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... -BEAN BEETLE AND OTHER  INSECTS
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g oneld ECL 1INTRODUCTION' s asith ol sl 0 £
" 'When ‘the Mexican bean beetle (Epilackna corrupta Muls.) first
invaded Tennessee, in 1920 and 1921, it was at once recognized as
4 pest that would not readily yield to the insecticides then known.
The arsenicals ‘acted mainly as repellents, and ‘were both deficient
in killing power and injurious to the tender bean foliage. Control
of the pest seemed so hopeless to farmers and truckers that
large numbers of them have given up bean growing, except for the
early crop. Others depend on hand-picking small patches for home
use. Many growers and' consumers also fear the possibility of
poisoning from eating beans sprayed or dusted  with arsenicals.
Thus several factors have operated to reduce the growing of ‘_b_ear;ls
and to double or triple the price of green beans. ‘

Stages of the Mexican bean beéﬂei Aﬂqlt (left), P:'upa (center), Larva (right)

During the early invasion of this State there was considerable
fear that cowpeas and soybeans would be destroyed. Fortunately,
the beetle has not shown any - great  liking for either of these
forage crops and will mot attack ‘them severely if no garden beans
are close by to serve as a breeding place. :

o gn 1?}:‘der satisfactorily to solve the problem of bean beetle con-
insectril 'de home garden and for the. trucker it was evident that new
= n(l:xl €S were necessa.ry.. Experiments were therefore conducted
b efﬁn{erou.s non:a-rsenlc_a_l compounds that gave promise as cheap
Clompou nc(;ent .1nsect1c1des.. A special Stl'ldy was r'nade of the fluorine
éhicken HS, since the efficiency of sod}um fluoride for roaches and
s toce l‘ls we.ll known. Due to its solubility, it is very in-
o aﬁdp ant.llfe. Fortunately, the less soluble fluosilicates of
Bocting Mcalcmm, as well as cryolite, were ‘found to be highly
against :ch Austard gas adsorbed on charcoal also gave good results

€ adult heetles, With these materials it is not necessary
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for the beetles to eat bean foliage in order to be killed, as is t
case with the arsenicals. It is necessary only that they walk o
plants dusted with either sodium fluosilicate or charcoal impregnat
with mustard gas, so that some of the dry powder clings to
legs and body. These materials induce an irritation which caus
the beetles to lick their feet. Thus the poison enters the mout
and death results within a few hovrs. When properly used, the
chemicals are not injurious to bean foliage. :

Not all of the experimental work reported was carried out to
satisfactory conclusion, but publication is considered justifiable :
view of the possibility that other investigators will find the sy
gestions useful, ‘

EXPERIMENTAL WORK WITH INSECTICIDES
CAGE EXPERIMENTS

More than 40 different chemicals and combinations were test
in the course of the work against the Mexican bean beetle. The
were first tried out in small wire cages or under - glass cylinden
Those that gave promise were given a field trial on a larger scal
a discussion of which is given in the plot experiments. The gl
cylinders were inverted over bean plants growing out in the ope

Egg mass of the Mexican bean beetle

and for each material tried out 10 beetles were used. When Mk
was used as a carrier, the chemicals were measured out by volunt
because of their high density. Observations were made twice a d&f
as to the rapidity with which the materials killed. Records Wefe;
kept of the date the first beetles died, and the time required to kil
all of the 10, Foliage injury was recorded as “severe” if all ¢
the leaves were badly injured, “medium” if one or two leaves Wet
injured, and “slight” if injury occurred only at the tips or edgé
of the leaves and could hardly be detected. Some of these chemicdl
that were injurious to bean foliage were not detrimental to cotto!
plants.
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5

TasLe 1—Test of insecticides used as dusts against the Mexican bean
beetle under cages—ten beetles used under each cage

‘ ] o s
g £ o= &
£ g-u ﬁ":l o2
Material or compound w2 Eg R := Notes
) a ) § Q E} E S
) ] -] T
=] =] [=] =
Sodium fluoride (NaF)..l May 1| May 2| May 3| Severe
Calcium fluoride (CaF:)| May 1| May 24| May 30[ None -
Sodium fluosilicate l
(NasSiHlg)l ol e May 1| May 2] May 3[ Slight
Sodium fluosilicate plus
9¢parts lime ...l . June 5| June 6| June 9| None
Natural eryolite
(A12Fs.6NaF) June 6| June 7| June 7| None
Natural eryolite plus
bapartstilime ' 001 June 7| June 8| June 8| Severe
Synthetic cryolite ......../June 26|June 27|June 28| None
Silica (Si02)—by-product Contains a small
Knoxville Fertilizer amount of fluorine
Company .| June 7| June 8| June 9| None compounds
Caleium arsenate plus
9 parts lime .......| June 6| June 8| June 10| None
Crude anthracene .| June 6| June 7| June 7| Severe
Calcium  fluosilicate All beetles dead in
(CaSiFt) .............| July 22| July 22| July 22| Severe | 6 hours
‘Caleium  fluosilicate
plus 9 parts lime ... Aug. 12| Aug. 18| Aug. 14| None
Magnesium fluosilicate
(MgSiFs) July 22| July 22| July 24| Severe
Charcoal plus 109%
nitrobenzene | July 10| July 11| July 12| None
Charcoal plug 109%
creosote e | JUly 10| July 11| July 12| Severe
Charcoal plyg 109,
kerosene | Tuly 21| July 22| July 22| None
Cl
hl:ff‘;al plus .69, | | All but one dead
stard - gas | July 22| July 22| July 23| None in 4 hours
Char |
,:;Z‘za"d‘)‘“ 019 ‘ All but one dead
“tard gas -| Aug. 20| Aug. 20| Aug. 21[ None in 6 hours
Ch
Iixt‘i(;:l plus 29, All but one dead
5% r:ﬂzene and in 4 hours
ustard gas . |Sept, 8 Sept. 8| Sept. 10| None
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Table 1 gives the results of the more important chemicals tested
as dusts against the adults of the Mexican bean beetle. The soluble
fluorides, such as sodium fluoride, and the soluble magnesium fluo-

Bean leaf, showing work of the Mexican bean beetle

silicate, were effective in killing the beetles, but were injurious t
the bean foliage. Fluorspar, an insoluble fluoride, did not kil
rapidly enough to be of value. The insoluble -ecryolite, however
gave excellent results, as it is easily decomposed by the acids withil
the alimentary canal of the insect. This material is also easily
decomposed by alkalies, such as hydrated lime, which when mixel
with cryolite in certain proportions resulted in injury to the plant.

The slightly soluble fluosilicates of sodium and calcium Wwek
very efficient in destroying the beetles. Sodium fluosilicate evel
when used pure, showed very little injury to the foliage. Whel
mixed with hydrated lime its killing efficiency was not greatlf
reduced. Calcium fluosilicate, although comparatively insolublé
showed severe injury to the foliage, due to the fact that it hyd®
lyzes. The injurious effect, however, disappeared when it W&
mixed with hydrated lime.

Certain very toxic organic compounds when adsorbed on chat
coal were also effective in destroying the beetles, and did not injurt
the bean foliage. A discussion of these will be taken up mo¥
fully in another section. , '

SODIUM FLUOSILICATE

Control of other insects.—Experiments were conducted W‘tb
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sodium fluosilicate against cockroaches and poultry lice, for which
sodium fluoride is commonly recommended. It was found effective
against roaches, and superior to sodium fluoride for poultry lice.
Mr. Zuger, of the poultry department of the University, who con-
ducted most of the tests, observed that after an application of
sodium fluosilicate, chickens remained free of lice for a much longer
period than when dusted with sodium fluoride. He also found that
the wing louse (Lipeurus wvariabilis) was more effectively controlled
by sodium fluosilicate. ; : 3

Tests conducted against the potato beetle (Leptinotarsa decem-
lineata), the potato flea-beetle (Epitrix cucumeris), the bean leaf-beetle
(Ceratoma trifurcata), the cucumber beetle (Diabrotica vittata), and the
tobacco hornworm (Protoparce quinquemaculata) showed that they
could be readily killed with sodium fluosilicate when 1 part was mixed
with 9 volumes of lime. When undiluted with lime it caused some
injury to the plants, particularly in the case of tobacco.

Since sodium fluosilicate is both a contact and a stomach poison,
it should, theoretically, be effective against the boll weevil
.(Authonomus grandis), and such was found to be the case. Cotton
Is a comparatively resistant plant, and is not injured when sodium
fluosilicate is used undiluted. In. all the tests conducted, the
Wee}rils were killed in from 5 to 24 hours. Calcium arsenate under
similar conditions required from 1 to 5 days to kill the weevils.
It was also observed that they could be killed in the same length
of time by contact alone. To make sure that they were killed by
contact, some weevils were placed on @a bean plant, which they
do .not eat. After the weevils had crawled over the bean plant,
WhICh. had been dusted with sodium fluosilicate, 50 per cent were
dead in 6 hours, and the rest were found dead the next morning.

Advantages over the arsenicals.—Sodium fluosilicate is superior
to the arsenicals in several different ways. In the first place, it is
:'heaper; the Wh91esa1e price being 4 cents per pound at the present
1me, V‘{hlle calcium arsenate is quoted at 9 cents per pound, and
Mmagnesium arsenate at 25 cents per pound.

Secor}dly, it is both a contact and a stomach poison, and acts
more rapidly than the arsenicals.

Shafer, in his classical work “How Contact Insecticides Kill;”*
muchs};gzn how SOdium ﬂuoride. ‘is effective against roaches.‘ In
beetles V;ime way sodium fluosilicate is effective against the bean
little o.f tho en a roach runs through powdered sodium fluoride, a
and fot Ipowder a(.iheres to the‘ lower part of the body, antennae,
antennag acn attempting to clean itself the insect draws its feet and
mouth, 5 dTOSS its mouth'. Some of the material thus enters the

» 804 causes death in from 4 to 12 hours. Shafer observed

—

has

'M'
ich, Agr, Exp. Station Tech Bull. No. 21,
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that sodium fluoride may kill roaches by contact in from 5 to}
hours, even when none of the material is swallowed. “Some
the powder is moistened or dissolved in the exudation about fi
bases of the legs and on the thinner portions of the outer integ
ment, This seems to cause some irritation and uneasiness; fi
insect soon begins to clean the moistened powder from the body |
licking it. In doing this, enough of the poison may be broug
into the mouth, and swallowed, to kill after a period: varying fm
five hours to ten days.” Sodium fluoride is more rapid as a stom
poison than as a contact insecticide, and appears to be detrimer
to certain enzymes, particularly the catalases. Fortunately, b
beetles, in common with roaches and certain other. insects, ha
the habit of cleaning themselves by putting their feet into th
mouths, and hence are easily killed.

Thirdly, sodium fluosilicate is considered less dangerous to ma
This is a distinct advantage, for in spite of the improbability
human poisoning from beans which have been dusted with calci
arsenate, the prejudice is so great that many farmers refrain fi
applying arsenicals to beans. On the other hand, sodium fluosilic
in small quantities is non-poisonous to man, and for that reas
should be more popular than the arsenates for dusting beans. !
should not be assumed, however, that there is no danger whatei
and the material used carelessly. Recently a case was reportedi
fatal poisoning* from the eating of bread the flour of whichh
been accidentally mixed with sodium fluosilicate.

Another advantage of sodium fluosilicate is its efficien
against widely separated insects, such as chicken lice, cockroacht
and potato beetles.

Disadvantages.—As obtained on the market today, sodium fli
silicate is two or three times as “heavy” as calcium arsenate.
pound of the latter will. occupy 80 cubic inches, and will cover
larger surface than sodium fluosilicate. In the manufacture ¢
calcium arsenate, however, considerable experimental work ¥
necessary in order to obtain a light, fluffy material. A few It
liminary experiments showed that sodium carbonate when added!
hydrofluosilicic acid gives a precipitate the density of which is &
than when sodium chloride is used. Sodium silicate added to hyd®
fluoric acid also gave a “light” precipitate, which showed px‘opeftles
analogous to those of sodium fluosilicate. It is probable that furth
research will solve this factor of density, and that a lighter sodit®
fluosilicate can be obtained.

Sodium fluosilicate can not be used as a liquid spray on e
because in this form it is more or less injurious to the tender hé

*Bull. Sci. Pharmacol. Vol. 80: 211. 1923.
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foliage. Used as dust and mixed with hydrated lime it appears to
cause no injury.

Source and uses.—Sodium fluosilicate occurs as a by-product in
the manufacture of acid phosphate. When phosphate rock and sul-
phuric acid are mixed, hydrofluosilicic acid is produced. Upon the
addition of common salt, sodium fluosilicate is precipitated. This
is used in the ceramic industries and in enamel factories for the
manufacture of glass and tile. It is also used as an antiseptic and
germicide, and is considered superior to either the fluorides or
corrosive sublimate in certain medical practices. It is soluble to
the extent of 1 part to 200 parts of water.

CALCIUM FLUOSILICATE

Good results having been obtained with sodium fluosilicate,
other fluorine compounds, such as calcium fluosilicate (CaSiF ),
were tested. This material is not at the present time produced in
large quantities, so that an excessive price has to be paid for a
small amount to be used experimentally. The pure calcium fluo-
silicate was found extremely toxic to the bean beetles, requiring
%)ut da few hours to kill them; but the plants were severely in-
Jjured.

An attempt was made to make a small amount in the labora-
tory by adding an excess of milk of lime to hydrofluosilicic acid.
The precipitate obtained did not injure the plant and did not kill
as Itapidly as the pure calcium fluosilicate, due possibly to the for-
mat.lon of inactive substances, such as calcium fluoride. When ground
calelum carbonate was substituted for the lime, the resulting product
Sb?Wed practically as much killing power as the pure calcium fluo-
silicate, with but slight injury to the plant. Further research is
needed to determine the action of the oxides and carbonates of cal-
¢lum with hydrofluosilicic acid.

'CRYOLITE

Obtaisnarélples of the powdered native mineral (ALF .6NaF) were
efficieet ‘aﬁfl flusted on bean plants under cages. It was found very
like] Tll), illing bean _beetles in from 10 to 20 hours. It very

¥ breaks up when ingested by the insects and forms toxic prod-

u
: cts. Fly orspar, on the other hand, is much more stable and there-
ore much less toxic,

o xge(iin‘mth 5 parts of hydrated lime, cryolite killed the beetles
o withJu}fed the bgan plant. It was very evident that cryolite
et ! lydra.ted hnfle, even when used as a dust. The chem-
bub 3t 4 c}éotltfe—hme let}l}I‘eS will not be taken up at this time,
droxides arerfam that various tO)fic fluorides, aluminates, and hy-
| Time, 5 S tlOl‘med. When cryolite was mixed with two parts of

) eetles were dead after 2 days, and the plant was not
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‘injured. ‘A’ spray containing 2 pounds: of cryolite and 4 - pounds
lime to 50 gallons of water was found effective in killing ' the. hegt
within 2 days.

Cryolite is also made synthetically from: bauxite. The folloy
analysis was claimed for a sample quoted:at 8 cents per pound:

Aluminufn SHipHdes il Sy 45.70 per. cént‘;”‘,‘:

Sodium  fluoride . : e 42.60 per cent
Sodium fluosilicate ... il 50 per cent,
Iron oxide i ; Sl per cent

Cryolite is a white, glassy, crystalline solid, soluble: IIlJ27
parts of water. It is found in large quantities in Southern G
land, which exports thousands of tons annually, and is used inf
manufacture of aluminum, alum, and various - fluorides. e

SILICA BY-PRODUCT

. As mentioned previously, hydrofluosilicic acid is" a by-prod
from the manufacture of acid phosphate. Formerly the by-prodi
‘gases” were allowed to pass into the atmosphére.  Since evell
very small percentage of fluorine gas in the air is highly" me‘in
to plant life, many complaints were made by growers in the neig
‘borhood of fertilizer factories. To overcome this difficulty,
gases are now passed into towers with dripping water, form
hydrofluosilicic acid and a precipitate of silica. -A ‘sample of st
by-product silica gave fair results in killing adults of -the Mexi
bean beetle. It is obvious, since pure. silica is not an  inseeticil
that some impurities, such as adsorbed fluorine compounds, ‘are’
active insecticidal ingredients. One other sample ‘of  siliea,. obtain
from an entirely different source, also showed somé insectit
‘properties. ' ciitsinal o o RS

’ ADSORBED GASES Lo e

The value of an insecticide is determined to a large extentl
its physical state, it being most efficient in the form of ag‘“
The gases used in the late war have been tried out as pmsonsl!
various, ways by many investigators,* with satlsfactory res
stored product and other insects. In the field, however,
‘1n,]ury to the plants takes place when gases, are used as in f“““
gating.

51

To obviate 1nJury to the leaves, the erter concelved the ld“
of using charcoal 1mpregnated with adsorbed gases which woul
be liberated gradually. Thus not énough gas would be’ presenﬂ‘
injure the plant, while it would klll those 1nsects whlch craVﬂ
over the materlal

“McDonnell, C. C. “Recent progress in insecticides and funglcldes 2 Ind andEﬂi
Chem., 16: 1018. 1924,
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' 'The results were gratifying, indeed, particularly’ with respect
to the: Mexican bean beetle. - Mr. C. ‘W. Exton, of  the ‘Chemical
Warfare Service, supplied samples of activated “and -unactivated
charcoal with various percentages. of mustard gas (dichlorethysulfide
(CICH,CH,),S). This compound is a colorless, oily liquid, with a
boiling. point of 215°-217°C. Of all the war gases, it is one of the
‘most toxic. It should be used with caution, since it has an irritating
effect on the skin, upon prolonged exposure, in as low a concentra-
‘tion as. 1 to 5,000,000. Amounts as small as .01 per cent: of mustard
gas on charcoal with a little ether proved effective in. killing  bean
beetles in from 3 to 6 hours. When a beetle crawls over a plant
dusted with impregnated charcoal, it soon becomes uneasy, tries
to fly away, and starts to clean its feet. By this last. opera’tibh
the beetle no doubt gets some of the gases into its mouth, and
death ensues within a few hours. One-tenth per cent, .6 per cent
and 2 per cent nitrobenzene with .5 per cent mustard gas, Withoﬁt
ether, proved no more effective than the .01 per cent mustard gas. .
Neither plant injury nor discomfort to the operator was caused by
mustard gas in either of the several concentrations used. it

Beetles succumbed the day after being placed on a plant tl(llat
had ]?een dusted with .01 per cent mustard gas 18 days previously,
showing that the gases are active in the charcoal for several
weeks. i

With other insects, impregnated charcoal gave varying results.
Small tobacco hornworms were killed by .01 per cent mustard gas,
but the large ones were not affected.

No field trials were made with the mustard gas, buﬁ one .blbt
was . dusted .with wood charcoal which had been mixed with about
5 per cent liquid nitrobenzene, Good control was obtained by four

weekly applications. Examination among the plants also revealed
dead beetles, :

Adsorbed gases were also tried against the boll weevil. In
E::sril, the results were the same as those secured against the
percenteetle’ but less effective control was obtaingd. The smaller
1 chgeStOf mustard gas, such as .01 per cent, gave better con-
amountsnl he larger percentages, probably because the small
) hour::1 sof contalned' ether. In many cases weevils succumbed
S must: : ter crawhng over charcoal impregnated with .01 per
i froah 1 E 5gas and a ‘httle ether. Others became torpid and died
not injure t}(i days. Sixteen per cent mustard gas, by weight, did
charcoal it lf C_Otton plant.. When a weevil crawls over impregnated
Séveral attemegtms to I:ub 1Ps legs and tries to 'fly. After making
its wings benp ihat ﬂym.g, it becomes weakened and unable:to fold
o thofe eath the wing covers. Wood charcoal can be obtained

arket today at less than $2.00 per 100 pounds. The cost
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of impregnated charcoal should not be great when made on aly
scale. It is possible that with further investigation a combin
will be found that will make an effective insecticide.

PLOT EXPERIMENTS

More than twenty‘ 1/40-acre plots were used to determin

Plateau. The following 21 varieties of heans were tested to

Rotary dust gun, showing manmner of turning nozzle sideways to direct
dust to underside of leaves

termine any possible natural resistance to bean-beetle atf
Burpee’s Brittle Wax, Hodson Wax, Rustproof Golden Wa
pee’s Stringless Green Pod, Giant Stringless Green Pod, &
Early Red Valentine, Black Valentine, Tennessee Green Pod, Re
Robust Pea Bean, Red Kidney, Kentucky Wonder, Scarlet Rull
Horticultural, Philadelphia Bush Lima, Burpee’s Improve
Lima, -Henderson’s Improved Bush Lima, Burpee’s Sunny !
Pole Lima, King of the Garden, Carolina, and Jackson Woll
None was found resistant, although in general the lima hbea
less attractive to the beetles, and when close to garden bean
make a crop with little or no dusting. The details of all thel
experiments are not given below. Only those are given which®
representative and bring out the points desired.

0
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SODIUM FLUOSILICATE PLUS 9 PARTS OF LIME

Plot 1.—This plot was planted on April 8 to Early Red Valen-
ine. The beans came up April 22, and the beetles began to make

Pl . ys .
ot 1, where sodium fluosilicate mixture was used, showing perfect protection

Plot 2, untreated—destroyed by Mexican bean beetle
their appearance May 21.
Was unusual]
silicate plus

next day dea

The bean leaf-beetle (Cerotoma trifurcata)
¥ abundant, so that an application of sodium fluo-
9 parts, by volume, of lime was made May 22. The
d adult bean leaf beetles were very abundant on the
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ground among the bean plants, The' application was made il
hand-bellows duster just after the dew had disappeared. Ty
mlnutes were required to apply one pint (% 1b.)’ of the mixfu
the plot 18 by 60 feet. Because of rain, the application wa
peated May 80, and again June 4. Previous to the latter ap
tion, 7 beetles to a row were counted. Two subsequent applict
were given June 14 and June . 19. These last applications
made ‘with a rotary dust gun, the nozzle belng turned sidewa
as to direct the dust to the underside of the leaves, as show
the illustration.

At no time was the ‘patch serlously threatened, as the apl
tions were made when the beetles were noticed and before ¢
laying was under way. The mixture -appeared to act as a rep
and a poison, for a reduction in the number of beetles was obs
the day following an application. On June 10, 6 dead beetless
found under the vines of one row. On June 14 a few smalll
were observed in the plot. At no time was the larval infes
as much as one per cent. Complete protection was obg‘
whereas the check plot was very seriously infested by J,'

(page 13).

o
£
w2 b5
E_ o | B E =
B Cm 2 = e i) B &
s e ) A - & b
S 4 O dedi = G =1 £9 | w S & S
@ S lme i e S Ao
3 @B |583| .5 | 28| o2 | B8 | =8| 2
° =) SER| 2B | BEs| 28 [ 8a | 3= =
M~ =) <3 O = &) = M >
Lbs. Hrs. | Bu |
1 May 22 20 |$° .50 8 [$1.60 |$2.10 104 |$260.00
May 30 20 .50 8 1.60 | 2.10 |...
June 4 20, .50 6 1.20 |, 1.70
June 14 30 .80 6 1.20 | 2.00
S June 19 30 .80 6 1.20 | 2.00 |..
Untreated | e | et

*] part plus 9 parts hydrated lime. 3

" The amounts of materials used and the time consumél

making applications are given in Table 2. The dusted plot Y‘
at the rate of 104 bushels per acre, while the check plot. Y‘
25 bushels. The market price of green beans was from i
three dollars per bushel. At $2.50 per bushel the dusted |
would have returned $260 per acre. The total cost of the
applications was $9.90, giving a net return increase due to
of $187.60 per acre. This large net return was obtained oI
of an acre, and indicates. what is possible with a heavy bean®
infestation, and the high prices which result when the pest“
uncontrolled.
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M8 Plot 9—The effect of sodium fluosilicate with 9 parts, by vol-
T8ime, of lime was given a trial later in the summer, when the
Ufhgetles were very abundant. Tennessee Green Pod and Black Valen-
e varieties were planted July 1. Half of the plot was left un-
feated and the remaining half was dusted July 17, 21, and 25,
dgnd August 5 and 9. Just before the first application there were
Walout 50 beetles to the row. Eggs were also present. The next
jidlay a count revealed only 4 beetles to the row on the dusted:half
mand 30 to the row on the untreated half. On July 21, the beetles
Were extremely numerous—80 to the row—on the untreated por-
Jion. On August 7, full-grown larvae were present on the check
dplot, and by August 12 the patch was completely infested. On the
é0her hand, good protection was obtained in the treated portion of

e plot as long as the plants were kept covered with dust. After

Treated with sodium-fluosilicate- j Untreated
lime mixture

.' tcrop Wwas - made, the beetles multipliedv so rapidly in the  un-
ated half that they attacked the treated half, as it was. no

()g;Zd being protected. By September 3 both halves were de-

SODIUM FLUOSILICATE PLUS 15 PARTS OF LIME

UtIE’CIIOtsti?l'~TO d'etermine 'Whether sodium ﬂuog’iliéate could be
e tm’l(‘)re, it was mixed with 15 parts, by volume, of lime.
e Plot Tennessee Green Pod was planted May 6. Appliga-

€re made June 4, 10, 14, and 19. The protection obtained
. 50 800d as with the mixture of one to nine, yet the in-

e Was reduced to 30 per cent. Two and one-half bushel$ ‘of
Were obtained from this plot.
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CALCIUM ARSENATE PLUS 9 PARTS OF LIME

Plot 4-A.—To compare the results of the new chemicals i
with those of the present methods, several plots were used
plot treated with calcium arsenate plus 9 parts of lime was Dl
to Black Valentine May 6. Applications were made June 5, 1)
and 19, and on June 25 infestation was only 10 per cent,

"The Crossville plots treated with calcium arsenate plus 9
of lime developed a 20 per cent larval infestation. Five ay
tions were made, June 17 and 25 and July 3, 8, and 23.

MAGNESIUM ARSENATE

Plots 3 and 5.—Recently N. F. Howard, of the United
Bureau of Entomology, has obtained good results with mag
arsenate as a wet spray, using 1 pound to 50 gallons of W
This material was tested on plot 3, planted May 6 to Bu
Improved Bush Lima, and plot 5, to pole beans, such as Kei
Wonder, Carolina, or Sieva, and Sunny Brook Pole Lima, A
cations were made June 5, 10, 14, and 19 to both plots.

Plot 8 remained free of larvae and beetles as long as thes
ing was continued. As no applications were made after Jur
‘the beetles subsequently became numerous, so that by Aus
there was a 100 per cent infestation. The bean yield was mif
terially reduced, however, for the earlier protection had @
the plants to develop a good crop.

The pole beans received an additional application July 1
infestation never exceeded 1 per cent, and an excellent e
beans was secured. Howard* does not recommend the grovi
pole beans where the beetles are numerous, but this exper
indicates that pole beans can be grown in Tennessee, even il
the pods are matured slowly and are produced over an ext
period of time.

Plots were also planted to bush beans in late summé
sprayed with magnesium arsenate 5 times. Adequate puot
was again obtained, the results of the treatments being ailf
hot, dry weather.

CAL-SULPHUR

Plot 4.—One part of calcium arsenate and 1 part of
to 4 parts of lime was used on plot 4 at Knoxville, planted ®
nessee Green Pod May 6. The first application was made &
On June 3 the beetles were very numerous, averaging 69 f
row. Subsequent applications were made June 10, 14, and 1
on June 25 less than 5 per cent infestation was observed. BY
27 a yield at the rate of 110 bushels per acre had been 0B
“Cal-sulphur” also gave good control at Crossville.

*Bull. 1243, U. S. Dept. Agr., p. 49. 1924,
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DISCUSSION OF THE PRACTICAL CONTROL OF THE
MEXICAN BEAN BEETLE

One reason why many gardeners fail to keep the Mexican
ean beetle in check is that the familiar principles of control for
he potato beetle are applied to the bean beetle. The rule followed
@ the control of the potato beetle is to apply an arsenical when the
rubs are conspicuous. Since the young of the potato beetle eat
he entive leaf, they can be very easily poisoned. With the bean
cetle, however, feeding takes place almost altogether on the under-
de of the leaf, so that poison applied in the ordinary manmer
ails to kill them. Furthermore, when the spray or dust is applied to
e underside of the leaves, it is difficult to coat them evenly' and
loroughly, and many of the larvae escape.

In our experiments it was found to be much easier -to drive
way or to kill the active adult beetles than to kill the larvae,
articularly when sodium fluosilicate was used as a dust. It was
bserved that the beetles are very sensitive to any dust on the
ants, such as lime or wood ashes, and can be literally “scared”
it of a patch when it is kept thoroughly covered with such mate-
als. For this reason, much better success can be had if control
casures are directed against the adult beetles when they first
ake their appearance. The remark is sometimes heard that the
Pan beetle is not as bad as it was two or three years ago. In-
estigation usually shows that some material such as wood ashes,
€, road dust, or some such material, is being applied. Much
eter c.ontrol would be obtained, however, if sodium fluosilicate
ere mixed with hydrated lime. ;

RECOMMENDATIONS FOR THE CONTROL OF THE
MEXICAN BEAN BEETLE

DUSTS

di\ﬁhefrll th.e.beetles appear, apply immediately a dust mixture of
g ufosllhcate plus 9 parts, by volume, of hydrated lime, at
T ;) t5 to 25 pounds o.f the mixture per acre, depending on
‘ obtaixﬁ) an ? and degrf:e of mi'('es.tation. Care should be exercised
3 puttinas ight a sodium fluosilicate as possible, as some firms
T S gut a heavy_product. If sodium fluosilicate cannot be
L con’s 5 ust of calcium ar§enate plus 9 parts of lime, or a
b i andn4g of 1 part of calcium arsenate, 1 part of fine dusting’
) parts of hydrated lime may be used.

eC;ret}?:mlﬂd be exercised to apply the materials to the under-
om 15 1y 2e5aves, as shown in the illustration on page 12.
R s tpounds of the mixture, consisting of 1 part of
ed per acrecat; and 9 parts, by volume, of lime, should be
0k m g quantlty' depending on the size of the plants
Verity of the infestation. For small patches and
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gardens a hand-bellows ' duster is satisfactory. For larger
the rotary dust gun or knapsack-bellows duster will cover
ground in shorter time.

Good results may be obtained with the rotary fan dusty
turning the nozzle sideways and blowing the dust to the un
of the leaves, as shown in the illustration. Where the infes
is heavy the nozzle may be directed vertically over the bean
ahd dragged along over the tops in such a manner as to tun
leaves over. In this way the dust may be applied to the und
of the top leaves, where the adults frequently feed.

. The first dust applications should be made as soon
beetles appear in the patch and before egg-laying is under
Ordinarily the second application is given in about a week.
rains occur and the beetles are not numerous, the second aj
tion may be delayed 10 days or more. If rains wash the maf
off and the beetles are abundant, it is advisable to dust again
or five days after the first application. Where beetles am
numerous, one or two applications may suffice. Usually th
four will be necessary, a week or ten days apart, until the a
about made. For pole beans and other late varieties, fiveu
applications may be necessary.

SPRAYS

.' Although dusts are becoming more popular, because of
of handling and rapidity of application, good results in the o
of the bean beetle may be had with liquid sprays, such as
sium arsenate, applied at the rate of 2 pounds to 100, gall
water, to the underside of the leaves. For pole beans, a I
spray -has the advantage of not forming a cloud of dust #
level of the nose of. the- -operator,

When calcium arsenate is to bé Vurs.ed as a spray it is advi
to make the mixture in the following proportions:

- Hydrated lime v L .37 Ths
~ Calcium arsenate 1% 1bs. .
- Water 100 gallons.

The lime is used to prevent “burning.” Arsenate of I
considered unsafe to use on bean foliage,

*Farmers’ Bull. 1407, U. S. Dept. of Agr. 1924,



NEW INSECTICIDES FOR BEAN BEETLE 125

SUMMARY

1. The experimental work .showed that many of the fluorine
pounds were effective in destroying the adult Mexican bean
tles. Sodium fluosilicate, calcium fluosilicate, and cryelite have
siderable insecticidal value when mixed with hydrated lime in
proper proportions.

2. Sodium fluosilicate is a contact as well as a stomach poison.
ause of its irritating effect, the beetle attempts to clean its
in its mouth. Enough of the chemical thus enters the mouth
cause death.

3. Sodium fluosilicate has these advantages over the arsenicals:
It is cheaper, (2) it acts as a contact as well as a stomach .
on, (3) it kills more rapidly, (4) it is less poisonous to people,
(5) it is effective against a variety of insects, such as chicken
, roaches, tobacco hornworms, flea-beetles, and potato beetles.

4. The density of sodium fluosilicate, as obtained in the market

ay, is high, but work is being carried out to remedy this
ect,

5. Cotton boll weevils . were killed with sodium fluosilicate
out lime in from 4 to 30 hours.

6. Gases adsorbed on charcoal gave good results as insecti-

Charcoal ContaininAg .01 per cent mustard gas with a little
€r was dusted on plants, and bean beetles were killed in from

0 ,12 hours. Nitrobenzene on charcoal was also effective in de-
Ving the beetles.

7.

! The above gases killed boll weevils in from 6 hours to 5

8. When used as 2 dust, sodium fluosilicate mixed with 9

ts i
IS’ b’f volume, of hydrated lime gave excellent control in the
agamst the hean beetle.

Ogs . N
d Soyhen mlxe.d. with 9 parts of hydrated lime, and properly
: um fluosilicate showed a net return as high as $187.60

acre :
nd-mt’ at a time of the season when the bean beetles were very
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