteehlor ep~xide 

c. •••••••••••••••• Imidsn 
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Plate II. 
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Log time-probit mortality lines for second instar larvae 
of the alfalfa weevil tested against 100mg/cm2 of each of 
the following insecticides: 

A. Dibrom 

8. _ _ _ _ _ _ _ _ Heptachlor epoxicle 

c. • ••••••••••••••• Imidan 
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PLATE II 
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Plate III. 
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Log time-probit mortality lines for third instar larvae 
of the alfalfa weevil tested against 100mg/cm2 of each 
of the following insecticides: 

A. Dibrom 

B. _ _ _ _ _ _ _ _ Heptachlor epoxide 

c. . .............. . Imidan 
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LDg time-probit mortality lines for fourth instor larvae 
of the alfalfa weevil tested against 10Cmg/cm2 of each of 
the following insecticides: 

A. Dibr001 

B. _ _ _ _ _ _ _ _ Heptachlor epoxide 

c. ................ Irnidan 
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Plate V. 
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Log time ... probit mortality lines for naked pupae of the 
alfalfa weevil tested against 100mg/~n2 of each of the 
following insecticides: 

A. Dibrom 

B. -------- Heptactilor epoxide 

c. ................ Imid::rn 
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Plate VI. 
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Loo time-probit mortality lines for cocooned pupae of 
the alfalfa weevil tested against 100mg/cm2 of each of 
the following insecticides: 

A. Dibrrnn 

B. ------- _ Heptachlor epoxide 

c. ................ Imidan 
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Plate VII. Log time-probit mortality lines for the adult alfalfa 
weevil tested against 100mg/cm2 of each of the folloiJJ-
ing insecticides: 

A. Oibrooi 

B. _ _ _ _ _ _ _ _ Beptachlor epoxide 

c. ................ Imiden 
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a 
Table 1. Calculated values for LTsot LT90, and beta fol' each life staue of the alfalfa weevi 1 

tested a~;ainst Dibrooir Heptachlor epoxide, and Imidan. Blacksburg, Va., 1%1-62. 

Dibrom .!§!. 2nd. 1.m 4th Pupae (n) i='upae (c) Adulti; 

LT50 5.6 13.6 23.5 50.5 89.0 75.0 21.5 

LT90 11.0 31.0 45.2 100.0 160.0 104.0 60.0 

beta 4.36 3.55 4.40 4.53 5.11 8.03 2.89 

i-Ieptachlor 
epoxide 

i 

LT50 6.3 17.0 26.5 42.5 86.0 56.0 21.5 ~ 
1-J 

LT90 13.9 32.0 50.2 65.1 141.0 170.0 30.0 

beta 3.6 2.83 4.44 6.62 5.29 2. 72 9.09 

Imidan 

LT50 5.4 12.9 23.0 00.0 06.0 76.0 26.6 

LT90 16.5 35.0 50.1 140.0 137.0 1513.0 51.0 

beta 2.4 2.90 3.69 3.97 7.55 4.11 4.66 

~/ Hours 
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A word of explanation is needed to clarify the apparent <mo.11aly 

of coconned pupae being killed sooner than naked pupae. In this case, 

the cocooned pupae were not in contact with the residues as were the 

naked pupae, m1d further development DCC!lrred which permitted youn0 

adults to emerge. These adults died almost immediately upon contact YJith 

the insecticide residues. On the other hand, the naked pupae were in 

contact with these insecticide residues and did not develop into adult 

weevils. They were 2ble 1 in all cases, to remain alive for long periods 

of time (Plate V). By contrast, cocooned pupae mortality tvas dependent 

upon length of tir'le required to emerge fro;n their cocoon. It is probable 

that newly-emerged adults were not fully sclerotized and this, along 

with physiologicel changes, accounted for their rapid mortality. 

Each of the three insecticides dissolved parts of the insect exo-

S!{eleton upon contact. This was especially noticeable around the mnuth-

parts. Dibrom caused considera;)1e breakdmvn of the exoskeleton immedicitely 

upon contact. Heptnchlor epoxide was su11et1Jhat slower but, in time, was 

almost ns destructive to the exoskeleton as Dibrom. Imidan was not as 

harmful to the insect in this manner ~s the other two insecticides. 

In every case the three insecticides inhibited feeding, molting, 

or maturation to another life stase. The one exception to inhibition of 

maturation was that of cocooned pupae developin~; into adults. i'.owever, 

as stated previously, these young adults succmnbed almost irr:mediateiy 

to the insecticides. 
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smmARY Al'm CONCUJSIONS 

Dibrom, Heptachlor epoxide, and Imidan t-Jerc tested against 

various life stages of the alfalfa weevil. These three insecticides 

were chosen because of the differences in their chemistry and activity. 

Dibro.'ll, a volatile orQanophosphate, could be expected to act fast but 

have a rel8tively limited residual life. Heptachlor epoxide as a 

cyclodiene compound should have e~dlibi ted the characteristic latent 

period of froii1 two to six hours before s::mptoms of its activity appear-

ed. The residual activity should be great. Imidan, a more stable 

organophosphate than Dibrom, would be expected to be somewhat inter-

mediate between the other two in speed of action and residual activity. 

Each insecticide was impregnated in filter paper at the dosage 

of 100 micL"ograms per square centimeter of filter paper surface. The 

insects were introduced on to the filter paper for continuous exposure 

to the insecticide residue. Mortality and certain other effects were 

recorded accordinc to time of exposure. 

In general, responses of the alfalfa weevil to the three insecti-

cides were comparable. One insecticide may have been quiclrnr acting 

than the other two against a particular life sta~e, but the differences 

in the effects of the insecticides were not great. 
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ABSTRACT 

The purpose 0£ this investigation we.e to test three 

insecticides on all the life ~tages of the alfalfa weevil. 

The object1vee were to obtain information on the 

toxicity of' certain insecticides on the a.lfalfn waev11 in 

the laboratory, to establi18h stsnda.rd susceptibility ourves 

of the 11f e stages of the alfalfa weevil to the insecticides 

tested, to establish n bas1m for insect resistance, to com-

pare the speed of action of certain classes of insecticides 

and to observe the effects o! certain insecticides on. molting, 

feeding and other processes that may be affected. 

Dibrom, heptachlor epo:xide, and !m.idan werQ tosted 

age.inst vmrious life stages of the alfalfa lreevil. These 

three insecticides were chosen bece.uee of the cl1f.ferences in 

their chemistry and. activity. D1b:rora, a irnla:tile organo-

phosphate, could be expected "to aet fast bu".; ha.ve relati.vely 

limited res1duel life. Heptachlor epox1de as a cyclodiene 

co:m.poun.d should he.ve exhib1 ted the chare.cter1st1c latent 

period of from two to six hours before symptoms ot 1ts activity 

appeared. The residual a.o.t1vlty shotild ba great. Im.idM, a 

more stable organophosphate than Dibrom, rrould be expected 

to be 2omewhat intermediate betl~een "Ghe other two in speed of 

action and residual activity. 



F>t:-tch insecticlide wss 11apregna.te(t in i'il ter pa.per at 

the dosage o:.r 100 mic:J.~ograms per squ.are centimeter of 

filter pa.per eurf'ace. The S.nsects were ini;rocJ:ucetl on to 

the filter paper for continuous exposure to the insecticide 

residue. Mortality ~ind ce:r·ta.in. othe:r· e:f'fe::itS were raoorctod 

a.ocorclir!g to tir.i.rn of exposu1·e. 

In gcmer·nl, reapo:nrses of 'the alfalfa weevil to tho 

thz·et~ insecticides 't·1er$ com.paz.,nble. One irtsec:t1c:1de roay 

h~we 'been quiclt:Gr e.ctiilg the.n the other ·t;~fO agaj.nat a 

pe.rticul~1.r li:Ce stage• but the d1:f.t'erenoes in t.he e.t:roctl! 

of tl1e. insacticides we:ra n.ot great,. 

In a;rer1 ce.se, the three ineewticides 1nh1bi ted feeding. 

m.ol tirig, or rr.iaturat:ton to a11other life stage. 
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