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PREFACE

In the spring of 1048, the writer was assigned to work with
Dre. Charles He Brett as a Research assistant in the Oklahome Agricul-
tursl BExperiment Station.

Tests were made using synthetic insecticide dusts for conmtrolling
grasshoppers in the fileld. Inbersst in this method of control and the
many possibilities it offered, lead to the research reported in this
thesis, It was evident that temperature was one of the importent influ-
encing factors. It was decided after consultations with Drs. C. He Breti
and Fe A. Fonton to study the effect of temperature in the susceptibility
of grasshoppers to synthetic insecticides.

lThﬂ’writer gratefully aclmowledges his indebtednsss to the starf of
the Entomology Department of the Oklshoma Agriculbural and Mechanical
Collags fﬁr thelr valvable suggestions and eriticisms, more partiocularly
t9 Dre Co He Brott, under whose supervision the exporimantal work wes oar-
ried on, and who later offered many helpful critiecisms in the writing of
this thesis; to Dre Fe A. Fonbon who was a source of much encouragement
and advice on the writing of this papsr; and to Prof. G. A« Bieberdorf who

made many helpful sugpestions and criticisms.
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INTRODUCTION

Throughout the history of man, grasshoppers or locusts have been re-
ported injuring his oreps. It would be difficult to say when he first met
the ‘lmt problem®, but it surely happened in the dawn of agriculture.
The Bible and the writings of the ancient Babylonians, igyptim., and Greeks
contain references to the dreaded locusts as pests of egriculture. Until
the last century a losing battle hes been fought.

The injury done by grasshoppers is & continual and ever-present losse.
The general public usually becomes aware of grasshoppers or other insects
only when they increase to devastating mmbers. During the perioed from
1856 to 1880 the Missouri Velley was ravaged by swarms of the Roeky Mountain
Locusts or Migratery Grasshoppers (2)%. Since that time grasshoppers have
been & recurring problem in the Central and Western states with an almost
continual campaign being waged against them.

Outbreaks in Oklahoma are usually locale. Urbshns (11) records four
serious outbreaks in Oklahoma territery since it was opened to settlement
in 1889, Grasshopper infestations were severe throughout the central and
west central portion of the state in 1912 and 1913 and again in 1919,

In 1924 a serious outbreak ocourred in the western part of the state,
followed by another in the southwestern portion in 1925. The last state-
wide outbreak of importance occurred during the years 1936 to 1938, thou-
sands of acres of cotton, corn and alfalfa, many shade and fruit trees, and
large quantities of truck and garden plants were destroyed.

1 mumbers in parenthesis refer to Literature cited, Page 3/4.



The attempted control measures of grasshoppers have been many and
varied, Some of these such as planting poisonous plants, meking noises,
and innoculation with diseasss and parasites have proved ineffectual.
Those that are more or less successful are cultural prectices, trapping,
poison baits, spraying and dustinge The one most of'‘ten used in America
up to the present time is that of spreading poisoned baits. In alfalfa
poisoned baits have been unsatisfactory, due to dense vegetative growth
and difficulty of getiing baits on the ground. Complete kills are seldom
obtained, and persistent baiting has been necessary in order to reduce
infestations sufficiently teo guarantee harvest of at least a partial eorop
of hay or seed.

Poisoned baits were first used -:l.n 1878 when the United States
Entomological Commission (9) reported several experiments with a mixture
of Parie green and flour as bait for locusts. Bxperiments with bran- ‘
arsenic magh for the control of grasshoppers in the San Joaguin Valley,
California, were reported by Coquillet (3) in 1886. This mash consisted
of bran, arsenie, sugar, and water, the sugar being added to make the
arsenic adhere to the flakes of brane. Molasses was soon substituted for
sugare. Jackson (6) in 1894 referred to the successful use, in Colorado,
of a bait consisting of bran, Paris green, and some old molasses or other
cheap substance to makes it stick together. High temperatures in Oklahoma
generally have complicated the effective use of baits, leaving much to
be desired.



Dusts and sprays were previously used in grasshopper contrel but in
recent years they have been almost entirely supplanted by poisoned bait,
The intreduction of the new synthetic insecticides, DDT, bensene hexa-
chloride, chlordane or 1068, 3956, en aryl alkyl thianophosphate, or 3422,
which are highly texiec to inseots, together with new methods of insecti-
cide distribution have turned sbtenbion again to the use of dusts and
sprays in grasshopper control,

Bengzene Hexachloride was developed in Great Britian (10) by the
Imperial Chemical Industries, Hewthornmdale Laboratories, Jealotts Hill,
under the supervision of Dre Os Be lean. This insecticide has been re-
ported to be effective against a wide range of insects. Slade (10)
reported it to be extremely toxie to locusts. Ie states, -

A small quantity of dust containing the corude material was
sieved on a bench on one side of a room in which were housed cages
containing locustse. All these locusts subsequently died. FPurther-
more, after secrubbing the cages, vacuum cleaning the walls, and
waghing the floors, fresh locusts placed in cages algo died. It
was not until the room had been redecorated and the cages again
sorubbed that breeding of the locusts could be resumed.

Other workers have had excellent results with benzene hexachloride
dust in the comtrol of grasshoppers. Brett and Rhoades (1) found that
a dust containing 5 percent gamma isomer, applied at the rate of 10
pounds per acre gave complete contrel of grasshoppers in alfalfa, Hill
and Hixson (4) also had good results, using bensens hexachloride in
tests conducted in Nebraske during the summer of 1946, in eonmbtrolling
the following four species of grasshoppers: Melanoplus differentialis
(Thos.) M. femur-rubrum (Dege) M. bivittatus (Sey) and M. mexicanus
mexicanus (Sausse). Dust application with an airplans was not as

effective as with a power duster.



Chlerdane or 1068 was first discussed in 1945 by Drs. Kearns, Ingle,
and Metcalf (7). They found in their tests that this product exhibited a
high order of toxicity to a wide range of insects. Their report shows a
comparison of the toxieity of chlordane, DDT, and bensens hexachloride on
several speciess In Table $ of their report the mortality at the end of
24 hours using emulsions of 2 percent DDT was 30 percent, 1 percent chlore
dans, 70 percent, and 0.5 percent gamma benszenme hexachloride, 100 percent,
as a stomach poison on the differential grasshopper, Melanoplus differ-

entialis (Thomas).

A synthetic insecticide lmown as chlorinated camphene or 3956 has
been tested in Montana, Arisona, and California (5)¢ In Montana a 20 per=
cent dust and an emulsion spray applied at the rate of 4 pounds per acre
gave 95 and 97 percent kills respectively. In Arigona the average kill,
in two tests with 20 pounds per acre of a dust containing 10 percent of
chlorinated camphens, was 69 percemt in ons day and 88 percent in three
days. In California tests, dosages of 2 to 8 pounds of 20 percent dust
per acre gave 100 percent kill in six days.

A new synthetlec insecticide, developed by the American Cyanamid
Company of New York, known as an aryl alkyl thianophosphate or 3422 was
tested for the first time by the Oklahoma Agricultural Experiment Station
on the twoelined grasshopper, Melanoplus bivittatus (Say) June 13, 1947,

A 91 percent kill was obtained with 2 percent dust applied at the rate
of 20 pounds per acres.
Research reperted upon in this thesis was carried on from Juns,
1946 to July, 1947 It has been concerned principally with the suscepti-



bility of the most impertant economic species of grasshoppers to the new
synthetio insecticides and a correlation of this susceptibility with
temperatures, both in the laboratory and in the field,

METHODS OF FROCEDURE
Adults of the differential grasshopper, Melanoplus differentialis,
the two~lined grasshopper, M. bivittatus, and the lesser migratory grass«
hopper, M, mexicanus were collected in the field during October, brought

into the laboratory and used as a source of egg supply. These adult
grasshoppers were kept in sereen cages. Four-ounce jars, filled with
sand, were placed in each cage. The females deposited their egge readily,
After these jars had sufficient numbers of eggs in them, they were removed
from the cages and placed in an electric refrigerator, at a temperature
of about 40 degrees Fahrenheit, for a period of 10 days to 2 weeks. They
were then placed in an inscubators Newly hatched nymphs were transferred
from the incubator to rearing cages and fed head lettuce. Some tests
nrs made with grasshoppers collected directly from the field.

The chemicals used in laberatory tests were in the dust form containing
bensens hexachloride, chlordane er 1068, 3956, DDT and 3422. Those that
were used in field tests were bensene hexamchloride, chlerdans or 1068,
3956, and 3422,

In the laboratory tests, 10 grasshoppers were placed in a two
quart fruit jare A piece of screen wire was cut and fitted inte the

2 por the sake of conformity and to avoid confusion, the names
for the chemicals used in this thesis will be BHC for benszens hexa-
chloride, chlordare for 1068, 3956 for Chlorinated Camphene and 3422
for an aryl alkyl thianophesphate.



ring of the fruit jar and used as a cover. The screen had a small hole
about the size of a lead peneil in it to allow a2 small glass tube to enter
the jar for applying the dust, The glass tube was heated and curved in
the middle and had a rubber bulb on one end, Dust was weighsd, put into
the glass tube, and allowed to settle in the curve to prevent loss. The
open end of the tube was placed in the opening in the screen cover. One
vigorous squeesze of the rubber bulb at the other end of the tube forced
all the dust inte the jar in ome puff. This gave good coverage on the
grasshopperse. The grasshoppers were allowed to stay in the jar for a five=-
minute peried. They were then transferred to & screen cage where head
lettuce was available and placed in the constant temperature compartments.
These compartments were designed and built by Brett (2)e The four dif-
ferent temperatures used in these tests were 100%F., 90°F., 80°F., and
709F, Observations were made at 2, 4, 8, 24, 48, and 72~hour intervals.
For some of the insecticides observations were made at the end of longer
periods. Pifty milligrams of dust were used in each treatment. BRach
test was replicated 10 times.

In field tests the dusts were applied with a Root Meodel Y-2, six-
row power dustere This machine was mounted on a twow-wheel trailer and
drewn behind & "Jeep". Dusts used in the field tests during the spring
of 1946 (1) were prepared in a series of concentrations of gama isomer
by diluting with tale, a preparation which was techniecal BHC containing
10 percent of the gamme isomere The chlordane dusts were prepared by
impregnating talec with the technical concentrate. These tests were made
in alfalfa fields where the plants were about 15 inches high and nearly



ready to cuts The dust for each treatment was applied at the rate of
10 pounds per acre over 2.5 acre plots. Treatments were made at three
different times and in two different localities. Records were taken in
the dusted plots between 6 to & hours after application and again be-
tween 24 to 30 hours after. A square yard frame was placed on the ground
at random and two observers counted all a.ffootofl‘ and dead grasshoppers
within the area. Such counts were repliecated 10 times in each plot.

Dusts used in field tests during the spring of 1947 were prepared
by the John Powell Chemical Company and The American Cyanamid Companye
They were applied with the power duster previously desoribed. Ten perw
cent gamma BHC was applied at the rate of 50 pounds per acre. Five
percent gmmma BHC was applied at the rate of 10 pounds per acre. Ten
and twenty percent 3956 were each applied at the rate of 40 pounds per
acres One and two percent 3422 were each applied at the rate of 20
pounds per acre. These tests were made along irrigation ditches which
were covered with dense vegetation. Records were taken in the dusted
plots between 4 to 5 hours after application, 8 to 9 hours after, 24 to
25 hours after and again 6 days after.

3 Grasshoppers were considered to be affected when they stumbled
about showing loss of coordination accompanied by peouliar nervous
trenors.



THE SUSCEPTIBILITY OF GRASSHOPPERS TO
SYNTHETIC INSECTICIDES AT CONSTANT TEMPERATURES
OF 100°F., 90°F., 80°F. and 70°F. IN THE LABORATORY

Adult Differential Grasshoppers, Melanoplus differenmtialis (Thomas).

Grasshoppers ceollected in the field and treated with 4 percent gamma
BHC and placed in & temperature compartment held at 100°F. were all afe
fected by the end of btwo hourse Seventy percenmt were affected at 90°F.,
40 percent st 80%F., and 40 percemt at 70°F. At the end of 4 hours the
percentage of affected grasshoppers was 60, 90, 60, and 60 for the
temperatures ranging from 100°F. to 70°F. respectivelys The percentage
of kill was 40, 10, O, and O. At the end of 8 hours the range for af-
fected grasshoppers was 20, 50, 100, and 100 percent. The percemtage of
mortality was 80, 40, O, and O, All of the individuals st 100°F. and S0 F.
were dead at the end of 24 hourss At 80°P. 90 percent were dead and 10
percemt had recovered after 24 hours. At 70 F. 80 percent were dead and
20 percent had recovered after 24 hourse All of the recevered individuals
were gravid females. These were placed in cages where they deposited
viable eggs. Grasshoppers hatched fram these eggs were reared successe
fully. (See tables 1, 2, 3, and 4)

This test shows the BHC dust to have a rapid effect upon the grass-
hoppers which is first evidenced by peculiar tremors with loss of co=
ordination, The speed of the action is proportional to the concentration
of the gamma isomer and increases in temperatures At the lower tempera-
tures & greater period of time is required before symptoms develop.



Fewer of the grasshoppers are killed and the percentage of those affected
which can recover is inereased. Recovered grasshoppers showed no apparent
after effects.

The pronounced temperature relationships when using BHC are apw
parently due to & considerable extent to fumigating action. Fifty
milligrams of BHC dust were placed in the botiom of a two quart jar,

Ten grasshoppers were placed in another two quart jar which was imverted
over the first, open end to open end, A soreen wire between the two jars
prevented the grasshoppers coming in direct contact with the dust. AL
temperatures of 100°F., 90°r., 80°F., and 70°F. the range for affected
grasshoppers was 100, 100, 80, and 50 pom;:t, respectively, tt_the end
of 8 hourse The range of kill was 100, 100, 80, and 70 percent, respect-
ively, at the end of the 24 hour period.

Grasshoppers treated with 10 percent chlordane and placed in tempe
erature cabinets held st 100°F., 90°%F., 80%., and 70°F. showed no effects
until the end of 4 hours, at which time 40 percent were affected at all
temperaturese A%t the end of 8 hours percentage of affected graschoppers
ranged 80, 80, 70, and 70 respectively, and the range of mortality was
20, 20, 10, and 10 percent respectively. At the end of 24 hours there
was & 70 percent kill at 100°F. with 60 percemt Xill for 90 F., 50 pere
oo!tt :!'l!r 89'?.. and 50 percent for 70°F. The 48 hour reading gave
80, 80, 70, and 70 percent killed respectively. The 72 hour reading
showed 20 percent recovery and an 80 percent kill at all temperatures.

Results obtained with chlordane show it to be slower in action
and less toxie to grasshoppers than BHC, also there is not as much of



& temperature effect as with BHCe Chlordane gave about the same percent-
age of recovery and kill et all temperatures.

Grasshoppers treated with 20 percent DDT showed no effects until
the end of 24 hours when & 10 percent kill was recorded at 90°F, with
20 percent at 80°F, and 70'F. Nome was affected or killed at 100%F,

The 48~hour reading showed 10 percenmt lill at 100°F., 20 percent at 90°F.
and 40 percent &t 80 F, and 70 F. At the end of 72 hours 30, 30, 40,
and 50 peroent were killed at 100‘?.. 90'11‘., 80.1".. and 70'!., respocte
ivelys Observations made over & period of 14 days showed no further
mortalitye

In contrast Yo BHC, DDT shows its greatest toxic effect on grasse
hoppers et the lower temperatures. DDT is much slower in action. None
of the grasshoppers was killed until at the end of 24 hours. Grasshoppers
treated with DDT did not twitch spasmodically before dyinge

Grasshoppers treated with 3956 showed no effects until at the end
of 4 hours when 50, 50, 20, and 10 percent were affected at 100°r., 90°F.,
BO'F.. and 70.1?. respectively. One hundred pereent mortality was obe-
tained et the end of 48 hours with temperstures of 100°F. and 90'F.
Seventy-two hours were required for complete kill at 80%. at 70°F.

90 percent were killed and 10 percent recovered.

This test showed 20 percent 3956 to be less toxle to zrasshoppers
than 4 percent gamma BHC and somewhat intermediate between BHC and
ohlordanes A%t 100°F, and 90%°F. it required 48 hours for complete kille
Seventy-two hours were required at 80%F. At 70°F. there was 90 percent

r

kill and 10 percent recovery.
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Adult Migratory Grasshoppers Melanoplus mexicanus mexicamus (Sauss.).

Grasshoppers reared in the laboratory were treated with 4 percent
garma BHC and placed in compartments held at constant temperatures of
100°F., 90°F., 80°F., and 70°F. At the end of two hours the grasshoppers
were 100, 90, 70, and 50 percent affected, respectively. The percentage
affected in 4 hours for the temperature series was 50, 80, 90, and 80
respectively, with a mortality of 50, 20, O and O percent. The B-haur
reading showed 10 percent affected and 90 percent dead at 100°F., 60
percent affected and 40 percent dead at 90°F., 80 percent affected and
20 percent dead at 80°F., and 90 percemt affected and 10 percent dead at
70°F. All grasshoppers were dead at the end of 24 hours except those ab
TO'!'. where there was a 20 percent recoverye

This test shows the BIC dust to have & more rapid effect upon the
migratory grasshoppers than it does the differential grasshopper. Con-
centration of the gamma isomer and &an increase in temperature affects
and kills the migratory grasshoppers more quieckly. Neo recovery was re-
corded at the higher temperatures. Those which recovered at the lower
temperatures showed no apparent after effects. (See tables 5, 6, 7, and
8)

Grasshoppers treated with 10 percent chlordane and placed in the
series of controlled temperature compartments, showed 30 percent affected
in 2 hours at 100°F. and 90°F., with 10 percent affected at 80°F. and
90°F. The 4 hour reading gave 70, 70, 50, and 50 percent affected re=
spectively, with no mortality being recordeds At the end of 8 hours
70, 80, 70, and 70 percent were affected and 30, 20, 10, and O percent



dead. The 24 hour reading showed 40 percent affected and 60 percent
dead at 100%°F., 50 percent affected and 50 percent dead at 90°F., 50
percent affected and 50 percent dead at 80°F., and 60 percent affected
and 40 percent dead at 70°F, At the end of 48 hours there were 20 pere
cemt affected and 80 percent dead st 100°F., with 30 percent and 70 percent
deed at 90°F., 80°F., and 70%°F, In 72 hours 90 percent mortality and 10
percent recovery was recorded for J.m‘r.-. while 80 percent mortality and
20 percent recovery was recorded for the other three temperatures. Obe
servations made over a period of 14 days showed no further mortalitye.

These tests show the lesser migratory grasshopper to be more suse
ceptible than the differential grasshopper te chlordanee. Beth species
show & greater susceptibility to BHC than to chlordane. At the higher
temperatures only about one~half the time is required to get a complete
knockdown using BHC as with chlordane, and about onme~third the time for
& complete kill, At the lower temperatures this peried of time is less
pronounced.

Grasshoppers treated with DDT showed no effects until the end of
24 hours when a 20 percent kill was recorded for all four temperatures.
The 48-hour resding showed 30 percent kills for 100 Fs and S0 F., with
40 percent kills for 80°Fs and 70 Fe At the end of the 72 hour peried
30 percent were killed at 100°F., 40 percent at 90 Pe and 80°F., and 50
percent at 70%. Observations made over & peried of 14 days showed no
further mortality.

These tests show the lesser migratory grasshopper to be more sus-
ceptible to DDT than the differential grasshoppere. Both species are more



susceptible to BIC and chlordene than to DDTe In comparison with BHC
and chlordane, DDT shows & greater toxic effect at the lower temperatures.

Grasshoppers treated with 3956 showed 30, 30, 20, and 10 percent
effected at 100°F., 90°F., 80°F. and 70°P. respectively. No mortality
was recorded until the end of 8 hours when 70, 80, 80, and 80 percent
were affected and 30, 20, 10, and 10 percent were dead respectively.
One=hundred percent were dead at the end of 48 hours for 100°r., 90%F.,
and 80%°F, It required 72 hours to obtain 100 percent ki1l at 70 F.

These tests show the lesser migratery grasshopper to be more sus=-
ceptible to 3256 than the differential grl._tmppor. Both species show
greater susoceptibility to BEC than to 3556, but less to chlordans and DDT.
Toxic action is faster and more complete at the higher temperatures in a
manner similar to that of BHC and chlordane.

Nymphs of the TwoeLined Grasshopper, Melanoplus bivittatus (Say).

Third, fourth and fifth instar nmymphs collected in the field, treated
with 5 percent gamma BHC and placed in temperature compartments held at
100°F, and 90°F, were all affected at the end of two hours. lNinety per=-
cent were affected at 80°F., and 80 percent at 70°Fe At the end of four
hours the percentage of grasshoppers affected was 40, 60, 80, and 80
respectively for the temperaturs series ranging from 100‘!- to 1’0.!‘. The
percentage of kill was 60, 40, 20 and 20 respectively. At the end of
eight hours the range for affected grasshoppers was 10, 30, at_).ml?o
percent respectively. The percentage of mortality was 90, 70, 50, and
30. All of the individuals were dead in all treatments at the end of
24 hours. (See tables 9, 10, 11 and 12)



graogshomsers treated with 3356 and nlsced in tenperature conpartwente
held st 10977, sxd $0°F, eaeh showsd 10 rercent to e alfscteld at the end
of 2 hourg. Hone was affechted st 80 }‘.‘. s DY 70931“‘» A% the end »f T2 howrs
all individuals were dead in all trectrmsnhs,.

These testy show the nymohel stasen do be very susoe ohible o ZOTL,
bub more egpeelally at btamperaturee of 10D 0%, and 20 ?E". although 190
pereesd mri‘:a ity was recorded at all temperatures in 72 hours afier
treatrent, they were affected more quiekly al the higher tenperaburese

A11 grasshoppers treated with £ percent 3622 and placed in & toupe

artment held st 1000'13’., werz affected &t the ernd of 2 Lo

fl)
'

A% the

D, and 80 for the herpsrafures rag
The porcentare of ki1l was 7C, 50, 40, and 20, A% the end of & hours
the raune of affected ﬁrmshoog rs wag O, 0, 10 and 20 percent. The jDere
centnge of mortality was 100, 1’30, 504 gnd 30, ALl srasshopuers were
dead by the end of 84 hiours.

grasshapoers reated with 1 percent 34322 wers 80 percent alfsctad

of 2 hours b 100 P., 80 percont ab 90 7., 60 percernt eb 80 F.

at tha

tﬂe

and 50 pereent ak 76 A% thw end of' 4 hours the perseunbase of allected

e e g 5 . o 0.,
srassheypers was 80, 080, 90, 10 for the tenperabures rasging fron 100 e

to 0% ey ToSpoctivelye. The percenbage of kill was 40, 20 lw, and O
At the end of O hours the range of affected grasehoppers wes 33, 40, B0,

a

and 70 percent. The pesrcertaze of morkality was 70, 80, 50, and 30, A4t

the end of 4% hours 12 persarnt of the irdividuals in ssch trentuent beld



at 1@@013“,, 0%, and 80%. hed recovered, while 20 percent of the
individuals had recovered at 70°F.

From the results of these tests, 2 percent 3422 dust shows great
proaise in conbrolling gsrassheppers. 4 guicker kill was recorded than
witk axy other insectlcide used.

The 1 percent 3422 dust did nob give satisfactery controle A large

percenbase of recovery was reccerded in both laboratory and field techse

Adult Twow-lined Grasshoppers, lelanoplus bivibtabus (Say).

Gragshoppers collected in the field, treated with ¢ percent semma
BHC and placed in a %emperatwe compartment held at 100°F. were all af-
fectod by the end of 2 hours. Bizhty percest were affected at 90°%.,
50 percenmt st 80°F. and 40 percent at 70%. A% the end of 4 hours the
percerntaze of affected grasshoppers was €0, 80, 80, and 60 for temperatures
ranging from 100°Fs to 70°F., respectively. The percentage of kill was 40,
20, 1@_, and G". A% the end of 8 hours the range fpr e.ffeci_;ed grasshoppers
was 30; 80, 80, and 100 percent with s ki1l of 79, 40, 20, and O percent.
All of the individuals at 100%F, ard 90°F, were deed at the end of 24 hours.
Ak a{)"r@ + B0 percent were dead and 10 percent had recovered afiter 24 hours.
A% ?@%‘, €0 percent were dead and 20 percent had recovered afber 24 hourse

The resulte in this test were essenbially the same as Hlhose obbained
using PHC at the same temperabures eon the &ifferen‘tial grasshoppers This
was algo true in btests usinz chlordans, DDT, and ¥056 as is shown in tables
13, 14, 15, and 18,

Bssults in this test show adult Melanoplus bivittatus grasshoppers Lo

be lese susceptible to BHC and 3956 abt all temperaturss then wers the nymphal

stages.



Table 1. Comparative Tests using BHC, Chlordene, DDT and 3958 at a Constant Temperabure of IOOOF, on
Adultes of %he Differant1a1 Grasshopper, M¥elanoplus dszerentialis {Thomas) .
e R T e S b i i
Peroentaze of Grasshopwers
Hours After Treoatment

Formulation a 4 e 24 48 78

Dugts 2 » = & © ® A D R A D ® A D ® A D R
BHC 47 Gama 100 O 2O 60 40 € 20 €0 O 0 100 0 e = = = = o=
Chlerdane 104 O O O 40 ¢ 0 80 20 o 30 70 O o 8¢ 20 c 80 20
DDT 204 ¢ ¢ ¢ © & o0 © © o O © © © 1 ¢ 0©o W O
8956 207 O 0O ¢ &0 G ¢ 90 O g 20  g£¢ 0 O 100 0 - - w

Table 2. Comparative Tects using FIC, Chlordaune, DDT and 39EG at a Constant Tenperature of QOOF. on
Adulbs of the Differontial Graeshopper, Lelanoplus differgntialis {Themes)
Percentage of Grasshoppers
Hours After Jreatment
Fermulation 2 4 8 24 48 72
Dusts A4 » ® & p R A P R _A D R A& D R D =&
“BAC 3% Cmma 70 9 & 90 1D 0 &% 40 0 0 100 (¢ 0 00 0 - - -
Chlordans 10% O 0 G 40 0 o 80 20 0 40 €0 0 20 &0 €] ¢ 80 20
DT 204 0 ¥ o 0 o 0 o e 0 0 10 0 0 20 0 G 80 O
3956 207 O 0 © 50 9 0 80 0 0 20 80 0 0 10 0 « = =
lEX“l?paf10=_of lettors used.
| A = Percunt of grasshoppers afiscted.
T = Pgreent of grasshopparg dead.
R = Pereent of gr&ssh@p@sra recoversds

gt



Table 8+ Comparative Tests using BHC, Chlordane, DDT and 3956 at a Constant Temperature of 80%°Fs on
Adults of the Differential Grasshopper, Melanoplus differentialis (Thomas).

el e ——— e TR
Percent of Grass rs
Hours er !W&Mg‘
8

Formulation 2 4 24 48 72
Dusts A D R A D R A D R A D R A D R A D R
PHC 4, Gaoma 40 O©0 O©0 60 O O o0 © © ©0 90 10 © 90 10 0 90 10
Chlordane 104 O 0 0 40 0 o 70 2 0 50 50 0O 3 70 0 0 80 20
DDT 204 0 0 0 0 0 0 0 0 0 0 20 0 0 40 (+] 0 40 0
3956 204 0 0 0 20 0 0 40 0 0 60 &0 0O 3 70 0 0 100 0

Table 4. Comparative Tests using BHC, Chlordane, DDT and 3956 at a Constant Temperature of 70°%. on
Adults of the Differential Grasshopper, Melanoplus differentialis (Thomas).

e
R -

Percentege of Grasshoppers
Hours After Treatme

Formulation 2 4 8 24 48 72
Dusts MRy 2O SN Nk g AL wrlh D A0 W Sy AT AR SN WG ems Naar NOEF
PHC 4% Camma 40 O O 6 O © o0 O © ©O © 2 O B0 20 © 80 20
Chlordane 104 0 O O 40 O 0O 70 10 0 B850 80 O 0 T B O %N
DDT 20% $ & &3 D BRI RE DWW EE LY W b
3056 20% g © 5 ©® O o &4 6 B H P B B D ® 2

LT



Tablo Be Comparative Tests using BHC, Chlordane, DDT, and 3956 at a Qonstant Temperature of 100% . on
Adults of the lesser Higratery Grasshopper, Welanoplus mexicanus mexicamue (Sougss).

o e e R R R S e =

Poreentage of Grasshoppers

Hours Alter Treatment

Formulation 2 4 8 24 48 72
Duste A D R A D R A P R A D R A D R A D R
BHG 4% Gamma 1000 OB RO CTOTTIO S OO0 YT I T T ST TR TS
Chlordans 103 % 6 0 8 0 © 70 % 0 40 60 O 20 80 G & 9 10
DDT 207 o ©o o ©o © ©6 o0 0 6 0 2 ©0 © 8 0 O 3 O
3955 207 30 0 0 50 0 0 70 ¥ 0 10 9% © 0 100 0 © 100 0

: : " : . - s _— PR, ; . 0.
Table 8. Couparakive Tests using BIC, Chlordene, DDT, and 3236 at a Congtant Temperaturs of $0TF. on
adults of the lssser Migratory Grasshopper, lelanoplus mexicanus mexicanus (Eaves.).

Porcentege of Grasshoppers

Tours Alter Treatrent

Formulation 2 4 8 24 48 , 72
Dusts A D R & D B A D R A D R A D R A D R
BHC 4% Camme. S0 0 O 80 20 0 60 400 0 O I O 0 10 0 - - -
Chlordsme 104 % © O 70 © ©0 8 2 O B8 &5 0 3 7 © 0 80 20
DDT 20% o o ¢ © o©o ¢ © © O© O 20 6 © ¥’ 0 © 4 O
8956 207 ® 0 0 6 0 0 80 20 © 10 8 6 0 100 0 0 1 0

et
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Table 7« Couparative Tests using BIC, Chlordans, DDT, and 8956 at a Constant Temperature of 80 F. on

Adulte of the Lessor Higratery Crasshopper, Yelepopins woxicanus mexicanus (Bausse)e

&

Percentage of Grasshoppers

Hours After Treatmont

Formulation & & & a4 7 48 7%
Dusts A D R A D R A D B A D R & D ® & D R
BHC 45 Gamme 70 3] 0 g6 0 0 EGT T 20 G 0 100 5] ¢ 106 %) 0 100 )
Chlordane 10 10 o 0 50 o 0 70 10 0 50 50 c 2 70 0 0O 80 20
DDT 20% ¥} o 0 0 0 0 o G o o 20 0 0 40 0O 6 40 o
8956 207 20 0 O 50 ¥} 0 80 10 0 20 80 O 0 100 ¥ 0 100 0

v G_
Table 8. Comparative Tests using BHC, Chlordane, DDT, and 3956 at & Constent Teupsreture of 70 F. on

Adults of the lLesser Migratory Grasshopper, lelanoplus momicanus nexicanvs (Saues.).

it v,

s i e o

- oo

Percentage of Gresshoppers
Hours After ireatment
Pormulation 2 4 2 24 48 72
Dusts A I, R & D R A D R A U R A D E A D R
BIC 47 Gemme 5O ) 0 60 4] 0 90 10 G 20 80 620 ED ) [V IO T
Chlordane 107 10 0 0 B0 0 0 70 0 0 80 40 O 20 70 4] g 70 )
DT 20% & O O D 4] a Y] o O 0 20 ) 0 40 D ¢ 50 G
3956 209 10 C 0 40 0 0 80 0 0 8 70 o 1o 90 0 0 100 o




Table 9. Comparvebive Tests Using DIC, B05¢ aud 322 b a Constanh Te

of the twoelined grasshopper, Melanoplus bivittatus (Say}.

. ’ N - .
B e b = et

TP I
poraturs ¢of 100 Te

on Wymphe

Percagntage of Grasaheppere
Hours Liter Treatisnt
Formalstion 2 & e ‘ 24 A 48 72
Dusts 4 D R A D B4 D R A L R A B T A D F
DHC 5% Camna 100 a O 40 €0 G 10 4o 4] CRN 1414 I - v - - - -
3956 20% 10 0 0 70 0 o 20 o O 70 B0 0 1 w0 ¢ o 120 a
8222 27 12 0 0 % 0 0 0 1 0 0 1YW 0 e - e - = o=
85422 1% &6 G C &80 40 O 8 70 G 10 90 Q 0 80 10 O 90 10
Teble 10 mparative Tests Uslug 5HC, 3565 and 3440 st & Constant Te 53%r. om Byaphs
of %he 4~qwo«l»nad orasshonyer, Nelawuﬂlqs bivittatue (Barle
Porcontage of GrassLoppers
“Hsurs ATEer Troatiert
Formulation 2 4 e k4 4D 72
Dusta & D R it D R & D R A U jd A v R A 0 5
o1 oA PO N 1os S ¢ I RN VINAY o R B . I C CHE R ¢ U+ I VR « B (0 S ¢ =
8556 20% 16 ¢ ¢ 100 Q o 100 o 0 40 @0 ¢ 10 U o O 150 O
22 27 90 0 ¢ 8% 8G G ¢ 100 O 0 100 o - - - - w -
#3422 17 g0 0 © 8 ¥ ©6 40 6 ¢ 1 % 0 O 9 30 0 30 10



Table 1ll. Comparative Tests Using BHC, 8956 and 3422 at a Constant Temperature of BO'I-‘. on Nymphs
of the two=lined grasshopper, Melanoplus bivittatus (Say).

Poroe of Grasshoppers

8 T Treatment
Formulation 2 4 8 24 48 72
Dusts A D R A D R A D R A D R A D R A D R
P X Game O0 O O O0 10 © B ©® 0O O 00 O © I® O = = =
8066 0 0 0 70 0 0 90 10 0 40 80 0 0 90 0 0 100 0
422 80 0 0 €60 40 O 30 9 0 0 100 0 0 100 0 - - -
5422 1‘ 80 0 0 80 10 0 60 B0 0 10 80 0 0 20 10 0 90 10
Table 12, Comparative Tests Uling BHC, 83956 and 3422 at a Constant Temperature of 70°F. on Nymphs
of the two=lined grasshopper, Melanoplus bivittatus (Say).
Peroce of Grasshop
Hmf'?ﬁhr Treatms
Formulation 2 4 8 24 48 72
Dusts A D R A D R A D R A D R A D R A D R
amma o0 ©O O ©80 20 0 70 % 0 0 100 0 0 I O 0 100 0
5056 0 (5] 0 80 4] 0 100 0 0 B 80 0 10 90 4] 0 100 0
8422 & 80 0 0 80 20 0 20 8o 0 0 100 0 0 100 0 - - -
s22 1% 50 0 0 100 0 e 70 30 g 30 80 0 20 80 0 0 80 20

12



Teble 1B« Comparative Tests Uslng BHC, Chlordens, DDT, and 3958 ab & Constant Temperaturs of 100%. on
Adulte of the iwoelined grasshopper, Melanoplus bivittatus (Say).

Porcentage of Crasshoprers
" THours ATEET Treatment
Formulation £ 4 8 A 24 L8 72
Dusts & P ® A D R A D R A D R A D ® A B R
BHE 4% Geama 100 G PRIVt I VIR ¢ B { B VIR o I Kv'3) ¢ - - - - - -
Ghlordane 10 © 0O G 40 0 g 80 20 cC W 7 v ¢ S0 20 U 8o 20
DT 204 o ¢ O V] 0 c ¢ © 0 0 0 o ¢ 2 v c 30 0
3956 207% O 0 ¢ 80 & 0 100 D O ®W T 0 o W 0 = -

ey A& TY e Ty 3 N = T - H < § p 2y & ’0‘,:, -
Tatle 14. Cosparative Tesohs Using B30, Chlordace, DDT, and 3350 ab a Consbaat Tenpuraturs of 8075, on
Adults of the two-lined grasshopper, Lielavoplus bivittatus {(Say)s

Forgentage of Crasshoppsrs
Hours After Treatment
Formulation 2 & B 24 48 72

Dusts & 7] R A 7] R A D B A D R A T R A D R
REE 47, Gomma S0 S SN VI Ty R 15 9780 40 W) 100 ) - A - P
Chlordanc 107 O ) 0 40 0 0 %0 10 0 40 80 0 &6 ag o ¢ 80 20
LT 209 ¥ o o 0 o 0 0 0 0 0 20 0 ¢ %0 0 0 3 0
8956 207 ¢ 0 o 80 0 0 8 10 0 20 80 0 0 100 O e = o=




Table 15, Comparative Tests Using BHC, Chlordane, DDT, and 3956 at a Constant Temperature of B0°F. on
Adulte of the two-lined grasshopper, Melanoplus bivittatus (Say).

Percentage of Grasshoppers
Hours After Treatment
24

Formulation 2 4 8 48 72
Dusts e L SR N LN RS TIGES A AT LT WTE aal LNe Ty RIS ey |
BHC 47 Gaoma 50 O O @60 10 O B0 20 O O 90 W0 0 0 I =<« = =
Chlordame 10/ © O O 40 © ©0 70 © ©O 50 5 ©0 % 70 ©0 O 80 20
DDT 20% -] R RN UGS JRNRE  BEeLT RN ML CEREE 4N TR BT SRS W RS e R SR
8956 20% ¢ D0, 0 H W B O B B 5 B B 5 0 I o

Table 16, Comparative Tests Using BHC, Chlordane, DDT, and 3966 at a Constant Temperaturs of 70°F. on
Adults of the two-lined grasshopper, Melanoplus bivitbtatus (Say).

of Grasshoppers

Perce
Hours er Treatment
Formulation 2 4 8 24 48 72
Dusts A D R A D R A D R A D R A D R A D R
PiC ¢X Gamn 40 O ©O 6 O O o0 ©O O O © 20 00 ©0 20 0 B 20
Chlordans 10% O 0 0 8 0 D 0 0 0 80 B0 0 o 0 0 80 3
DDT 20% 0 0 0 0 0 0 0 0 0 0 g° 0 0 40 0 0 40 0
8956 30’ 0 0 0 0 (¢] 0 40 0 © B0 B0 2 RO B0 (4] 0O S0 10
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TEE SUSCEPPIBILITY OF GRASSHOPPERS TO

SYNTHETIC IWSECTICIDES I¥ THE PIBID
1546 Tests.

Severs outbreaks of grasshoppers in alfalfa fields of Northwestern
Oklahoma during the spring of 1945 afforded an opportunity to nake
field tests of synbthetie insecticidss mpprlied as duebs. During these
testes the temperature ranged from 80%. to 95°F. There was a wind
veleocity of 2 to 3 miles per hour at the time of application. Grasse
hoppers were estimated to avere; e bebtwsen 35 and 40 per square yard.

About 70 percent were lelanoplus differentialis, 10 percent Nelanoplus

bhivittatus and 2C percent Melancplug mexieanus mexicanus and ¥elanoplus

fermur=rubrusie

Bxcellent control was obtained with 5 prercent gawme BHC dust, ap=
plied at the rate of 10 pounds per aecres Eixty-four percent of the \
grasshoppers were killed 6 to B hours after application and in every
test except one, 100 percent kill was recorded at the end of 24 hours.
This particular test recorded only an B5 percent kill with & 15 percent
recovery at the end of 24 hours. Lesser percentages of gamme BHC did
not give favorable results. (Table 17)

Ixbtent of control was directly proportional to the comncentraticn
of gamma isomer for the sawe sample preparation. There was varistion
between different sample preparations. It appears that one-helf o one
pound of gamna isomer per acre, depending upon the preparation, will give

satisfactory conbrol.



Chlordane was unsatisfactory as a 10 perecent dust applied ak the
rate of 10 pounds per acre for controlling gmresshoppers in the field.
At the end of 24 hours, only 7.7 percent of the pgrasshoppers were killed,

Five percent dust killed 3.7 percent of the grasshoppers. {Table 17}
1547 Tests.

In the spring of 1947, field tests were again rade in Northwestern
Qklahoms using synthetic insseticides as duebse During thess tests the
temparature was between 50°F.~60°F. at the time of applicatione The
wind velecity wes 1020 ¥,.P.H. Treatments wers made along heavily weed=-
ed irrigation ditches.

Tan percent gamms BEC applied at the rate of 50 pounds per acro
gave 98 percent kill at the end of 8 hourse Mo affectsd grasshoppers
wors obsarved at the 24<hour perloed and at the end of six days the area
wog destitube of grasshoppers. Horme had migrated inbo the treated area.

Five percent gamna BEC, applied at 10 pounde per acre, d4id nok
give as good conbrol as it did the previous yeare. This was probably
due to lower bemperature and greater wind velocity at the time of appli-
cotions The temperature and wind veloceity for the 1546 test was 809?.~
95%, and 2-% ¥,P.%., resvectively as compared to SOOF.-SOQF. and 1020
M,P.H,, resvectively for the 1947 teste. AL the end of the 24 hour
peried, in the 1947 tests, there was a 74.8 kill recorded with approxi-
mately the same reading ab the ond of 8 days. Wigrations of grasshoppers
had Degun moving inbo the plots at the six-day reading.

Thers was 1litile difference belween the conbtrol obbained with 80



&8
a

pereont sl 10 percent B85S dusis applied ab the rate of 40 pounds per
acre. Hove graschopuers wers affacted ab the end of six days alter
appiication in the plots treeked with 20 percent 3956 than were in the
plots trented with the 10 percent 3068. The 3950 was the only insecti~
cide veed that vars still toxie at the end of € dayse

Tests using twe percent 3422, applied at the rete of 20 pounds pev
acrs gave oxcellsnt results in the field, z 92 percent kill being re=
corded at the eund of 8 hours. This percernbtase of kiil did not inecrease
appreciably at the 24 hour or 8§ day reading. Grasshoppers had begun

L)

moving in the freated plote at the

(52 Y

dary reading.

]

Pasts using 1 percent 3422 applied at the rate of 20 pounds per

'y

e b unsatisfaebory in the oontrol of grasshopners in

CI”

sere showad 1
the £igld, There was u very high pesrcent of recovery with this cou-
sentration. The ebove resulits are shown in table 18.

The £isld {eebs show o £ vercent concsntration of 3422 %o be a
very pronising insectieide for oontrolling grasshopperse It caussd a
high psroent of kill more gquickly than any of the obher insechticides

nsady



Pable 17. Grasshopper control in alfalfs using Bengene Iexachlorids
ané Chlordane applied at 10 pounds per acre.

e

o i
i a0 S M.

Concsntration

w6/t

Benzene Hexachloride
{Percentare of
gamma isomer)

o acni

fours after appliecation

68

2430

Averags Percert~
age Hortality

Averngs Porcenbe

age Mortality

540
4.0
2.0
0.5
.1
Chlordans

1040
5.0

6440
50,0
30.0

1.0

0.0
0.0

100,0
4.0
DT#0
2240

7«0

Te?
BaT




Table 18, Control of nymphs of the two-lined grasshopper, Melanoplus bivittatus, using dusis, upglhd
with a sixerow crop duster in heavily weeded irrigation ditehes. mperature 50 Fe=60F.

Wind velooity 10-20 M.P.E, Gate, Oklahoma, June 13, 1947.

Poroonhg. or Grasshoppers per aul.rc Yard

Pounds Time in Hours after Treatment

per Acre 3 4 24
Insecticide (Dust) U A D U A D ] A D ] A D
BHC 50 3 91,7 6,3 O 2 28 0 0 100 0 o 2100
10 percent
gamma
BHC 10 16,6 73.6 10 10 17.7 7283 17,6 & 74,5 24 0 78
5 percent
gamme
8956 40 60,7 89.3 O B6.6 81,3 52.1 30,7 47.2 22,1 9 2 89
20 percent
3966 40 68,6 41,6 O 16,2 44.8 89 18,8 46.7 84.5 16.2 «7 B88.1
10 percent
22 20 14,1 22,8 63.6 1 7 02 1.7 7.3 9] Bed 2 98.1
2 percent
8422 20 57«1 42.9 O 39.6 49,2 11,2 B8l.6 10,4 8 88 0 12
1 percent

]hrlmtion of letters
U « unaffected grasshoppers. A = affected grasshoppers. D = dead grasshoppers.
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DISCUESION

A review of the llverabure up o the present times revealed ne

A

guenkitative work as having been dous concernins the relebion of temp

5 T oan

shure in the sugoeptibility of grasshoppers to these synthetie inseotie
cides.

Some of these insscticides show considerable incrsase in their toxis
sffect at high temperatures. DDT was more effective ab the lower
bemperatures.

Greater toxic ametlon et high tewpereture may be partially due to
furigation. This action was more proucunced with BHC and 3422 then with
chiordene and 3956. Tesks with BHEC showed very definite fumigating action.

When pages are releesed fron chenicels, high temperatures speed up

the rete of release. CGrasshoppers are also more sotive in high fermerw

aburese. Uvarev (12) states Hhat the influence of temperature vplays an

important part in the respirabory mcvements of greasehopperse The nurier
of movements rer mimute are increased in proportion with the minber of
degrees incrasse in tewperature. These movements incresse firom an averass
of 5.9 per wminute at a temperature of 825%Ce t0 2646 per mimate abt o
TP .
temperature of 2848 C»

Krogh (8) studied the composition of the air im the trucheal syrhen
£ the hind leg of an grasshopper and PTound that the oxygen percenbtage
may be ag high as 20 percent during rsst bub alter exheusbing muscalar
exercise it is reduced Lo § percent.

When insecticides aech as fumigants they will give off more gas

at high temperaturces and singe grassnoppers are more active and have



& smaller smount of oxygen in their tracheal system the respiratory
movements are faster in order to replace the oxygen. Thus, if the
insecticide is applied at high temperatures more of the toxiec gas will
be taken in to replace oxygen than when grasshoppers are comparatively
inective at low temperatures.

DDT does not act as & fumigant. It is slow in its action and is
taken up by absorption through the fatty tissues. The grasshoppers
are sluggish at low temperatures and the rate of metabolism is slower.
Perhaps this reduces the rate at which DDT is eliminated and thus allows
a lethal goncentration to be more quieckly reached.

A good contact dust for grasshopper control should aet quiekly in
order that further damage by the insects may be prevented. Residual
qualities are desirable for ocontinuing the control throughout a hatching
peried or %o kill grasshoppers which migrate into the area. Low toxicity
to warm blooded animels is very important end low cost in the application
of the insectlcide is of prime importance. Not all of these features are
fully realiszed as yet in any of the synthetics but a great step forward
has been made in grasshopper control.
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SUMARY

Iaboratory and field tests were uade with synmtbetic insseticide
dusts to conpare thelir relative toxicity Ho adulis and nymphe of the

differential grasshopper, Helancplus dif ferentzahs~ the bwoslinsd

grasshopper, M. bivittabue; axnd the lesser nigratory grasshompar,

AT IO A A S R A

¥o mexicnzus MeXiCAIUSe
Gresshopnsrs ware plesed in counstant Iexvperaburs compartmonts
held at 70%., 80°%F., €0°P., and 100%F, to measure the effect of tompey~

ature irx the suseeptlbillty of the insesets teo the different syrihekioc

neens hexachloride showed o very dafinite btewrerature relabione

e}
[6]
fal

ships Insccebs trested with 4 or § percent pamsa EHC aed slaced in th

o _ . . _ s .
100 v, comparbment were affeched and killed mers guickly then with any

W

the other Imssebicides excapt Z vercent 3422. There was no rscovery
of the grasshopesrs, once they beoams alffected, however, a reoovery was

recorded at the lowsr te nosratures with & greater perioed of time bein:

roequired befors gsrasshoppers besoms affscted. The nwiphal steccs wers
more susceptibls than adults, also the lesser mizretory grasshonper,

¥ mexicanys mericanas, was mors suscepbible to the insechticide than the

R e L

éiffereﬂtial grasshopper, M. differentialis, or the two-lived grasshovper,

S ATRE e i R T N b S WSS S

. bivittabus.
““mn the results obtained in both laberatory apd field teste, it
appoars that 5 percent garma BRC is an effective insecticide for cope

trolling prasshopoers, when used as a dust a% 10 pounds per acrs.



Tests wore made in the Laboratory and in the fisld with chlordanc
or 1068 dusts This maberial shows only a slizght temperaturs relatione
ghip, being mere toxic at the higher teuperatures. Chlordans showed
& greater toxieclty to the nymphal sbtages than to the adultes and also
was more toxie to the migratory grasshopper than to tho obher two species
used. This synthetie was less effective irn its control of grasshoppers,
when used as 10 percent dust, than was the 5 percent gasme BHC duste

DDT in contrast to the other syntheties used, showsed a more toxie
effect at the lowsr temperabures. A hicher percentage of kill bsine
obtained bt 70%. than at 100°F. DDT did not appear to b & very ef=
fective material for controlling grasshoppers. Nymphs were more suse
cepbibles to DDT than were adulbs.

Chlorinaked camphens or 3956 appesrsd to bs an effective insecticide
for the conbreol of grasshoppers. It amoted more slowly, however, than DHG.
At least T2 hours were required for couplets kill with 20 percert 3958
as ocompared with 24 hours to obbailn complets kill with 5 percent BIC.
Once the grasshoppers bseame affacted with 3056, they did not recover as
in some instances when BIC or chlordene were used.

An aryl alkyl thispophosphate known as 3422, used &s a 2 percent
dust, gave effective conbrol of grasshoppers more guickly than any obher
inseoticide uged in laboratory or fisld tests. Within 8 hours after
treoatment, all insects were dead in the 100°p, compartment. Twenty-four
hourg were required for complete kill at QGOF., EOOF.,, and 7@%‘. Hene
of the affectsd grasshoppers recovered. Fineby~thrse and ons tenth

vercent of them were killed in a field test with dust at 20 pounds per acres



One percent FEZ dust was not setisfactory in ibe control. A
large percentage of the affectad grasshoppers recovered both on labor-
atory end field tests. Only 12 percent were killed in & field test

with dust applied at 20 pounds per acre.
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