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Evaluation of Baits and Bait Ingredients

Used in Grasshopper Control®

By Roserr L. SzorweELL

Enlomolegist, Division of Cereal and Forege Insect Investigaiions, Bureau of
Entowology and Plani Quarantine?
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INTRODUCTION

Baiting with poisoned bran mash has losg been the most common
method of grasshopper control. The poison has geneelly been seme
form of arsenic, and molasses and water have usually been added to
the mixture. Mlolasses was first used to make the poison stick to the
bran, but later it was believed to be altractive to the hoppers and to
keep the bran moist longer than when water was used alone. Many
other substances have been tried in an endeavor to incrense the attrac-
tiveness of the bait, to find cheaper carviers, or to discover a poison
that would increase its toxicity or reduce the hazard to man or beast.

! Received for publiention September 14, 140, This builetin doos not include eny informetion regnrding
grasshopper control which may have heen otaalned sinee 14938,

2 he wrlter exprosses spprecinkinn to . I, Parker for his kinclly ansistanen and thie vse of his enpublished
notes; to F.A, Morton for belp ard valuable supgestions both in ehe fleld wmd i Lhe nborstorys Lo A. L.
Strand for permission Lo use uriputtishoul dota of the Mentwun Agrioulbumt Expeciment Stutlon; to Stewart
Loeckwood, under whose direction most of the pan-bail work was done ot the Burenu of Entemology end
Piant Quaranting ishomLery nt Billings, Mont.; to F. T, Cowan for his notes taken in Coloredo; nnd Nnaily

to all thest county agricuitomt apenls, cxperbnent-siation superintemdents, awd feriners withous whose aid
and cooperation I the use of febds and fann impletnents very Nittls conld have boes neeoraplished.
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Much of the published experimental work along these lines has been
haphazard or limited because it was not planned to meet the require-
ments of statistical snalysis, and many of the recommendations
regarding the use of bait ngredients have been based on insufficient
statistical evidence.

Tn an effort to obtain definite information regarding the value of the
various substances suggested for use in poisoned bait, there are as-
sembled in this bulletin all the available experimental data that lend
themsolves to statistical analysis, both those obtained by the writer
and his coworkers over o petiod of years and published and unpub-
lished results of other investigators. The writer’s studies have
included an evaluation of experimental methods and other matters
relating to the testing and use of poisoned bait as determined by
grasshopper surveys and certam farm condlitions and cultural practices,
as well as methods of mixing and seattering the bait,

HISTORY OF THE USE AND TESTING OF POISONED BAITS

The first mention of tie use of poisoned bait was in 1878, when the
United States Bntomological Commission (21} reported scveral
experiments with a mixture of paris green and Hour as bait for locusts.
Esxperiments with bran-arsenic mash for the control ol grasshoppers
in the San Joaguin Valley, Calif.,, were reported by Coquillet in
1886 (2). Coquillet’s mash consisted of bran, arsenie, sugar, and
waler, the sugar being added to make the arsenic adbere to the flakes
of bran. Motasses was soon substituted lor the sugar, for Jackson
in 1804 (?) referred to the successful use, in Colorado, of a bait con-
sisting of hran, paris green, and “som- old melasses ov other cheap
substance to make it stick together ' In the same year Bruner (1)
mentioned the use of bran and arseric as poisoned bait, but apparently
without cither sugar or molnsses. In 1896 onion growers in New
York State (17) found a mixture of bran, or middlings, and paris
green to be effective against the dark-sided cutworm (Furea messoria
(Harr)), with a longer period of offectiveness when the bran was
moistencd.

From the time molasses was first used in grasshopper hait, until
1930, experimental work in grasshopper control consisied largely in
testing many other substances for their atiractivencss in poaisoncel bait.
The snbstances tried included beet molasses to replace the more
expensive cane molasses, commaon salt, caleinm chloride, ¢round
citrus fruils with their juices, lemon and vanilla extracts, geraniol,
nitrobenzene, amyl acetale, propyl aceiate, butyl acctate, apples,
apple flavoring, anise, corn ail, fusel oil, sacchuarin, sugat, vinegar,
stale beoer, sawdust, shorts, whey, and fresh horse manure. Studlies
were also made of different toxic substances to inerease the effective-
ness of the bait and reduce the hazard to man and beast The
poisons tested were paris green, while arsenic, dry and Hquid sodium
arsenite, barium fluosilicate, and sodium fluosilicate. Since 1930
greater emphasis has been placed on the velue of enrriers other than
Bran. Sawdust, sugar-heet pulp, and coltousced hulls have been
used with some success, and pea bran, oat hulis, and ground alfalfa
have been tested but have not proved satisfactory. Mineral oil,
replacing water, has been used with bran and other carricrs in an
attempt to keep the bait soft and pslatable over a longer period.
Attention has also been paid to the feeding habits and activities of the
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grasshoppers in _relation to local weather and other environmental
conditions, for the purpose of determining the most effective time for
applying the bait,

Ab first the mivxing was done largely by hand. Since 1934, when
control campaigns increased in magnitude, various types of machine
mixing heye supplanted the slower method te a great extent, and bait
spreaders have taken the place of spreading by hand where entire fields
have to be covered,

METHODS OF EVALUATING BAITS

Five general methods are used for determining the relative effec-
tiveness of substances suggested for use in poisoned bait—the pan-bait
method, the plot-and-cage mecthod, the laboratory-cage method,
counts per unit area, and the sweeping method. None of them, of
course, is absolutely reliable, but some are more accurate than others.

Pan-Bart METHOD

The pan-bait method is r.rebably the one most universally employed.
Small quantities of several kinds of baits on boards, cards, or piepans
are placed on the ground in an infested field (fig. 1), and the hoppers

Fieure 1.- -Pans of hait set out slong edpe of field. Pan-bait method.

feeding on cach bait are counted at regular intervals. This method
is based on the assumption that the baits on which the most hoppers
are counted are the most attractive. Experience has proved, how-
ever, that gresshoppers are rather general feeders and may eat any
food material with which they come in contact.

Piepans shellacked and sprinkled with sand before being dried were
used by the author and his coworkers as containers.  About an ounce
of the bait to be tested was seatiered over each pan. The grass-
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hoppers were counted every 10 minutes, and temperature, cloudiness,
and wind veloeity and direction were recorded every half hour during
the day. Hoppers have been observed roosting on balt at tempera-
tures as low as 49° F, early in the merning, apparently sunning them-
selves by standing broadside to the sun’s rays. A pan of bait offers
a fing roosting place, and a bite now and then may be just incidental,
although hoppers attracted to it must be included in the counts as
long as there is no way of distinguishing whether the attraction is
due to temperature or food. TFor these reasons the pan-bait method
of evaluating baits is unsatisfactory.

ProT-anp-CacE METHOD

The plot-and-cage method has proved to be the best one for deter-
mining relative values of different baits. Plots 100 feet square {about
onc-fourth of an acre) or larger are Iaid off according to the number of
baits to be tested. They are arranged in such manner 88 to provide
approximately the same Intensity of infestation and vet be far enough
apart to avoid migration from one plot to snother. The size and
shape of the plots may be made to conform with the distribution of
the hoppers, such as oblong plots for fence-row infestations and square
plots for open-field infestations.

The bran mash is scattered over the entive plot at the standard rate
of 10 pounds {dry wecight} to the acre.  The haits are usually scattored
in the morning as soon as the air temperature has reached 68° F.,
over 8s many plots as the operator can cover in about an hour, If
much more time is used, there is danger of getting the mash to the
grasshoppers on seme plots toc long before or after optimum feeding
temperatures are reached. The time of application in North Dakota,
South Dakota, and Montana is usually between 6 and 9 a. m., depend-
ing principally on the time of year,

Grasshuppers are collected 3 hours later, when they have had an
opportunity to feed on the poisoned bait while it is still fresh daring
the optimum feeding period, but before they hiave hecome so slugeish
from the cffects of the poison that they are missed in sweeping, This
3-hour interval between application of the mash and collection of
hoppers must be ebserved earefully for each plot, beeause any varia-
sion will cause sn error in the results. Check collections are made
simultancously from unbaited areas for the purpose of determining
the mortality due to handling and natural causes.

Time of dey and conditions of air temperature, ¢loudiness, and wind
should be recorded when the baits are scattered and every half hour
thereafter until collectiors are finished, to provide a check on the
prob(sltble period of feeding before the grasshoppers are caught and
caged.

Euach plot is divided into quarlers and provided with two cages.
Collections are made from the center of cach quarter, and grasshoppers
fromn opposite quarters are placed in the same cage. A special net
{fig. 2) is used which tapers to & cylindrical extension at the bottem,
of the right size to hold & l-guart ice-ecream carton, which is kept in
place by & rubber band around the outside of the net near the top of
the carton, This type of net was first used by Cowan in Colorade (3).
With the lid off the carton, the net is trailed over the plot at a brisk
walk or dogtrot. When sufficient hoppers have been collected, the
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The eages vary in size {rom 1 to 1Y% cubic feet and are made of
dressed I-inch lumber, rosawed in 1- to 1'-inch strips and resawed
again the narrow way in order that the cdges of the sereen can be
cleated between. The sereen is 20-mesh galvanized wire. A solid
wooden botlom is used and made in such a way as lo prevent warping
{fig. 3). The top can be cither solid or hinged.  When solid, the open-
ing of the cage is in the lower half of one side in the form of a drop
door. When the Lop is hinged, it is hinged in the middle, one part

-

FiGure 8.— Wire-seroen eage usced in both plot-and-cage and lahoratory-casge
experimoents.

being solid to the frame and the other Torming o lid, o preveut the
eseape of the specimens during manipulidion.

The dead grasshoppers are counted and removed Trom the eages
every day for 8 duys following that on which the plots were poisoned,
and the living hoppers left on the last day are also reeorded.  From
these counts the mortalities on the plots represented by (he different
cagres are eadendntid. Sinee some Teeding on the bails continues Tar
boyond the 3-hour time at which the samples are taken, these fligures
cannot be considered ws representing the tetal mortality {or any
particular kind of bait, but they show relative values for the various
formulas, give o fair ides of their effectiveness, and can he annlyzed
statistienlly.
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The standard error of the total mortalities of the caged hoppers
due to the various baits and tests is large on the first day but falls
off greatly the second day, and counts on succeeding days have shown
that the total mortality is more or less stable thercafter. This
would indicate that the relative mortalities remain about the same
after the second day, and that 3-day counts therefore give practically
as good an idea of the comparative efficiency of the various baits as
can be obtained over a longer period.

Laporstory-CaceE METHOD

In an effort to advance the study of poisoned baits as rapidly as
possible, o method of studying the relative effectivencss of various
baits was devised for laboratory use so that many new substances
could be given preliminary trials during the long winter period.
Substances showing promise could then be given more accurate and
complete {ests in the field during the short summer period of only
about 6 woecks when tests can be made before too much migration
upsets results.  All the laboratory-cage tesis reported in fhis bulletin
were conducted at the Bozeman, Mont., laboratory of the Burcau of
Entomology and Plant Quarantine.

From 50 to 100 young hoppers per cage are placed in L-cubic-foot
wire-screen cages such as are used in the plof-and-cage experiments
(fig. 3). They are taken from stoek cages containing hoppers hatched
from eggs collected in the fields. The hoppers are counted as they are
drawn one at a time into a glass tube by means of o motor-driven
suction pump.® This tube is 1% inches in diameter and 8 inches long,
and is connected by rubhber tubing to the pump and to 4 nozzle made of
¥-inch glass or rubber tubing. The lot is then emptied into the bait-
test cage.  Many individuals can be handled in a short time with this
apparatus.  Glass vials containing sprouted wheat in water are placed
“in the cages and replenished daily to keep green food available to the
hoppers at all times.  One-fifth gram (dry weight) of bait, the equiva-
lent of 20 pounds per acre, is seattered over the Aoor in each cage.
This may seem to be a heavy dosage, but it must be remembered
that there are 50 to 100 hoppers per square foot of floor in the cage,
whereas 25 fo 50 per square foot m the field 1s 4 heavy infestation tor
which a minimum of 10 pounds per acre is ordimarily recommended.
The dead hoppers in the cages are counted and recorded as in the plot-
and-cage method.

The laboratory-cage method does not give the coneclusive evidence
furnishea by the ficld tests. beeause the Lhoppers ate foreed into
closer contact with the baits and outside weather conditions are
climinated. It does indicate, however, those baits that show promise
and eliminates those that are obviously uscless.

Counts PEr UnNIT AREA

Field tests in which the number of dead hoppers per unit area or
decreases n population of live hoppers are recorded do not give an
aceurste idea as to the relative elfectiveness of the baits, although
many opinions are based on such data. Continued hatching and
local movements of grasshoppers may cause changes in population,

1 Thiy apparatus wias devised by F. A. Morton, of the Bozeman, Mont., Ishoralory.
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and such importans factors as mixing, sca’tering, and time of applica-
tion of the baits must also be taken into consideration.

Counts of live hoppers per unit area are sometimes obtained by
dropping # cage over them in the field and then gassing the hoppers
that are caught. This method is unsatisfactory because many
individuals may escape by flight or on foot where the cage does not
make contact with the ground owing to unevenness of the surface or
heavy vegetation,

SweErING METROD

Since the plot-and-cage method does not give an accurate account
of the change in population on a plot after an application of the bait,
an effort was made, during the summer of 1933 at Dickinson, N. Dak .,
to devise 2 method for observing differences in population over a
period of several days after application.  Plots of from one to several
acres were used. A net was held close v the ground with the how in
a vertical position, and five quick steps were taken, the net being
trailed and then brought up quickly to cage all the hoppers coliceted.
The number caught in the net was then recorded. Sweeps were
made at five places along a diagonal hne across cachplot.  Collections
were made before poisoning and, beginning 24 hours later, on |5
successive days under as nearly as possible the same conditions of
time and weather. To serve as chiecks similar sweepings were made
on unpoisoned plots,

Only gross diffcrences in population are measurable by this method,
but it is believed that more accurale data are obtained in this way
than by mere visual estimates of populntions.  Some inleresting fncts
brought out by this study will be discussed in_the section Difficulty
in Appraisal of Results Because of Population Changoes,

In Colorado and clsewhere populations have been estimated by
counting the hoppers collectad in 50 sweeps of a net before poisoning
a field and for several days thereafter. The main objection to this
method is the variation in the sweeping act itsell and in the agility
of the hoppers from day to day.

STATISTICATL METHODS FOR ANALYZING DATA

All the data derived from pan-bait, plot-and-cage, and laboratory-
cage tests have been hrought together and analyzed aceording to
accepted statistieal methods. In the pan-bail tests effeetivencss is
indicated by the number of grasshoppers per day coming to each bait,
m the other tests by the pereentage of mortality obtained for cach bait.

When only two kinds of baits were compared, the standard ercor
of the mean difference was used to test the signifieance of the difforence.
The standard error was obtained from the following formula (“Stu-
dent’s™ pairing methad):

where S5 is the standard error of the mean diffevence, 7 is the differ-
ence of a single pair, D is the mean difference, and n is the number of
tests.
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‘When several inds of bait were compared in the same replicated
tests, the generalized standard ervor for any bait was used from the
following formule (“Student’s” variance method) (18):

[N == |
§= o R

where M is the number of baits, NV is the number of replications, T
is the individual test, R is the mean of mortality percentages or of
the numbers feeding on a given bait, and @ is the mean of cack replica-
tion, whether mortality percentage or number feeding.! Likewise

g (T equa]s;"—;,%—?"’ (in which X is the gencral mean of all tests),

Q (B%) cquals %{%——f—’, and ¢ {G*) cquals ENGZ—;_Y'z.

The standard error of the difference between any two baits was
obtained as follows:

Sp= /ST =52,

The experimental dats have been tabulated in the order of the
effectivencss of the bait and the significant diferences shown. Gen-
erally a difference, to be significant (odds of 19 to 1) must be approxi-
mately twice the standard crror, although this does not mean that a
true difference less than twice the standard crror docs not exist. A
more geeurate stetement would be that, if the difference between two
baits is not twice the standard error, we cannot be certain that a real
difference exists. The finding of any difference is cvidence thab it
exists in that particular experiment.

BAIT MATERIALS

Twenty-six substances used experimentally as attractants, six used
as foxte ingredients, and various carriers in dry, wet, and oiled bran
have been evaluated as to their use in poisoned bait according te the
statistical method already explained .’

ATTRACTANTS
MOLASSES

A summary of all the pan-bait Lests in which canc-molasses baits
were compared directly with baits containing no molasses is presented
in table 1. In an average of 94 tests conducted by the writer the
difference in resulls between the two types of baits was not significant.
Of these tests, 55 show molasses to be better, 2 show the two baits to
be of equal value, and 37 show baits without molasses to be better.
In the resuits of other investigalors molasses was significantly hetter
m gives the s results oz those given by the more widely amd recently used formaing fur
the anniysis of varinhoe,

4 in the ¢vaitintion of the dntn of other investigators use wis made, 1ol only of published drta, hut niso of

the original notes and alher materinl thad the ohserver did not prblish, In the tables included in this
hilledin ol detn not tivd up with s literntaeee referenee are taket fromn sagneldished reforks.

408381 -42.. -2
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in 3 cases {i. e., the differences were greater than zero), there was no
significant difference in 2 eases, and balts without molasses were
better in 1 case. Morrill {8), in 4 tests in Arizona in 1918, found that
baits without molasses were as effective as baits with molasses. In
pan-bait and plot-and-cage experiments carried on by the writer in
Montana, South Dakota, and Minnesota {(tables 2 and 17} and in
1&b0rat.ory~cage tests at Bozeman, Mont., (table 3) no significant
differences were found between pmsoned baits that contained cane
molasses and those that did not.

TapLe L.—Comparison of ailracliveness of bails with and without cane molasses in
Tn pan-bait lests by various investigators, 1921-27

[l [

| |’ Avernge nuwher of pross-
f hoppers feeding on boib

b

Tnvestigators ¢ Year Tests

I With | Wilh-
molns- joutme-; Ditforence

505 lasses

i MNum- | Num- | Num- MNuwber

Shotwell, svernge of ol ox- ' ber fer her

peritnents | S N I ™ 1ol 2341467

Swenk (.’9) nm! Swenk and | Nebraskn ... 1083, 1005 m 104, 6 . —& 10713
Wehr (£0 1 -

- : j ay Gl 8531 | 49488 | 158,5478.28

Ford and Lurrimcl' {4, 33...." Dddiana : 192 | w!oErs | A 0 90, 08

Tainter, Pluke, amd (‘mnm ! Wiseongin. _ .0 1923, 1924 ' B4 434 | 3184 | 15 1GH
sky (8}, i

Parker {71).. e . anosola 1923 W] o8R0 208, 3

Parker_ ... o [ Muntane 15321 l B4 1138 ] | =45 84217, 18

TanLe 2—Comparalive effectivencss of cane and beel molasses and @yl acetale in
varying combinations in pmsoned bran bails, in plot-and-cuge tests by Shotwell in
various localities, 1928 and 19321

Monleng, 1926 (16 replicates) Roath Dakotn, 1932 (12 replicates)

N . I
Poison and i ’ "Moo Poison and . : Mor-
qaantity Atirnetant tatity ynantity ) Altractant i tality

i

Sodium arsenite f{(‘ Al Hiolasses, . . f ifCane  molwsses  amd

{iqeid, S-poum! KNowmolnsses. H - Hodinm srsendle ') mmyl neelnie,
materind) 1 guart [ Beet molasses . . ! P fdeyyEba pomds, G Onne inolasses . .
Cueel, no bl ... Cee ey HLE jiNome .
Minlmwm signifi- | ..o . oo L ¢ Fodium ﬂu:}s:l:mlc Catte molsses |
eant difference, Lo B pounds.
b ; T Check, o baiy
| ’ © 7 Mininmm sheni- ¢
' cant dirfer- -
onee,
H

1 AN uanlities are per me peunds of hran
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Tanre 2.—Comparative effectiveness of cane and beet molasses and amyl acelale in
varying combinations in poisoned bran bails, in plol-and-cage teste by Shotwell in
verious localities, 1926 and 1932—Continued

Minncsots, 1932, experiment 1 (5 raplicates)

Minnesota, 1932, experiment 2 (5 replicates)

Poison and
quaniity

Attractant anocd
quantity

Mor-
tality;

Paison ynd
tquantity

Attractant and
quantity

. Mor-
tality

Bag-house ar=enic 5
ponnds,

Check, no hajt..____
MMinimwm signifi-
eant difference.

sne molagses 11y gal-
loos.

Amyl! acelale f oubees

Cnne molasses 134 gal-
lons, amyi acetata 3
ounees.

Beet molasses 114 gal-
lons, amyl acctate 3
onnees,

Beet molasses 114 pal-
lons.

Wet bran

Pet,
3.3

8.4

Crude arsenjec 5
aninds.

Sedium flussilicate
i pounils,

Check, no bait_. ..
Minfmizm sipmifi-
eant Jdifference,

Beet molasses 114 gal-
lons, amyl ocetate §
ouances,

Cane molnsses 114 gal-
loos, amyl acetnte 3
ounees.

Beet molaszes 144 gal-
lous, amyl acelate 3
aunces,

Beet molasses 134 gnl-

FPet,
9.0

o0.3

89.1

TanLe 3.—Relative effcctiveness of sodium arsenile and fluosilicale bails, with and
and without molasses (or sugar solution) and amyl acetaie or combinations of these
atiractants, in leboraiory-cage iestzs by Shoiwell, Monlana, 1933\

Experiment 1 (5 replicates)

!
I

Experimen

£2 (5 replipates:

Poison {quantities
in pounds)

Attractanl and
quaniity

+ Mor-

tallty

P'oison {nuantities
in pounds)

Altractant and
quantity

Sodinm arsetile

(dry}) 214,

Fodinm Ouosilieate

Zodiom arsenite 2.

Sodiom Ouosilicate
24

Sodium arsenjte 215,
Soditin fuosilicate

Sodium foosflicute

Check, no bait

cani differenee,

Beet wiclasses 2 gal-
lons, amyl acelnte 3
Dunees,

Cane molasses 2 gal-
lons, amyl apetate 3
otinees

None. .-

Cane molasses 2 gal-
lons.

Amyjacelnic 3 ounees,
Leer mpiasses 2 gil-
lons,

None, . ... ...

3

Cane ioolosses 2 pad-
lons, amy! acelate 3
oS,

Cnne molasses 2 pal-
lang, amy¥| acelate 3
OURCES,

4

Pl
)

T

4

2.4
0.0

]
475

54, ¢
a7
15.1
15,1

07

Su;Iium Muosilicale

{

Biﬁum Muosilicate
Soditm Ouosilicate
4,

Batlum flussilicate
4.

Soi]ium flupsilicate

Sodium  warsenite
{ry) 215,
Check, no bait. . _
Minimum sip-
niftcant differ-
e, i

Supar solution  (satu-
rated) 2 gnliong,

Amyl nectate 3 cunces, |

Amyl acetete 2 ounces

NODE, oo vriicaaiaan

None.... . .............

Cane nolusses 2 gal-
lons, amyl neetste 3
QuIees,

Cane 1nolasses
lans,

Cane molasses
ons,

Cune molngses 2 mal-
lons, smyl acetats 3
oILDCES,

o

gal-

2 pnl-

[Cane molasses 2 gal-

long,
Amyl acetale d ounges

¥ Al ruentitics are pur 100 pottds of bran,
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In an aversge of 44 pan-bait tests (table 4) in which baits flavored
with cane molasses were compered with those flavored with amyl
acetate, there was no significant difference in attractiveness. The
average number of grasshoppers feeding on the canec-molasses bait
was 196 and on the amyl acetate baif 188, with & difference of 8,
whereas to be significant the difference should be 24. Neither did
the amyl acetate combined with molasses add to the atiractiveness.

TABLE 4.—Relative ellractiveness of bails containing cone and beet molasses, amyl
acelaie, lemons, and sall, in various combinaiions,! in pan-beil tests by various inves-
tigators, Wisconsin and Montana, 1928-25

— Painter and Qravovsky, Wis- Lockwood and Shotwell, Mon-
Tarker, Montanz, 1922 (10) consin, 1923 (6 replicates) tans, 1925 (32 repicates)

Grass- Qross- Orass-
hop- hop- hop-
Abtractant and quantity | pers Attractant TS Aliractent and quantity | pers
Iped- fopdd- feed-
ing ing B

Experiment 1 {6 repli- | Ve, No. || Fresh boits:
cates): Ayl neotnte, Inolasses .| 962, Cane molusses, amyl
Amyi aectnle o] 1T Moinsses 431, ucetnte
[ L] 187 Amyl acelute Lo 841 Cuene mnlnsses
125 Snit_| U 1N Amyl acelate
171 Am{l acetnte, ‘m ] Cane moless
Mmmmm
dilference 3 Check, no atiract BRE.
Experlmenl. 2 {4 repli- Minimam  signific Beet molusses, lamaons
catas,: difference 237 Beot inolnsses, nmyl
Amyl ncetate 4 punees,
mnlasses, snit. . Check, no atiractant., .
Amry) aeatate 2 mmces. Shotwell, Montans, 1924, 1825 Day - old  (formented)
molasses, salt {41} replicates) haits:
Amyl neetate oances. Beot molasses, lemnons |
salt - Cnne Mmolissey, nmyl
Am%! foetatc 2 ounces. {lrass- neolate.
hop- Cang mnolasses, ‘tomons.
Bailt, lamnns, “molasses. .. Attrnetnnt ners Pest mo?ﬂssas amyl
Salt ... feed- acetnke. | mmm————
Amyl acetate 4 oun(‘es. ing Minimum: mgmﬂeam
molasses. ... oo, difference ...
Amyl acetale, salt
Minimnm signifleant N,
differenco.. _.o.o.__ | F Cnne melasses . e M2
E\periment 3 (¢ repli- Cane molubsab. umyl
cibesy: acetnie. heemeeeoo) M
§lacotate, mnodnsses, Beet molisses. ... o
e R 3 Cleck, nouttmcf.m:t 87
Amyincetate,snlt .
Lemons, molasses, sait. | 54
Y] J - ] Minimum :,il,niﬁwnt
Minimum s:gmnmnt difference_ _ .
difference. ...

t Guantiiles ere per 100 ponnds of bran.  Where not speeifetd the quantily of amiyl acotate was 3 ounces,
of molesses 2 gallons, of lenons | dozen. and of salt 4 pounds.

In the pan-bait tests with cane and beet molasses and emyl soetate
(tables 4 and 5) cane molasses was better than the check or beet
molasses. However, in the plof-and-cage tests {table 2) and the
laboratory-onge tests (table 3) neither cane nor bect molasses seemed
to incrcase the atitractiveness of the mash over the bait without
molasses.

Where canc molasses was compared with lemons (table 4), there
was no signifieant difference between the two. In 38 pan-bait tests
an average of 80.0 grasshoppers fed on the molasses and 73.8 on the
Iemons, The minimum significant difference was computed to be
8 grasshoppors,




EVALUATION OF BAITS IN GRASSHOPPER CONTROL 13

- Tanre b—Effect of varying quantities of cane and beet molasses and amyl aceiate,
alone and in combinalion, en atfractiveness of bails,! in pan-vail tests by Lockweod,
Montana, 1924

Experimant I {4 replivates) Experiment 2 (4 replicates)

Grass-
hoppers
Ieeding

Qrass-
hoppers
freding

Kind of molasses and quantity | Amryl

Xind of molasses gnd quentity | Amyl
. in gallons in gallons acetate

peetate

Onmnees Guncer
298

-

{

LR B L5 LA e R R ALY R DY L e e ]
e 3 T ofa ) 0 0 Wl e G080 G0 e T

Minimum signiflesut differ-
.2+ 1

i Quantities are per 100 povnds of brag,

In 13 plot-and-cage tests in North Dakote in 1933 (table 24) the
mortality with a bait eontaining cane molasses and sodium arsenite
was only 1 percent higher than with 8 bait containing sodium arsenite
alone. This was not significunt.

On the basis of all the pan-bait experiments (table 1) the chances
are about 3 out of 5 that the cane molasses will increase the atiractive-
ness of the bait, and then only 5 to 10 percent ab the most.

Regarding beet molasses little experimental work has been recorded
in the literature other than that by Cowan (8) in Colorade. In plot-
snd-cage tests Cowan found no significant difference between cane
and beet molasses (table 11). In one set of tests cane moelasses was
better than wet bran only, but in the other there was no significant
difference. Between the beet molasses and wet bran only, the differ-
ence was not significant in either of his experiments. The addition of
either amyl acetate or salt did not improve the abtractiveness of the
bajt. In 40 tests by the pan-beit method (table 4) Shotwell found
beet molasses to be less attractive than cane molasses and not signifi-
cantly different from the check. In two sets of tests in which he used
2 and 4 gallons of beet or cene molasses alone and in various combi-
nations with amyl acetate {(table 5) Lockwood found practicslly all the
baits with beet molasses significantly less aitractive than those with
cane molasses. The beet molosses was no bebter than the check, and
when used at the rate of 4 gallons per 100 pounds of dry bran it even
acted as a repellent.

In plot-and-cage tests in Montana in 1926 (table 2), where sodium
arsenite baits containing cane or beet molasses were compared with
similar baits with no molasses, the mortality with the beet molasses
was 5.9 percent less than with the cane molasses and 1.8 percent less
thap with no molasses. In later work in Minnesota (fable 2) the ad-
dition of amyl scetate scemed to make beet-molasses bait equal to
eane-molasses bait,
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The experiments show that cane molasses is considerably more
effective than beet molasses. The beet molasses bas never proved to
be of any value. The results with both types, however, were so
variable 8s to give no grounds for the use of either in poisoned bait.

The original object in using molasses was t0 make the poison stick
to the bran, and 1n the feed-milling process of mixing the bran and
arsenic it is needed for this purpose. The idea has arisen, however,
that molasses is an atiractant and, in spite of experimental evidence,
it is hard to convince people that this is pot so. The satisfactory
results obtained in recent Federal grasshopper-control campaigns
where no molasses was used have confirmed the experimental data.

AMYL ACETATE AND CITRUS FRUITS

Amyl acotate was fivst suggested for use in poisoned bait by R. A.
Cooley in 1818, and tested by Parker and Seamans (table 13), Their
conclusion that amyl acetate was better than othoer attractants was
based on the results of 3 days’ cxperiments by the pan-bait method.
In 1920-21 Parker carried on in Montansa three pan-bait experiments
comparing various combinations of amyl acetate, cane molasses, and
salt (table 4), but in only onc did he find a significant difference in
favor of the amyl nectate; and in two other experiments conducted
in 1928 in Minnesota (table 13) he found no significant difference
between amyl scctate and some other substances.  No checkcomposed
of woet bran alone was used in any of these tests.

In pan tests conducted in Montana in 1924 (table 6} Puarker found
no signifieant difference between bait containing bran and amyl acetate
and that containing wet bran alone. In work done in Wisconsin by
Painter, Fluke, and Granovsky (table 6) there was no signifieant
difference between the amyl aceiate and the check. Swenk in Ne-
braska (table 6) found no significant differences between various
quantitios of amyl acetate ranging from the equivalent of 1 to 24
ounces per 180 pounds of bran. In 75 tests in Montans, Lockwood
and Shotwell showed the amyl acetate to have some value {table 8),
Tn an average of 114 fests by various investigators (table 6) there
was 4 differonce over the clicek of bran and water that was barely
significant. However, in 76 of these cases the amyl acetate was more
aftractive than the check, s 35 cases the check was better, and in 3
cases there was no difference.

In two pan-bait experiments by the writer in South Dakota the
addition of amyl acetale to a bait containing sodium sarsenite, bran,
and wator did not give a significant inercase in its atiractivencss
(table 17).

The poen-bait observations indicate that the addition of amyl
acetate may result in an average increase of 6 or 7 percent in the
attractiveness of the bait about two out of three times.

None of the plot-and-cage and laboratory-cage experiments (tables
2 and 3) conducted by the writer showed any advantage m using
amyl gscetate in addition fo bran, water, and the toxicant. Cowan, i
two experiments carried out in Colerade (table 11), found amyl
acetate to be of no value.
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TABLE 6,— Relative altractiveness of baits conlaining varying amovius of amyl acetate in pan-bail experiments by several mvestzgators, 1923—24 :

(irasshoppers feeding on bait containing amy] acetate in indicated amounts

mun . Sig-

Investigators

Replicates

0 {check)

6 ounces

10 ounces

14 ounces

16 ounces
ini

B

nificant differ- |

3 . No.
Swenk (18) Nebraska. ... . . L | | 14 152
‘Painter, Fluke, and Granovsky._.} Wisconsin.... } | 2 4 . . 0 . veswas
LOCKWOOd. s o e vmvancnnrannen| MoOntana ) . 4 . . crrrm
Parker. cveeatlO il . .
Lotkwood aud Shotwell ummm}), dou. s . . -
Painter, Fluke, and Granovsky Wisconsin.... . . evmnn
(summary),
Summary of last three experi- - i
ments.

/
\

i

Sé’f
g
5
[l
Q
74
[
S
EJ
=
wn
[0}
=)
B
o
g_;
5
[=+]
Q
2
-
<
&
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Amyl acetate was employed to replace lemons, which had been
advocated for use in the poiscned bait. In 101 pan tests in which a
direct comparison was made {table 7), the average difference in
aitractiveness between these two was not significant. Of these tests
57 showed amy! acetate to be more atiractive to the grasshoppers, 43
showed the lemons to be mere sttractive, and 1 showed the two
materials to be equaily attractive. Experiments by Swenk and Wehr
{tables 7 and 14} and Painter, Fluke, and Granovsky (table 7),as
well as by the writer (table 4), gave similar results. Parker found,
in work done in Montana (table 4) and Minnesota (table 13), that
amyl acetate was significantly better than lemons.

Tasie 7.—Comparison of amyl acelate and lemons as altractants in baits in pan-bai
tests by scveral tnvestigaiors

Grasshoppers feeding on
bajt containing— Mini-
. . mum
Investigators State Year © Fosts | Do g, il
t;;c:?r:tlu “Lemons ¢ track-  differ-
g, Vdozent  aots ehee
:itmm‘csE " feback) -

. Number Number . Number ' Number Number
Swenknnd Wehr {863 ... .. . Neobraska . ¢ gz B omi? 10 ; 2
Painter, Fluke, nad Granovsky . .- Wisconsin ... . 1093-24 8 938 LOXGT G20 |
Average of six experiments by, . .. . | . - M 205 1% . Lo

several investigaters. .

! Quantities are per 1N pounds of bran and 10 to 12 gailens of water.

Since amyl acetate seems to be equally as attractive as lemons, and
is cheaper, 1t should replace them if they are of any value in the bait.

Both lemons and oranges were formerly advoeated and used in
baits, but their use has been discontinucd as too expensive. In 45
pan-bait tests by the writer (table 8) the same number of grass-
hoppers fed on bait containing ground lemons as on bait without
lemons. A summary of 53 tests {(table 8} shows a slightly significant
difference between baits containing femons and the check. In 29
instances lemon beifs were better than baits without lemons. in 23
the bait with no lemons was better, and in 1 they were equal. Ex-
amination of all the tables dealing with lemons and oranges shows
that their use in poisoned bran mash is not necessary

TanLe 8.—Comparison of allractiveness of bails containing lemons with baits not
containing lemons in a summary of all lests by the pon-bail method, Joniane,
1824-25

. Grasshoppers feeding on bait

Tnvestigators Tosts , :
With - Without | Ditfer-
lemons : lemons :  enee

]
1.
" L}

" Number © Number | Number
o : 65 - w5 g
Average of all reported experimeonts. . _ S 211 185 - Mif=i2.46

Lockwood, Bhotwell, avernce of o) experimonts. . |
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SODIUM AND CALCIUM CHLORIDES

The use of sodiwa chloride (common salt) arose from frequent
observations that grasshoppers would gnaw fork and hoe handles and
eat the armpits out of shirts, presumably in their desire for salt.

In Montana Parker (table 9) and Lockwood and Shotwell (tables
9 and 10) found that calcium or sodium chioride, instead of increasing
the attractivencss of the bait, usually acted as a repellent. In Wis-
consin Painter, Fluke, and Granovsky and in Minnesota TParker
found that sodium chioride did add to the attractiveness, snd Ford
and Larrimer in Indians and Swenk and Wehr in Nebruska found
that it cither acted as a repellent or bad no appreciable cffeet {table
9}.  Swenk found no significant difference between bait with ealeium
chloride and that without {table 9). These resubts might indicate
that in areas of alkaline soil salt does not add te the attractiveness of
the bait and in areas of less alkalinity it may help. Howover, as a
general rule salt should not be used in the Northwestern Stafes.

TaaLe §.—Relelive atiractiveness of bails containing sedium chloride, calcivm chlo-
ride, and without either salt wn pan-bait lests by several (nvestigalors, 1921-325

cal-

widd eheek

Cirpsshopywrs
fegding on hait
containiog--

elloridet

eLwrgin

Investigntor

vithur il

-

i |Yitferenee dlvlded by error

=
T

EChuek fwithout

Mo Na, . Ne. Ao, No,
Parker R - Montsun .. HOVERI L IBE —TRBRTLESY. R
Lackwood, Shotwell, nv- 0. de o 292425 U3 2 —12H 6 LSS Sk T —
erace ol pdl pxper- .
meaLs, .
Paimier, Fluke, and Grr- Wisronsin. . 18232 ERLIPE R A L I,
novsky, average of il :
CXPHTIINGDIES.
Ford end Larrimer, av-  Iodinna 1um oo, ez
ernee pfali cxporinenls.
Packer t1iy, . . Minnesets LTtk LT . 50 LKA A | R
Swenk andd Wehr 2 | Nebraska | 10E 1% 2(Hi, O B L T A S | S
dwenk (M - o . ey WL AN LY S eeem RS 8 ES

B powndds per W patnds of bras i Loekwond and Shotwell experisments, 4 pownds inoothers

TapLe 10 —FRelofiee altractiveness of varying amounts of sedivm and calcinm
chiorides i pan-buil lests {3 replicates) by Lockwooed, Vontana, 1824

Liraashon-
wrs feading

(hrassign- N . .
ors feisding Faly : Quantity |

Hale LQuanlity r

Foupds  Numiber ' ! Pounds | Number

Cheek, BORE. e, " -Ig’:g - 4 am

| %3? Caleivim phloride .. .. : :;g

Souium chlorikle ... .. - Tir . ) i 288

I Mmimto signifieant dil- : i
’ furvnce. : ;

JURIRT - 42
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If the farmers had attributed the roughening of their pitchfork or
koe handles by grasshoppers to the hoppers’ desire for the inereased
moisture in the sweaty handles instead of for the salt, there might
have been a different story regarding the use of salt in poisoned bait.

COMPARISON OF FERMENTED AND UNFERMENTED BAITS

Swenk (18) used various fermented and unfermented baits in 38
pan-bait tests. His results showed the unfermented baits to be some-
what better than the fermented baits, but not significantly so. The
average number of grassheppers feeding on the unfermented balt was
52.7, on the fermented bait 43.6, making a difference of 9.1, whereas
the minimum significant difference would be 10. In some of their
tests with lemons and ainyl acetate, Lockwood and Shotwell com-
pared fresh baits with baifs that had stood for 1 day before being
spread, and found the :lay-old baits {o be significantiy less attractive
(table 4}.

SAWDUST-WHEY BALTS

In the 1934 grasshopper campaign in Wisconsin 8,500 tons of a
sawdust-whey bait were used suceessfully. The formula was saw-
dust 1 bushel, whey 1 gallon, white arsenic 1 pound or liquid sodium
arsenite 1 pint, and water & gallon; and the bait was spread at the
rate of 20 pounds per acre. There appear o be no published ex-
perimental data supporting the use of whey, and H. . Wilson, of the
University of Wisconsin, states that in comparative tests bran-
molasses baits appeared to be better than the baits containing whey.
However, since whey is much cheaper than molasses, and good results
have followed the use of sawdust-whey bait, Wisconsin authorities
prefer to use b if only beeause the farmers have confidenee that it
attracts the grasshoppers.

MISCELLANEQUS ATTHRACTANTS

In tables 11 to 13, inclusive, are tests of several other suhstances as
attractants in poisoncd bait. None of these materinls proved of
sufficient importance to he seviously considered,  In some localities
farmers semetimes mix ground onion with the hait, but there appear
to be no experimental data supporting its use. In six pan-bait tests
with paris green, lemons, and molasses Swenk and Webir found no
significant difference when soap was added to the bait (table 14).
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TasLe 11.—Effeet of adding various atiractants to poisomed bails in plot-and-cage
lests by Cowan (3), Colorado, 1951 and 1952

Experiment !, 1931 {12 repiicates)

Experiment 2, 1932 (12 replicates)

Attractant gnd quantity 1

Mortality

Altractent sod guantity 1

Mortality

Beet molasses 2 gallons, amy! acetate
3 CUBCES e mmnaes
Cane mnlasses & gallons.
Beet molagses 2 gallons
Beet molasses 2 gallons, amyl acetate
3 onaces, salt § ponnds
Cane molasses 2 gallons, amy) scetate
3 aunees.. .
{’ape molasses 2 gallo
3 opnces, salt 3 ponods
Wet bran only {check) _
Prepared soreenings 5.
Salt 5 pounds.,.. _..._._ .
Salt 5 pounds, am v acetate 3 oloces
Beet pulp??, sait & pounds, smyl ace-
tate 3 ounces
Purina Sweet roughuge,t amyl acetate,
Jounces. _.___...
Minimmor signi

Percent
.- 63.

8.
ol

.

t difference._

4 |} Beet molassys 2 gallons

21 Cane molasses 2 gallons__________.....

& |} Beet pulp?, heet molasses 2 galions,

amyl seviale 3 ounces....

3 1 Beel molasses 2 gaflens, amy! acetate
BOUNCES oo e e cima i ceccnr s

Wt bran only {check) .

Amyl acotate 3 QUGCES . v e .

Canc molasses 2 gallons, amyl ncetate
3 eunces.

! Except where otherwise indicuted the materials giver were added to the standard hait ecpsisting of 1

juart of Hquid sodinm arsenite (8-pound matecial} and 14 gellons of water to 108 pounds of bran.

* Substitued for bran.

* Because beet pulp is more bulky then bran, the sodium arsenite was inereased by 50 percent.,

+ A commercial bait te which water only was added.

Tapre 12—Comparison of allraciiveness of bails with and without miscellaneous
atfraclonts in pan-bail tests by several tnvestigalors, 1924 and 19382

Atiractant | Investipator Sinte

;
i
]
t
b
]
i
'

]
. Grasshoppers
[ feeding—

] Wear . Drilferenee
{ With-
ol
silrag-

tant

With
* altrac-
tant

Cornoil, . ?I’nrkur“ e
Saccharin 1 do, .
Buger. .. .} Mol L
Apple-oll.. (] Puintey, Fluke,
ind fiteoovsky, |
shotwidl., ...l South Dakota

Montana,
Lde

Geranigl. . .

HIUE ¢ I I
l:V"i'isiconsin.._ j

Nwmberi Nurmber Numther
18 124

125. 8

i 5]

L 757
81

Numberi
133 1
FELL
14,0

1,661, 5

B

— 4. 28, 13
—I0. 7:4:10.91
T 2ETR AT

23%14.87

H
3
4

;1532 13

—fe1d.02

Ditler-
enge
divided
by error
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TaBLE 13.—Relative allractiveness of various materials and combmahon«: in bran bar!s, in 'pan bmt lests bJ several investigalors, 1914-—25

Hunter and Claassen (6), Kansay, 1014

Attractant

Experiment 1 (16 mplicnlm)-
Lemons
None (check)
Anise ofl
Vinegar . .
ftala beer
Mininmwmm signifieant dif+
ferenee

Bxperiment 2 (17 n-nll(‘l\h‘q).

Lonons
Pluln sirup
None {eheck)
Stale heer
Anise oil
Vinegar
Ornnges
I\IIu[umm slgnifiennt. dif-
ference

()rm:slms)-
pers feed-
ing

Niimber
12.7

10.0
9.8
\Ri}

Forid and Larrimer ), Indinna, 1928 (5
replicutes)

Attractant

Mukisses

Apple, molnsses
l.onmn-,, nolusses

Wet hrint alone
Oranges, mMolasses .. ..
Fusel oil, molpsses. .
Anise oll molasses .

Minimim sl;.nlﬂ(-unl dif-

ferenes

| Urasshop-

pers feed-
gy

Nuher
R

AN (Y
SRS

A8,

370§

d04. 8
qu7.8

i Experlmént. 2 {6 replicates):

b ey b

Parker ({1}, Minnesotn, 1023

Attractant

(1russlma»~
pers feed -
ing

Parker and Seamans (H), Montana, 1919

(3 replicates)

Lockwood and Shmwoll Montana 1924,

Attractsnt

Experiment 1 (5 replicates):

Amyl acetate, salt, mo-
lasses

Saht

Amy) acetnte, mualnsses |

\Iulmsow. salt
‘)plu flnvoring, sull, no-
nsses

Molasses

Hutyl aeetaie, snll, malas-
508

Lemons, molasses, sulf

Apple lln\orln},. molasses

Butyl nectate, molnsses

Lemions, molisses
Minimum significunt dif-

ference

Amyl acetate, molasses
Amyl neetale
Propylacetate, molasses
Butyl acetnte, ‘molasses
Lemons
Tityl aerinte. .
Lemons, molasses
l'rup\l pcetnle
Apple favoring, molnsses
\mnlu fluvoring
Ainimum signifieant il
ference

ETRO

Number

68.9
08,4
5.4
64,2

[

[ERRRR—

!

Cirnsshop-
pers feed-
ing

Attractant

Graszhop-
pers {eed-
Ing

Autyl acetate
Vanilln esteact
Watermelon

Salt

Molasses nid gult
" Vinegar

Oranges

Apples

: Cantaloup

Banunas
Lemons

- Leiton extriet

Minimum signifieant dif-
forence

I'urk('r. AMontana, 10924 (23

Antrnetoant

Caleinm chloride

Corn ofl, amyl peetate

None(cheek)

Corn o, amy! aleohol

Molasses, sult, nuy] acetnte,
water {standard ity

Culeium angd sodinm chlo-
;

rides

Number
120. 4
80.3
58.7
52.3
AT
51,0
L0
80,0
8.7
43,4
42.0
7.0

3.3

replicates)

Grasshop-
pers feed-
ing

Ntouher
K. &
.7
14%).
181,

140
107}

Minimum signifiennt, it

ferenee

7.2

Experiment 1 (10 ronllonles)
Amylacetate. ..
None RN
I’mpyl acetate .
Nitrehenzene -
Butylncetate .

z\linmunuﬁl;.nlﬂ(’nnm(llf-
foronee

Experiment 2 (13 replicates):
Amyl aceiate .

None (eheck)
Butyl acelate
Apple fluvoring .
Propyl sicetate
Lemaons
Nitrohenzene
Mininunn ‘;u‘niﬂcunt qif-
ferenee

Number

oz 7

AEATTIAINOV IO 'I4Ed 'S A ‘62 NILETING TIVOINHOTL
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TanLe 14.—Relotive aiiracliveness of various combinations of petson and aliraclants
in pan-bail tests by Swenk and Wehr (19), Nebraska, 1923

Experiment 1 (6 replientes)

Esperiment 2 {6 replicales)

Poison

Attraetant

| Qrass-
[hoppers
i feeding

Poizon

|
;

Grass-
hoppers
feeding

Attractant

White arsenic (re- i
Aued). i
Parisgreen_ . __.____

White arsenie (re-
ned).

Parispreen. ... ...

‘| Lemons, molasses, |

¢
1
1

:
Amyl acetate, me-

lasses

Lemons, molasses. .

Qranges, molnsses _

Lemons, molusses.

Amvl acefnle, nie- |

lasses, sull.

salt,
T.emons, molazses

jf\'mnb.?r,i!
Ayl neelate. oo

1
227.0 j While nrsenio

2 Calelum arsenite._.
208.7 l

il Parig green. . __
1982 |

157.3 ;l

205. 0

i ®oriium arsenite ..

H
.

rant difference.

E
&
Eg

= e 2 CAEES sl ~ICA

Oranges

TAmons, molasses, . .

lemaons, salt, . ...

Lemons._.. ..

Amyl acetate, salb_

Lemons, molasses.

Lemans, molasses,
S0a.

Harse manore, lem-
ons, salt.

Amnise 6il, molasses__

BEENEE

—
o
in

ji Minimum signifi-
Crude arsenic__.____. sAmy] aceiafe .. H
Anige ofl, molasses. i
AMinimum signifi- _.. oL
eant difference.

TABLE 15.—Relative atiraciiveness of warious guentilies of amyl acelate, buiyl
acetale, and nilrobenzene in pan-bait tests by Shotwell (8 replicates), Montana,
1924

Grasshopjers feeding on
hpit enntaining—

Tyl
neetate [

Guantity of atireant {ounce=)

Witep-
henrene

¢ Amyl
, acetalae
-‘ I

MNicmbe

Nunler

]!
59 ‘
56
4 |

Number
49

]

Girnsshoppers feeding on cheek boit (brun-arsenical-womer) .
Aliniinum significam, dillerenee _ .. 0 0 0 oL L

VALUE OF ATTRACTANTS [N BAITS

Many control campaigns have been successfully carried out with-
out the use of any attractents other than the moist bran itself. In
Claseade County, Mont., in 1928 about 38,000 pounds (wet weight)
of poisoncd bran, with no other attractants, were used on 2,250 acres
with an cstimated saving of crop valued at $33.750. In 1933, 200
tons of poisoned bran were used, without attractants, on an infested
area of 75,000 acres in Imperial County, Calif., with good results.

In Norih Dakota in 1928 the writer made large-seale field tests in
which about 3,400 pounds {dry weight) of poisoned bait were scattered
on seven farms, no atiractant being used other than the wet bran.
The bait was spread around the edges of the fields under exceptionally
rainy conditions during June and July, to keep hoppers from moving
in and taking the crops. The bran mash had to compete in attrac-
tiveness with rank vegelation and green crops such as wheat, oats,
barley, alfalfa, beans, and other vegetables.  In every ease crops were
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saved, the control ranging from 70 to 80 percent, and the growers got
a return of $3,000 to $4,000 on 2 340 expenditure for bait muterials.

In view of the results with molasses, salt, amyl acctate, and other
substances and the excellent results obtained withabait consisting only
of bran or bran and sawdust, arsenical, and water,it appears improbable
that these so-called attractants add much value to grasshopper
baits. This simple bait has been used during years of abuncdant
rainfajl in competition with all kinds of green plants and in the
State-wide campaigns of 1937, 1938, and 1939 and has proved efficient
when scattered properly. Some extension workers wish to eontinie
the use of these attractants because of the psychologicnl effect on the
farmer, but the cost of the bait is materially inereased without actually
improving its cffectiveness.

Carniens

BAWDLST

To reduce the cost of bhait, old sawdust is sometimes substituted
for a portion of the bran. In a pan-bait experiment to sl »w the
effeet of such substitution (table 16), baits containing sawdest were
in all cases less attractive than ali-hran baits, and the attractiveness
decreased ns the proportion of sawdust was increased.  In plot-and-
cage tests (table 24) there was no significant difference hetween all-
bran baits and baits eontaining 50 percent of sawdust.

Tar g 16~ Relative atlractiveness of bran and sawdnst and mixtnres of the twn
in pan-bail tests by Lockwood and Sholwell, Montann, 1625

Bait (32 repdicales:
e e e - h"i'l"l‘r‘

Crrags
Bran fawdusy | freding

Feregnt V- frergenf i . Nwmfer
1 s
Ta S aa
0 ; in
25 B 35
1] . R4
Minimom sigaificant

dilference.

Ul i percentaees pectain to bulk.

The results of a laboratory-cage experiment comparing baits con-
taining all bran and all sawdust and a half-and-half mixture, with
and without oil or molasses, are shown in table 24.  The bran-sawdust
mixture was equal in effectiveness to all bran in both oil and molasses
baits, but all bran was better than all sawdust. Dry bran gave
much better results than dry sawdust. Sawdust with molasses was
much better than either sawdust with oil or dry sawdust. The
three all-sawdust baits were the least cffective of all those tested.

All these experiments show the superiority of bran over sawdust
as a carrier in baits, and that if sawdust is used it should he mixed
with at Ieast an equal quaniity of hran. [In recent State-wide cam-
paigns, however, o mixture of 1 part of hran to 3 parts of sawdust
was nsed successfully in most areas, although some poor results were
obtained in irrigated alfalfa and in arcas of heavy rainfall and dense
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vegetation. Thera have also been cases where all-sawdust baits con-
taining molasses have proved effective after repeated applications.
In contrast to bran, sawdust iisclf is not a desired food, but the
nioisture makes wet sawdust attractive to the grasshoppers. Wet
sawdust alone may therefore be sufficient under extremely dry con-
ditions, but in the presence of heavy, green, succilent vegetation
bran js necessary. 'The addition of sawdust to wet bran prevents
it from lumping and thereby causes it to spread in a thinner layer
and in more uniform flakes.

DRY BRAN

Grasshoppers like dry bran (table 17), and if a poison that will
adhere to the particles of bran ean be mixed with it, a good bait results,
In some laboratory-cage tests powdercd barium fuosilicate proved
better than any of the other poisons (table 23). Sodium fluosilicate
and sodium arsenite were more granular and, when viewed under
the microscope, were found not to adhere to the bran particles as did
the more finely divided barium fluosilicate. When dry bran was
used, there was & better kill with bartum fluosilicate than with either
sodium arsenite or sodium fluosilicate.

TABLE 17—Relativejatiractiveness of dry bren, bran and waler, and various eliraciant-
toricant combinations in pan.bail experiments by Shetwell, Sowth Dakota, 1932

Experiment 1 {9 replicates) “ Experiment 2 (15 replicates)

t

Grass- | Grass-
Bait hoppers | Tait hoppers
feeding |1 feeding

Number !
Drybran. . . . aaao ... . 274 | Cone molasses, sodium  fluosilicate,
Bran and water............ .. _—— 197 {: brao, water Y
Cane malasses, sodium  fluo te, i Qane molasses, amyl acetat
DIAN, WaLBM . . ieucee . cicicccsmamnaas 184 arsenite, bran, water.
Cane molnsses, atny] sceiate, sodium Cane molasses, sodium aresnlte, bran,
arsenite, brao, water_._ ... ... .. ... 182 WAL . e iieeicimmmsaueimimcoan
Caur rmolasses, sodjom arsenite, bran, P Pran and waler. oo aciiievcmmmaeean.
: i BpdIum arsenite, bran, and water_ . __
Sodinm arsenite, bran, amd wnter_ ... W4 O ey Bran. .o cone v m e aamenaam
Minimum s{gnificant diference i Minimum significant diference
! !

Number

In plot-and-enge tests in North Dakota (table 24) there was no
significant difference between dry and wet bran except where a some-
what granular sodium fluosilicate was used with the dry bran, when
the results were in favor of the wet bait. In these tests also the dry
bran-barium fluosilicate bait gave about as good results as any.

OTHER CARRIERS

Other materials that have been used suceess{ully as carriers to re-
place all or a part of the bran are beet pulp, cottonseed hulls, and
citrus pulp. These products are important in certain localitics be-
cause of their availability in large quantities. Cowan in Colorado
found beet-pulp baits to be less attractive than those made with bran,
but not sufficiently so to ban their use when cost and availability were
considered (table 11).  There appear to be no published experimental
data regarding the use of eotfonsced hulls and citrus pulp. Other
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substances, however, such as oat hulls, ground straw, and pea bran,
have not proved of any use. Grasshoppers will chew on many sub-
stances, but they definitely profer those that are soft in texture and
are able to absorb water.

ToxicanTs

The toxicants considered here for use in poisoned bait are the various
grades of arsenic trioxide commonly called white arsenie, sodium -
senite and its aqueous solution (usually sold as liquid sodium ar-
senite), paris green, barium fluosilicate, and sodium fluosilicate. The
cride form of white arsenic was used most commonly because of ils
availability, and often in the hait tests a distinetion was not made
between the crude and refined white arsenie.  Whore reference is made
to the experiments of other imvestigators, the designations given by
them are used, but in publications it is belioved that all terts sueh
as “‘arsenie,” “crude arsenie,” “bag-liouse arscnic,’ ete., ean be inter-
preted as meaning products that were ossentially arsenic {rioxide
(A.Sg()a).ﬁ

In some pan-bait tests eonducted by he writer (table 17), by
Painter, Fluke, and Granovsky. and by Painter and Granovsky
(table 18), in which the relative attractiveness of baits with and witl-
cut an arsenical was studied, a significant difference i favor of haits
without arsenic was evident.  However, a bail withoul » poison is of
no value in grasshopper control.

TarLe 18- Camparisan of attractiveness of baits with and withoul an qrsenical in
prn-bait tests, Wisconsin 1523

e e - AP B TP -
1

! - fimsshoppers feeding - .
) : : on bait-—- : ) " Difference
Investigntors PoPests e s o Difirrenye divided
i TOwWith Withoul | ; by error

i foarsenionl | oprsenicn] |

Number  Nuwmber . Nuwber '
Tajnwr, Fluke, and Grinovsky. | ! 14 Kl h WA = IRT N NG &,
Painter e Granevsky . ... ... . ) a2 iR T =il N T 1

The relative elfectivencss of various poisons has been studied in
plot-and-cage experiments by various investigators (tables 19-21),
In most enses liguid sodium arsenite was equal (o crude white aisenie,
but white arsenic was betler than the dry sodium arsenite.  Paris
green was about equal (o the white arsenic.  Sodium fluosilieate was
a.more rapid killing agent, bul not better than while arsenic or sodium
arsenite in the final result. Barium Muosilieate was notl so offoetive
as soclium fluosilicate.

S e U, 8, Durenw of Mines does not classify nproduet even s erde while arsenbe inless il contains
mage than M pereent of As:Os: 1) yenrs apo Lthe eande products prrobmlly averaged abont 84 pereent, bt ng

nresent the e is more nearly 97 frcnl, Hefootl whine arsenie contiing ot least B pereent of AsCh,
Rag-honse white nosenie is a eritde farpe, wihich is in general more finely divided than the otlers,




TaBLE 19.—Relative effeciiveness of different poisons in baits in experiments by several investigators, 1921-33 !

Plot-and-cage tests

Ford and Larrimer (5), Indiana, 1921

(8 replicates)

Cowan-(unpublished), Montana, 1925

(16 replicates)

Cowan (3), Colorado, 1931 (12 replicates)

Laboratory-cage tests, Shotwell
Montana, 1933 (6 replicates)

Poison

Mortality

Poison and quantity

Mortality

Poison and quantity

Mortality

Poison and. quantity

Mortality

Paris green-.. ... ...
White arsenic (refined).
Crude arsenic........
Check, no poiso
Minimum signlﬁcant differ-

Percent
65.8

Crude arsenic 5 pounds
Sodium arsenite (liquid, 8-
ound material) 1 quart,
Check, no poison
Minimum significant differ-

Percent
84.
84.3
16.1

19

Paris green 4 pounds

Sodium_arsenite (liquid, 8-
pound material) 1 quart.

Sodium arsenite (dry) 2
pounds.

Sodium fluosilicate 4 pounds. .
Minimum significant differ-

ence.......... bt

Percent
96.1
88.8
86.1
82.3

0.4

Sodium fluosilicate 4 pounds. -
Barium fluosilicate 4 pounds..
Sodium arsenite 23% pounds...
Check, no poison

Minimum slgnmcant. differ-

Percent
87.8
77.4
50.8
1.4

22.3

t Quantities are per 100 pounds of bran.

TOYLNOD HHEJJOHSSVED NI SLIVE 40 NOLLVATIVAT
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TaBLE 20.—Relative effectiveness of various quantities of poison in bails in plol-and-cage tests by different investigators, 192>,

Swenk (19), Nebraska Painter, Fluke, and Granovsky (9), Wisconsin (4 replicates):

2

NIZETIRE IVOINHDEL  YF

Sodium arsenite (liquid) (3 replicates) White arsenic (2 replicates)
- Poison Quantity! [ Mortality

Quantity (pints) * Mortality Quantity (pounds) ! Mortality

Percent Founds | Percent
86.3 92.7
84.4

80.4
80.3

-
e
w

bt b O3 ] T
CHBEIRP
R o B K=Y

t Per 100 pounds of bran.
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TABLE 21.~—Relative e_ﬂ'ectweness of various quantities of arsenic and sodium arsenite, when combined with different attractants n plot-and—cage,
tests by Painler, Fluke, and Granovsky, waconsm, 19231

Experiment 1-(4 replicates) Experiment 2 (2 replicates) l Experiment '3 (2 repllca‘tgs)

Poison and quantity Attractant Mortality l’oisonpgqu%!:ggities in Atlractant Mortality P OISDHP%‘::‘(;]S?“BS in Attractant < Mortality

Percent . Percent
Sodium arsenite | Molasses 2 gallons.. .. 76.7 Ceeens Lcmous 12._.....4..” 95.0
(dry) 2 pounds. 3 E .

Sodium arsenite | Molusses 1 gallon, 3.3 Soap, 1 pound
(liquid) 134 pints. ﬁulto pounds, saw- s Lemons, salt, saw-
) dust ond shorts—
White arsenic 4 ‘\Io]nsses 2 gallons. . 67.2 (85-15).
pounds. Lemons. ... .-...... 3 Sodium arsonite
Sodium arsenite - I 3 Lemons,salt. .. .. . 3 (dry). 3
(dry) 1 pound. Sodium arsenite {1 Sawdust an

Check, nobait,......|........._ v 2 d 3 Arsenic4......ool.... ./{ shorts (86-15).
Minimum signifi- . (ry). 3l....d . Sawdast
cant difference. Check, nobait_.... .. . . Sodium arsenite (dry) 2| None...
Minimum  signifi- Check, no bait
cant difference. ) Minintum signifi-
cant difference.

— et 3 OO Q0 06 o
amIR R23E
LD [—~X-¥- ¥

! Bran is the carrier in all baits except where sawdust or shorts is indieated, and all quantitics of poison and attractant are per 100 pounds of bran,
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The following amounts of the various toxicants, based on 100
pounds of bran (dry weight), are recommended:

White arsenic__.__________. . _____ . pounds_. ]
Dry sodium arsenite____ . el .. do__._ 24
Ligquid sodium arsenite, 8-pound material ________________..___ quart. . 1
Liquid sodium assenite, 4-pound material _____________________ quarts__ 2
Sedivm fluosilieate. ______________ . ______________. pounds. _ 4
Barjum fluesilieate_ .. __.__ . ______ do____ 4

Paris green is not used extensively because of its relatively high cost.

For the liquid sodium arsenite the 8-pound and 4-pound materials
refer to the quantity of arsenic in the form of arsenious oxide which
has gone into the making of 1 gallon of the liquid. Poor results have
sometimes been obtained when 4-pound material was being used in
the same dosage as the 8-pound material.

Under experimental conditions in small plots some investigators
have found that either 1 pint of 8-pound liquid sodium arsenite or
3 or 4 pounds of white arsenic per 100 pounds of bran has been sufhi-
cient, and in supervised control campaigns in California satisfactory
results have been obtained with 1 quart of 4-pound liquid sodium ar-
senite. The neced of u stronger dosage is probably due to improper
manufacture of the poison itself or to inefficient mixing and seatter-
ing of the bait.

About the only record of an experiment with amounts of peisoned
bait per acre is that of Ford and Larrimer (table 22). They obtained
88 good results with 7){ pounds per scre as with 20 pounds (wet
weight). It is almost impossible, however, to scatter bait by hand
at less than 10 pounds per acre. With machine scattering amounts
from 5 to 7 pounds have proved successful. In attempting to reduce
the quantity per acre, however, one is also likely to do a better job
of scattering.

TasLE 22.— Relntive effrcliveness of various quantities of poisoned wel bran mash per
acre in plol-and-cage lests, by Ford and Larrimer, Frdiona, 1918

Mash per acre | : Mash per scre e
(6 replicates) | Mortality (6 replicaies) I Mertnlity
i -
Pounds Perceni Paundr l Percent
TV 21 12t I 76.9
m 814 175 .1
i) 8.7 5 F 72.6
15 i Cheek, no bait, 23.9
Minimom
significant
dilfcranee.. . ! 0.2
O Barrs

The worst feature of using poisoned bait in grasshopper control
has been the fact that it drics quickly into hard fumps, whereas it is
most cffective when wet. These pellets are unattractive to grass-
hoppers, especially to the young nymphs, which cannot eat them. The
maximum attractiveness of wet bran lasts only a short time, from 1
to 3 hours depending on conditions. For some time entomologists
have considered using a vegetable or mineral oil to keep the bait
soft longer (18a).
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In some laboratory-eage tests in 1933 (table 23) both types of oil
were used at rates of 1 and 2 gallons per 100 pounds of dry bran, in
comparison with baits containing molasses, The mineral-oil baits
were not significently less effective than the molasses baits. In one
experiment palm oil ranked first, but in all cases coconut oil was less
attractive than the molasses. Since both these vegetable oils are
more expensive than the mineral oil and not available in large enough
quantities, they were dropped from further consideration.

TaBLE 28.—Relative effecliveness of various oils and cane molasses in fluosilicate
and sodium darsenile bails in laboratory-cage tesis by Shotwell, Bozeman, Mont.,
1938

Experiment § (8 replieates)

Experiment 2 (5 replicates)

Poison ?

0il or molasses 2
({eeiions)

Oil or molasses

Poigon ! (zallons}

Mor-
tality

Sodinm flrosilieate. .

Barium finosilicate__ {

Sediwn Suosilicate..
Barium finosilicate__
Sedium Buosilicate..
Barium tinositieate__

Sodium srsenite_ __.

Cheek, no bain__..__

| Cane molagses 2
None {Iry bran)____
Brown nentmieil t, .
Coconut oil 1...
Cane molasses 2, .
None {dry hran)_
Coconut eil 1.,

Minuoum signifi- | L

cantdifference.

Cene tnolagses 2... ..

|
fPaimooil 2
|Cane molasses 2 .
i3 Light mineral off 3.,
{INone ¢dry bran), ...
YHeavy mineralail i,
T Light mineral nil 2.

Brownp neuiralail 2.,
H Brown neutral oil 1.
HCasonut ol 1. ..
ACovonutoil 2, ...
Check, nobeib. .. i oooooe

Minimum signihi- 1. ...,

cant differonce.

Borium Buosilicate._

Peree.

i1
L3

1 Sodiura and berinm Qyesilicate were used at the rate of § pounds and sodium arsenite was used &t M4
pounds per 100 pounds of bran.
# [n the haits containing moinsses wei bran was ased.

In plot-and-cage tests with various bait combinations {table 24)
a cheap grade of lubricating oil with white arsenie and bran ranked
first. There was no significant difference when either barium or
sodium fluosilicate was used 'n place of white arsenic in the oil baits.
In these tests only one collection was made, and that dircetly after
the first feeding period of 3 hours to give the wet bait an equal chanee
with the oil. Al the oil baits were made up at the beginning of the
experiment and used when needed, that is, for over a month. The
wet mash had to be freshly mixed for each test.

To determine the relative cffectiveness of oil and molasses baits
over a pericd of fime, two baits of cach type were scattered on
experimental plots in Northh Dakota, and grasshoppers from each
plot were eollected and caged al the end of the first day’s {eeding, and
at 24-hour intervals thereafter until five collections had been made,
From counts in each collection over a period of 3 days aftercaging,
the mortality for each of the 5 days the baits lay on the ground with-
out being replenishied was caleulated. The plots were arranged so
that fresh hoppers were moving in every day from adjacent areas
and there could be no crossing over from one plot fo anether. The
resubts are given in table 25. The oil bails were better than the cor-
responding molasses baits for all five collections.  The oil bait contain-
ing sodium fluosilicate was significantly better on all days, and the
oil bait containing white arscunie significantly better only on the
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second and fifth days.
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The oil bait eontaining sodium fluosilicate

was better than that containing white arsenie in every ease, but

not significantly so.
cqual in effeetivencss.

In the molasses mixtures the two poisons were

Tanre 24.—Relative effecliveness of variouns combinations of poisen, branorsawdust,
and oil or molasses ! in (wo experiments by Shotwell, 1958 and 1934

Plot-and-cuge tests, North Dakoa, 1933
(13 replicates)

Laboralory-cage tesls, Bozeman, Mont., 1984
(4 replicnles}

FPoison {nuantities
in pounds)

Other Ingredients

Mor- | .

Maor-

Paoison talily

i
1 R .
i Ciher ingredients

White arsenic 5

Sodium arsenils 233,

‘White arsenic 5

Bodium arsenite 245

Bodium fluosilieate 4
Sodium arsenite 214,
Barium fluosilicatan

Bodium Nuosiliente 4
Barjum flupsilicate 4

Bodium Quosilicata 4.

Barium floosilieate4
Cheek, no bait ... -
Minimum  signi-

feant difference.

Qi1 2 mllons, sry
bron.

Amyl aeelnte 3
oonees, wet hruq,

Dry bran. ...

Cane moksses 1Li.

rallons, wel bra
Werbran, .
Qil 2 pallons,
hran,
Bran-sawdusi. (0
) woet,

01}1), 2 pallons, dry !

TaO. B
Wethran. _.........:

i
i tality 4

D Percent!

\
ey |

Uheck, na hail.

-
h 5
PRy S

=¥ TN N
eRHHIE

T8

i Sodium  ilhosillenie

Percent
Fuel oil, hran-saw-
dust (a0-50).
Fuel vil, bran. . .....
Cane motisses, bon-
spwdust (G0-50).
Cane malnsses, bron,
Deybmn. ... ...
Chane molusses, saw-
dust,
Fuel qil, sawdnst. ..

4 paunds,

Minimum signifi-
cant iilference.

! All quantities are per W00 pounds of dry bran., . .
t The ol used in the plot-and-cape tes)s was o eheap prade of lubrieating oil, Soviety of Automative En-

gineers viscosity 40.

Tanre 26.—Relative effectiveness of nil end molasses bails afler standing on the

ground for several deys in plot-and-cage tests by Shotwell, North Dakota and
Montana, 1938 and 1934

COMPARISON OF OIL ANy MOLASSES, NORTH DAKOTA, 193 {0 REPLICATES)

Mortality of prasshoppers colleeted gn indientoed
day after baiting

Firsg
dluy

Second
day

Thirdl
day

Fourth
day

Filth
day

Bodium Nuosilicate, oil ... ... ... ..

White arsenie, oil

Sodlum fluosilicate, cane molasses

‘White arsenie, cane molnsses
Check, no batt..__. .. ... ...
Minlmum significant diffcrence.. ..

Percent Percent | Percent
8.8 N

il 6.0

Gl g LG
.0 ML 5.3
36.0 38,2 4.3
W 17 5% 10.3

Pereent
25.6
Bi.3
2.7

COMPARISON OF CRUDE AND I{E:.?I;\'

{2 REYP

ED OILS AND

MOLASSES, MONTANA, 1934
LICATES)

Bodlum fluosilleate, refined ofl. ... ...,

White arsenic, muolasses .occoovooiaeen,
Sodlum flnosillcate, molnsses.

White arsenfe, refined ol

Bodlum fluosillente, erude ofl.

White arsenic, crade. oil

Check, no balt

Minimum significaut difference.. . —..... ...
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Further laboratory tests were made to establish the fact that the
oil baits were more effective over a period of time than were the wet
molasses bails. Quantities of both molasses and fuel-oil baits were
prepared, and portions of each were used fresh in the cages, while
other portions were allowed to dry for 1, 2, 3, 4, and 5 dayvs before
being placed in the eages. Table 25 gives the results. Contrary
to the finding in plot-and-cage tests, there was no significant difference
between oil and molasses baits even after 5 days’ drying.

TaB1E 26.—Comparison of fuel-oil and conc-molasses baits when fresh and afler
slanding for several days vn laboralory-cage fesis by Shotwell, Bozeman, Mond.,
1934 (10 replicales)

', Alorality Aortality of grasshioppers fed bait that had
of gross- stood—
Iy of bait - happers
: Il fresh | : ] : .
; hnit . bday ¢ 2days ’I Jdays . Adays | Sdays
: i ;

i . 1
; o frereend | Percen Pereent | Percent ; Parcemt
Di. . . 8.1 1 0. 3 ; l !
) U= EET T, T i
Cherk, no bait . e : x2
Minunum sipnificant difference . .8 0.

40, 4 354 59.9

§5.8 §2.5
8.6 B.5
.8 4.6

14
5
e} G
4 L1
of @

il haits were used in the regulur control work of the experiment
station at Dickinson, N. Dak., with good results. A large batch
was mixed at a time, for use when needed, but it was still soft and
crumbly several days after application. Hoppers were observed
feeding on the baits for a week to 10 days after it was applied,
Another imnortant advantage of oil bait is that it can be scattered
with little regard to air temperature. It is not, of course, scattered
on rainy days.

In the course of these experiments the guestion arose as to whether
strong-smelling mineral oils could he used in place of the more expen-
sive refined oils. Laboratory-cage experiments were therclore
earried on in which baits coulaining refined vil and various types of
critele 0l were compared with a molasses bait (table 27).  'There was no
significant difference between the vils, and all seemed to be better
than the molasses bait. In this connection it might be mentioned
that ciled roads do not repel grasshoppers, for the hoppers congregate
on them in outbreak areas.

TapLe 27— Relalive effectiveness of various {ypes of mineral oil and molasses in baits
conteining sodium fluosilicate ' in laboratory-cage lests by Sholwell, Bozeman,
Meni., 1934

Exinriment 1 {7 replicalesy c Experirment 2 (10 replivates)

[P
Pereent | Prereent
83.1

[}
Crankeaseail ... ... . ... .. -4 Dieseloil ... ... Lo |
Reflped il .. .. .. . 2 i} Crude oil . L
Fuel of] (distillate) ... ... . . _ i| Molasses_ . . — T,
Cane molasses...........
Check, no balt. 'l
|
1
1

Minimun significant. diiferenve

Ol or molasses [ Mortality 0il or molasses | Morralivy
]
i

03,

2} .

Bi.1 1 Cheek, no balt .
o o Migtmum signiftennt diference

1hEn-Iium Nunsilieate was used at the rute of 3 pounds and the oils and molnsses at 2 gallans per 100 pounds
T
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Laboratory-cage ecxperiments are not conclusive, because they do
not repreduce outdoor conditions. In contrast to the hard pelicts
that fall in the field, the small quantity (0.2 gm.) of hard, dry molasses
bait is pretty well broken up when seattered in the bottom of the cage.
Oi bait was therefore tested in the field under campaign conditions.
At Havre, Mont., in May 1934, 20 tons of bait contaming crude oil
were furnished a number of farmers, who were organized to use it in
their control program. Several tons were seattered, but practically
no kills were obtained.

A reason was then sought for the failure of the oil bait. The crude
oil used contained a great deal of sulfur, and one chemist said that
the sulfur had combined with the white arsenic to form an insoluble
and harmless sulfide.  Since the same crude oil with sedium fluosilicate
had given good results in laboratory tests earlier in the spring (table
27), sodium fluosilicate was added to the rest of the already mixed
crude oil-arsenic bait. The good results obtained showed that the
crude oil was not acting as a repellent.  Further fiell tests indicated
that something in the erude oil-arsenic mix was rendering the bait
ineftective.

White arsenic and sodinm fluosilicate were then used in combination
with both refined oil, containing little sullur, and the ecrude oil,
containing a large quantity of sulfur, as well as in molasses baits,
in plot-and-cage tests in Montana. Collections were taken from cach
plot on 4 successive days. The results ave given in table 25. No
significant difference was ghown between the hest oil baits. In no
collection was the arsenic-crude oil mix much better than no bait at
all. The erude oil-sedium fluosilicate, the refined cil-arsenie, and the
refined oil-sodium fluosilicate baits proved as effective as cither of the
molasses baits. The results of these experiments indicate that there
is some basis for the opinion that the crude oil affected the toxicily
of Lae arsenic,

In further laboratory-cage tests (table 24) sawdust and oil was
comparcc with bran and oil. The sawdust and oil was not so good
as the sawdust and molasses, and a mixture of bran and sawdust
ranked at the top when used with either ail or molasses.

Not enough work has been done with mineral-oil haits (o justify a
recommendation for their general use, although Canadian investi-
gators and others in the United States have reported fuvorably on
them. In 1937 Illinois used 3,088 tons of mincral-oil bait in a control
campaign, with good results.

DIFFICULTY 1IN APPRAISAL OF RESULTS BECAUSE OF
POPULATION CHANGIS

During every campaign, in spite of the best instruetions and
earcful organization, reports come in from relinble scurces that the
poisoned bait is not doing any gooad. These reports are usually
based on a farmer’s obscervation that damage is not prevented and
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the grasshopper population is apparently not reduced. The general
belief that immediate and excellent results may always be expected
from onc application of the poison is & mistaken one, and usually
arises from “pep meetings” where the desire to get something done
prevents a plain statement of facts regarding the situation.

Ficld experiments carried on at Dickinson, N. Dak., in 1933, show
in a general way what effect one application of poisoned bait may
have on the grasshopper population.  Coliections were made by the
sweeping method (p. 8) before the applieation and every day for 5
days thereafter. The plots ranged from 1 to several neres in size
ancl imeluded all kinds of crops.  Sweeps were also made in similar
mnbaited check plots loeated elose to the baited plots.

In table 28 the average changes in the original population, on the
basis of the number of plots, for the 5 successive days are shown for
hoth the baited and unbaited plots. In addition, population differ-
ences for the same number of days are given for each of 10 unbaited
plots, arranged chronologically according to the first observation;
these data are v the nature of & survey of conditions in the unbaited
arca.

These experiments were conducted during part of the hatching
season, June 9 to 26, when it was very hot and there was considerable
movement among the nymphs.  Very little difference In effectiveness
is shown among the various baits when the check plots and the num-
her of replications are taken into consideration. The average redue-
tion in population on the baited plots ranged from 18 to 83 pereent.
Six out of the ten unbaited plots showed, on the whole, an inercase
in population, with daily changes ranging from —49 to +-145 pereent
or, stated another way, from 51 to 245 pereent of the original number.
Sueh fluctuations are probably onc reason why farmers become dis-
couraged when they see little difference n population, or even an in-
crease, after one application of bait, and say that it will not work. On
the plot treated with bait containing beet motasses there was a decrease
of only 18 percent on the last day of the count, while on the correspond-
ing check plot there was an inerease of 145 pereent. No farmer would
appreciate the 18-percent reduction, although in reality there may have
been a. total mortality of 163 percent of the original number on the
poisoned plot.  On the other hand, a maximum. reduction of 83 per-
cent was obscrved on the plot treated with amyl acetate bait and a
maximun reduction of 48 percent on the corresponding check plot.
Therefore, the actual mortality may have been only 40 pereent,
elthough it appeared to be much higher.  When it is realized that the
grasshopper populations with which the farmer has to contend are
extremely changeable, it is little wonder that he may be either highly
elated over his poisoning operations or much disgruntied. If he 18
given the facts mn the first place, he will know what to cxpect. If
everyone realizes that grasshopper control is a continuous fight from
start to Anish and et pays big dividends, a better attitude will result.




TABLE 28.—Percentage changes from original populations of live grasshoppers on baited -and unbailed plots as estimated by the sweeping method
on each of 5 successive days afler one application of bail in tests by Shotwell, Dickinson, N. Dak., June 1933

Average counts for corresponding

unbaited plots Individnal observations on 10 unbaited plots

Average counts from haited plots

Increase (++) or deerease (—)

Increase- (4} or decrease (=) Increase (4-) or decrease (—)
from original count

Bait) from-original count from original count
Bait

First day
Second day
Third day
Fourth day
Fifth day

l

% Qriginal count,
Second dey
‘Third day
‘Fourth day
Fifth day
Date of first obser-

vation

Original count
First day
Third day
Fourth day
Fifth day

{ First day

i

Num- & Num-; Pe | Nuwm-j Per-
ber p ; b cent
Sodium ﬂuoslllmle oil.. [ - : 3 4 58 89§ 0 5 L + 449 168
Barium ﬂuosxliczuo. dry bran . p 0 B 2 E ¢ 3 92
Sodium fluosilicate, cane mol . i E
Sodium arsenite, cane pnol:\.ssc:..- .
Sodium arsenite, beet molasses, amy
Sodimm arsenite, beet molasses
Sodium 'lrs(.‘nl[(‘. amyl acetate,
Sodium arsenite,
Sodium arsenite, bran-sawdust (50-501 . .
Sodium arsenite, amyl acetate. .. .

' All baits contained bran,
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PRECAUTIONS IN HTANDLING POISONED BAIT

White arsenie ts a fine dust and may enter the lungs and skin of
workers engaged in mixing bait and cause serious toxie effeets. To
prevent this the following preeantions are recommended: (1) A com-
plete change of clothing and o bath after each day's warl; (2) daily
washing of garments worn while mixing bait; (3) wearing firm-texture
coveralls, heavy shoes (nol oxfords), and gauntlet-type leather gloves
with soft ecotton gloves inside. The coveralls should be fastened
tightly around shoe tops and wrists and have poekets sewed shut,

When liquid sodium arsenite 1s used there is less danger of skin irri-
tation, but continued contact with Lhe moist bait may result in buras
if workers are careless.  Workers mixing this tape of bait should take
the following precautions: (11 Grease the hands frequently with petro-
latum, lanolm, or axie grease and work 1t under the fingemails; (2)
wear heav v rubber or well-ailed leather gloves; (3) when llfllnﬂ‘ sacks
ol wet bait wear waterprool aprons; (4) if ¢ Iot]nncr hecomes dﬂmp from
contact with bait, remove the c‘lutlnng and wash it thoroughly before
wearing it ngain; (5) hathe the entire body thoroughly after ench
dav's work.

Similar precautions should be taken when seatiering the bait.

AMMixed-bait contriners shiould be labeled “POTSON" in large letters,
Sacks of bait, as well as liquid from seepings or washings, should be
kept inaccessible {o livestoek and ehildren.  Poisoned bait seattered
thinky in flakes is never picked up by livestocek in suflicient quantities
to cause poisoning, but if it is seattered in lumps and in larger quan-
tities per nere, ankmals may cat it with disastrous results.

BATT MIXING

To oblain good results with poisoned baits it is important that the
mash be well mixed,  Various mechanical deviees hiave been used.
Conerete mixers amnd rolary structures mounted on axles running
diagonally through the box are among the lavarite devices, and thov
give o Lhmou«h and uniform mixture. The most frequently used
method is mixing by hand with shovels, mkes, or hoes in a tight wagon
box or on board ar concrete floors.  Sometines the bran and white
arsenic are mixed dry before the liquid ingredients are added, but it
is better o stiv the arsenic into the iquid ingredients before spreading
it on the bran.  When an insoluble poison such as arsenie is being
used in this way, the poisened liquid must be stirved constantly while
it is being addad to the bran,  When liquid sodium arsenite is used,
it is first diluted with the water.

A mixing station was set up in Warren, Minn,, in 1932 by Oscar
Pearson, grasshopper-control leader in Marshall County, one of the
most severely infested arens.  The mixing boxes were large enough
to handle 500 pounds of the dry materinl at one time, being 16 feet
long, 6 feel wide, and | {ool deeps, with slanting ends, and braced with
2- l:v-tls botit underneath and on the sides.  Rakes and hoes were
useel for mixing the bait.  More chopping is necessaey to wet a thor-
ough mix with a hoe, but when the men preferred hoes they wete
allowed (o use them.  From these two boxes o total of 1 ton of mixed
bait was Lurned out, in 100-pound sacks, every 20 minutes.  Four,
and somelimes six, men worked on eacl: hox, one man as supervisor.
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Daring the 1931 outbreak in South Dalkota a feed-milling company
developed o method of mixing by which the bran, white arsenie, and
melasses were run through the mixing miachines vsed in making stoek
feed. Hot mwolasses was used in this method., By admitting arsenie
at the proper rate into the hot molasses and bran and thoroughly
working the mixture over and over again, every particle of hran
became impregnated with the arsenic and molasses.  This bait was
then sacked and shipped in dry form and required only the addition
of water before application.  This produet has some advantages over
the home-mixed bait, A better mixture is obtained; (he dangor from
handling arsenic hy inexpericnced peeple is eliminated ; gnd the product
can readily be oblained from o single source, thus avoiding much
delay, which often proves disastrous in grasshopper campaigns.

To keep the bait from drying cut inle hard lumps, which are unat-
tractive to the hoppers, oil s somelimes mixed with the bran and other
ingredients.  The oil baits are mixed as follows: To 100 pounds of dry
hran inid out on a cement floor 2 gallons of 2 cheap grade of lubricating
oil (8. A. E. viscosity 40} is added and worked into the bran with a
rake. There is a tendency for the oil and bran to ball up, and 1L takes
longer lo work up the ol mix than it does the waler and molasses.
The poison ingredient is seatiored over the oil and bran, and agnin
the bait is thoroughly worked over.

BAIT SPREADING

In seattering bait it is essential that the mash be spread thinly,
eventy, and in sueh a way that it will fall apart as much as possible
into individual flakes. The grasshoppers, especinily the voung
nymphs, prefer the individual fiakes of bran, which they ean handle
mueh more readily than luups, and better resulis have been obtatned
with fiaky material.  For example, in North Dakota In the summer
of 1933 two farmers used poisoned hait from the same bateh on wheat
fields less than 2 miles apart in which infestations and other conditions
werp very similar,  They broadeast the mash on the same day and at
the same time.  However, one farmer spread his bait by hand Mrom
the end of a wagon and, in drder to make his portion cover the whole
field, he used it at the rate of about 7 pounds {dry weight) per acre,
seattering the mash very thinly by erumbling it through his fingoers.
The other farmer bad a smaller field nnd seattered his bait at the rate
of about 15 pounds per acre, spreading it with a fire shovel {from the
end of a wagon, The firs( farmer obtained from three to four {imes as
egreat a kill as the second,  An examination showed that in the second
field the mash bad fallen in large lumps whereas in the firss field it was
much more flaky.

J. C. Bussell, counly agricullural agent al Beach, N. Dak., who in
his long experience with grasshoppers has paid particular attention to
the amount of poisoned bait to use per acre, states that he has gotien
much bekter resulls from T to 8 pounds per acre than from 15 {o 20
pounds because in spreading it more thinly one tends more to break
up the lumps.  The most satisfactory amount for general use is about
10 pounds {dry weight) per acre,

Ancther important consideration in scaltering bail is 1he means by
which it can be sprend quickly and eoffeetively.  There are several
methods, each of which has its place undor certain conditions. It can
be scattered by hand from a container carricd on foot or horseback or
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in the back end of a wagon or truck, One person can cover in 1 hour
about 7 acres on foot, 11 acres from a wagon, and 18 scres from a
truck. This method is suitable for small fields, uneven ground, fence
rows, or paichy infestations. A fast method for hand scattering is
for two men to spread bait from the back end of a large truck.

Certain mechanical means for spreading have been developed which
involve the use of endgate sceders or lime sowers. These machines
will cover a strip 20 feet wide and give an even distribution with the
mash well broken up.  Of the two, the lime sower is preferred. The
rate of spread at a horse walk (2)4 miles per hour) is about 7 acres per
hour, which is slower than with other mechanical spreaders. These
machines wre also likely to become clogged, thus requiring a close
watch and frequent correction, which retards progress.

Several types of bait machines involving the prineiple of the straw
spreader on a eombine have recently appeared in the large wheat-
growing areas of Montana and the Dakotas. The simplest typo is a
horizontal rotating disk with four upright radial flanges, rigged up on
the bacl end of & truck. Motive power is furnished by connecting it
by nima.ns of a belt to & drive wheel mounted on the hind wheel of the
truck.

Other more complicated machines have been devised. One of the
hest involves the use of the drive shaft, rear axle, and hind wheels of a
discarded antomobile, and was devised by Sam MeCampbell,” exten-
sion entomologist of Colorado, who furmshed pictures and specifica-
tions for ils manufacture.  Figure 4 shows this type of machine. The
shortened drive shalt is used to rotate the spreader disk upon which
the bhait is dropped. It is placed in such a position that the disk tilts
upward toward the rear, producing a wider seatter. Blades fastened
to the spreader disk seatter the bait as the disk rotates. The baib is
fed onto the spreader disk through an opening in the bottom of a
hopper made from a steel oil drum erceted on & frame above. An
agitator within the drum and fastened to the drive shaft keeps the
bait running frecty. The machine is pulled by a passenger automo-
bile or a light truck, and the scattering is automatic. For successful
operation two men are neeessary, one to drive and one o wateh the
spreading machine and keep it replenished with bait and in good
working order.  The rate of travel and the size of the opening in the
boitom of the hopper regulate the amount of bait used per aere and
the rate at which it is applied.

More recently an improved bait spreader of this type was designed
by the Bureau of Agricultural Engincering cooperating with the
Bureau of Entomology and Plant Quarantine.® With these machines
bait can be spread ab rates up to 50 acres per hour, about 3,000 of
thiem of several types having been developed in Montana alone during
thie 1934 and 1935 campaigns., The first published deseription came
from this State (14).

Where a large arca or tall corn is to be treated, the airplanc has been
used cconomically and effeetively.  The rate of application has been
from 75 to 100 acres per hour, and the cost, including the bait, from 20
to 30 cents an acre. During past outbreaks involving control in
cornficlds it has been a problem to seatter the bait so the hoppers
would feed on it, for in het weather they are roosting and feeding on

TMGCAMPRELL, 843 ', GHASSIGPIER BAIT SPREADER. Caolo, Agr. Col. Ext. Sere, (188)-56, 3 Dy,
illps, 1930, [Processail.)

ST 5. DUREAD OF AGRICULTURAL ENGINEERISG AXD BUREAU OF ENTOMOLOGY AND PLANT DUARAN-
TINE. FOI3ON WAIT SPHEADER FOIL GRASSIIOFEER CONTROL. [14] pp, s 1939 [M Bineographed.]
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the corn plants. I the bait is tossed inio the air, as In airplane
spreading, it alighls on the leaves and in the axils of the leaves, where
the hoppers will readily feed on it

Fravun 4.---Mechanieal spreader for grasshopper bnit, Colorado, 1936: , Side
view; £, rear view,

TemrErATURE Ax3 TiME 0F DAY MOST FAVORABLE ror BAIT SPREADING

The time of applying the bail is lmporlant, beeause the amount of
feeding by the hoppers on the bran mash as it lies an the ground
varies greatly with air and soil-surface temperatures and sky and
wind eonditions.  Over a period of 10 years workers at the Bozeman,
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Mont., laboratory made numerous ohservations on the number of
grasshoppers coming to baits placed on boards or in picpans on the
ground (fig. 5). From 6 a. m. to 6 p. m. counis were made at 10-
minute intervals, and the air temperature af 4 feet, the soilsurface
temperature, and sky and wine conditions were recorded at half-hour
intervals. From the tolsl numbers of grasshoppers feeding during
each hiour the prreentage of the whole day’s feeding was obtained.
Converting to percentages did away with differences in populations
{rom wear to vear and from place to place. These records were then
classified according to the maximum air temperatures for the days of
ohservation, Only complete 12-hour observations were considered.

A total of about 150 days of obscervations were made in 1923, 1924,
1925, 1931, and 1932, The work was done durmg the 3 summer

Figrre 3. CGrasshoppers feeding on polsoned baits in pans, The method
used for determining the tolal number of grasshoppers fecding on the bait
cach hour during the more active daylight period.

months n the north-central andd ¥ ellowstone Valley arcas of Montana
and the Hamill distviet of South Dakota. The dally maximum air
termperatures ranged from 65° to 105° I,

The reaults of these observations are summarized in figure 6.
In all groups having 4 maximum air temperalure above 70° I' the
mean Lime of feeding occeurs hefore noon, belween dally maxima of
70% and 90° the means lie between 11 a. m. and noon with & narrow
range of 20 minutes, and in the two groups above 90° the means are
suceessively carlier and farther apart.

For days ineluded in the 60°-78° F, range of maximum air temperan-
tures the feeding was evenly divided between the moming and after-
noon.  Ondays when daily maxima ralged from 71° to 90° the greater
purt of the feeding was in the morning, allthough it was prolonged
cnough to warrant poisening up o abeut 3:30 p. m.  In the groups
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Ficune 6.—Percentage of the total number of grasshoppers feeding at various
hours of the day, classificd on the basis of daily maximum air temperatures,
Montana and South Dakota, 1923-32. M represents mean time of feeding
and ¢ the standard deviation of menan time of feeding.
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above 80° the feeding period was sarlier and shorter. When daily
maxima are between §1° and 95° the poison should be scattered before
10:30 a. m., and when they are 96° or above before 8:30 a. m. It
is not advisable to spread poisoned balts when sir temperatures are
below 70° or sbove 90°, even though hoppers have been observed
feeding sparingly on pan baits at temperatures as low as 53° and as
high as 96°,

In  scries of observations at Hamill, 8. Dak., in July 1931, the daily
feeding periods, on & mean hourly basis, were recorded for § suceessive
days when the air temperatures rose from below 70° F. to above 90°.
In the first three days feeding began between 6 and 7 a. m., when
the air temperature reached about 70°. The fourth day was hot
early, and the grasshoppers began feeding between 5 and 6 a. m,,
wheress the fifth day was cloudy until 7 a. m. and feeding did not
begin until this time; on both days air temperatures when feeding
began were close to 80°. During the maximum feeding hour the mean
air temperatures ranged from 78° to 85.1°, In four instances the end
of the feeding period came when the air tempersture resched about 90°.
During the second day it ended when the air temperature reached
only 83.3°, but the surface-soil temperature at this time was 113°.
Hoppers have [requently been observed fo leave the ground when the
soil-surface temperature reached spproximately 113°. There is
scattered feeding sbove 90° and below 70°, but in poisoned-baib
control the chief concern is with the main feeding period.

Nymphs and adults ascend the plants to roost during the night,
remain there until the rays of the rising sun penetrate to the ground
and the air temperature reaches at least 68° I, and then climb down
and move about on the ground from plant to plant. When the air
temperature reaches 90° or the surfaec-soil temperature 113°, the hop-
pers leave the ground, secking the shady side of plant stalks, fence
posts, or buildings. On hot days these two movements ususally
occur between 6 »nd 11 a. m. This fact explains why the greater
part of the fecding occurs in the mornings on days when the air tem-
perature rises above 90°. Cloudy sky and windy days are not
favorable for feeding.

Some farmers have adopted the practice of scattering o little poi-
soned bait on the ground to observe whether the hoppers are ready to
feed. They do not begin broadeasting until feeding is observed and
scatter only as long as the grasshoppers continue to feed. This prac-
tice works well, but it is safer to govern bait distribution by air tem-
peratures and sky and wind conditions.

Parker (Z1) in 1923 found that the maximum feeding period for
Camnula pellucide occurred when the air temperature first reached
73°—77° F. Later (12) he stated that Aelanoplus mericanus under
Montana conditions feeds sparingly at bran-mash baits at sir tem-
peratures of 55°-63° and soil-surface temperatures of 70°-94°, more
actively at air temperatures of 64°-67° and soil temperatures of 95°-
103°, and most actively at sir temperatures of 68°-78° and soil-surface
temperatures of 104°-112°,

During a great part of the summer of 1936 air temperatures did nob
get below 90° F. during most or sometimes any part of the 24-hour
day. InTowa, Nebraska, Kansas, Oklahoma, Missouri, and Arkansas
the hoppers roosted in the trees and shrubs all day, and the current
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recommendations for spreading poisoned bait in the morning proved
ineffective. There seemed to %)e o movement toward the ground in
the cool of the evening, however, and many farmers obtained good
results by spreading the poison between 5 and 8 p. m. on the ground
in the vicinity of the trees and shrubs.

FUNCTION OF THE ANNUAL GRASSHOPPER SURVEYS IN
CONTROL PROGRAMS

In connection with control campsaigns the United States Depart-
ment of Agriculture, in cooperation with State agencies, has for sev-
eral years conducted annual surveys of grasshopper populations for
the purposc of determining in advance the amount of control needed
in individual counties and States. At first the surveys were made
only in the late summer and fall, when the grasshoppers were in the
adult and egg stages. With these surveys it is possible to locate infes-
tations and estimate the amount of control needed the following year,
but it is not possible to predict what will happen when hatching com-
mences in the spring. For this reason additional surveys arc now
made just prior to hatching and during the hatehing and nymphal
periods as a means of appraising the current grasshopper situation.
"These nymph surveys have proved an invaluable aid in the allocation,
shipment, and timely use of poisoned bait, and they are now consid-
ered an essential supplement to the adult and cgg surveys.

Apurt anp [Lce SurvEYs

The method of making the adult and egg surveys was described by
the writer (76) in 1935. Grasshopper infostations are given ratings
from 1 to 5, according to their severity—that is, according to the
number of grasshoppers found per square yard and of ege pods per
square foot. From the rating given to each stop made in the course
of the survey it is possible to compute the percentage of infestation
for that stop and the average percentage of crop acreage involved for
the entire county. From fhis percentage of the total grasshopper-
susceptible crop acreage of that county, as given by crop statistics, the
acreage to be poisoned and the amount of bait required ean be com-
puted.

Nympu Surveys

For the nymph surveys from one to three representative points of
observation are selected in each infested county, and four or five vis-
its are made to each just prior to and during the hatchin g and nymphal
periods. The main objectives are to determine when hatching will
begin, how long it will Inst, when poisoning should be begun, how the
porsoned bait can he used most effectively against the different types
of infestation, and the effect of adverse weather conditions on the
number of grasshoppers.  T'o obtain these objectives observations are
made to obtain the following information:

(1) The number of nymphs per square yard in the field or congre-
geted along margins or on hatching grounds. In dense populations
and for first to third insters it is necessary to estimate on a. square-
foot basis.

(2) The number of egg pods per square foot still unhatched in rela-
tion to the number hatched.
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(3) The percentage of hatch, based partly on a comparison of the
hatched pods with the unhatched pods and partly on the judgment of
the observer.

(4) Weather records for studying the effect of weather on hatching
and subsequent development within the different grasshopper areas.

(5) The dominant or important species, together with the progress
of their development as indicated by the instars present.

(6) The extent of the infestation, which gives some iden of the area
of the sources of infestation in relation to the erop or grazing areas.

(7) Nymphal activity, as to whether the young hoppers are (a)
still along the field margins or on the original hatching grounds,
(b) moving into crops or migrating from cgg beds, or () distributed
throughout cultivated ficlds or over pastures and range land.

{8) 'The height of the crop, whether heading, tasseling, or blooming,
as an indication of the damage to be expeeted.

(9) Damage, noted as none, marginal, or general, and expressed
as 0 many rows, feet, or rods for marginal damage and as pereentages
and kind for general damage,

After data from all these observations have heen obtained, a
deeision can be made, first, as to whether baiting is necessary, and if
so whether it must be donc immediately or can be delayed. An
observation of the numbers of nymphs and unhatched eggs may show
that no control is necessary because of the light infestation. If only
a portion of the hoppers have hatehed and they are still congregated
on hatching grounds and no movement toward crop or spreading is
imminent, then poisoning operations can be delayed. Immediate
action is required if there are more than 10 newly hatched nymphs per
square vard, if the percentage of hateh is over 50 pereent, if grass-
hoppers are moving into the crops or spreading from hatehing grounds,
or il erops are showing damage.

Specific probiems will be revealed by the observations, For ex-
ample, at one place in New Nexico in 1938 Dissostetra longipennis
(Thos,) was hatehing out on & 5-awre egg bed.  Obscrvations showed
2,000 nymphs per square yard and 20 unhatehed pods per square foot
still in the sod. Examinations of eggs indicated that hatching would
continue for st least another 15 days, In the meantime the hoppers
wore spreading [rom the hatehing ground.  Secattering poisoned bait
on the 5 acres 3 to 5 times during the batehing period would prevent
the hoppers from spreading over 1,600 ueres at the rate of 40 per
square yard, which would be sufficient to take all the grass on the
ontire areg,

One of the fallacies in grasshopper control is the helief that the
hoppers on adjacent idle or abandoned land are not the coneern of
the neighboring farmers.  (ne observation in South Dakota in 1938
showed an average population of 1,500 nymphs per square yard over
160 acres of untenanted reverted land.  The spread from this one
ficld could destvoy all the grain on 15 sections. Although farmers
scem reluchant fo poison other people’s grasshoppers, it would not be
long before the hoppers on these idie lands became their property.
1f the neighboring farmers would join forees und eontrol thehoppers
while the infustations are still localized in such places, they would
save their erops from certain destruetion.
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PrEDICTIONS 4S8 TO BEcinNINe ANp LENcTH oF HatcEING PERIOD

In determining when hatching will begin and how long it may
continue, the factors to be considered are soil temperature, stage of
embryonic development, and the number of developmenfal units
necessary for the completion of incubation. Laboratory experiments
and field observations have indicated that the minimum cffective
temperature for egg development is approximately 60° F. There-
fore, a seil temperature of 1° ebove 60° acting through 1 day’s time
is considered as 1developmental unit,

It has been found that the number of developmental units neces-
sary for completion of incubation and hatching in the spring ranges
approximately from 100 to 400. It has also been observed that eggs
gathered in the field can be roughly clsssified into 4 stages of develop-
ment. In the first stage the contents of the eggs are & clear fluid,
in the second they become eoagulated, in the third eyespots develop,
and in the fourth there is complete segmentation of the body parts.
The number of developmental units necessary for complete develop-
ment from the beginning of each stage is roughly as foliows: Clear
fluid 400, coagulated 300, cyespot 200, segmented 100,

The length of time before hatehing may be expected is determined
by dividing the number of developmental units necessary to complete
development from a particular stage by the difference between the
average soil temperature and 60° F.  If eggs of a given species oecur
in all stages of development and the average soil temperature is 80° F
hatching will be continuous for at least 20 days, and if the average soil
temperature is 70°, hatching will be continuous for 40 days. Unsea-
sonably low temperatures disrupt these caleulations, but the method
does give some iden of what to expeet concerning the time of hatching.

In general, it can be estimated that eggs still in the first stage will
hatch within 20 to 25 days after soil temperatures abeve 60° F. oceur
daily, in the second stage within 15 to 20 days, in the third wilhin 10
to 15 days, and in the fourth within 5 to 10 dayvs unless already
advanced to the point of hatching.

This type of information enables one to determine in the spring how
much time is available in which to prepare for poisoning the hoppers
when they appear. It also gives some idea of how hatching may be
prolonged and baiting delayed, and the number of applications of bait
that may be necded to check 2 spread from the hatching grounds.

BAIT APPLICATIONS IN RELATION TO THE HABITS OF TIIE
GRASSHOPPERS AND TO FARM PRACTICES

When the farmer begins to fight grasshoppers on his own farm, he
must realize that vigilance and a knowledge of what to expeet, and
where to expect it, are more than half the battle. This involves some
techinical knowledge of the life history and habits of grasshoppers.

Young hoppers remain close to their hatching grounds for some time
after hatching, Hatching may extend over a period of § weeks.
Usually it is not necessary to poison immediately newly hatehed
nymphs noticed along the edges of the field, for under ordinary cir-
cumstances they remain there for several days before moving into the
crops. In receut years, however, early droughts have caused newly
hatched nymphs to attack crops ab onee. Under such conditions
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poisoning operations must be begun immediately, and repeated as
often as necessary. This means watching the whole situation from
day to day. Unplowed or uncultivated stubble felds are danger spots,
since sooner or later the young nymphs that hateh in them are going to
move into cultivated erops nearby. Heavy infestations in 1solated
places should also be cleaned up, because after they have become
adults the grasshoppers can travel & long way to reach and damage
crops. A farmer who “stubbles in” his grain in grasshopper-infested
land has a peor chance of gnining control; moreover, his ficlds becomne
a4 menace to the whole community,

‘When nymphs are migrating they are easily poisoned, and barriers
of bait can be set out abead of them. Such barriers should be placed
along that edge of the crop adjacent to the source of infestation, as far
into the erop as the hoppers extend, and also some distance into the
source of infestation. They should be 100 feet or more wide and
should be baited regularly, every day i necessary, at the rate of 10
pounds {dry weight) per acre. A field that is being infested by
migration should be constantly watched.

Another critical period oceurs during the harvesting of smell grains
and hay, which is usually in July and August, after the hoppers have
become adult. Many farmers have quit poisoning by this time because
of their harvesting activities. This is a mistake, because often enough
hoppers are left on & field of grain to destroy an adjoining corn crop,
which is likely to be just in the tassel and silk stage. When the grain
is cut, the pests begin moving inte the corn, and it does not take many
hoppers to destroy a corn ¢rop. They cat the tassels and silks first,
thus preventing fertilization and the formation of kernels. Close
examination of corn in fields that looked fine from the standpeint of
foliage has revealed from 25 to 75 percent of the kernels undeveloped
as a result of the destruction of tassels and silks.

Not only corn, but flax, alfalfa, truck creps, and the later grain
crops are endangsred by the grasshoppers’ moving in from newly cut
gram fields and dried-up pastures.  Sudden migrations toward greener,
more succulent food occur at this time.  The grasshoppers are both
hungry and thirsty. It has been observed that o person standing in
a cornfield during n hot, dry day will attract the hoppers, which move
up-wind toward him from distances as great as 30 feet and then
attempt to chew his neck, arms, clothing, and even shoes and laces.
Wet bran mash is particularly atiractive to them and effective under
such condisions. The crops remaining after the small grains have
been harvested can and should be proteeted. Furthiermore, these
crops may be used as veritable traps for poisoning whatever hoppers
are loft, therehy proventing them from huilding up again the following
year.

Some authorities have advised that it is hetter to wait until the
next year after a crop is gone hefore applying further control measures,
the idea being that perbaps nature will take care of them the next
spring. The error of this procedure was demonstrated in 1931 in
South Dakoeta, where cornfields left after all the sinall grain had been
destroyed were heavily infested with grasshoppers. It would have
been easy to poison them there, but since most of the county govern-
ments were without funds and discouraged, it was deemed advisable
to wait until spring. They were fortunate the following spring, for
many young hoppers were killed iy unfavorable weather conditions.
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In 1933, however, their crops were destroyed, and it seems very prob-
able that, had these people poisoned the hoppers in the cornfields
during July and August of 1931, they would have prevented some of
this destruction. By poisoning I female grasshopper in July or
August 100 to 300 young hoppers arc prevented from developing
the following spring.

REDUCTION OF BAITING BY SOIL CULTIVATION

It is well known that stubbled-in fields, that is, fields that are simply
disked and sown, arc the infestation centers in some grasshopper
outbreaks. Aost of the species tend to congregate their eggs around
the edges of such fields, but some also seatter them if conditions are
favorable. Afelanoplus mericanus (Sauss.) scatters its cggs more than
M. bwittatus (Say), M. differentialis (Thos.), or Camnula pellucide
(Scudd.), which crowd their peds together in soddy margins. In
outbreak years, however, cges of all these specics are often found
scattered through the fields m suflicient numbers to cause o ruinous
infestation.  With 3/ mesiecanus the numbers may reach 100 pods
per square foot.  This scattering of cgg pods increases the diffieulty
of poisoning the hoppers and in some cases makes it impossible to
effeet good control.

With this in mind many observations have been made to determine
the effect of cultural practices on grasshoppers hatching in the fields.
An example of the value of cultivation is taken from a previous bulletin
(15). A portion of Hill County, Mont., in the fall of 1925 was heavily
infested with cggs of elanoplus mezicanus, as many as 18 egg pods
being found around the base of a single stub in one wheat-stubble
field. This field was plowed amd thoroughly worked early in the
spring of 1926, before the cggs hatched, and was planted to corn; as
a result only a few hoppers issued and they starved to death before
the corn ecame up. Tn a rve ficld that was plowed and disked lase
in the fall few nymphs hatehed the following spring.  Newly hatehed
nymphs need food immediately and soon starve if none is within
casy reach.

Plowing around the outside of a ficld and working toward the center
after hatching has taken place has been used to good advantage in
concentrating nymphs in & small area, where a maximum kill by poison-
ing can be obtatned with a minimum expenditure of labor and mate-
rial.  Strips of plowed ground 50 to 100 feet wide have also been
successfully used as barriers to prevent first to third instars from
moving into crops from adjacent hatehing grounds, on which they
can casily be poisoned.

In Ward County, N. Dak., in 1928, most of the hoppers on a 40-acre
wheat-stubble field had been congregated on a strip about 30 feet wide
and onc-half mile long down the middle of the field, by plowing around
the outside toward the middle. Hoppers were also congregated along
the fence rows at each end of the field. This made a total of about 5
acres of unplowed ground.  Over this lieavily infested area 100 pouruls
(dry weight) of bran mash was seattered by hand between 8 a. m. and
12 noon. The following formula was used: Bran 100 pounds, water
10 to 12 gallons, liquid sedium arsenite (4-pound material) 2 quarts,
The next day more than 80 percent of the grasshoppers in this field
were already dead, and 2 days later practically all the hoppers were
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dead. It was the fastest kill oliained with poisoned bran mash yet
observed by the writer. Heavy rains had failen previous to the day
the poison was applied, the volunteer wheat and other vegetation was
very rank in this field, and there was plenty of other food present
besides the bran, The poison was spread thickly, but when it is con-
sidered that practically all the hoppers from this 40-acre field were
congregated on the 5 acres to be poisoned, 100 pounds does not seem
to be too large & quantity. ¥t would have required four times as
much bran mash, eight times as much time and labor, and four times
the cost Lo peison the entire ficld, and it is very doubtful whether the
percentage of kill would have been so great as that obtained on the 5
acres. The labor of plowing in this case can be considered as negligible,
beeause the field was to have been plowed anyway.

At Dickinson, N. Dalk., in 1933 there was & quarter-section of flax
stubble sown to wheat. About one-third of this ficld was plowed,
another third was seeded direct, and the remaining third was seeded
after double disking. On May 22 a genceral hateh of Aelanoplus
mexicanus occurred in this field. A count of the hoppers showed in
the portion seeded direct from: 50 to 100 per square yard, in the disked
portion 10 per square yard, and in the plowed portion none. One
¢ould distinguish the differently treated portions by the amount of
Russian-thistle present, The plowed one-third was practically clean,
the disked portion had a general scattering of thistles, and the arce
sceded direet was denscly covered with them.

In northern Montana during the spring of 1934 general recommenda-
tions for control hy plowing failed, because almost as many hoppers
hatched from the plowed as from the unplowed stubble. Upon
examination it was revealed that the surface soil was dry and crusty
arud brole up into lumps when plowed, enabling the hatehing hoppers
to work their way to the surface. To obtain a satisfactory control
the soil must he broken up and packed well, as shown by the lollowing
experiment:

On May 18, 1932, at Hamill, 8. Dak.. a plot 22 by 3 feet was spaded
to a depth of 10 inches and then smoothed ofl to simulate plowed and
worked ground. Shallow pic pans, each containing 500 eggs scattered
over it, were then buried ut various levels beneath the surface of the
soil, exact levels being marked by stakes alongside the pans. The
dirt filled in over the pans was not packed except by natural eondi-
tions. A tight wire-sereen cage was placed over cach pan, and counts
of hatched nymphs were made from time to time. The use of pie-
pans made it possible to disinter them laler and count the unhatched
eges as o check on the counts of emerging young and also to observe
what had happened to these cggs that did hateh. It was believed
that in the deeper soil the eggs would hateh but the nymphs would
not reach the surface. On July 11 the pans with a layer of 2 to 3
inches of dirt on them were cavefully dug up, inverted, and the
unhatehed eggs counted for each level.

The resulls, which are presented in table 29, indicate that most of
the cggs had hatched at all depths. At depths of 4 o 8 inches the
vermiform nymphs could not make their way {o the surface and died
in their tunnels, most of which were not more than 14 inches long.
Rain had waped the eapes placed over the pans at 2- and 3-inch
depths and allowed many of the hatched nymphs to escape.
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TABLE 20—Nymphs reaching lthe surfece and unhaiched eggs from eggs buried al
various deplhs in soil on May 18, 1932, in fests by Sholwell, Hamill, S. Dak.;
§00 eggs buried af eack depth
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After laying her eggs the female grasshopper leaves a natural tunnel
shielded by the walls of the pod for the escape of the hateched nymphs.
When cggs are plowed under and buried to a depth of 4 inches or more,
this natural means of escape is destroyed. If the soil is moist and
crumbly and packs well, plowing eggs under in the field prevents the
nymphs from coming out and narrows the required poisoning opera-
tions to the edges of fields and to roadsides. Usually these head-
lands and roadsides are about 3 rods wide, covering 6 acres to a mile
of fence. Since there are 2 miles of margin or fence around & quarter-
section of land, there are 12 acres of headlands. Plowing a 160-acre
field infested with cggs theoretically reduces the smount of land to
be poisened 92 percent.

SUMMARY

The various substances suggested for use in poisoned grasshopper
baits have been evaluated by a study of all the available experimental
data on such baits that lend themselves Lo statistical analysis.

Several experimental methods have been used for evaluating bait
materials—the pan-bait, plot-and-cage, laboratory-cage, and the
sweeping methods, and counts per unit erca. The plot-and-cage
method appears to be the best for determining differences between
baits, although the pan-bait method has given valuable data as to
fecding periods, and the laborator r-cage experiments have given
important leads for ficld work. One difficulty in appraising the
results of bait applications is due to population changes even from
day to day, as observed in unbaited areas.

The substances most commonly advocated for use as attractants in
poisoned beits have been molasses, amyl acetate, lemons, and salt.
In the experimental work cane molasses showed to better advantage
than beet molasses, baits containing the latter seldom being so good
s baits without molasses. Howcver, there is little evidence that
cane molasses is of value. Amyl acetate was used to replace the more
costly lemons, but experimental data do not support the continued use
of either of these materinls. Common salt was found to bo repellent
rather than an attrectant. Fermented baits were less attractive
than unfermented baits, and whey was found to have little vajuc as
an attractant. Nonc of the other substances that have been used
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for this purpose were found to have any value. It was therefore con-
cluded that the inelusion of attractants in poisoned baits adds
unnecessarily to their cost.

Although bran haes been the usual carrier for the poison, and is shown
to be superior to sawdust, which is cheaper, o mixture of equal parts of
bran and sawdust may be used, and even greater proportions of saw-
dust in the drier regions, Dry bran was as satisfactory as wet bran
when barium fluosilicate was the poison used. Beet pulp was less
effective than bran, but it may be substituted in areas where this
material is available.

The $oxicants used in bait are white arsenie (crude and refined),
sodium arscnite (dry and liquid), paris green, barium fluosilicate, and
sodium fluosilicate. Liquid sodium arsenite, crude white arsenie, and
paris green were equally effective and better than dry sedium arsenite.
Sodium fleosilicate was a more rapid killing agent, and is less harmful
to man and animals, but was not better than the arsenicals in the
final result. Barium fluosilicate was in general less effective. The
following quantities of toxicant per 100 pounds of bran arc recom-
mended: White arsenic 3 pounds, liquid sodiwn arsenite (4-pound
material) 2 quarts, sodium fluosilicate 4 pounds. Paris green is not
recommende:d because of its comparatively high cost.

Baits in which mineral oil was used instead of molasses were not
significantly less cffective than molasses baits, and after lying on the
ground for 1 to 5 days the o baits were more cffecttve 1 plot-and-
cage tests although not in laboratory tests. Crude oils were just as
good as the more refined oils.  More work should be done with oil
baits, however, before they are recommended for genceral use.

In the effective use of grasshopper baits other factors are important
hesides the right kind of bait.  In the late summer and fall adult and
egg surveys are made to locate and determine the extent of infesta-
tions, so that the quantities of materials needed the following year can
be estimated. In the spring nymph surveys are made to obtain infor-
mation on hatching and the type of infestation, for use in determining
when poisoning should be begun, how the bait can be used most effee-
tively, and as a general aid in the allocation of material.

For a bait to be most effective the ingredients must be thoroughly
mived. Mixing can be accomplished by hand or mechanical means.
Furthermere, a method of scattering that will cause the bait to fall
gpurt in individual Nlakes should be used. Ou rough ground, field
margins, and small fickds the bait ean be seattered by hand cither on
{oot or from a wagon or truck. The best method for larger areas is the
use of spreading machines driven from the rear wheel of a truck or from
the drive shaft or upiurncd rear axle of a discarded autornobile.
Airplane baiting may eventually prove to be the most efficient, if
certain operating difliculties can be overcome.  As good results were
obtained when the bait was seattered at (he rate of 71 pounds per
acre as at 20 pounds.

1t is important to scatter the mash at the time when the hoppers are
most likely to come in contact with it and will eat freely.  Grasshop-
pers usually begin feeding in the morning as soon as the air tempera-
iure reaclies 70° . and the sun’s rays penctrate through the crop to the
ground, and they continue until sated, or until the temperature reaches
80° or weather conditions becotne unfavorable.
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Stubbled-in crops become foci of infestation in grassho per out-
bresks. Eggs plowed under to a depth of 4 inches either fail to hatch
or the vermiform nymphs cannot reach the surface if the soil is well
packed. Disking does not prevent all hatching, but it reduces the
population. ~Since plowing prevents hatching, it narrows the require-
ments of poisoning operations to field margins, reducing the area to be
poisoned by 80 to 90 percent.
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Calciwmn chloride, 2, 17, 20
Cantaloup, 20
Citrats frait, 2, 14, See also bind of fruit,
Citras pulp,
Coconnt atl, 28
Corn oil, 2, 1%, 24
Cottangeed hulls, 2, W
Crankeage aff, 51
Diesel oif, 3t
Farmented! bpits, 18
Fiour, 2
Fuel oil, 30, 31
Fusel oii, 2, 20
Geraniot, 2, 19
Lomon extract, 2, 2
Temons, 12, 16, I8, 90, 24, 7.
Lubzleating oil, 2, 34, 36

Mee aigg Citrug frid,

AManure, horse, 2, 21

Middiings, 2, See afro Bron.

Mineral ofl, 2, 25, 29, 30, 31, 32. Se¢ alxa kird of
minerel off,

Molasses, 1, 2, 9, 18, 29, 21, 22, 27, 30, 31, 32, 6

heet, 2, M1, 11, 12, 13, 14,19, 33, 34
csoe, 2, 6, 10, 13, 12, 14, 4, 19, 23, 29, 30, 31, 34

Neoniral oil, brown, 24

Witrohenzene, 2, 20, 21

QOat huils, 2, 24

O, 22, 24, 39, 32,

Onion, 18

Oranges, 16, 20, 21,

Calm of, 24

Paris groen. 2, 18, 21, 24, 25, 28

Pea bran, 2, 24

Propy! ncetate, 2, 20

I'urina sweel ronghage, 18

Baecharing 3, 19

Snlt, 2, 12,13, 14, 15, 19, 26,21, 22, 27, Seeafso Sodium
chiaride.

Swwslust, 2, 18, 20, 43, 45, 30, 42, 34

Sercenings prepared, 19

Shoris, 2, %7, See afso Bran,

Kirepy, plain, 20 See afse Suger.

Soap, 18, 20, 27

Soditlm srsonile, 3, 10, 11, 13, 14, 18, 3, 23, M, 25, 26,
27, 28, 20, 30, 34, 45, 40

Sadium chioride, 17, 7). See nlso Sait.

Sodinm Mesilivate. 2, 10, 11, T, o4, 23, 285, 20, 10, 51,
22, 4

Sirow, 24

Sugar, 2, 11,10

Suenr-heet pulp, 2,19, 3

Vanitln ¢xtrace, 2 20

Vegatuble ofl, 5, 30, See also kind of regetalie off.

Vioegar, 2. X

Water, 1, 2, 14, 15, 22, 23, 36, 46

‘Watermolon. 20

Whey, 2,18

See alsn Lind of sl

Hee aiwn Titrus fruit.
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