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FACTORS AFFTING T EVALUATION AND 
USE OF GRAIN PROThCTANTS FOR INSECT CONTROL 

INTRODUCTION 

Insect infestations and damage to stored grain are pre- 

vented or controLled by sich methode a drying the grain before 

storage, sanitary measure, residual 8pray, fumigation, and chenu- 

ca]. protectants Protectants are usually ap1ied to grain during 

the storage rocess. Chemically inert dusts were used in earlier 

attempts to protect grain from insect damage. The dust5 were effec- 

tive because they caused breaks in the insect's cuticle, and as a 

result, the insect would die o± exces5ive evaporation of body mois- 

ture ( 8, pp. 629-639). Inert dusts that have been used success- 

fully include finely divided silica gel, rock phosphates, precipi- 

tated chalk, magnesi'wn oxide, and aluminum oxide (8, pp. 629-639) 

At present, laboratory evaluation of grain protectants con- 

sists of applying insecticides to pint or quart lots of grain. The 

insecticides are applied to the grain as a spray or liicorporated as 

a dust. The treated grain is placed in jars and periodically ex- 

posed to insects. 

This thesis is concerned with the evaluation of several in- 

secticides in the laboratory. Their properties indicate that they 

may be able to protect stored grain fron insect damage for 6 months 

or over. It would also be interesting to see how the treatment of 
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pint or quart lots of grain compared 'with a method that dealt with the 

treat.nent of bushel lots of grain. The latter method 'would be treated 

to more closely approximate field conditions. The residual action of 

the insecticides, applied to the larger bulks of grain, would be 

tested over a long period. 

The comparison of results f romt the two ways of evaluating 

grain protectants may aid in the development of a laboratory etbod 

that will give a truer picture of the potentialities of ari insecti- 

cide when it is applied to stored grain in the ±'ield. 
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REVIV OF LITERWURE 

The only material in current sage as a grain protectant in 

the United States is Pyrenone, the principle active ingredients of 

which are pyrethrins and piperonyl butoxide. 

Yatts and tethn (30, pp. 371-373) using Sitophilus oryzae as 

a test insect, evaluated piperonyl butoxide alone, pyrethrins alone, 

and conibiriations of both. These workers concluded that smergism 

between piperonyl butoxido nd pyrethrins was very evident end oper- 

ated over a wide range cl ratios. 

Previous 'work wa done in Oregon with Pyrenone in 1952 by 

Tanner (29, pp. 1-17) . He showed that a dust, applied at the rate 

of 78.8 pounds per 100 bushels, protected stored wheat in bins 

against insect infest ion l'or G months. Vi1bur (31, pp. 913-920), 

using Pyrenone at the same rate, applied it to wheat in several farm 

bins in Kansas and reported outstanding protective value against 

weevils. 

A pyrethriris-pìperonyi butoxide dust was applied at th rate 

of one pound to 10 bus'hels of shelled or shucked ear corn. The corn 

had a low-rrioisture content arid was already lightly infested by rice 

weevils. The dust prevented weevil daivae for 9 months. Sprays of 

this material were inefiective in preventing damage to shucked corn 

(9, pp. 1105-1107). 

Another factor of importance in 'the evaluation of Pyrenone 

is the repellent action of pyrethrum to some insects. After a few 
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days, pyrethruni in a clay diluent coated on paper bags or cartons 

as not toxic enough to kill Tribolium app. (15, pp. 1104-1107). It 

as noticed, t1ough, that a long-lasting repellency was present. To 

test this repellency, pyrethrins and piperonyl butoxide in a 1-10 

ratio was applied to corn and whole black pepper. The insecticide 

residue was expressed as parts per mil]Jon of pyrethrins. After ox- 

posure periods of f roit 3-24 hours in an apparatus that was doveloped 

to test this repellent action, results indicated that adult Triboliva 

eonîusurn were repelled ìrt ou1d detect the difference between 0.1 

and 0.3 p.p.xn. pyretrins on black pepper ond between 0.25 and. 0.37 

p .xn. pyretnrins on worn. 

Schroeder (25, pp. 25-27) studied, under laboratory conditions, 

sonie factors that iight influence the effectiveness of iperonyl 

butoxide-pyrethrins conibinations. Ii;s of shelled corn were adjusted 

to different levels of moisture content. These lots were dusted with 

various dosages of Pyxnone. There was a reduction in mortality of 

rice weevils placed in treated corn, when the moisture content of the 

grain was more than 13 per cent. Vilbur (32, pp. 11-l25) had pre- 

viously treated wheat with a piperonyl butoxide-pyrethrins conbina- 

tion He noted that suri-iTal of rice weevils improved wi th each suc- 

cessive rise in noisture content above U per cent. Schroeder dusted 

corn and wheat with .yrenone to test its residual effects. A hiher 

dosage was dusted on the wheat. Aft 90 days, rice weevils were ex- 

posed to he treated crains for 7 days. The protectant on corn caused 

E5 per cent mortality, but on wheat only 30 per cent occurred. Rice 
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weevils 1-5 weeks old were placed in corn treated with Pyrenone. At 

the end of 7 days only 66 per cent of the eek1d weevils were dead, 

while 92 per cent cf the 5 weekld weevils had died. 

There is a pcs3ibility that Sitpphilus ruarius could beco 

rsistnt to a m1xture of pyrethrina and piperonyl butoxide. 

ath]in (17, pp. 1-20) found that weevils reîst.ant to DDT were al3o 

iiuch more resstaxt to a 1!dxtux of pyithrins and piperonyl butodde 

than aa a control group which ha not been exposed to PDT. 

Early in 1913 .he ganìma iso'er of BEC (lindarie) was isö1tect 

and found to be nore toxic to granary weevils than any substance are- 

viously tested by the Iperi&. Uhernical Indutries (26, pp. 3L4-19). 

ifl the Jnited Stes, lindane has rot as yeL been accepted as (. pro- 

tectnt s gr1n intended for human ccrsuiptiori. It is beng used 

for this purpose on small scale In the United Kingdom, India and a 

few other countries. 

in a paper by Fiedler (io, p. 120) it wa steted, "riedical 

authorities in the United Kingdom consider that they are justified in 

recOflimeflding 2.5 p.P.ni. uMane as a cdrnum permissib?e concentra- 

tion in foodstuffs ready rar direct consumption." 

Laboratory tests were made ainit granary weevils using wheat 

dusted with lindane diluted with kaolin, arïJ th pyrethrns (3, 

pp. 731-732). Aíter 1( weeks, granar:c weevi1 were exposed to the 

treated wheat for 10 days. Lindane at 1.0 p.p.m. caused 86 per cent 

cortl1ty, while 27 p.p.. pyrethrins only caused 3 per cent mortal- 

ity. Chao and DeLong (5, pp. 90B-910) found that a Pyrenone dust 



containing 0.16 p.p.iu. pyrethrins and 1.6 p.p.m. piperonyl butoxide 

kiUed rio granary eevi1s In 2 weeks, but 50 per cent kill was ob- 

tamed with 0.16 p.p.iu. lindne. .fter 3 months, tiLe-iiorta1ity 

curves showed that the toxiuit.y of liridane at 4 p.p.m. dropped rap- 

idly, but kyrenone, 4 p.pm. pyrethrins and 40 p.p.m. piperonyl 

butoxide, retained most cf its toxicity. At the end of 6 months, no 

emerging adult granary weevils were found in lots of wheat that had 

been treated with lindane at O. p.p.m. or witn 4 p.p.m. pjrethrin 

arid 40 p.p.t. piperonyl butoxide. 

Lindane dust at oria p.p.m. was completely efiective for 16 

months in orotecting 200 pound bags of treated Lorn from infestation 

by rice weevils. Some ol the bags 01 corn had infestations of wee- 

vils previous to treathent. The dust was also effective by cori- 

trolling any adults that emerged during the 16 months (23, pp. 295- 

311). 

An interesting method cf controlling pesta of barley and wheat 

in the field and in storage was experimented with by Hidetsugu (13, 

pp. 93-99) . He sprayed and dusted both crops with gamina BHC during 

the period from heading to maturity. Sitophilus sasakii, introduced 

45 days after harvest into huskiess barley, succumbed almost totally 

within a week. The reproductive rate was very low, but when the in- 

sects were introduced into wheat, mortality as less and reproduction 

higher. 

Laboratory tests were carried out (10, pp. U5-122) in South 

Africa to test the assumption tbat less linciane is needed in warm 
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climates than In temperate climates for complete eonti1 of grain 

pest3. At a rete of 2p.p.m., 60 per cent mortality was obtained at 

16°C, 83 per cent at 21°C, and 93 per Lent zuortality of granary wee- 

vils at 240L. It was thought that the fumigant action of the lindane 

dust ws the main factor responsible for killing the weevils. Fu 

ther discussion on the results from the fumigant action of lindane in 

this paper and the following (18, pp. 137-139), (20, pp. 639-646), 

and (27, pp. 596-601) will be taken up under a section dealing with 

the fumigant properties of lindane. 

wolfram (33, pp. 73-75) tested the residual toxicity of a 0.65 

per cent lindane dust. He mixed it at a rate of 0.1 per cent with 

wheat, into which granary and rice weevils had been introduced 8 days 

previously. The wheat was cleaned 7-10 days later and all weevils 

were found dead. Fourteen weeks later the wheat was cleaned and 

washed again. o adult weevils hau developed froni eggs wnich might 

have been laid in the kernels . Granary weevils, 14-28 days oid, were 

subsequently enclosed with samples of the treated wheat. After 19 

days, 89.7-100 per cent mortality was attained. These results show 

that the toxicity of the lindane was still high after 15 weeks, and 

not much had been removed by cleaning and washing. 

Lindane in xylol was impregnated into crushed corn cobs and 

applied at the rate of 3 grams of technical lindane per hundredweight. 

This gave complete protection to rough rice and shucked corn exposed 

to a heavy insect infestation for 11 months (11, pp. 771-774). 

One of the latest insecticides to be exoerinented with as a 



grain pro tectant is tha organic phosphate, chiorthion. It bas proven 

toxic to most stored grain ests ar4 is relatively non-toxic to mammals. 

The LD 50 of chiorthion to rats was found to be 3500 mg/kg when taken 

orally. 

Lindgren et al. (16, pp. 705-706), in preliminary tests, treated 

250-grani samples of wheat with chiorthion dust. Initially after 

dusting, rice and granary weevils were exposed to the treated wheat 

for 10 days. At 4 p.p.m., 100 per cent kill of rice ar granary wee- 

vils was attained. At 2 p.p.m., 100 per cent of the rice weevils were 

killed and only 7'? per cent of the granary weevils. 



MATERIAlS AND 4ETHODS 

TEST INSECTS 

The test insects used in this work were the granary weevil, 

Sitophilus nau Linne., and the conftsed flour beet)e, 

Tribolium confusum Duval. 

The life cycle and degree of infestat ion of both test in- 

sects is dependent on temperature, relative humiILty, moisture con- 

tent cf the grain, and the type of medium upon which they are feed- 

Ing. he confused flour beetle has developed from egg to adult in 

37 days (22, p. 43). The entire life cycle of the granary weevil 

may be passed in from i to 7 weeks (19, p. 796). 

These particular insects were used in this experiment be- 

cause: they are both pests of stored grain, they can be reared 

easily in the laboratory In large quantities, and because they show 

a difference in tolerance to moste insecticides employed as stored 

grain protectarrts (4, p. '706). 

Several media are used to rear flour beetles. Peterson 

(24, p. 4) states that flour beetles reproduce and grow well in a 

mixtum of 95 Per cent finely ground dog food and 5 per cent dry 

powdered brewers' yeast. One quart of whole wheat flour to one 

tablespoonful of brewers ' yeast was also recommended. The writer 

found that 2 parts by volume of meal-type dry food to i of unsîfted 

whole wheat flour waa easy to prepare and gave very satisfactory 
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results. Colonies were reared In ]. quart Pyrex easerole dishes with 

tight fitting lids. This allowed easy aceess to adult beetles. The 

caserole dishes were filed about three-quarters full of medium. 

Vhen starting a new colony, a piece of burlap was placed on top of 

the mediwì. It was noticed froni previous work that the pupae were 

found underneath and in the burlap. After adults started emerging, 

the burlap was removed and a piece of paper toweling was put in its 

place. Ail that was necessary to remove adults from the dishes was 

to lift out the toweling, which usually had adults clinging to it, 

and brush them off into a pan. Exess adults were removed at 2-week 

intervals to keep the colony vigorous. 

Peterson (24, p.45) suggests that granary weevils be reared on 

whole wheat or shelled corn of 14-15 per cent moistw'e content. 

'whole kernelled white wheat was adopted for rearing. Gallon jars 

were three-quarters filled with the wheat before introducing adult 

weevils for breeding purposes. A large hole was cut in each lid and 

fine-nesh brass straining cloth was soldered over it, to allow air to 

enter. About every two weeks,or when emerging weevils were getting 

too numerous in a jar, they were sifted out of the wheat and dis- 

carded, The weevils were sifted through an S-mesh aluminum sieve 

which retained the wheat. 

The test insects were reared in a rooi that was kept between 

75-80°F and had a relative humidity of about 50 per cent. 



INSEQTILIDES EVAUJATFbD 

The insecticides evaluated were all in the Íri of emu.lsifi- 

able concentrates. Pyrenone has as its principle active ingredients 

pyrethriri and piperonyl butoxide The formulation, pyrcncne lU-1, 

contains 1.18 per cent pyrethrins and 11.8 per cent piperonyl butoedde 

by weight. However, the remainder of the ingredients also tiave in- 

secticidal properties and the formulation is designated as having 

100 per cent active ingredients. The insecticides evaluated are 

listed in Table 1. heinioal names of the active ingredients of these 

insecticides are given by Haller (12, pp. 112-114) 

TABlE 1. INSECTIUIDES EVALUAIED FOR GRAIN PR(YPEUTANT PROPERTIES 

Insecticides Active Ingredients L2anu.facturer 

P3rGallon 

Percent Pounde 

Lindane 20 1.6 Ethyl corp. 

Linda-Aroclor* 20 20 1.6 1.6 Ethyl corp. 

Pyrenone 10-1 100 7.03 U.S. Industrial chem. 

Pipemnyl butoxide 11.8 .832 

Pyrethrins 1.18 .083 

Diainon 25 2.0 ueir co. Inc. 

i1alathion 7 5.0 American Uynamid co. 

Chiorthion 44 4.0 Uhemagro orp. 

* Aroclor is a trade naine o± a resinous chlorinated polyphenyl which 

is combined with lindane to extend the residual action of lindane. 
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APPLICATIONS OF INSECTICIDES 

The method of applying an insecticide to a pint lot of wneat 

involved spreading he w1eat out evenly in a 9 x 12 inch wooden re- 

taming f raiie placed on a piece of ax paper. The insecticidal solu- 

tioris were prepared oy the dilution of emulsifiable concentrates ob- 

tamed froni the manufacturers The desired amount of insecticide was 

applied to the grain in 10 cc of water pr pint, by means of an 

atomizer. 

After the wheat had dried it was divided into i-pint lots ax 

each lot was placed in a wide mouth, Îason-type, pint jar. rh0 two 

-.pint lots, of the originally treated pint cf wheat, were considered 

a replicate for a particular dosage. Fine mesh brass strainer cloth 

was soldered over a hole cut in the jar lids for ventilation. 

The method adapted for treating bu$hel lots of wheat consisted 

of spreading out bushels of white heat on a wooden floor in about 

a -inch layer. The insecticidal eraLulion wa sprayed on the wheat 

with a 3-gallon, pressure type sprayer. }iowe et nl. (14, pp. 1-34) 

used this method to spray bean seeds The sprayed iheat was .L1owed 

to dry for aboat 2 hours and then 2-bu.snel lots of it were placed in 

small wooden bins. Th0 wooden bins vvere made of 5/8 inch interior 

plywood, and veie built to form a cube, 18 ir4che on a side. The di- 

vision of the original S xushe1s oí wheat into 2-bushel lots gave 4 

replicates per treatment. lbs repiicaLes were then arranged in 

randomized blocks, in an attempt to equalize variations due to 
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differences in temperature that might occur within the room where 

they were stored. 

RECOFDINU ANt) LNALZING DATA 

The adult test insects were u3uaïly exposed to treated wheat 

for 7 days. At the end of the eçoeure period, the insects 'were 

sifted out of the wheat and the numbers dead and live recorded. in 

preliminary tests, with pint lots of wheat, arr insects showin: signs 

of life wore returned to the same wheat and exposed for a further 

period. oth species of test insects feigned death when disturbed. 

In order to separate living from dead beetles, it was necessary to 

inspect the insects with a rea:ing glass of high magnification and 

probe each ore. The pxbe used was a piece of fine g]a se tubing 

which had oeen slightly rounded on the end. An insect was recorded 

as alive if it moved any of its appendages when probed. 
formula (i, p. 266) was used to correct for natural 

mortality, ich was determined from the per cent dead in the checks. 

'With the use of this formula, results are no longer expressed in per 

cent mortality but in per cent control. The formula can be illus- 

trated as follows: 

::1 oo m p cent control. 
X 

X per cent living in checks. 

y per cent living in treatments. 

X-Y per cent killed by the treatment. 
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Statistical analy5is was used to analyze the data, on lindane 

and chiorthion applied to pint and bushel lote of wheat, for the con- 

trol of . confusum. The data was arranged in a split-plot design 

(6, p. 218), vhich had the main effects confounded. A factorial na1- 

ysis was carried out because of this arrangexnent of data. Factor A 

consisted of S treatnients combining the effects cf t1 two insocti- 

cides, the two dosage levels, and the to evaluation methods. The 

plots nere split into 6 sub-plots by the effects of the 6 months and 

were considered under factor B. 

The results of the evaluation methods were recorded in per 

cent control, and because percentages, to be used as observations, 

do not 1nd thetselves to statistical analysis, the per cent control 

for each replicate was transrorrned into a corresponding angle by the 

formula arc sin /ercentage (28, p. 449). 
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PRELIMINAi EVALUATION OF INSECTICIDES 

Before comparative tests could be made between insecticides 

or between lots of wheat of different sizes, it w s necessary to 

find the amounts of toxicant needed to give res'ïts which could be 

used for comparative purposes. In other words, it was desired that 

the dosages applied would give some degree of mortality below 100 

per cent. 

Ireliminary tests, using pint lots of wheat, were carried out 

with the insecticides listed earlier. Each pint of wheat was pre- 

pared as described previously and was divided into two i-pint lots 

and placed in jars. 'he two pint lots of a treated pint of tat 

were considered a replicate for a particular dosage. Jffty Tribolium 

were placed in each i-pint lot immediately after the wheat 

had dried. Mortality counts were made at the end of a 7 day expo- 

sure period, and any insects still alive were returned to the wheat. 

Fourteen days later, or 21 days after treatment, mortality counts 

were made on the remaining oeetles. The infested jars of wheat were 

placed in a cabinet kt at r/8...1OF and 50 per cent re1ative humidity 

for the 21 days. 

Granary weevils were not used in these preliminary tests. The 

writer found that granary weevi1 were much more susceptible to 

Pyrenone and lindane than the confused flour beetles. Therefore, it 



16 

TABLE 2 CONTROL OF TRIBOLIUM UONFUSUM IN HAI-PINT LOTS OF YHEAT 

TREATED VITH SIX INSECTICIDES 

Insecticide Ig Per Pint Average Per Cent Nuniber of' Replicates 
of Vtheat Control For Each Josage 

rj Days 21 Days 

;r;;;ne 8.23 1.5 4.1 2 

41.13 4.4 26.1 3 
82.26 5.2 59.8 3 

205.65 15.0 91.4 4 
. 411.30 62.4 96.7 5 

57.82 96.0 99.5 2 

322.6O 95.0 96.E 2 

1645.20 100.0 - i 

Lindane .19 2.0 27.1 3 

1.92 36.3 69.2 5 

4.68 99.6 100.0 3 

9.35 100.0 - 4 
18.70 100.0 - 2 

Llndane- .19 2.0 3.1 2 

Arador 1.92 54.3 99.3 3 

4.68 100.0 - 2 

9.35 100.0 - 2 

18.70 100.0 - 1 

Diazinon .24 1.6 2.1 2 
1.19 100.0 - i 

5.99 100.0 - i 

(,hlorthion .48 94.0 95.0 1 

2.39 100.0 - i 

11.98 100.0 - i 

MalathIon .59 3.0 3.2 1 

2.99 100.0 - i 

14.98 100.0 - i 
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was assumed that any dosage of insecticide that would kill flour 

beetles would be more than enough for oontrol of weevils. Table 2 

swnmarizes the data obtained from preliminary teste with Pyrenone ar 

several other insecticides. The amounts of the insecticides per pint 

of wheat, required to obtain loo per cent control of T. confuswn in 

7 days, bere as follows: 

Pyrenone 822.60 - 1645.20 milligrams 

Lindane 4.68 - 9.35 " 

Lindane-Aroclor 1.92 - 4.68 8 

Diazinon 0.24 - 1.19 " 

Chiorthion 0.48 - 2.39 

alathion 0.59 - 2.99 " 

In order to obtain a more critical comparison of the insecti- 

cides, they were applied to pint lots of wheat at approximately equi- 

valent dosages. Because the insecticides were in the form of emulsi- 

fiable concentrates, it was more convenient to adjust to equivalent 

dosages by volume than by weight. The insecticides were applied at the 

rate of 0.002 cc actual toxicant in io cc of water per pint of wheat. 

The actual amounts of insecticides in milligrams, per pint lot of 

wheat, are as follows: 

Pyrenone 1.6 milligrams 

Lindane 1.9 

Diazinon 1.9 

Chiorthion 2.4 

Malathion 2.1 
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The procedure for treating the pint lots of wat was the 

sarna as described previously. A series of these five materials, ap- 

plied at 0.002 cc actual per pint, was replicated five times. The 

moisture content of the wheat varied from about 13-14 per cent before 

it was sprayed, and was determined by a Tag-Heppenstall Moisture 

Mèter. Fifty :': confusum were ad:1ed to each 4-pint lot immediately 

after treatment. bta1ity counts were made at the end of 7, 28, 

and in a few replicates, 49 days. The method of evaluating differed 

in these tests from the previous ones. At the end of 7 days, both 

dead and live insects were removed from the wheat. ourteen days 

later, fresh flour beetle s were added, and 7 days later mortality 

counts were made and all insects removed again. For the 49 days 

riod, new insects were added on the 42 day after treatment. 

An average per cent control for the five replicates was com- 

puted for each insecticide, and the standard deviations from the mean 

found. Table 3 summarizes these results for the 3 exposure periods.. 

ThBIE 3. GONTROL OF TFIBQL 111M GONFUSUM U TH SEVERAL Ï NSEGTIGIDES 
APPLIED AT ThE RATE OF 0.002 cc ACTUAL TOXICANT PER PINT 

OF NEAT 

Insecticide Average Per CentControl - 
7 days 28 days 49 days* 

Lindane 50 . 12.4 1.1 t 1.2 0 t O 

Pyrenone 0.4 ± 0.2 0 ± O - - 

Diazinon 90.4 + 6.2 15.4Z11.2 1.3 1.3 
Malathion 75.1 ± 11,5 9.8 8.4 1.0 .9 

ehiorthion 84.0 7.6 55.4 11.2 7.3 L 6.3 

* Average per cent control computed from 3 replicates. 
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It can be seen in T&ble 3 that tiazjnon was the most toxic in- 

secticide to T. onfusurn at the end oi 7 days. h1orthion gave the 

highest per cent contx1 for the 2 day period and at the end of 49 

days. Lindane and iyrenone at this dosage wore not highly toxic to 

the confused flour beetle. 

Lindane, Pyrenone, and chiorthion wero chosen for further eval- 

uation as grain protectants in tests with pint and bushel lota of 

wheat. Pyrenone was chosen because it was already xcoended as a 

commercial treatment for stored grain. Lindane had been investigated 

by other workers and showed promise of long residual action. Chlor- 

thion gave good results in preliminaTy tests and appeared to be the 

beat of the new insecticides having a low manrnalian toxicity. 

TESTING EVALUATION ThODS 

Tria]. One 

Various dosages of lindane and Pyrenone were made up and 

sprayed on 8-bushel lots of wheat. The dosages were based on pre- 

liminary experiments using wheat sprayed in pint volumes. The dos- 

ages of lindane and Pyrenone decided upon, expressed in milligrams 

per bushel, are as follows: 

Pyrenone 5,265 mg 

Pyrenone 39,593 

Lindane 120 

Lindane 59 u 

Lindar-Aroclor 120 " 
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TABI 4. CONTROL OF TRIBOLBJM CONFUSUM IN PINT SUBSAMP.L&S OF 1}1EAT 
TAkEN FROM BINS TO CHECK ON DISTRIBUTION OF TOXICPNTS* 

Treatments Treatìenta Treatments Treatments 
Mg Per Y? Days Old. 83 Days Old. 106 Days Old. 
Bushel Insecte Then Insects Then Insects Then 

Exposed 32 Days. Exposed 14 Days. Exposed 30 Days. 

Pyrenone 39.3 t 13.3 end 
5,265 

Pyrenone 81.3 ± 4.9 
39,593 

Lindane 
120 84.0 ± 6.1 

Llndrnie 100.0 ± O 

598 

Lindane- 77.6 ± 11.3 
Arocior 

120 

62.2 8.4 

35.6 ± 13.2 

O.9 ± 12.5 99.5 t 0.6 

27.8 t 6.8 

Checks 98.6 t 1.3 98.4 t 1.0 99.7 t 0.6 
Per Cent 

Alive 

* Average per cent control for 4 replicates or 16 pint bars 
(25 T. confusum per jar). 
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The desired amount of ln9ecti.cide for each treatment was mixed 

in 5 pinte of water, and this volume was applied to an 8-buhd lot. 

A check wa prepared by snraying 8 bushels of wheat with an eqi1 

amount of water. The ane volume of water wac applied to ail 8-bushel 

lots, so that the moisture content of the treated wheat would not be 

raised above that of the check. The moisture content of the wheat 

was about 1h. per cent before it was sprayed. Each-shel lot of 

treated wheat was split un into 2ushe1 lots and placed in wooden 

bine a described en nage 12. 

To check uniformity of insecticide ap'1ication, 4 pint sub- 

samples were taken froni each of the 2-bushel lots. These subsamples 

were taken from different areas within the two bushels of wheat. Test 

insects were added, to the bins and to the subsamples in pint jars, 

5 weeks after the wheat had been sprayed. Five hundred T. confusum 

and 500 weevils (mixed rice and granai) of mixed ages and sexes were 

added to each bin, and 25 of each per jar. bixed species of weevils 

were used, because the original colony of granan- weevils ad becoi 

contaminated with rice weevils. At this time, there were not enough 

granary weevils in pure cultures to obtain the large numbers needed. 

The room, in which the bins and pint subsainpies were stored, varied 

in temperature from 60-75°F, the average being around 70°F. 

The control of T. confusum, in the pint subsamples removed 

from the bine to check on uniformity of Insecticide application, is 

presented in Table 4. A 100 per cent kill of weevils was obtained 

in all treatments up to the end of the experiment. Thi5 data was not 
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included in Tab]a 4. 

The standard deviation of Uiìe a'erae per cent control for the 

4 replicates per treatment wa computed. he deviations ranged from 

t ',.1 to t 13.3 the fir5t time T. confusum were exposed to the wheat 

in the jam. Because of these rather nigh st&ndard deviations, the 

diuierences betweexi er cent T. confteum alive in the pint sibsaples 

ior each treatnient, were subjected to the analysis of the variance. 

There was no signiiicant difference in per cent alive between repli- 

cates for any treatment except Pyrenone at 5,265 xu per buehe.. It 

should be noted, tha the standard deviation of the average per cent 

control ior the 4 replicates, wa the highe5t .or this treatment. 

The analysis 01 the variance al3o ixicated that there was no sigrìi- 

ficant difference in per cent alive between pint subsaiples within 

any treatment. The per cent alive was u.ed as the statistic in corn- 

putatlon because it was recorded for each subsample, hile the per 

cent control was not. 

These results, it was felt, were indications of fairly uniform 

application of insecticides on s-bushel lots of wheat. 

Before the insects were added to the 2-bushel lots of wheat, 

the bins were coveied with a plastic screening called lumite. Half- 

inch wooden strips were tacked on top of the lumite around the edges 

of the bins to seal them. To infest the bins with insecte, a 1 x i 

inch V-shaped cut was made in the center of the screening. After 

the insects were poured through, the cut was sealed with wide strips 

o± adhesive tane. A quarter inch plywood cover was placed on top 
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ol' the screening to keep out the light and slow do the loss of 

moisture from the surface of the wheat. These two factors can affect 

the residual life of an insecticide. The luntte covers were removed 

later on when new sampling methods of the treated wheat in the bins 

were developed. 

A month after the insects were added to the bins, mortality 

counts were made. The first method of sarnpling consisted of taking 

5 samples from the top (-8 inches ol' each hin. The samples were re- 

nioved by a regulation grain probe thrust through the hole cut in the 

lumite. Ihe probe was sectioned into compart'nents and only the 

wheat from the first two was used as a swnple. The amount of wheat 

from these two compartments was about 100 cc Five samples made up 

about a pint. he number of dead and live insects of each species 

was recorded for eah sample. The number of insects recovered by 

this sampling method was too few to permit any conclusions. 

A few days later, a new sampling method was employed. fhe 

lumite screen covers were removed and 4 pints of wheat were taken 

front each bin. Each pint of wheat was sifted ar counts made on the 

dead and live insects present. he screen covers were tacked back 

ori to retain any live insects. (omputation of means for each treat- 

ment showed that the mean number of insects recovered again varied 

considerably with no relationship to the expected relative efi'ici- 

ency of the insecticides . Th18 was true of the number of dead in- 

sects recovered as well as of the total (dead and live) number of 

confused flour beet]es and. weevils. 
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TABLE 5. DISTRIBUTION OF SITOPHILUS SP?. AND TRIBOLIUMCONFUSUM 
IN TVO-BUSHEL LOTS OF %ThEAT * 

Treatment Vertical Replicate A plicateB 
Mg Per Strata SitophilusTribolluin Sitophilus Tribolium 
Bushel Alive Dead Alive Dead Alive Dead Alive Dead 

1. ist 3 inches 0 526 326 119 3 544 370 71 
Fyrenone 2nd 3 inches O 33 51 19 1 38 12 4 

3rd 3 inches O i. 3 9 0 0 3 5 

4th 3 ir.che O 0 6 2 0 1 4 0 
Total O 560 386 149 4 585 389 80 

2. ist 3 inches O 501 3 526 0 543 5 374 
Pyrenone 2nd 3 inches O 7 0 14 0 6 0 2 

39,593 3rd 3 inches O 2 0 1 0 1 0 1 
4th 3 inches O i O O O O O i 

Total O 511 3 541 0 550 5 378 

3. 1t 3 inches O 58 20 335 0 351 46 71 
Lindane 2nd 3 inches O 34 6 107 0 32 5 22 

120 3rd 3 inches O 1 1 42 0 1 2 12 
4th 3 inches O O 4 15 0 0 1 8 

Total O 623 31 499 0 384 54 113 

4. *3- ist 3 inches O 1461 84 1202 0 1420 184 1122 
Lindane 2nd 3 inches O 27 16 152 0 72 22 145 

598 3rd 3 inches O 10 3 38 0 5 3 14 
4th 3 inches O 2 _9 _ 5 _ 0 3 __ 0 10 

Total O 1500 103 1397 0 1500 209 1291 

5. ist 3 inches O 416 12 236 0 310 179 158 
Lindane- 2nd 3 inches O 40 10 115 0 19 14 33 
Aroclor 3rd 3 inches O 1 1 48 0 1 3 12 
120 4th 3 inches O O 2 O O 4_22 

Total O 457 25 424 0 330 200 225 

6. ist 3 inches 29 129 470 5 86 64 372 5 
Checks 2nd 3 nhes 40 30 82 2 106 23 21 0 

3ri 3 inches 126 12 3 0 158 19 2 0 

4th 3 inches 165 10 3 2 140 15 4 0 

Total 360 181 558 9 490 121 399 5 

* Insects were in treatments 1, 2, 3, 5, and 6, 52 days before 
Counts were made. 

**Insects were in treatment 4 for 60 days . At the end of 46 days 
another 1000 granary weevils and 100 confused flour beetles had 
been added. 
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Two months alter the insects had been introduced into the bins, 

aU the wheat from bins A and B for each treatment was sifted and all 

the insects counted. This was done to see if the treatments had any 

effect on the distribution of the insects in the wheat. The average 

height of the wheat in the bins was 12 rinohes. The wheat in each bin 

was divided into four, 3-inch layers. Each layer ws carefully re- 

moved and all the insects were sifted out and recorded. 

The results (Table 5) show no difference between treatnents in 

the vertical distribution of the insects in the wheat. In the Cck 

it was found that most of' the weevils were in the bottom half (6 

inches) of the wheat. Table 5 also shows that all the weevils were 

dead :1n the treated grain and few had gotten below the top 3 inches. 

i,. confusum were found mostly in the top 3 inches and very few were 

below 6 inches. vhile removing the wheat for sifting, it was noticed 

that Triboliuin confusum had a definite tendency to be gregarious in 

the corners and along the sides of the bins. The sifting of the wheat 

also showed that Tribolium confusuin distributed themselves throughout 

the grain iii a way that would make obtaining adequate estimates of 

their control impractical either by systematic or random sampling. 

The same problema would be faced when trying to obtain data on the 

weevils, l'or as the toxic effects of the protectanta grew less, the 

weevils would work toward the bottom. 

Other factors that would iiìake sampling from the bins difficult 

and impractical would be the addition of' fresh insects after most of 

the first batch were killed. Lortality counts of these additional 



groups woii1d be complicated by the presence of the dead insects from 

the previous groupa. 

From sifting the grain, data on the effectivenegs of the treat- 
manta were obtained. All the weevils re dead in the treated wheat, 

so that 100 per cent control of weevils was achieved for at least 5 

weeks. :eevils were added to wheat treated with lindane t 598 mg 

per bushel, lL days befo the wheat was sifted. At the tine of 

aifting all the weevils were dead, so this dosage gave complete con- 

trol of weevils ior 60 days. A high degree of control of Triboliuni 

confusum was obtained at the same time with all materials except the 

lower dosage of Pyrenone and the lindane-Aroclor combination. 

Previous inadequate sampling methods and the information on 

uniformity of distribution of the insecticides, showed the need for 

a new sampling technique of the wheat in the bins. 

Treatments with lindane-Arocicr at 120 mg per bushel, 

Pyrenone at 5,265 mg per bushel were discarded, because they were 

giving low control of Tribolium confusum. The wheat in the check bins 

was also discarded for it was heavily infested with weevils. 

The new method adapted for testing the treated wheat consisted 

of taking 4 pint subsamples at monthly intervals from each bin. 

The subsamples, in this case, were not randomized but were 

taken from approximately each corner of a 'bin, 6- inches deep. 

i'ifty Tribolium confusum were then placed in each pint jar and left 

for 7 days before mortality counts were made. This procedure eli:ni- 

nated the previous sampling difficulties, and the only disadvantage 
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that might arise would be more or :1iss underrating any material, such 

as lindane, which had any fumigant action The removal of subsauples 

every month would undoubtedly dissipate some of the gas or vapour con- 

centration which may have accumulated in the larger bulk. 

The results from infesting pint subsamples at monthly inter- 

vals with Tribolium confusum (Table 6) indicated that lindane at 120 

mg and Pyrenone at 39,593 mg per bushel did not give very good control 

past 4 months. Lindane at 598 mg per bushel gave fair control of 

Triboijum confusum up to 5 months by thîs evaluation method. 

The toxic effects of the insecticides became too low to give 

practical kills of Tribolium confusum so all the treatmts were dis- 

carded. Before the bins were eswtied, L pint subsaxnples were removed 

from each bin, making a to tal of 24 subsamples or each treatment. 

At monthly intera1s, one subsample from each bin or 4 subsamples per 

treatment, was infected with fifty, 7 day-old granary weevils . 

moisture content of the treated grain and of the checks was deteinined 

at this time to make sure it was high enough (ii per cent) for repro- 

duction to take place. àortality counts were made at the end of 7 

days and all weevils removed. After the weevils were removed, the 

subsamples were held for 2-3 months and then examined for newly 

emerging adults. Emergence indicated that eggs laid in the kernels 

were not affected by the insecticide at that time, and that develop- 

ment could take place inside the kernels, although, the outside was 

coated with insecticide. 
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TABI 6. ONTROL OF ThIBOLIUM CONFIJSUJ& IN PINT SUBS&MPIES REMOVED 
AT O?HLY INTERVALS FtOM TWO-HUSHEL LOTS OF WHEAT 

Treatment Average Per Cent Control 

Mg Per Bushel End of Five Months End of Six Months 

Lindane 0.13 t 0.1 - 
120 

Lindane 46.5 I 15.5 7.4 . 2.6 
598 

Pyrenone 1.1 t 0. - 
39,593 

Check 10010 boto 
Per Cent Alive 

Table 7 shows that no weevils emerged In any of the treatments. 

The data indicates that the 3 treatments gave complete protection 

from Infestations of granary weevils for 12 months. The reason for 

the absence of newly emerged adults in the checks at the end of 12 

months was because the moisture content of the wheat used was only 

about 9.6 per cent. Granary weevils need at least 11 per cent wols- 

ture to oviposit In wheat. Occasions]. dead weevils were found In the 

treatments. This was attributed to 000r sifting at the end of the 7 

day exposure period. 
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TABlE 7 DEVEIC)PMENT OF GRANARY 'WEEVIlS FROM EGOS LAID IN PINT 
SUBSAPlES P.EOVED FROM TWO-BUSHEL LO1 OF WHEAT 

Treatment Age of Treatment When 1feevi1s Were Introduced (months): 

Lg Per íiu&e1 7 B 9 10 1]. 12 

Lindane No o No No No 

:J20 

Lindane No No No No No No 

598 

Pyrenone No No NO NO No No 

39, 592 

Checks Yes Yes Yes Yes Yes No 

The average per cent control of granary weevils (Table B) 

placed in the pint subsamples once a month seemed to increase rather 

than to decrease as the treatments aged. A plausible reason for 

this increase was that from 7.-9 months the pint subsamples, when in- 

fested, were kept in the same room as the wheat in the bins, The 

temperatures in this room, at that time, varied a great deal from 

month to month arid were usually around 60°F. After the 10 month 

point, the infested subsaniples were held in a temperature-controlled 

cabinet, at around 80°F, for the 7 day exposure period. This was 

done to try to reduce the variations due to fluctuations in tempera- 

turo. 

Lindane at 598 mg per bushel consistantly gave a very high 

degree of control of granary weevils during the 7-12 month period. 
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Although, Pyrenone at 39,593 mg oer bushel gave good control of 

granary weevils for 12 montha, it only gave an average of 1.1 per 

cent control of!. sum at the end of 5 months. A high degree 

of control of both ests is to be desired for at least 6 months in 

the field. In the light of these facts, the dosage of Pyrenone 

used tor further evaluation work would have to be doubled to 

79,186 mg per bushel. At this dosage, Pyrenorie cild hardly be 

compared with lindane even at 1,196 mg per bushel. These reasons 

weighed heavily against the use of Pyrenone emulsifiable concentrate 

in further evaluation methods of grain protectants. it was con- 

cluded that Pyrenone was inferior to lindane in respect to its re- 

sidual effects against T. confusum and its toxicity to S. granarius 

and T. confusum. 

TABLE 8. (.ONTROL OF GriANARY 1EEVILS IN PINT SUBSAIiPLES REiOVEP 
FROM TWO-BUSHEL LOTS OF V&IEAT 

Treatment Average Per eent Control at End of (Months): 

g Per 
Bushel 7 8 9 10 ii 12 

Lindane 62.55.3 36.3t2.5 86.93.5 99.01.2 97.5±3.8 99.41.4 
120 

Pyrenone 91.5t1.7 81.27.7 97.O2.6 99.5t1.4 99.0±2.0 100 
39, 593 

Lindane 98.0t2.8 83.53.0 99.51.4 100 100 100 
598 

Checks 
Per Cent 100 100 100 100 100 80,09.8 
Alive 
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Trial Two 

ïre3h 8-bushel lots of wheat were treated, as Trj One, 

with lindane at 598 ing and 1,196 mg per bushel thlortbion repiaced 

Pyrenone and vias applied at 307 mg and 614 ing per bushel. 

Four pint subeaiaplea were again removed from each oin each 

month and infested with 50 Tribolium confusum. This time, the sur- 

face of the wheat was divided into 9 equal areas, and the 4 areas 

to be sampled were picked from a randomized table each ríionth. Pint 

lots of wheat were prepared as on gage 12 and divided into -pint 

lots. The aiuount of insecticide sprayed on each pint lot was cc- 

puted fronì the theoretical amount on a pint of wheat in a 2-bushel 

lot. Four j-pint lots were assinsd to each bin and each lot was 

infested with 50 Tribolium confiwum every month. The results from 

the treatment of pint lots of wheat were to be compared with those 

from the treatment of bushel lots. 

At the end of 4 months, 50 granary weevils were also added 

along with the coní'used flour beetles to wheat taken froia the bins. 

After the 7 day exposure perioh both insects were sifted out, and 

the wheat replaced in respective jars. At the end of 2-3 months, 

th6se jars were inspected ior adult weevils that miit have devel- 

oped from any eggs laid during the period of infestation. 

The treated wheat in the bine was ]ft in the same room as 

before. The jars of wheat from both methods of evaluation were 

placed in a temperature-controlled cabinet at around 80°F with 
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near 50 per cent relative humidity for the 7 day exposure period. 

After counts had been made, all the jars were returned to the tops 

of their related bins. 

Ari analyîs of the vdriance (Tibie ]h) was computed for the 

data reco rded up to the end of 6 months for lindane and chic rtbion 

sprayed on pint and bushel lots of wheat, at two dosage ).eve]s. The 

method of analysis has been discussed on page 34. The analysis only 

covers control of Triboliwn confusum. 

There was no difierence between replicates, which indicated 

that the insecticides were di8tributed fairly uniformly throughout 

the wheat, and the conditions of the insects were fairly homogeneous. 

Lindane gave higher controls of Tribolium confusum than 

chiorthion (Table 1I. A) at both dosages. Both insecticides gave the 

most control at their highest dosage. 

There was significance between evaluating methods (Table 15 G). 

The pint-lot method gave the higher control for 6 months at both 

dosage levels of each insecticide. The differences between the two 

methods were the same at both dosage levels, Ghlorthion at both 

dosage levels gave the higher control of Triboliuzn confusuzu by the 

pint-lot method, while the opposite ocírred with lindane, which gave 

the higher kill in the bushel lots. 

The rate of control decreased as the treatments aged (T ible 

15 D) , whith was to be expected . There was interaction between the 

insecticides and the months, and this indicated that the diflerences 

between lindano arìd chlrthion were not constant from month to month. 
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During the second and sixth month, chiorthion gave hiier control 

than lindane An analysis of T ble 15 E showed that there was inter- 

action between evaluating methods and nionths. The bushel lots gave 

a higher kill during t first nìonth only. The differences between 

the low and nigh dosage levo for both insecticides fluctuated from 

month to month (Table 34 B). No conclusions could be drawn on whether 

the low or high dosage levels of the insecticides would decrease in 

toxicity at. an even ratee 

'then luoking at the tables dealing with months x insecticides, 

months x levels, and months x methods, it can be observed that 

lindane, the bushel-lot method, and the high dosage level, decreased 

in toxicity at a more even rate tIri chiorthion, the pint-lot method, 

and the low dosage level. Table 34 C shows that there was interaction 

between months, insecticides, and levels. It can be surmised, from 

this interaction, that the differences in control between dosage 

levels for each insecticide, and the differences in control between 

insecticides changed from month to month. 

The average per cent controls of Tribolini confusum for the 

4 replicates in the treatment combinations, later than 6 months, are 

recorded in Table 9. At the end of these later periods, lindane ap- 

plied to bushel lots of wheat still gave the higher control. The 

average per cent control by chiorthion increased some when the fina]. 

counts wsre made at the end of 7 months e 

Table 10 shows the average per cent control (4 replicates) of 

granary weevils in pint subsamples removed from 2-bushel lots of 



TIBIE 9. GONThOL OF TRIBOLIUM GONFUSIJM Bt LINDANE AND CHLORThION APPLIED TO PINT AND BUSHEL WTS OF 
WHEAT AT TJJO DCA(E LEVElS 

Pint-Lots Aethod Bushel-Lota_ethod 

D ages of Lindane Dosages of Ghlorthion Dosages of binda I.)osages of h1orthion 

Mg Per Pint Mg Per Pint kg Per 5vSM'L Mg Per 

9.4 Mg 18.7 Mg 4.8 )g 9.6kg 598 14g 1.196 Mg 307 Lg 614Mg 

i 99.0 99.1 85.8 Sf3.9 100.0 9ç.o 89.9 87.4 

2 90.8 99.9 98.1 99.6 95.4 87.5 85.9 98.6 

3 84.6 96.8 93.3 98.6 97.9 96.5 63.8 81.4 

4 66.9 99.2 91.2 99.2 83.1 99.9 33.5 52.8 

5 47.6 61.3 70.2 92.9 78.1 93.9 15.2 27.9 

6 10.6 85.2 21.5 67.8 41.2 97.3 8.8 71.9 

7 7.0 71.5 59.5 83.3 41.7 97.9 

8 6.9 82.1 31.6 96.0 

9 27.8 67.9 89.9 

10 6.3 

II 19.0 
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wheat. The wheat had been snrayed with liridane or chlorthion4 months 

previous to the aditior of weevils. Lridane at 59 ing :th 1,196 mg 

per bushel gave a loo per cent kill of granary weevils for 9 months. 

Neither dosage of chiorthion gave a 100 per cent }i11 at any tine for 

all 4 replicates. 

TABLE 10. LONThOL OF GRANARY WßVILS IN PINT SUBSAMPLES REMOVED lROM 
TWO-BUSHEL LOTS CF 'bAT (TRIAL TWO) 

Treatment 
Average Per Cexzt Control At The End of (onths) 

Mg Per 
Bushel 4 6 7 9 9 10 U 
Lindane 100 100 100 100 100 100 100 100 

59 

100 100 100 100 100 
1,196 

Average fer Gent control At The End of (Months) 

- le 
5 6 

uh1orthion 89,1t5.8 73.47.1 79.49.6 72.I6.3 
307 

Chiorthion 99.7O.3 96.7±1.4 99.6±0.5 99.OtO.]. 
614 

Lindane seems more toxic to granary weevils than chiorthion 

when pp1ied tu bushel lots of wheat. Lindane at 598 mg gave ìuigher 

kills than ehiorthion at 614 mg per bushel ('I b1e 10). 

JIter the granary weevils had been removed at the end of every 

&onthly test ueriod, the subsaiuplee were placed on bheir resnective 

bins . Then, 2-3 months later they were checked for nerging adulte. 
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Taie 1]. presents data on the results in each replicate at the end of 

those period6. io living r einerìng adult weevila were found In 

wheat treated ith 1indaie, but the related ckeks contained many 

healthy beetlea. nìerenee wa more evident in iíheat treated d.th 

ciilorthion at 307 aig per bu8hel than double this dosage. Lindane at 

both dosages e1ninated any development o± eggs that might have been 

laid in the subsamples during the 7 day exposure period to adult 

granary weevils. hlorthion gave no protection to the wheat at the 

dosages applied. Cccaalonal dead weevils were found in the lindane 

treated subsaniples. these were probably due to poor sifting. 
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TABlE U. DEVEWPHT OF GRANARY EEVIIS FROM EGOS LAID IN PINT 
SUBSÄFI hEWiOVED FL.OM TW0-BUSHL LCTS 0F 'HEAT 

(mIAL TWO) 

Treatment 
Ag Per Age of Treatment When Weevils Were Introduced (onths). 
Bu3hel t.ep. 4 5 6 

r, 8 9 10 U 
A no no no no no no no no 

Lindane B no no no no no no rio no 
598 no no rio no no no no no 

D no no no no no no no no 

A yes yes yes yes yes yes yes yes 
Checks B ye. ye yes yes yes yes yes yes 

C yes yes yes yes yes yes ye yes 
D yes yes es yes yes yes yes yes 

A no no no rio no no 

Lindane B no no no no no no 
1,196 C no no no no no no 

D no no no no no no 

A yes yes yes yes yes yes 
Checks B yes yes yes yes yes yes 

C yes yes yes yes yes yes 
D yes yes yes yes yes yes 

A yes yes yes yes 
LhlorthialB yes yes yes no 

614 C ¡ES r j)S nO 
D yes yes yes nc 

A yes yes yes yes 
Qikrthil B yes yes yes yes 

307 C yes yes yes yes 
D yes yes yes yes 

Checks A yes yes yes yes 
For Both ß yes yes yes yes 
levels of C yes yes yes yes 
b1orthi D yes yes yes yes 



FW1IGANT ACTION OF LINDA 

xperiments haire ho that 11.ndane acte as a fumigant under 

certain corìdition, but ha a relatively low vapor presnire ccrnared 

to other funiganta. In 1949 Saaflman (27, pp. 596-601) £ourì that 

becauee of tii1 s1oc volatilization proce8s, lindane cid not prove to 

be a good spot fumigant when tested in elevator boots. 

Conditions in stored grain seem to be right for the vapors of 

lindane to play a part in the control of insects. The vaor oressure, 

although low, has been known to increase at least ¿. 5 times with a 

10°C rise in temperature (2, p. 54). Through correspondence with 

another worker, Fiedler (10, p. U) was told that lindane residues 

placed on filter paper or frosted glass were not capable of causing 

a 100 per cent kill of Sitophilus spp. within 5 days after they had 

been in direct contact with the residues for 24 hours. The sne 
c1osae on grain gave complete niortality within 24 hours. A strong 

fumigant action must have been taking place within the treated grain. 

Fiedler concluded from further studies that the mortality rate of 

weevils Is dependent on amount of lindane per unit air, and the 

teriperature. 

Â lOt of work has been done with lindane in the United Kingdcn 

and it has been found (21, pp.104-lU) that the vapors of lindane 

have made interpretation of resulte from laboratory tests very dif- 

ficult. It was almost impossible to parallel conditions of exposure 

and variable ventilation which woLid ocLur i.n the field. 



McIntosh (18, pp. 137-139) performed simple laboratory fumiga- 

tion tests with lindane on 0yzaephi1us surinamensis and Triboliunì 

castaneum,, at 30°C and 11°C He killed Oryzaephilus surinamensis 

faster at 11°C than at 30°C, but killéd Tribolium castaneum faster at 
30°C than at 11CC. 

Wheat, after storage for 6 months in an atmosphere saturated 

'with the vapors of lindane, retained sufficient sorbed insecticide to 

contTol adult granary weevils (20, pp. 639-6). 

To test the efectiveness of any fumigant action going on 

within the treated wheat placed in the bina, it was necessary to de- 

vise some simple sampling method. Before any fumigant action of 

lindane in the bins was examined, a test was performed to see if 
enough toxic vapors were given off at the dosages applied to kill 
both insects. The method of preparing this test follows: Salve tins, 

i inch high, and 2 inches in diameter had Line-mesh, brass, strain- 
Ing cicrth soldered on in place of their cellulose lids. In each of 

the tins were placed, 15 cc of untreated wheat, 50 confused hour 
beetles, and 50 granary weevils. Lindane at 18.7 mg in 10 cc of water 

was sprayed on each oí 5 pints of sifted wheat. About 4 pints of 

the treated wheat were placed in a deep glass dish. This filled the 

dish to 'within a an inch fror its lip. The salve tins were sunk 

into the wat until the wheat came up to the brass screening. No 

wheat was 1lowed to cover the tops of the tins. A check was pre- 

pared by the same procedure with untreated wheat sprayed with 10 cc 

of' water. A flat piece of glass ]aid on top of the dishes formed 
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a tight cover. 

The tins were left. in thetreatment and check for 7 dajs before 

niortality counts were iiado. rhe tins were wa3hed, and fresh wheat and 

test insects were adaed. Ty were then placed back in the dishes as 
before for another 7 days . Temperatures ranged ro.ii 70 80°F during 

the 7 day exposure periods. ortality counts for the first week 

showed 100 per cent kill of both insects, and these results were re- 

peated one week later. 

This brief experiment indicated that the fumigant action of 

lindane, at 18.7 mg per pint, in a closed contner was toxic enough 

to k1l both species of insects. 

To sample the fumigant action of lindane at various dosages on 

2-bushel lots of' wheat placed in bins, 15 iore salve tins wer6 pre- 

pared as described previously. lifteen cc of untreated wheat was 

again placed in each, along vith 25 confused flour beetles ari. 25 

granary weevils. The assumption was that 1± the insects c.ould not 

come in ontact with the treated wheat wt.iile in the tine, any found 

dead at the end of 7 days would most likely have been killed by lindar 

vapors coming down through the brass straining uloth. 

The tins were placed in the treated 2-bushel lots, 2 days after 

the wheat had been sprayed. Three infested salve tins were placed in 

each of the 4 bins comprizing a treatment - one tin was placed ou the 

bottom, another in the midd]e, and the third, about 2 inches under 

the surface of the wheat. One bin of untreated wheat was used for 

the check. fha degree of fumigant action Ra3 then sampled once every 
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month after the initial test. 

The control of confused ìlour beetles and granary weevils, by 

the fumigant action of lindare at 598 mg and 1196 mg per bushel, can 

be seen in Tibie 12. The raw data snowed that there was no aQpreci- 

able difference in per cent control between the diilerent depths at 

which the salve tins were sunk in the wheat it was expected that 

the highest mortality would be found in the tins near the suriace 

because of the vapors rising. 

The er cent control of both insects in the treatments was 

quite variable between replicate bins for some months. This is indi- 

cated by high standard deviations. Lindane at 1,196 mg per bushel 

exhibits a gradual decrease in control, without too many eriatic 

fluctuations, from month to month. hi1e lindane at 598 mg per 

bushel graduafly decreases in toxicity, more fluctuations, probably 

due to the lower dosage, are present. 

For the 2 months that 100 per cent control of granary weevils 

was obtained, the high percentage of mortality in the checks should 

be taken into account. 

The fumigant action of lindane seems to increase with an in- 

crease in dosage, because higher control of both insects occurred at 

the greater dosage level of the insecticide. Some oi the f1uctuatior 

in control from month to month were probably due to changes in temper- 

ature. During the nine months oervations were made, temperatures 

ranged from 60-75°F. 



TABLE 12 CONTROL OF CONFUSED FJJ UR BEETLES AND GRAKART WEEVIlS FLA.CED IN TWO BUSHEL LOTS OF VHEAT TO 
TEST THE FINIGANT ACTION OF LINDAIE 

liane 
Control of Flour Beet s in Four Bins At The End of (Months): 

5i1i 1 2 34 - 5 6 7 9 

5% Mg 65.6±16 lO.5t9.O 50.Ot16 382.O 11.8th O.7t1.3 O 

Mortality O O O 13 1.3 0 0 
In Checks 

1,196 Mg 8l.6.t6.7 52.4114 36.0±14 15.0±7.1 3.6t1.9 1.3±1.9 0.6tO.? 

Mortality 
InChecke O 1.3 0 0 0 1.3 0 

- - 

Control of Granary eevils 

598 Mg 100 76.35.3 100 68.Ot21 83.3L8.4 ?2.2t?.O l9.77.O 94.74.3 76.8t13 

Mortality 
In Checks 46.9 0 21.3 5.3 1.3 4.0 0 O 6.7 

1,196 kg 96.9t2.5 90.6t4.3 98.4t1.8 ¿39.9!5.1 89.64.l 34.4tii 93.7f4.3 74.6l9 

Mortality 
In 'hecks O 1.3 0 0 0 0 0 5.3 
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DISCUSSION 

The main factors covered in these experiients, that would 

affect the evaluation of grain protectants in the laboratory, were 

the size of the lots of grain to be treated, and the methods of sam- 

pling the toxic action of the insecticides after they were applied 

to the grain. 

In Trial Two, the pint-lot method gave the higher per cent 

control of T. confusum. This high rate of control was correlated 

with chiorthion, which continually caused high mortalities at both 

dosage levels by this method. Lindane gave higher control by the 

bushel-lots method. The fusigant action of lindane niay have played 

a part here. A uniform application of lindane on the larger quan- 

titiea of wheat may not have been as important, due to the ability 
of it vapors to pernate throughout the bulk. A certain amount of 

recrystaflization might have taken place on unsprayed kernels, or the 

wheat in the subsamples was able to give off enough vapor In 7 days 

to add to the kill by contact. The lindane applied to pint lots 

might have broken down faster because the lots were sifted every 

month. Also, there was probably less vapor present because of the 

smaller amount of vvheat per jar. With chiorthion, a more uniform 

application may be needed on larger quantities of wheat to insure 

kill by contact. A more uniform coverage of the individual kernels 

is probably obtained when pint lots are sprayed. 

Table 14 A bs that for 6 months lindane gave a higher 
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control of T. coniusum than chiorthion. This was the result of corn- 

bining and analyzing data gathered for the two ineticides applied 

to different amounts of wtieat at two dosage levels. The statistics 

are misleading because the aìaounts of toxicant at each dosage level 

were n the saine 1or botn 4.nsecticides. Table 2 shows that 

chiorthion gave higher control of T. confusurn than lindane, with 

atout hail as muth insecticide. Table 3 indicates alinost double 

the control by chiorthion at the same dosage as lindare Table 9 

gives evidence that chiorthion at 4. mg per pint gave higher con- 

trols every month than lindane at 9.4 mg per pint. 

Experiments with the fumigant action of lindane illustrated 

that the vapors played an inportant role in the control of T. con- 

fusum and S. granarius in 2-bushel lots of wheat. Not much relia- 

bility can be placed on trie sampling method used. Gther factors 

that could have contributed to the mortalities of both insects were 

not ruled out. A certain amount of toxio dust could have filtered 

through the brass cloth and aided in killing. 

Factors that favor the bushel-lots method of evaluation are: 

The larger bulk ol treated grain in a storage unit, 128 pints corn- 

pared to a pint ±or the pint-lot method, resembles more closely 

conditions found in the field. Another factor is that the moisture 

content of the grain in the bins is more stable. A low moisture 

content usually results in hig1r control and stops egg laying. 

Bushel lots of treated wheat supply more material to work with and 

fresh subsamples can be used each month. Fumigant action, if 
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present, can be detected more easily. Test insects that lay eggs In 

the kernels of grain can be used, for the subsamples can be discarded 

or put aside. 

Some bad features of the bushel lots are that they take up a 

great deal of space, although, 24 bins when pushed together only take 

up 9 x 6 feet of floor space. This iould allow 5 different treat- 

ments plus a check, replicated 4 times, to be evaluated. The bushel- 

lots method is more expensive and takes longer to set up. Once pre- 

pared, it does not require much more time to evaluate treatnents than 

the pint-lot method. By subjecting subsamples to a higher temperature 

than the wheat in the bins, a difference In per cent mortality might 

occur. This would not give a true picture of what was happening in 

the bins. 

Pint lots of grain are easily treated in the laboratory with- 

In a short time. Many treatments can he evaluated at once, for jars 

do not require as much space as bins. Also, experiments can be repli- 

catad more often because of less expens, less time, and less space. 

Mth the pint-lot method it Is possible to underrate insecticides, 

such as lindane, which posses fumigant action. The smaller amount 

of grain also would lose moisture faster from continued sifting. If 

the residual action of an insecticide was to be tested against In- 

sects that laid eggs in the kernels of grain, many extra replicates 

of a treatment would have to be prepared at the same time. Exposed 

samples would have to be discarded when they becai contaminated 

with emerging adults. 
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within the limits of this experixrent, zio conclusion can be 

drawn Oil that method of evaluation was the most imformative . if 

1inde and chiorthion had both given higher control3 by one method, 

a conclusion might have been reached. There was not orìou differ- 

ence between the results obtained by the treatment of pint lote of 

wheat and the treatment of bushel lote, to recommend the use of the 

bushel-lots niethod of evaluation. It is reasonable to expect, though, 

that large amounts of grain treated in the field will not have in- 

secticides applied uniformly throughout their bulks. The writer 

feels that the evaluation of grain protectants sprayed on buehel 

lota would give a more realistic picture of what the proteotants would 

be abl. to accomplish outside the laboratory. if work was to be con- 

tinued with the bushel-lots method of evaluation, it might be pos- 

sible to devise a better sanipiing method of the treated grain in the 

bins A method is needed that exposes the insects to coxitions 

within the bins. 

Other factors that at1fect the evaluation of grain protectanta 

were taken into account during the experiment. These factors were: 

ihe moisture content of the grain, temperatures of the grain, ages 

and sexes of insects, susceptibility of different species of insects 

to insecticides used, arid age of treatments. 

An example of temperatures probably being the major causo of 

a difference between results, can be illustrated when Tables 6 and 

9 are compared. Lindane, at 598 mg per bushel, in Trial One (Table 

6), gave an average of 46 and 7 per cent control of T. confusum at 
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the end of 5 and 6 months respectively. Lindane, at the same dosage, 

in Trial Two (Table 9) gave 78 and 41 per cent control at the end of 

5 and 6 months. The infested subsamples in Trial Two were kept at a 

temperature 0±' 80°F for 7 days, instead of about 65°F, as in Trial One. 

The susceptibility of different age gzvups or sexes of both 

species of insects were not subjected to specific tests with the in- 

secticides evaluated. Other workers (32, pp. 121-125) have shown 

that these factors can cause variability in results. Marked fluctua- 

tions in per cent control of T. confusuin (Table 9), as the treatments 

aged, are probably due mostly to the dif±'erences in ages of the in- 

sects from month to month. 
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SIJß&ARY 

At present, laboratory evaluation of grain protectants con- 

sist of applying insecticides to pint or quart lots of grain. The 

treated grain is placed in jars and ceriodically exposed to insects. 

Treatment of bushel lots of grain was nsidered because it was felt 

that this process would more closely approximate fi eid conditions. 

To compare several emulsifiable concentrates, preliminy 
tests, using pint lots of wheat, were carried out. The insecti- 

cides tested were: Diazinon, lindane, Pyrenone, lindane-Aroclor, 

molathion and chiorthion. The pints of treated wheat were split into 

a-pint lots and infested îdth Tribolium conhusum for 7 day exposure 

periods. Piazinon gave the highest control of T. confusum at the 
end of 7 days and chiorthion gave the highest at the end cf 49 days. 
Pyrenone and lindane had already been investigated as grain protect- 
ants by other workers and showed prospects of having long residual 

effects. ehiorthion proved to be the most promising of the 3 newer 

insecticides vitìt potentialities of beine used as grain protectants. 
ìor these reasons chiorthion, lindane, arid Pyrenone were chosen for 

further evaluation by treatment of pint arid bushel lots 01' grain. 

Various dosages of lindane and i'yrenone were applied to 8- 

bushel lots of wheat, which were later split up into 2-bushel lots 

and placed in wooden bins. eevils and confused flour beetles were 

placed directly in the bins . ethods of sampling the toxic action 

of the insecticides on the wheat in the bins were inadequate at 
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first. The number of dead and live insects recovered showed no rela- 
t1on51p to the expected relative efficiency ol the Insecticides. 

Sifting the wheat out oi the bins by layers revealed no difference 

between treatinente in the vertical distribution of the insecte. jost 

of the dead insects were in th . top 3 inches. The confused flour 

beetles distributed themeelves throughout the wheat in a way that 
would make obtaining adequate esti:ates of their control impractical. 

-1int subsamples reiioved at nionthly intervals f roni the bins, and then 

infested with insects, proved to be the easiest and most significant 
tiethod of evaluation. 

Results from the removal of pint subsamples showed that lindane, 

at 598 mg per bushel, gave 46 per cent control of T. confusum at the 

end of 5 months, and 100 per cent control of Sitophilus granarius 

for 12 months . Pyrenone, at 39, 593 mg per bushel, only gave 1.]. per 

cent control of T. con.fusum at the end of 5 months, but gave almost 

loo per cent control of 3. granarlus for 12 months. It was concluded 

that Pyrencne was inferior to lindane in respect to its residual ef- 

fects against . onìs and its toxicity to both insects. 
Fresh 8-cushel lots of wheat were treated with two dosages of 

lindane and chiorthion. A series of pint lots were treated with 

equivalent dosages. The results from the treatment oï' pint lots were 
to be compared with the corresponding bushel lots. Pint subsamples 

were removed at rando from the wheat in the bins at monthly inter- 
vals The subsamples and i-pint lots were infested 'with T. confusum 

and placed in a temperature controlled cabinet for 7 days at 80°F. 



At the end of 4 months, granary weevils were also placed in the pint 

subsamples. The subsamples were retained for 2-3 months and then 

checked for emerging adult weevils. 

The data recorded over a 6 month period for lindane and 

chiorthion applied to pint and bushel lots of wheat, for the control 

of 2. confusum, was arranged in a split-plot design. A factorial 

analysis was carried out because of the arrangement of data. Analy- 

sis showed that there was no difference between the 4 replicates, 

that lindane gave higher control of T. confusum than chiorthiori at 

both dosage leve], and that the pint-lot method gave the higher con- 

trol for 6 months at both dosage levels for each insecticide. 

Chlorthion gave the higher control of T. confusum by the pint-lot 

method, while lindane gave the higher kill in the bushel lots. 

hlorthion was shown to be more toxic to T. confusum than lindane, 

in all experiments, when applied to pint lots of grain. Lindane, at 

598 mg per bushel, gave complete protection from granary weevils to 

wheat in pint subsamples for 1]. months, both tites it was applied to 

8-bushel lots of wheat. Chiorthion, at 307 and 614 sig per bushel, 

aid not control the weevils 100 per cent. Adult weevils emerged 

from all the pint subsamples of chiorthion treated wheat that had 

been previously exposed for 7 days to weevils. 

The fumigant action of lindane was tested by placing both 

species of insects in salve tins that had brass cloth soldered on 

as lids Three tins viere positioned at different levels in each bin 

of wheat and left for 7 days. The assumption was that the vapors 
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would go down through the cloth and kill the insects Reeults showed 

that the fumigant action of lindane aided in killing insects ithin 

the bins. Thex was no appreciable difference in per cent control at 
the different levels within the wheat. 

The second time lindane was applied to 8-bushe1 lots of wheat, 

at 598 mg per bushel, it gave higher controls of T. confusum at the 
end of and 6 nonths. Thj was attributed to a 15°F rise in tempera- 

ture. 

No conclusion could be drawn on what method of evaluation was 

the most informative, because the insecticides did not give the same 

rate of control by one method. The differences in control between 

the two methods were not great enough to justify the use of the 

bushel-lots method over the pint-lot-method of evaluation. 
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APPENDIX 
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TABlE 13. ANALYSI S OF VABIkN(JE AT THE FIVE PER LENT LEVEL OF 
SIGNIEI GAN(JE 

Sum of Mean 
Variation Due To: Squares D.F. Square F 

Replications 130.170 3 43.39 N.S. 
Insecticides 3846.800 1 3846.80 79.27 
Levels 1O725.23O i 10725.28 221.00 
Insecticides x Levels 4.039 1 4.04 N.S. 
Methode 767.160 1 767.16 15.81 
iiethods X Insectieides 7396.733 1 7396.73 152.42 
Methods x Levels 54.709 1 54.71 N.S. 
Lethode X Levels x 
Insecticides 679.019 1 679.02 13.99 

Error (a) 1019.100 21 48.53 
Who1e Plot Total 24623.010 31 

1ontiìa 34606.915 5 6921.38 644.69 
Ìionths x Insectieides 2564.752 5 53.2.95 47.78 
ionths x Levels 5961.871 5 1192.37 111.06 
iÁonths X Levels x 
Insecticides 1831.536 5 366.31 34.12 

ionths x ethods 866.233 5 173.25 16.14 
i'onths x Methods x 
Treatments 5622.806 15 374.85 34.92 

Error (b) 1288.371 120 10.74 
Total 77365.494 191 

ho1e Plot ( /48.53 )( 192) 
oefficient ol' Tariation 10.5% 

Sub Ficts ( [1O.73)j192 ) /9% 
Uoefficient of Variation 12735.39 
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TABLE 14. TABlES OF MFaAN PER CENT CONThOLS RET ANSFORMED FrOI ARC SIN ANGI USED IN FACTORIAL 
LNALYSIS 

Insecticides x Levels 
Dosage Insectisides Level 
Levels LindaneChlorthion Means 
Low 80.0 65.8 73.3 
High _87.7 92.2 

insecticide eans 89.2 77.7 

B Months x Levels 
Dosage Levels Month 

Aont__ Low Hii 
i 96.0 95.2 95.6 
2 93.6 9.2 96.3 

87.4 9'7.3 93.3 
4 94.0 9'1.5 87.5 
5 52.9 78.5 66.3 
6 19.0 73.7 45.6 

Level eans 73.3 92.2 

C 
- 

onthe x insecticides x Levels 
Dosage - __ ontha Level Insecticide 

Insecticides Levels i 2 3 _ 4 __ 5 _ 6 Means Means 
Low 

Lindane 
99.8 93.8 92.7 76.5 64.3 24.1 80.0 39 

High 99.1 96.5 96.7 99.7 80.5 92.8 95.8 
Lraorth1on LOW 88.0 935 81.0 65.7 41.0 14.4 65.8 777 ______________jagt 88.3 999.O 93.2 76.5 47.8 87.7 ____ 

Month Means 95.6 96.3 93.3 87.5 66.3 45.6 



TABLE 15. TABLES OF EAN PER CENT CONTROL EETRANSFORJiED FROM AIW 
SIN ANGlES USED IN FAUTOEIAL ANAL!SIS (OONTP&JED) 

D Months x Insecticides 
Insecticides (onth 

Months Lindane Chiorthion eans 
1 99.5 88.1 95.6 
2 95.2 97.2 96.3 

3 94.9 91.4 93.3 

4 92.4 81.5 87.5 

5 72.9 59.4 66.3 

6 62.0 99.2 45.6 

Insecticide eans 89.2 77.7 

Months x ethodø 
Methods Month 

Months Pint Lots Bushel Lots Means 

1 94.9 96.2 95.6 
2 98.3 93.4 96.3 

3 94.6 91.8 93.3 
4 92.9 80.7 87. 

5 70.1 62.4 66.3 

45.5 45.7 45.6 

Lethod eans 86.4 81.2 

Methods i Insecticides 
ethods Insecticide 

Insecticides Pint Lots Bushel Lots Means 

Lindane 84.2 93.3 89.2 
Chiorthion 84__ 

Method ians 86.4 81.2 

Methods X Dosage Loveis 
Dosage ethods Level 
levels Pint Lots Bushel Lots Means 

Low 75.5 70.9 73.3 
High 94.4 89.7 92.2 

Method Means 86.4 81.2 


