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1., INTRODUCTION

Ag far back s records exist gracshoppers are reported
&8 injuring men's producta: The Bible and the writings of
tho aneient Bebyloniane, YNgyptisns and Greeks centain refer-
ences to the drecded@ locuste ag pests of agrieuliure. Al-
though man has had grasshoppers s Yoes for thousands of
yearg, it has been only in the last century thet he hes
fought anything but a losing battle. Lven in modern times;
with 2ll the maéchlinery and supplies of & scientific age
&t his commend, the part men plays in controlling such in-
‘gect pests le but smell snd temporvery to say the most.

The injury done by grasshoppers is & continual and
ever-present loss. The general public, however, becomes a-
ware of 1t only when ﬁhé insects inerease to & devastating
number, Ag early g 1775 there was an outvresk in South

Californis. During the period from 1860 to 1880 the ilasouri

Velley was ravaged by swarme of the Hocky Mountain Locust
or Higratory Grasshopper (Melunoplius mexziceonus Sauss)s

Since thet time grssshoppers have been & rvecurring problem
in the centrel and wesbtern stotes. During the last decade
an almoet continual campaign nae been waged ageingt them in
& numbar of theam atates.

Sinece gtatohood there have been three grasshopper oub-
breaks of m&jor importence in Oklazhomes The firest of these
occurred in 1916, the second in 19256, and the third snd most

recent in 1836. Generally, these outbreaks continued over
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& period of two to four years, The logt outbreak, beginning
in 1936, hes continued with undiminished force through 1937
and 1938. In the two years of 1936 and 1937 more than 100,000
bales of cotton, thousends of acres of corn spnd alfelfs,
many shade and fruit trees, and large cusntitics of truck
and garden plants were destroyed.

The attempted control messures for grasshoppers have
besn mony and varied. Some of these such ag making noises,
planting of p@iaonaus plants, and inoculation with disecces
snd parsaites, heve proved ineffectuazl, ?hosevthat are.
more or less successful are eultural prectices, burning,
trapping, ﬁOllGGtiﬂg,‘SpT&yiﬂg, dusting, and pcison baita.
While several of the above have been practicsl in Asia and
LAfrice, the mogt succewmsful method of control in America
hag been the use of poison baits,

Previous to 1936 no experimental work on grasshopper
gontrol had been dage in Oklahouwss At the beginmiﬂg of
this outbresk the recommended control methed wag the 80~
oslled "Kansss" or "stondsrd” beit. It aonsisbed of 100
pounds of bran,‘z gallons of molasses, £ dozZen lemons or
oranges, b pounds of Paris green or white arsenic, a&nd
water. This bait is very effective but iz &lgo quite ex-~
pensive., The demand over ‘the ¢ountry in 1936 for bran aoon
exceded the supply on hand and prices at once rose fron
forty to fifty por cents In recont yosrs chesper substitutes
or diluents for bran have been used, in some states, without
moterially decreasing the bait's efficiency. Further, the

time of day for spreading bait has been changed in mapy
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I, SUVILW OF LIVRATURE

It ig not definitely imown jJust whon polson baiis were
firet ueed In Jmerice., Hiley (70} reported some oxperimente
nad e uﬁﬁ@f bie supeorvislion ia 1877 Thoe balite consisted
odf flour and Faris grecn mixed st & yatio of 30 to 1. S0%h
éry eénd wet mixturer woro tried, In general, the workows
veported wery 1itile suscess spd Uiley concluded the buits
ware not pracitiosl.

Yhough experiments on beite uwere conlucted oo euvly
ag LBTT wnd loeter in 16656, 1t wiz not until shout 1900 tict
they mero reeomnended gansrelly by stuts exgerimamt,ﬁtatiansﬂ
This is indiesbed by the feot thot Ilupger (47}, Hunter (40},
Bruner {6}, snd Doten (20) Gid not 1ist poison baits in their
bolieting in discuasing control BGLBUTrGS.

Tire develepmant of grogshopper bails hus been tEES“gn
efforts of many workers in meny 4iffevent seotlons over o
period of the lust sixty years. Durlng this perioed of
moditication end chenge ths ?l ealled “K@nﬁ“‘ bzit®, duseribed

¢h to

p.w

above, wectns wocepteld &8 & general strﬂ&hré witih wh
aompure other ooubimatiocnss The constituents of ithls
"stondard’, sand of meny other balds, fall into three clopces

of materianls, secording %o thely function. Thero is slways

& filler, base or cuprier moberinl, sush 28 brog or puwiunbe

£31 balts contein & polsoa of pume puturec. Gonerslly,

Gor ain mebericls, celled attrahents keve boeon cdded. Thesc

ware hollieved o have abiractive quelitices fov grasghoppor
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ig proposed to review the litervatux development

unfer the heundg of carviers, poleonse, attreohents, 4ime of
nlications and feeding tempersturess, snd wmiscelloneous

developments.



A, CARRIER OR FILLERS

According to Riley (71) and Coguillett (1l), bran was
first used as & bait csrrier in 1885, In that year Coquillett
supervised the use of bran-mash bait in California, No
more mention of baits is made in literature until 1897 when
a bran-arsenic mash was recommended by Lugger (48) in Minne-
sota and by the experiment station in Kansas (8l1), for
gardens and small aress. In 1902, Woodworth (90) stated
that the bran-mesh had been used for several years with.
success against moderately heavy outbreaks in Californis,

The use of bran mash &s & control measure spread rapidly
after 1900, To illustrate, it was tested and recommended by
Bruner (6), Gillette (34), Craig (14), and Hunter (41).

The next important development of baits wae made by
Norman Criddle (15), of Manitobe, who used fresh horse manure
ags & earrier in his famous "Criddle Mixture™. Gibson (32)
reporte that this mixture was developed in 1901, but Criddle
(16) states that it wes first uwsed in the campeign of 1900.
Within the next fifteen years the use of "the Criddle Mixture"™
became somewh&at general, though the results were very variable.
Among those who tested &and recommended the bait were
Geismer (51), Weshburn (86), Houser (38), Scholl (75), and
Merrill (50). Workers that reported the mixture as unsatis-
factory were Hunter {4l) in California in 19205, Headlee in
Kensas in 1912, Milliken (51) in Kensas in 1916, and Ball (1)

in Utah in 1915.
During this period, while the "Criddle Mixture' had been
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popular, the bran-mash balt hod been experimented upen by
the addition of verious stitrchents. Ia zenersl, by 1915
most workerg were rvecommending some form of the "Honsag®

or "standsrd” bran balt. Those reporting wron bhuite 28 very

setisfoctory were Lovett (46), Gibson (53), Fanter

Deun (19), “ilson (8%9), Herrick [37), Horrill (54), Severin
(?6), Hilliken (81), Ford (£8), @nd Purker (E8).

@

The pext movement in bait Carrier development wos the
search for & cneaper gubsbitute or dilnent for bLram. This
movement, beginning sbvout 19156, has continuved until the
present time. Criddle (38), zgain the lewder, in 1914
reported suecegsful preoliminery experiments with savdust as
the earrvier. Gibson (53), the following yeur, after & series
of testa, stated sswdupst chowed great promise. Iorrill (BB).
in srizona 1918, found thot pure sawdust w2e only b2 per
cent sg effective g bran, but that & 50-50 mixture of bran
and sawdust wes ag good os the pure bren. Within the

next eight years, workergs that teoted spd recormended pure
sewduet baits were Davis {18) in Indlens, Parker (60) in

Montens, snd CGranoveky ilo ¥Wiscopsin. “ranovsky (36) re-

ported excellent vesults with pure sewdust in the compalgn

* 1926, swmpre {(B7) found thet a 50-50 mixture of one year-
pld sewdust with bren geve an effectiveness of 10-12 per
cent helow the stendsrd. Ford (28) reported results very
aimilory to Ffunro.

suceesstul

fussell (73) and Srenoveky (35) reported

rrule, consisting of sswdust (85 per cent) end Hddlings

-

beginning of &

or shorts (15 per cent). This merked the



series of oxperiments conducted by many workers ovor the
ecountry to find & sultable couating materisl for sawdust or
other cheay fillers, Sone of those doing this work were
Russell (74), Drake (21), 2nd Parker (1937-38, unpubliched).

A pnumber of other substitutes or diluents have been
tried and recommended, King (43), in 1907, tried ¢ succosa-
fol bait of Tinely chopped fresh green grass. Nervill (b0O)
said reports of successful use of alislifo meal came to him.
Swenk {82}, in 1918, recemmenﬁcd-thé uge of lucerne or &#lfalfs
meal. Purrell {8} stated the use of mill feed wes sguccesg-
ful in Washington in 1918. Buckell (7] substituted cow

vamare Tor bran in British Columbiz, Plint {25) reported

<
=
>
ot

oTn up newspéper, gocked in & zolubion of polson and
molagses, geve betler rvesulte than the stunderd. Idtechner
(bz) recovded muccessful results with finely cut green rye
or wheat in banitobe. Cowsn (13) indicated drisd beet-

pulp nad possibliities. Roberts (72}, in Hebraska in 1937,
reported thet pure corncobs and nure cornstalks showed

1i4tls promise, bul thet & mixbure of either of those with

bran was satiefactory.



B. POIBOHES

There sre four poisons that have been used and tested
extensively in grasshopper baite, These are, in order of
intredustion, raris green, srsenic, sodium arsenite, and
gsodium fluosilieate, Argenic (arsenious oxide), the bagic
formula dirom which most arsenicals &rve derived, is very toxic
and very cheap. lts chief disadvantape ig that it ie elow
to kill., Paris green (copper acete-arsenite) iz about
55 per cent arsenic. Its main advantage is thet of 2 gulck
kille. Ite disadventages &rve that 1t does not adhere well
end that it is relatively ezpensive, Codium arsenlte, gener-
glly sold in solution form, mixes rezdily and uniformly
with the bait. It is very toxic and is cheap. Sodium
fluosiliesle is o comparablvely recent polson used in baits.
It has & high toxmieity rating and i1s cuick to kill.

Paris green wzg the poison used in the first grasshopper
bait experiments in 1877 & reportoed by Riley (70}. ‘o=~
cording to Riley (71), mrmenic wos flrst used in grasshopper
baits in Californis in 1885, From the appearance of the
"Griddle Eixture“,vin 1900, until about 1920, recommendations
for poisons in balts were almost eguwally dlvided between
Paris green and arsenic, Ford and Leyrimer (29}, in 1921,
found the optimum strengths for these polsons, per 100 pounds
of dry bait, to be: PFaris sreen, £ pounds; white arsenic
% pounds; c¢rude srgenic 6 pounds. They stated the polsons
were all equelly effective when uwsed at these strengtﬂs.

Ballerd (£, in Bgypt in 1930, found sodium arsenite superior

[
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to Paris green and sodium fluogilicate.

Sodivm arsenite wos usod in Africa in leocust baits in
the latter part of the 19@h»éentury. It was first used in
this cowntry in grasshopper baits by Wsshburn (86), im 1911,
in the "Hinnesota lixture®. In 1923 Corkins (12) firmly
established sodium &rsenite as & killing sgent in baits. He
found that the optimum aﬁrenéﬁh, 1 nint (eight pound muterial)
per 100 pounds of dry bait, wes ss effective as baits gon~-
taining b pounds of white arsenie or 4 pounds of Peris green.
Swenk {(83) copneluded that the addition of molusses to white
arsenic baits deercssed their efficiency but that it in-
oreased the efficiency of sodiumw arsenite baits. Ford (27)
found that hoppers feeding on Paris gréen lived 80,5 hours,
those on wihilte arvenic, 43.9 haura, and those on erude or'-
gsenic 5O hours. Richardson (68) determined the median
lethel dose of the various polsons for grasshoppers, per
gram of body weight, 0 be: whiite srsenic, .36 mg.; sodinm
arsenite, .16 mg.; =odium fluosilicatbe, .16 mg.; and Paris
green, .16 mg. Since 198b, inveptiguaters who have tried
and recommended sodiuvm arsenite are Granoveky {35}, White-
head (88}, Granovsky iﬁﬁ), Richardson (68), Mitchener (83},
Drake (21}, snd Bigger (4).

Ag ctated above, Richardson {68) found sodiuwm fluogili-
cate to be equal to codium arsenite in killing power. HXNltchen-
er {53) reported godium fluoszilicate as giving 78 per cent
‘mortziity, which wes not guite as good sg sodium srsenite.

Parker (66) showed that fluosilicates were asm good o8 white

arsenic. Hoberts (72) indicates sodium fluosilicute wes sucosgs-



ful in Hebruskse in 16387.
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Co ADIRARENDS

Ag far as etirebents are concerned, grasshopper

Lper DEL1GE

are now buek wherc they sterted in 1877. Riley (7C}), in
1877, hed no abtrabent in his bait of flour and Faris green,
while Coquillett (11), in 1885, had suger in his bran-ar-
senic mash. Coguillett insists emphatically, however, that
the sugor had no attrsetive poweyr for grosghcppers and woas
pait to cause the avsenic to adhere to the bran.

Kt

In the years followlng, sugar or melesses came to be thought
Qf ag an attrahent sg well 28 an adhorence zgont.

Lt &8 very e flJ‘Pg210a, baits without any attrehents
were reconmended by Snow {81}, in 1897, Gillett (34),

Jayeic]

0
1]

1903, ané Craig (14}, in 1904. Uantil 1937, there wer
workters who ot various times recommended only molizses as

21

Howar

fis

an attrahent, Jome of these were (39), Brunocr (G),
Woodworth {90}, Hunter (41), Wasiborn (86), Seholl (753),
Ford {29), and Drake {s1). ;fcrﬁ end ILervimer (28), in 1920,
nade extencive tests with fruit and molssses They found
that bleckstrep molésses inereased the attractivenese of
nlain bran £8 per cent. Iliorrill (56), on the basis of hie
own experiments and & swmary of other workers' daia, con=-

aludea, molasees aided nothing to the effuctiveness of baitso.

Lerrimer (45) found thet molusses attrocted fewer grusshoppers

then elther plain water 0r 508D

Since the introduction of the "Criddle Hixiture™, salt

[€)]

hee boen rocommended ts an stirahent by meny lavestigutors.

Some of those that indlested it had wvelue in baits were



Gelsmar (31), Lovett (46), Houser (38), Caesar (9),
Granoveky (35), Parker (46), Criddle (15), and Mitechener
(62). Pettit (67) reported thet an excess of salt was de-
finitely repellant to grasshoppers. Ford and Lerrimer (29),
after extensive tests on attireshents, found that baits without
galt were £3 per cent more atiractive than those containing
salt. Cowan (13) stated that salt did not add to the
attréctiveness of baits,

In 1911, Milliken of Fansss started experimenting with
eitrus and other fruits aes attrahents in grasshopper baits,
The final result of his work, along with that of Dean (19)
and Hunter (42), was the "Kansas" or 'standard" formule. To
illustrate how generally the value of ¢itrus fruits as
attrahents was agreed upon, during the peried 1914 to 1920,
twenty of twenty-two papers reviewed recommended their
addition.

In 1920 Parker and Seamans (58) started the use of
cheaper attrahents by discovering amyl acetate &z an effeective
substitute for citrus fruits. Previous to this, in 1917,
Korrill (55) had shown there were no significent differences
between cantaloupe, oranges, tomatoes, lemons, peaches,
and wetermelons when used as attrahents. Flint (25) stated
that he got better resulte when 3 pounds of finely ground
green beans were added to 25 pounds of bran than when he
used citrus fruits., A year later Flint (26) reported there
was evidence to indiczte that attrahente were not necesssry,.
In 1921 Ford (28) tested 26 flavors and found that no flavor
at all and black strap molasses led in a total of 26,496
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Yhoppers countved, Lorvlimer [45) in o seavch for grusa-
hopper repellents found none in & 1list of 13 tested.

Chamberlin (10), in the four years of 1927-28~29-30, using
the cage mobhod developed snd deseribed by Ford and Larrimer
(29), tested thoroughly the effectiveness of various atira-
heute. Over ihe four-year period no significant difference
wes found betbween the mean mortality of 68.1 per cent for

all of the atbruhents znd 65,6 per cent for the plein water.



De TIME OF SPREADING AND FEEDING TEMPERATURES

The early writers on grasshopper baite did not state
the time of day for spreading. They either assumed that
one time was es good as another or they followed the rule of
~ spreading when the 'hoppers were feeding. Dean (19) and
Hunter (42) specifically recommended spreading bait between
5:00 and 7:00 o'clock a.,m. Ball (1) said to spread either
in the late afiernoon or preferably in the early morning,

As late as 1917 and 1919 Saierin (76) and Urbahns (84)
stated thaet the best time to spread wes in the late after-
noon. Since then practically a2ll entomologists have ree
commended spreading bait sometime in the forenoon. Grane
oveky (36) said that the proper time in Wieconsin was at
10:00 &.m. '

For a number of years entomologists have known thet
the feeding of greasshoppers was 1n£1nanned greatly by the
tempersture., However, it was not until 1923 that definite
temperatures at which various activities occour were deter-
mineds In that year Parker (62), wbrking with the Clesr-
Winged Crasshopper (Camnuls pellucids scud.), by means of
pen tests, determined the miéimum. optimum, and meéximum
temperature for feedlng on poisoned bait. These were:
minimum, 65-68 degrees F,.; optimum, 71-77 degrees F.;
meximum, not far sbove 80 degrees F. Parker (63) found the
temperature ranges for the lesser migratory locust (Mglanoplus
mexicsnus Saussure) in Montanz to be somewhet broader. These

temperatures were: minimum, 55 degrees to 63 degrees F.;
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optimum, 68 degrees to 78 degrees F,; meximu, not far &bove
80 degrees F. Lengford (44), working with M. bivittatus,

M, differentielis, M. fewur-rubrum and Chortophage yiridi-

fagiatus, found sbout the same range &s Parker did for I,

ga;icang.
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E. OTHER BAIT DEVELOPMINTS

The method of applying bait has undergone at least one
distinet chenge. Coquillet (11), using bran-mash in vine-
yards, in 1886, placed a teaspoonful of the mash &t the
bece of each vine., Hunter (41) thought the pile method
wes more effective than brosdeasting bait, Mach of the
early basit was put out in balls. Hunter (42), Geismar (31),
and Nerrill (50) used the pile or ball method of &pplying
bait, By 1915, however, nearly a2ll recommendations were
for broadessting it.

The rate of applying bait hes varied from 3 to 20
pounds per acre. Ford and Larrimer (29), in 1920, deter-
mined the optimum &mount of bran baits to be from 73 to
10 pounds, dry weight, per aere. DNMost recommendations at
the present time specify 10 pounds, dry weight, per aore.

For several years various kinde of oils had baen‘
speculated upon as possgible bait materials. In 1934, Parker
(66) reported satisfactory results in preliminary experi-
ments with several oils, Those reported as successful
were palm 0il, refined heavy mineral oil, refined light
minerel oil and low grade lubricating oil (vis. 30). The
lubricating oil was found to be as good as the "standard"™
bait, In 1937, Bigger (4) recommended fresh low grade
lubrieating oil (vis. 20-30) with solid poison in bran baits,
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II1. BEXPERIMERTAL

A, Attractivences of Baits and Influence of Temperature

and Other Conditions as Shown by Pan Tests.

Members of the genus Melanoplus were by far the most
harmful group of grasshoppers in Okleashome in 1936 and 1937.
The dominant species in alfalfa habitate were M. differ-

entiaiis, M. packerdii, M. mexlcsnus, M. foedus is@lyi and
lio bivittatus., The most sbundant in cotton flelds were M.

mexicanus, M. differentialis, Trimerotropis citrine, M.
angustipennis impiger, and M. blvittatus. The order of
abundance of the above species changes in gsome respects &g
the season develops, . mexicanus is usually most &bundant
in the spring, being outnumbered by M. differentislis during

the summers

1. HMethods

Small amounts of baite to be compared were placed in
peper plates, 6-8 inoches in diameter. The plates were placed
in & line 10 to 1Z feet azpart. From 4 to 10 replicates of
each balt were used. The same order of baits was kept
throughout the line of pans., Uniformity of vegetation and
population were sought in placing the plates. Practically
all tests were made in alfslfa fields.

The baits were mixed in 1 pound amounts the night
previous to the testing. Baits were placed in the pans in
the field during the period 5:30 to 6:00 a.m. No pans were
repldced with fresh bait during the day. Counts of the
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number of grasshoppers feeding on the baite were made at

30=minute intervals, Field glasses were used to make the
counta, The use of fileld gisasea enébled counts to be made
while the observer was at a distance of several feet from
the pans. It was found that very few grasshoppers were
disturbed while using this method.

Weather conditione records taken were temperature, re-
lative humidity, wind direction, wind veloecity, and sky con-
ditions, Temperature and relative humidity were determined
by whirling & Pehrenheit psychrometer four feet from the
ground, Wind veloecity wus described &s slight, fair, strong,
or very strong., Conditions of gky was deseribed as sunny or
cloudy, depending upon whether the pauns were in the sun
" or in the shedow of elouds. The &bove observations were
reoorded &t each 30-minute interval.

2, Number of Grasshopperes Feeding
on Various Bran Bulte,

Five bren baite of different formulas were compired as
to attractivencss by meuns of pan tests, The formulss of
the baite sre given below.

As Bran 100 lbs, water 10-12 gals,, white arseniec 4 lbs,,

molasses 2 gals,, amyl scetate 3 o0zs.
' Be Bran 100 lbs,., weter 10-12 gals., white zrsenie
4 lbs., molasses 2 gals, ground lomons 1 doz.
C. Brasn 100 lbs,, water 10-12 gals,, white arsenloe
4 1lbs., molagses £ pals,
De Bran 100 lbs., lubriceating oil (vis. 30) 2 gals.,
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white arsenic 4 lbs.
E. Bran 100 lbs., lubricating oil (vis. 30) 4 gals.,

white arsenic 4 lbs.

It ig noted that in this case &ll of the balts sontained

bran end white srsenice.

Table 1.
Number of Gresshoppers Feeding on Various Bran Baits
A B c D E

ite (Amyl Agetate) (Lemon) (Water) (0il 2 gals.) (0il 4 gals.)
L=36 181 204 190 168 166
2=36 209 216 193 281 234
2=36 88 76 90 113 94
3-36 56 51 2 41 | 38
=36 59 48 5T 46 59
‘otals 592 594 581 649 691
lating 100,0 100.3 98,1 109.6 99.8

Bait & (Amyl Acetate) was chosen &s & standerd bait
for these 2nd &ll other tests deseribed in this paper., The
rating was made on & basgics of assigning 100 to the standard
bait. While bait D (containing 2 gals. of 0il) leads the
others in totals there is no gignifiocant difference between
it and the othera.l Bait C (containing only bran, white &xr=-
senic, weter and molassee) is apparently as attractive as

the other baits. These date indicate that the addition of

1 phe Fisher Verisnce Method, a&s given by Snedecor (80), wes
used in all date esnelyzed in thls psper,
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either emyl acetate or ground lemons to bran-molasses-water
baits does not inerease thelr attractiveness for grass-
hoppere. These resulte &re in agreement with those of
Ford (28) and Chamberlin {10). Subsequent plot @and cage
teste (to be described later in this paper) substantiated

these preliminary tests.

3., Comparative attractiveness of Fresh and
Day-0ld Baits,
Table 2 shows comparative feeding on fresh baits and

one-day old baits,

Table 2,
Jumber of Grasshoppers Feeding on Fresh and Day-
Date Fresh 0lad
Amyl Acetate Amyl Acetete Fresh Lemon 0l1ld Lemon

6~9-56 131 83 126 98
6-10-36 123 87 108 80
6~10-56 58 35 b2 30
Totals 312 206 286 208
Ratings 100.0 66.6 91.6 66.6

There is no significant difference between the two
fresh baits nor between the two o0ld baits, There is, how-
ever, & highly signifieant difference between the fresh
baite and day~old baits. The day-old baits were only 68.9
per cent as attraective zs the fresh baits,

4, Comparative Attractiveness of Bran and
Sawdust Baits.
A series of 4 balits consisting of all bran, all old
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sewdust, one-half bren - one-helf old sawdust, &nd one-half
bran - one-half new sawdust were compared as to attractive-
ness. The sawdust, both old &nd new, was from pine. All
baits conteined amyl acetute, molasses, white arsenic &and
water.

Table 3.
jumber of Grasshoppers Feeding on Bran and Sawdust Baits

Date All Brem All 0ld Sawduet 3

% Bran %+ Bran
0ld sawdust % New Sawdust

6=24-36 68 40 65 76
6-25-36 85 2b 49 79
6=27=36 €8 37 88 78
Totals 241 102 202 233
Ratings 100.0 42,5 83.8 96.6

Although the amount of data presented in Table 3 is
very small it is obvious that bran is distinetly more attractive
than pure sawdust. Anslysis of the data indicates the
difference is highly significant. Subsequent pan and plot
teste verified these results. The a&ddition of 50 per cent
bran csused & distinet inorease in attractiveness. There

appears to be no difference between old &nd new sawdust,

5. Comparative Attractivéness of Various Baits.
During June, July and August of 1937, the following
baits were compared in & series of 15 pan tests.
The formulas of the baits tested are given below:
Ho. 1 - Bran 100 lbs., molésses 2 gals., amyl acetate

3 oz8., sodium arsenite £ gte., water 10 gals.
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Noe. 2 = Bran 100 lbs., sodium arsenite 2 qts., water
12 gals.

No., 3 - Bran 50 lbs., sawdust 50 lbs., sodium arsenite
2 gqts., water 10-12 gals,

No. 4 -~ Bran 100 1lbs., white arsenic 4 lbs., lubricating
oil (vis. 30) 2 gals,

No. 5 - Cottonseed hulls (bran) 100 1lbs., sewdust 50
lbs., sodium arsenite £ gqts,, weter 10 to 12
gals.

No. 6 - Cottonseed hulls (ground) 50 lbe., sawdust 50
lbs,, sodium arsenite 2 qte,.,, water 10 to 12‘
gels.

Ho. 7 - Cottonseed hulls (ground) 100 lbs., sodium
arsenite 2 qte., water 10 to 12 gals.

Ho. 8 - Cottonseed hulls (ground) 50 1lbs., alfalfa
meal 50 lbs., sodium arsenite 2 gte., water
10 to 12 gals.

Ho. 9 - Sawdust 60 lbs,., alfalfa meal 50 lbs,, sodium
argenite 2 gts., water 10 to 12 gals,

Table 4 shows the comparative attractiveness of these

9 baits.
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Table 4.

Number of Grasshoppers Feeding on ious Bail 1937

3aits 1 2 3 4 b 6 7 8 9
teplications
6=5-37 362 306 £98 174 163 282 336 323 266
6=9=357 162 219 362 329 172 1680 140 251 182

6~11-37 240 186 127 239 140 274 166 147 232
6-12-37 344 340 2068 382 234 240 263 321 313

6-14-37 118 106 108 115 45 62 57 85 79
6-17-37 192 204 162 227 206 176 191 244 268
6-18-37 2 71 973 100 30 53 26 7L 54
6-19-37 9 50 69 85 34 28 18 &8 AR
6=26-37 PR SR T DR R SN T e
7-1-37 “ M 1 3B ¥ 3 W a
7-9-37 4 62 51 66 12 12 17 21 24
7-15-37 R AT s R e IR e o
7-16-37 SIS e AR S
o R T TR TSI TR s EE SUNNRY SN
7-23-37 RSP RS T, TRIEE URNN, SeRe) SRS T

Total 1729 1615 1434 1786 1068 1316 1249 1566 1498

Batin32 100.0 9344 B82.8 103.3 617 76,1 72.2 90.0 86.6

Bait No. 1 (A in Table 1) was used as the standard.
There is no significant difference between Nos. 1, 2, and 4.

There is, however, & significent difference between these

& This rating is m&de on & basie of aseigning 100 to the
standard bait (No. 1).
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and the other 6 baits. Bait FNo. 5 (Cottonseed bran)

ranked last, belng only 61.7 per cent as attractive as the
gtandard beit (No. 1). No. 8 (Alfalfa meal-cottonseed hulls)
and No. ¢ (alfalfa meal-sawdust) rated 90 per cent and

86. 6 per cent, respectively, as attractive as the standard.
It is interesting to note that No. 1 (A) and Ho. 4 (D)

have the same order of rating in both Tables 1 ard 4. Bait
Ho. 10 (millrun bran 26 lbs,, sawdust %6 1lbs,, sodium
arsenite 2 gts., water 10-12 gals.) was added to the list

of baits on June 26, 1937, Table 4a is presented for the
purpose of showing the comparative attraotiveness of baits

Ho. 1 and No. 10.

Table 4a
Number of Grasshoppers Feeding on Baite 1 &nd 10

ite No., No. Ho. Ho. Ho. Ho.

1 10 1 10 1 10
»lication Hepligation Replication
5=26=37 32 26 7=18=37 19 16 8-19-37 4 5
7-1-37 4 36 7=23-37 5 8-25-37 63 49
7=-9=37 49 33 8-14-37 68 45 B=27=37 32 22
1=15=37 13 3 8=16-37 141 112 Totals 494 362
7=16=37 16 11 8-18-37 5} 1 Rating 100.0 73.3

If No. 10 were rated with the other 9 baite given in
Table 4, it would occupy 8th plsce.

6. HNumber of Grasshopper Feeding at Various Perioeds.
Seventeen pan tests were made, each beginning at 6:00

e.m., and continuing until 12:00 a.m. The results, given in

Table & and Pigure £, show total feeding on &ll baits by
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30-minute periods. With the oxception of a few cool days

in the spring, feeding on pans in the afternoon was generally
very light. The muximum feeding period occurred sometime
in the forenoon in esch of the 17 tests given in Table b.
Thercfore, 1t was not thought necessary to include afternoon
feeding records of the tests in Table 5.

In all of these tests, made under varying conditions,
the meximum feeding period was never earlier than 7:30 a.m.
nor later than 11:30 a.,m. Ten of the seventeen meximum
feeding perivds (Table 5) were between 8:00 snd 9:350 a,.m.
The meximum feeding period occurred 5 times at 9:00, 3 times
at 8:00, 3 times at 11:00, twice &t 9:30, once at 8:30, once
at 10:30, once at 7:30, and once at 11:30,

Pigure 1 shows the meximum feeding periods of 24 tests
made during 1936 and 1937. These 24 teste include the 17
teste given in Table 6 in addition to 7 others. These 7
tests were not included in Tsable 5 because they were not
begun each day until after 6:30 a.,m. Little change in the
dietribution of meximum feeding periode over the forenoon is
produced by including these additional 7 tests. Sixteen of
the 24 feeding peaks ocourred between 8:00 and 9:3C a.m,

On the basis of total feeding, shown in Table 5,
figure £, 54 per cent of all feeding ocourred between 8:00
and 10:00 a,m. Of the remaining 46 per cent, 14 per cent
ocourred in the period 6:00 to 8:00 a.m. &nd 3£ per cent
between 10:00 and 12:00 sa.m. The grestest number of

grasshoppers feeding were recorded at 9:00 a.m. These date
indicate that there is eonsiderzable variation in the time of

day thaet meximum feeding ocours, although the peak is usmally
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reached sometime in the forenoon.

7. The Influence of Temperature on Bait Feeding.

Figure 1 shows the temperature of the asbove mentioned
24 maximum feeding periods, It is indicated by Table 5 and
Figure 1 that the time &t which peak feeding occurs is
influenced by temperature. The temperature of & meaximum
feeding period never exceeded 89 degrees nor was less than
70 degrees., The mean temperature for the 24 maximum feeding
periﬁdn wag 80,2 degrees.

Pigure 2 shows the total feeding, by periods, of the
17 tests given in Table 6. Aecording to this, grasshoppers
fed very little &t tempersatures below 70 degrees, most
actively at 76 to B0 degrees, and deoclined above 80 degrees,
Practically no fesding was observed above 90 degrees. This
range of feeding temperatures is elightly higher than those
found by Parker (63) in Montane end Langford (44) in Colorado.
This difference is probably due to the faet that some of
the teste run in August and the latter part of July were
made during hot days when the temperatﬁrea at 6:00 a.m. were
72 degrees or above., In other words, the lower range of
feeding temperature was not present in some of the tests,
Phis fzot would tend to reise the mean temperatures.

A more ne&arly agcureate view of the temperatures of
moaximum feeding ie shown in A, B, C, D, and E of Pigure 3.
These graphs show 5 consecutive teste which were run during
the period June H6th to June 17th. In these teste the great-
eat feeding ocourred at temperatures of 70, 73, 75, 77,

and 8l degrees. The mean temperature of these maximum



feeding periods is 75,2 degrees,

By & study of Table 5 and Pigure 3 it i¢ seen thut
there 1ls & considerable decreace in total feeding on baits
in pans ce the season &dvances. Checking on the tempera-
tures for those days where little feeding wes done, it 1s
found thut they are relatively high, It wee found that
where the mean temperature for the period from 6:00 to
12:00 a.m, was much above 80 degrees, the total feeding on
péns for the morning was very slight. PF, ¢, H, I, and J
of Pigure 3 illustrate oeses where the mean temperature was
considerably &bove 80 degrees. A, B, C, D and E &re examples
of deys where the mean morning temperatures were about 80
degrees or below. The above data seem to indlcate that
poor kills with baits would reeult on days with high me&n
temper&tures, This would seem $o0 be especislly true if the
" temperatures &t spresding time were above the optimun range.
The extent to which this affected the percent mortality

of control tests will be discussed later.

8. The Relation of Some Other Factors
to Bait Feeding.

So far as is known, the influence of relative humidity
on bait feeding has not been definitely established. Some
information regarding the relation of relative humidity and
sunshine to fecding on balts is shown in Pigure 3. It is
noted in &ll of the gruphs that the relative humidity de-
ereased as the temperature increused, This is due, of
course, to the ingreased water holding capacity of the

warmer &ir. Until the optimum temperature is reached the



Table 5, Meximum and Total Feeding on Fans by Periods
: |

p 6:00 | 6:30 | 7:00 ! 7:30 | 8:00 | 8:30 | 9:00 | 9:30 | 10:00 | 10:30 | 11:00 | 11:30 | 12:00
Date }T HT mT HT ET HmT ET HT BT HP KT KT HT H
4 8 13 s TBBIJa (_LE_Q&EHQ: s| 98s| 86 s| 55 s s 8| 24 =

6=16=36}76 78 84 ias 89 190 90 90 90 BO 90 91 91
§ ¢ 12c| 28c| 250/ 48c 6lc| (68)c| 66| 63 c| 50 o 48 o 35 s| 25 s

6-23-361 68 69 71 =73 74 76 76 77 82 *35 84 85 86
13c 26c 505 958 97| 128 s| 106s| 149 8| 127 c| 138 s (162)e( 14l c| 120 ¢
6~ 5-37;62 9064 90|62 94|64 90 65 90|68 90|68 8568 B85(66 85 0 90/70° 77|70 77|71 81
168/ 16c 20c 38el 72 B7¢c| el 79 lo;&'?e 102 o (l18)e| 113 ¢
6- 9-37164 92/65 92|68 90,70 90 171 86|74 82(73 78|73 74(71 82 70 8673 7873 74|74 86
. 6c Be 6o 200 T4c| 68c 4o cL( Jo| 16c| 74 o 8 ¢
6=11=37 64 100|656 100 (64 100 65 90 67 85|66 95,68 85 71 82 2175 74!75 74|82 63
498/ 67c 80 c, 130s 205 s((302)s| 296 s| 2228 273 s 171 8| 155 s| 150 =
6=-12-37 70 90/70 90|71 82728 86|75 74|77 7578 7579 72 82 68/83 70/85 66/86 64
i 9o 220 25 0| 19¢c 19 o 20 c| 66 ¢| 85 o| 107 s (Li2)s| 66 ¢ 40 o
6=14-37; (75 "78/76 83!76 8377 7575 91,74 91(78 79/81 79 63 83 66/85 63/86 60
.;.?....5 36 s ls' 183s 228 s|( s| 173 8| 132 s| 95 o 64 ¢ 72 c| 48 ¢
6=17-37} {78 91|77 83|76 83 \ao 79/80 79|81 79/82 76/86 7486 74|89 67(89 60/89 67
: !_li 12 s .§_9_al 47 8| (53)s| 47 s ﬁarg@_s 18 s8] 16 s{ 21 s
6=18-37 {77 "88{78 87|82 73 83 7386 70|87 6489 54590 66 91 62/92° 6292 62/93 60
_12:5 243 53s 675 (88)s ?9&; 52 s | 24 s| 16 s 18 s{ 9 s 7 &=
6-19-37; 76 91/ 77 86|79 83 Bl 7582 72/85 63 86 6389 58190 58|91 58{92 ~ 59/93 ~ 59

Legend: Number of 'hoppers feeding is underlined; temperature in lower left; relative humidity in

lower right; numbers in parentheses indicate maximum feeding period for the day; letters
indicate sunny or cloudy.



Table 5, WMaximum and Total Feeding on Pans by Periods (continued)

l 4 l : § é E
6:00 | 6:20 | 7:00 | 7:30 | 8:00 | 8:30 | 9:00 | 9:30 | 10:00 | 10330 | 11:00 ;| 11:30 | 12;00
Date T HIT HT ET HT HT KT HT HT HyT HT x!'r H}T H
11s| 24| (29)s| 268/ 278 228 138 28 s 1l 1 0 s 0
6=26~37 80 72|83 62/85 59/87 57|88 55|90 b52{93 47 95 4796 44197 44198 41/99 37
118l 228 36c| (68)s] 585 588/ 2655 19 s, B8 s 0 s 0 s 0 s
7= 9=37 78 64|79 6480 64!83 54|84 57/86 50{88 57|91 44(91 44{93  44/94 4296 38
49¢| 63cf Bac| 87cf (9l)el Blof 6lof B5el 35 of 43 e 48 o 35 o 21 ¢
8-16-87;74 BC|75. 78|76 74|77 7579 72(79 7979 79(84 66/86 6387 63/85 66,85 62(86 60
f Oc/ 4c| 42| 688 94| 96s| (99)s| 7L s 63 s 45 s/ 32 s 24 s
8-18-374 68 95(70 9571 95,77 83|79 75/8l 72/82 72{87 63/86 63/89 6890 29(89 58
ilcl 283c| 19c¢ 19¢ 3Bo| 23c¢| 13c| 12e¢ 12 e 21 ¢ (38) ¢/ 20 ¢ 14 ¢
8-19-37{72 0|73 86|74 31|72 25/79 68|79 72|77 71(78 71|80 72(81 72|83 6985 63/86 60
le| 2e¢| 6of 12¢| 18c| 26e 28s| (B4)s! 23 8| 20 s| 8 s/ 4 s 1 s
8-25-37{74 90|74 90[75 91|76 86|77 86|78 8380 75[83 75/85 70i8C 66{88 64|90 60/92 56
7¢| 6el Fc¢f %7¢ 1W0el Zci(16)c| l4ef 13 sf 8 s 1 sf O s 1 »
8-27-37i74 86|75 82|76 82|77 78|77 78|77 82|82 76|85 66/87 6689 65/91 61{92 60(93
Totals| 90 290 | 511 | 763 | 1130 | 1365 | 1409 | 1372 | 1142 | 1123 | 1009 909 896
Legend: Number of 'hoppers feeding is underlined; temperature in lower left; relative humidity in

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

indicate sunny or ecloudy.
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feeding varies inversely with the relative humidity. After
this point is resched, feeding veries directly with relative
humidity. The relutive humidity of the meximum feeding
periods was usually between 70 znd 80 per cent. Since the
relative humidity is so closely influenced by the temperature,
it is believed that this apparent correlation of the relative
humidity with feeding is but & result of the more direct
correlation of temperature with feeding.

The rate of feeding, apparently, is not affected by
cloudy skies, the temperature being the influential faector,.
The sky was cloudy and the sun overcast during seven (4l.1
per cent) of the seventeen maximum feeding periods shown
in Table 6. In ninety-nine (46.7 per cent) of the total
212 fesding periods, given in Table 5, the sky waéas recorded
ag being ocloudy. Thus it is noted that there is little
difference between the percent of meéximum feedinsz periods
that were eloudy and of the percent of all feeding periods
thaet were ¢loudy.

The direection &nd veleocity of wind, as recorded in
these tests, do not seem to affect fecding on baits. It
might be said that no high velocities for wind were reaorded.

9. Relation of Pan Test Results to the
Control of Grasshoppers.
These pan test results indicate thut bait should not
be spread at certain speecified hours. Zven though peak
feeding in Oklshoms uwsuslly occurs in the forenoon, there is

a great deal of variation in the time of duy when maximun
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feeding occurs. Peak feeding 18 muoh more closely correlated

with & certain range of temperature (70-80 degrees). There=-
fore, bait should be spread when the temperature is not lower
than 68 degrees nor higher than 82 degrees. This is the

time when graseshopper sctivity is confined to the ground
surface,

There is evidence to indicate that it is advisable to
poison grasshoppers early in the season. Under ordinary
Oklahoma gonditions after the middle of June the daily
period of optimum temperatures (70 to 80 degrees) is relatively
ghort., This fzot would seem to decre&se the percentage of
mortality of bait control measures, In addition to this,
Langford (44) has pointed out that adult 'hoppers eat ale-
most 100 tives as much as firest instar nymphs. Purther-
more, nymphs &re generally concentrated in smsller &areas
where they cén be poisoned with the expenditure of less

time and moneye.
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B. Comparative Lificiency and Coste of Baits
&8 Shown by Plot Tests, 1936.

l. Methods.

During the period from July 1 to August 26, 1936, plot
tests were run in the fleld to compare the effectiveness of
13 baits. Baits were broadcast by hand in one-~half and in
one asere plots, &t the rate of 15 lbe. (dry weight) per
agore. The number of baite used in & single test never ex-
ceeded the number that could be spread in a period of 45
minutes, Spreading wes begun in every test =&t 6:00 &.,m.
Bait No. 1 (formmle on p. 19) wae chosen as & standard by
which to compare other balts, The standard bait wae spread
in all tests meéde. The order in which the balts were spread
waes rotated through the series, thus equalizing the time
element in feeding. Special efforts were mede to selsct
plots of uniform population and vegetation. The same weather
conditions as previously deseribed (p. 19) were recorded,

Previous to the staking off of plots, the field was
carefully surveyed with the &bove considerations in mind.
The grasssghopper population was estimated, using the method
suggested by Shotwell (77) in making grssshopper surveys.
By this method, the number of grasshoppere per square yard
was estimated while welking through the field at & uniform
pace. A modification of this was to count the number of
graashopperg &t rest on one sguare foot. It was found
that ratings made by different observers agreed in & great

ma jority of cases, Table 6 shows Shotvell's Rating of Infestatin.



Rating No. of "hoppers™ per squere yard
In Fields Pield Margins and Noadsides

Normal 1 1.0 4
Light 1.5 1.5 6
loderate 2 2.0 8
240 3.0 12
Heavy 3 4.0 16
B45 6.0 24
Very Heevy 4 8,0 32
4.6 12.0 48
5 16.0 64

The per cent of mortality was estimated by two methods.

Mrst, the originel estimated populztion waes compared with
the population of the third dsy after poisoning. Second,
the number of dead grasshoppers per square yard wa&s gom=-
pered with the number per sguare yard of the original pop-
ulations 4n average of these two figures was taken &s the
mean mortality for & plot. To illustrate: 1f the per
cent mortaelity es estimated.by the first method was 70
and that by the second wes 80, the mean of the two or 75,
would be recorded zs the per gent mortality for the test.
Plot teste were rur in alfelfa and cotton fields. A
square frame, one square yard in area, was used for making
counts of dead grasshoppers in the alfalfs fields, These

counts, ten in number, were taken &t random in the eentral
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part of the plot. In cotton fields, counts were made in &
space ten feet long including one row and one-half of the
middle on each eide. Ten such spaces were counted from each
plot., The mean of the ten counts made in each plot was
taken &8 the aversage number of dead éraaahoppera per square
yard for the plot.

Occasionally, drifting of the polsoned grasshoppers to
neer-by trees oocourred. In these cases the dzts were dis-
carded, Very little intra-field migration was noticed.
This wae probable held down by selection of fielda of uni-
form vegetation., 4 few tests were eliminated because of
migration from near-by grein fields, which had been cut.

The formulag of the baits tested are given below.

l, Bran 100 lbs., molasses 2 gals,, amyl acetate 3 o0zs.,
godium arsenite 2 qts., water 10-12 gals.

2. Bran 100 1bs., sodium arsenite 2 gts., water 10-1l2 gals.

23, Bran 100 lbs., molasgses 2 gals., sodium arsenite 2 qts.,
weter 10-12 gals,

3« DBran Bo'lba.. gawdust 50 lbs., sodium arsenite 2 qts.,
water 10-12 gals,

4., Bren 100 lbs., sodium arsenite 2 gts., 0il (vis. 30)
2 gals,

15. Bran 50 1lbs., cottonseed hulls 650 lbs., sodium arsenite
2 gts., water 19-12 gals.

13, Cottonseed hulls 76 lbs., shorts 20 lba., molasses
1 gel,, sodium arsenite 2 qts., water 10-1lZ gels.

ﬁé. Sawdust 85 lbs., flour 15 lbe., sodium arsenite 2

)

qts., water 10-12 gals,
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17. Bran 50 lbs., osne pulp BO 1lbs., sodium ars8HA¥¥iz qts o

AGRICULTORAL & MECHANICAL €O

water 10-12 gals, LIBRARY

21. Cottonseed hulls 100 1lbs., sodium arsenil\e 131938
water 10-12 gals,

14, sSawdust 100 lbs., sodium arsenite 2 qts,, water 10-12
gels,

18, Cane pulp 100 1lbs,, sodium arsenite 8 gqts., water 10-12
gale,

20, Commercizl bsitd eonsisting largely of rice hulls,
molapgses and poison.

As shown 1n the formulus, sodium arsenite (4 1lbs. 4503
per gal,) wus used as the poison in 211 baits of thie
series, Its effeotiveness has been established b, many
workers snd with water baits it mixes more quickly and
evenly than vhite arsenics The date of these plot tests

are summarized in Tebles 7 und 8.

2. Costg of Baitse.
The coet of using & bait is incurred in two waya,

There¢ is the time und labor spent in mixing and spreading
the balt and the cost of the mater 1&18 a&mpoaing it, One
man-hour oif labor is allowed tcr mixing 100 lbe. of bait.
Some of the buits mixed more quictly and easily th&g others,
but, in general, the allowencd -wes’ fatrly scouréte. One
man-hour and one team-hour of labor, as suggested by Parker

(64), were allowed for spreading 100 lbs. of bait. The

s Phie balt wes tested because & loczl mill had prepared and
gsold considerable emounts of it.
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wages (20 cents per hour for & man and 30 cents per hour for

a man and team) were based on farm-labor survey date collected
by the Agricultural Egonomies Department of Oklahoma Agri-
eultural and Meehanigal Collegee.

In determining the coet of materials, the prices used

were bssed on the aversge priees paid by consumers in
Stillwater, Oklshom& sinece 1930, when buying relatively
sméll amounts &t retail prices. In the cuse of sawdust,
only the hsuling expense of $4.00 per ton wae sllowed. A
price of $12,00 per ton was sllowed for sottonseed hulls,
The costs of sawdust beits, ae given in Table 7, will be
too low for those seotions of the state where shipping for a
gongiderable distanee is necessary. On the othsr hand, the
costs of gottonmeecd baits, &s given, will be too high for
the seetion that has an abundant supply of hulle near at
nand, These changes in the relative coste of sawdust and
cottonseed baits must be made when recommending baite for
the southwestern part of the state. To illustrate, the cost
of sawdust in Kiowa and adjocent counties in 1938 wes $12,00
per ton. Due to local mills having & lerge supply of cotton=-
secd hulls on hand, and being interested in protecting the
cotton erop for this section, these concerns eold hulls to
the mixing stations at & rate of $5.00 to $7.00 per ton.
The prices used on other materials were &s follows: bran
$1.00 per 100 1lbs., blagkstrap molasses 25 cents per gal.,
amyl acetate 7 cents per 0z., sodium arsenite 30 cents per
gél., shorts $L.50 per 100 lbs., flour $R.756 per 100 lbs.,
cane pulp 60 centes per 100 lbe.,, rice hulls 50 cents per
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100 1lbs., lubriceting oil 25 cents per gal., alfalfa leaf
meal §1.80 per 100 1lbs., mill-run bran $1.00 per 100 lbs.,
cottonseed bran 60 cents per 100 lbs.

Column & (Table 7) gives the per acre cost of using the
vaerious baits at a rate of 16 1lbe, (dry weigat ) per agre.
Column 7 shows the coslt per &agre to obtain control of a
light population (4 ‘hoppers per sg. yd.) of grasshoppera,
The word control often varies in its me&ning, depending
upon who is using it. To & person working with baits for
the firet time control mey mean keeping hie ezop from
being oompletely destroyed. To the theorist it may meén
& mortality rate of 100 per cent. Lecording to Shotwell
(77), a gresshopper population above 2 grasshoppers per
square yard (over & field) should be treated with control
measures., Control, &s used in this paper, will mesn the
reduetion of the populstion to two or less grasshoppers per
sguare yard. It is understood, by the writer, thaet any set
cost for controlling a given population of gresshoppers will
be somewnat ambiguous. The cost given in columns 7, 8, and
9 are submitted merely &s relative estimates, The aim, in
these columns, is to show how the two fagtors of initial
cost and efficiency work together to determine the relative
costs of using the baite under varying populations, 4 faetor,
not considered herc, is tne damage thet might be done to
orops while respreading several times.

To illustrsate how the costs in columns 7, 8, and U &re
estimated let us consider bait No. 2, The cost of spreading
15 lbs. (dry weight) of thie bait over one &scre is 25 cents
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(column 6). The mean per cent mortality is 74.0., Multi-

plying 8 (No. of *hoppers per &g. yd.) by 74, equals 5,92
(*hoppers per sg. yd. killed), Subtrzoting 5.92 from 8

we {ind that the remainder is 2.,08. This indicates thst the
population has been reduced to practically two grasshoppers
per sguare yard, thus obtaining controls. Therefore, the
cost of getting control per &cre of & heavy population

with bait No. 2 is 20 cents, the cost of one spreading. In
the case of bait Ho. 18 the mean mortality was 45 per cent.
The cost of spreading one &ore one time is 17 cents.
Kultiplying 8 by .45 equals 3.6, Subtracting 3.6 from 8
equals 4,4, It is noted that the number 4.4 {‘hoppers per
8q, yd. remaining) is too high to consider control ss have
ing been obtained. A second spreading of the beit will be
nececsary. Multiplying 4.4 by .45 (mean per cent mortelity)
equals 1.98 (‘hoppers per sq., yd. killed). Subtracting
1.98 from 4.40 equals 2.42 ('"hoppers per sq. yd. left alive)
This average number of 2.42 grasghoppers per squere yard is
gelightly high to consider control as being completely ob-
tained., The cost of two spreadings with Ho. 18 has cost

44 cents and & third spreading mey be neeessary. If the
bait is spread the third time tne total cost will be b1

centse.

d. Rating of Baits,.
The rating in effectivenese was made by assigning a
rating of 100 to the check (No. 1, stendard bait) plots,
and comparing the percentage of control of the &djoining test



Table 7. Comparative Effectivensss and Costs of Bsitai 1936,

T 1 ] v T gl |
s ] ] H ] t Humber of Spreadings and Costs Per Aere to get
' t 1 Mean t Rating : Cost ] Control of Various Populations.
: ' t Per Cent : Compared : Per Acre 1 Tight ' vy + Very Heavy
t Number : lean + Nortality s+ to No. 1 ¢+ for ome 3 Population 1 Population 1 Population
Bait ¢ of t Por Cent of s as t Spreading ¢+ 4 'hoppers ¢ S 'hoppers ¢ 16 'hoppers
Nos t Tests 1 iortality : Standard 3 Standard ¢+ Cost t Per sqe yds : Per sqe yde : Per 8q. yde
1 62 7146 1000 35 135 1-38 270
2 9 7440 7540 9846 26 1-26 1-25 2=60
23 9 74.0 7640 9846 32 1-32 1-32 2=64
3 ‘11 6840 71.1 96.7 19 1-19 . 1-1% 2-38
*4 3 7040 7840 9343 32 1-32 1-32 2-64
15 13 61.0 6740 91.0 22 1=22 2wid 3=66
13 11 6640 73.0 90.4 25 1-26 250 3-75
16 8 6440 7340 87.6 19 1-19 2=38 8«57
17 4 6340 7046 82.1 21 1-21 2=d2 3=63
21 10 48,0 6740 7146 19 2«38 2«38 4=76
14 11 48.0 71.0 6746 13 2=26 2-26 4=52
18 4 45,0 701 6442 17 2=34 5«51 4-68
**20 2 2640 5540 4544 33 3=959 5=152 =264

*13 subsequent tests rated this bait up with the standard,
*»#This was tested because a local mill had prepared and sold considerable amounts of it.
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plots with that of the check. For instance, in bait No. 2
the average eontrol was 74 per cent while adjoining standard
plots averaged 76 per cent control. Since 74 is 98.6 per
cent of 76, the rating ln effectiveness of bait No. 2 is
98.6, The apparent discrepances between columns 3, 4, and
5 (Table 7) can be explained by pointing out that not all
of these tests were made &t the same time nor under the same
conditions, Column 4, which gives the average percent
gontrol of the stendard cheek (Ho. 1) bait plots, wes gom-
pared with column 3 to give column 6, This column gives
rating on & besis of 100 for the standard bveit. It is
interesting to note thet the standard mixture (No. 1) gave
the best kill of &ll baits tried. However, the efficiency
of Ho. 2 bait so nearly equalled that of the stendard, that
it would not seem &dvisable to incur the additional expense
of edding amyl acetate and molagses .t By adding these the
price was increased 25.7 per cent while the efficlency was
increassed only l.4 per cent.

The bran-sawdust mixture (No. 3) wze 95.7 per cent as
efficient as the standard, &and its cost was but 59.4 per
cent as great, It should be noted that its costs for con-
trolling heavy and very heavy populations (columne 8 and 9)
are the lowest for &ll 13 baits. Conesidering these fects,
it appears that the bran-sawdust bait (No. 3) was the most
gatisfactory one tested in this series, In this conneetion

it might be steted that the major portion of the 2,000

4 Cage and pan teste conducted in 1937 showed no significant
difference between Hos. £ &and 4 &nd the standard.
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tons of bait used in Oklshoms in the summer of 1936, a&nd
later in 1937, was thie partiouler mixture. It wus reported,
on the whole, &g giving very satisfactory results.

The baits conitéining cottonseed hulls (No. 15, 13, &and
21) are of speeisl interest to this seetion where con-
giderable cotton is grown. It was thought, after making
these tests, that grindiing of the hulls would make the
baits more eceily handled by grasshoppers, thus inereasing
their efficiency. Ten cage teste, mede in 1937, indicated
that grinding does not incresse their efficiency. The use
of cottonseed hulle would seem to dcpend upon the com-
parative prices of hulls, sawdust, and other cheap filler
meéterials. 4As stated on p. 34, the cost of the cottonseed
baits, shown in Table 7, were baésed on retail prices in
Stillweter over & perlod of years, If, as stated before,
the costs a.c estimated on the basis of the respective
prices of cottonseed hulls and sewdust in southwestern
Oklahoma in 1938, the results would indicate recommendation
of cottonseed hull baits. Under these conditions the coste
of beit No. 16 (Teble 7) would change from 22 to 19 cents;
that of No. 13 from 256 to 20 cents; and, that of Fo. 21
from 19 to 14 cents. On the other hand, the costs of the
gsawdust would be raised correspondingly. The cost of No.3
would inorease from 19 to 22 cents; that of No. 16 from
19 to £3 cents; and that of No. 14 from 13 to 19 cents,

The sawdust-flour mixture (No. 16) rated well in the
geries, If flour could be bought in large guantities &t a
lower price, it would be practical to use. Although the
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number of tests on rice hulls @and cane pulp (Nes. 18, 19,
and 20) was too smell to permit drawing of conclusions, it
wes believed they did not show sufficient promise to Jjustify
further trisls. The commereial buit (No. 20) gave the
peorest results of eny of the baite tried cnd should not
be recommended under &ny circumstances.

The pure sewdust bait (No. 21) was only 71.6 per cent
ag effective ag the etenderd. When available at the low
cost of 1% gents per secre it would be practical under moder-

ate infestations and dry weather conditions,

4, Relation of Temperature to Plot Test Results,

PTable 8 chows the results of 50 teste on Bait No, 1
arranged according to temperatures &t spreading time. The
tamperaturéa given are those taken &t 6:00 a.m. on the
days when tests were made. The 50 days, on which this bait
was spread, were grouped into six divisions &ecording to
their temperatures &t 6:00 a.m.

In & previous paragraph it was peinted out that temperé-
tures above 80 degrees ocsused & decided decrease in total
feeding on baits in pans., It was suggested thet if &t the
time of spreading, the temperature wes cbove the optimmm
range, and did not again reach this range during the day,
| the per cent mortality resulting would be low. No con-
clusive evidence was obtained on this problem. While there
is 8 smell difference between column 4 and the others, in
Table 8, it is not Bignificant.} Since these tests were run
over & periecd of three days, it is not definitely known just
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Table Be

Results of Tests on Bait No. 1 arranged iccording to

41

Temgeraturga at SEreadiné Times

Temperatures 61-65 66-70 71-75 76-80 81-8H6 86-90
60 76 60 65 60 60
70 60 80 50 80
40 70 90 75 75
70 60 65 70
76 70 80
75 70 70
75 75 70
75 80 75
75 80 76
75 80
70 75
76
80
75
76
80
75
75
70
75
70
Mean Per Cent
Mortality 60.0 61.7 70.6 7445 70.8 71.2
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Ce Comparctive Efficiency &nd Costs of Baits as Shown
by Cage Teste, 1937.

1., HMethods.

During the summer of 1937 cage tests were substituted
for the plot tests used in 1936« The method used with
certain modifiecations, was the one devised by Ford and Lerri-
mer (29). The cages were of & squere soreened typey oOfe
cubic foot in volume, Plots of alfalfa one-half ascre to one
aore in size were used., Uniformity in grasshopper population
and vegetation were sought. Baits were spresd by 6:00 a2.m.

Three hours after spreading the plotsa were swept with
& hand net, The time of sweeping of all plots never ex-
ceeded 45 minutes, The order of sprescding and sweeping of
baits wes rotated through the series. From 100 to 200
grasshoppers were caught from each plot snd placed in two
cages, from 50 to 100 being put in each. Two cages, of
50 to 100 grasahOppers e&ch, were oaught from unpoisoned
plots to aet as checks.

The cages of grasshoppers were hauled to the station
campus where they were placed under trees in such a position
that they were in the sun in e&rly morning and lcte after-'
noon and in the shade the rest of the day. Once each day
fresh green food, in & sméll bottle contalning water, wus
placed in each cage. At the end of 60 hours, counts were
made of the dead and living grasshoppers. The few that were
in a weakened condition were counted as dead if after being

pleced on their sides they did not immedistely regein &n
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upright position. The per cent mortality was determined
by dividing the number of dead "hoppers by the total number

in the c&ge.

2. Presentation of Data
Twelve balts were compared as to effectiveness and
ecogts by meéns of cage tests, In addition to baits Nos.
1l to 9 (given on p. 22 &nd 23) three others were tested,
The formulas of these baits are given below,
Ho. 1C. Millrun bran 25 lbe., sawdust 756 lbs., sodium
arasenite 2 qts,, water 10-1l2 gals.
No. 11l. ¥Millrun bran 26 lbs., seéwdust 75 lbs., molasses
2 gals,, amyl acetate 3 0zs8., sodium arsenite
2 gqts., water 10-1Z gals.
No. 12. Millrun bran 20 lbs., sawdust 70 lbs., white
arsenic (AsgOgz) 4 1lbs., lubricating oil 2 gals.
The number of replicatiocns for each balt varied from
ten to forty-two. All baits were not spread each day, only
four to six generally being put out, 8Since e¢onditions
veried from one day to the next, 1t would not be zcourate
to compare baits where tests were run &t different times,
All baits are compared with the etandard bsit (No. 1).
In analyzing the results the Pisher Veriance Method, as
given by Snedecor (80), was used. Table 9 shows the analysis
of variance of all baits., The generasl difference hetween
baits is highly significant., If the freedom is not
starred the difference is not significant.



Table 9.

Analysig of Variange of All Baits.

-
-

Degrees Sum Mean

Source of Variation of of Square Freedom
Freedom Squares

Total _ 206 356,194.22

Between Bait Means 11 29,980,67 2,725.51

Between tests of same Bait 195 5,613.55 28,78  9470%*

**¥ Highly Significant (100 to 1)

Table 10
A ig of Variance
Degrees Sum Mean
Source of Variation of of Square Freedom
Freedom Squares
Baite No., 1 and No. 2
Potal 85 B17.33
Between Bait Means 1 16450 16460
Between Teats of Same Bait 228 500.83 22.77 0.73

Mean o 1~65.5 No. 2 - 63.8 Check~ 8.1

Baite No. 1 8and No. 3

22 843.42
1 404.37 404 .37
21 439,05 20,91 19.34%%

Mean No. 1~ 67.3 No. 5~ 5849 Check - 7.0

Baits No. 1 and No. 4
30 724,30

** Highly Significant



Degrees Sum Nean
Source of Varistion of of Square JFreedom
Freedonm Squares
Between Bait Means 1 40.86 40.86
683,44 23.5 173

Between Tests of Same Bait 29
: Hean No. L=6643

Ko.4 - 64,0 Check-7.1

Baite Ho, 1 and No. §

Total 17
Between Bait Means 1
Between Tests of Same Bait 16

Mean Ho. 1~ 66.2

10.142.62
9,952,98 9,952,98
189.64 11.86 B839,91*%*

Boe 5= 1749 Check~ 7.9

_Baits o, 1 and No. 6

25 2,595.16
1 2,206.20 2,205.20
24 389,96 16434 135,78%*
Mean Noe 1= 67.1 No. 6=49.5 Chesk= 7.8
its No. 1 and No. 7
20 3,107,531
1 2,848.81 2,848.81
19 268450 13,60 209.47**
Mean No, 1- 66,0 No. 7-42.7 Cheok - 8.0
Baits No. 1 and No. 8
e 1,941.89
1 1,560.40 1,560.40
23 381.49 16,58 94.11%*
Meen No. 1- 67.6 No. 8-51.8  Check- 7.7
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Analyeis of Variance ]oontinuﬂl

Degrees Sum M

Source of Variation of of Sqma Preedom
Freedom 3quares
Baits No. 1 &nd No. 9
Total 25 5,064.,43
Between Bait lieans 1 4,483.18 4,483.18
Between Tests of Same Bait 322 581.25 26442 169.68**

Mean Hoe. 1- 6644 Noa 9=-39.0 Check~ 6.7

Baits No. 1 and No, 10

69 5,862,565
1 5,565.41 3,365.41
68 2,487.14 36,57 92.02**

Mean No. 1~ 6648 No. 10-52.,9 Check~ 7.3

Baits No. 1 &nd Ho, 11

33 1,680,63
1 1,060.63 1,050,653
32 630.00 19.68  53,38%*

Mean Ho. 1- 66.4 Noe 1ll- 55,3 Cheok - Te?

Baits No. 1 and Ho. 12

19 1,583.42
1 1,269.69 1,259.69
18 525475 17.98  70.06**

Haan HOO l“ 66.1 HO. 12— 50.0 chaot‘? .1

** Highly significant
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As in the tests made in 1936, the standard Bait (No. 1)

gave the highest per cent mortality of all baits. It will
be noted, however, in Table 10, that there was no gignificant
difference between Ho. 1 snd No. 2 nor betweern No. 1
and No. 4, This would indicate that the extra cost of
adding molasses and amyl acetate to bran baits would not
be advisable, No. 3 (one-half bran and one-half sawdust)
again proved to be one 0f the most practical balts, con-
gidering both effectivences and expense, Ais ghown in Table
11 and Pigure 6 it was 87, b per cent as effective &s the
standard while costing only 59. 4 per cent =& much.

No. 4 (bran - o0il), as stuted above, wae equally good
&g the standerd on the bagis of first day feeding. To
compare the relative lasting effectivences of oil and
water baits, 2 test wae run over a period of five days. UNo.
1l and No. 4 were gspread on five acre plots. The plots
were swept &t 9:00 a.ms e&ch day. The results by days are
given in Table 12 and Pigure 4. After the second day the
regsults indicate that the oil bait was definitely more
effective, Over the cntire five-dey period the o0il bait was
3l. 7 per cent more effeotive than No. 1, the water bait.
This may be due to the slower rste of eveporation of the
0ll as compared with the water. While these few records
are interesting, the problem ghould be given & more extended

investigation before final conclusions etn be madse.



Table 11, Couparative Effectivensss snd Costs of Beits, 1937, o

!

Number of Spreadings and Costs Per Acre
to get Control of Various Populations

"4 % 5 e am i
s W8 ws w8 wE
4 WE ms BT e mm 4% ws
® B4 s ww W%
® W% #0 s se ae
 ms W8 =% W

BE WY SR wa se 4% &% 4 ww

Number Mean : Mean Rating : Cost Light : Heavy Very Heavy
of Per Cent:Per Cent :Counpared:Per Acre : Population : Population : Population
sNumber : 'hoppers: Mean Mortality:Mortality:to No, 1l: for one : 4 'hoppers : 8 'hoppers : 16 'hoppers
Bait: of Included:Per Coent : of :of Check : as :Spreading : Per 8g. yd. 1 Per sc., yds 3 Por sg. yd.
No.:Testa in Tests:Mortality: Standerd: Plots :Standard:; Cents : t f !
1 42 2,987 67.2 67.2 745 100,0 35 1-38 1-35 2~70
2 12 813 63.8 6545 8.1 0744 25 125 ' 1-25 2-80
& 16 1,098 64,0 6643 7.1 96.5 32 1=322 1-32 2-64
3 12 874 58.9 6743 7.0 87.5** 19 1-19 2=38 3-57
1l i7 1,117 58,35 66.4 77 B3.2** %6 1-26 2«52 3-78
10 56 2,320 92,9 66.8 73 79.2%* 16 1-16 Z-32 o=48
8 13 994 ‘51.8 67.6 7.7 76.6%* 29 1-29 2-58 3-87
12 12 817 50.0 6641 7.1 75.6%* 23 1-23 2-46 $-69
6 13 1,003 49.5 67.1 7.7 23.7%¢ 2 1-17 L=04 3-51
7 11 809 42,7 66.0 8.0 84.6%* 20 2-40 3=-60 4-80
9 13 1,086 32.0 E6.4 6.7 58,7%* 25 2-50 3-7 4-100
o) 10 811 17.9 60.2 78 27.4** 19 e - -

** Highly Significant



Table 12. 48

Per Cent Mortality Obtained Over a Five-Day Period

with 0il and Water Baits

B wa sasve PO Deee e BESHY
Pirst Day : Second Day
Cheek 6 50 0.0 12 53 12,2
la 63 10 .4 % 18 7946
b 50 9 8
4a 78 15 83,8 87 13 83,7
4b 48 8 sy
Third Day : Fourth Day
Check 13 74 4.4 | 6 46 13,0
. W 28 46.0 | 8 33 19.9
b 20 27 40,8
4a 38 18 67.9 . 24 18 57.1
4b 46 22 89.1 |
Pifth Diy . Mean Averages for Five-
Check 4 49 9.5 i Day Period
1 26 1641 | Check 11.8
4 20 26 T TR R | 5343

4 70.2
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Bait No. b géve the poorest results of all the baits

tried. It was composed of the bram that is made by grinding
de-linted cottonseed hulls after they leave the cottonseed
0il mille, Certain large mills were interested in having
the bran tested, stating it could be put on the market at

& very reasonaéble price, Since the mean per cent mortality
for No. & was 17.9 and that of the check was 7.8, it seems
cottonseed bran is of little value 88 a bait meterial.

Baits No. 6 (cottonseed hulls - sawdust), No. 7 (cotton-
seed hulle), and No. 8 (cottonseed hulls - alfslfa - leaf
meal) all coneist wholly or in part of eottonsceed hulls,
Since there is & large supply of this material availsble in
Oklshoma, much interest was shown in having it tested ae a
bait. As shown in Table 1l and Pigure 5, Nos., 6 and 8 gave
better resulte than No., 7 thelir per cent mortality being
51.8, 49.5, and 42.7 respectively. Among the 12 baits
given in Table 11 and Pigure 6, they rank 7th, 9th, and 10th
respectively. Among the 9 balts rated on attractiveness,
as given in Table 4, Ho., 8 was 4th, No. 6 was 7th and
No. 7 was 9th. Since, as shown in Table 11 and Figure 5,
all of the cottonseed balts are rated below the sawdust baits
Nos. 3, 11, and 10, the advisability of using cottonseed
hulls in baits would depend upon their price &s explained
on pe 34. The price of hulls in Oklahcoma very & great
deal from year to year, sometimes being extremely chesap,
due to oversupply. Under such conditions it might be
practicsl to0 use cottonseed hulls in grasshopper beits,

Bait No. 9 (sewdust 50 lbs. O alfalfa leaf meal 50 lbs.)
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was the least effective of all haits excepting No. 6 (cotton-
seed bran). This low rating, it is believed, is due to the
fagt that the mixture of sawdust and alfalfa lesaf meal

spread very poorly. This bellief is supported by the faet

that No. 9 rated fifth among the twelve baits in attractive~
ness (Table 4). Probably & much smaller proportion of al-
falfa leaf mesl to the sawdust would give & more efficient
bait, Since this change would decresse the cost of the

bait it might be practical to use.

Bait No. 10 (millrun bran 25 lbs. - sawdust 756 1lbse,.)
has been recommended by the Bureau of Entomology &nd Plant
Quarantine and used with consideréble suceess in the nortﬁern
and western states in 1937, This bait showed to greater
advantage in the dryer western section of Oklahoma than in
Payne Ceunty in the north central &rea, No. 10 rated 6th
among 12 baite in effectiveness and 8th among 10 baite in
attrectiveness, Its low cost of 16 cents per scre combined
with its mesn per cent mortality of 52,9 makes No. 10 the
bait giving the most protestion for the money spent (Table
11 and Pigure 5). _

Due to reports from the county agents and farmers 1t
wae decided to test the effect of adding molasses and amyl
agetete to the mseterials used in No. 10. This combination
wag called No. 1l. 8Since the sddition of molasses and amyl
acetete to branm had no significant effect it was not sur-
prising to note thst when they were added ta the sawdust =
millrun bait no significent change wae found (Table 1l).

In the case of bait No. 12 the formule was the same &8
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IV SUMMARY AND CONCLUSIONS

Much experimentzal work has been done on grasshopper
baite since they were first tried sixty years ago. Meny
changes have been made in the composition, rate of apolying,.
method of applying and time of applylng baits,

Grasshopper baits were tested in Oklahoms during the
summere of 1936 and 1937 by meane of pen tests, plot tests,
and cage tests., Twenty baits were compared as to attractive-
nes8 by 36 pan tests. Early in the morning baits were
placed in pan strung in & line through alfalfa fields.

Counts were mode at 30 minute periods through the day of
the number of grasshoppers feeding on et&ch bait, Weather

conditions were recorded at each period.

\‘n

Thirteen balte were compared as to effeotivencss by
148 plot teste in the summer of 1936. Plots of one acre
were surveyed and the number of grasshoppers per square
jard estimated. Balts were spresd on these plots at 6:00
&.ms, 8nd sixty hours later the number of dead &nd live
grasshoppers per sguare yard determined. The per cent
mortality was determined by'eomparing the number per square
yord before poisoning with the number after poisoning.

During June, July, snd August of 1937, 12 baits were
compared by 207 sage tests. One are plots were spread &%
6:00 2.m. Three hours later the plots werc swept and the
grasshoppers placed in small screened gages containing green
food. Sixty hours later counts of the dead &nd live grass-
hoppers werc made by which the per cent mortality wes de-
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termined.

From the results of pan teste, plot tests, and cage
tests the folliowing conclusions were drawn regarding bait
composition:

1, The addition of amyl scetate or ground lemons to
baite does not appreciably incresse their attractive-
néaa or effectivencss.

&, Bran is definitely more attractive and effective
than pure pine sawdust.

3« The additioﬁ of 50 per cent bran to pure sawdust
distinetly incretises its attractiveness and effective~
ness.

4, The addition of 20 to 206 per cent of flour, shorts,
and millrun bran to sawdust and cottonseed hulls
incresses thelr effectivencss,

6. Alfalfe mezl shows some promise a&s & material to
add to sawdust and cottonseed baits,

6« Fresh beit is distincetly more attractive than one-
day old bait.

7. The addition of blackstrap molassce does not
appreciably increase the efficiency of baits.

8. Lubricating oil (vis 30) is & practicuzl substitute
for water in baits. Preliminary teste indicate
that oil is considerably more effeective than water
baits four or five days after spreading.

9« Cottonseed hulls &re practical as bait carriers
where the supply ie large &nd the price low.

10, Rice hulls, cane pulp, &and cottonseed bran are of



of little value in baits.
Prom the results of the pan tests the following con-
clusions concerning the feeding of grasshoppers on baits
are mades
l. The optimum range of tewperature is from 70 to 80
degrees.
£+ Little feeding occurs &above 90 degrees.
b5, Ordinery wind velocities do not &ffect feeding.
4., Relative humidity does not affect feeding.
b+ Cloudy skies do not directly affect feedinge
6., The time of day &t which meximum tsedipg ogeurs
varies greatly, but is generully retched in the
forenoone
On the basis of this experimental work and the writer's
practical experience, the following conclusions &re drawn
regarding the control of grasshoppers with baite:
l. Bait should be spread when the &ir temperature is
not less then 68 degrees nor higher than BZ degrees.
2. Grasshoppers should be poisoned early in the se&son.
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